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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose Traumatic atlantoaxial dislocation (AAD) is usually associated with fatal high-velocity road traffic accidents (Xu 
et al. in Medicine (Baltimore) 94:e1768, 2015). There are few reports of survival following posterior AAD without odontoid 
fracture (Xu et al. 2015; Zhen et al. in Arch Orthop Trauma Surg 131:681–685, 2011; de Carvalho and Swash in Handb Clin 
Neurol 119:435–448, 2014).
Method We present a previously undescribed case of posterior AAD associated with a C1 Jefferson fracture but no odontoid 
fracture and bilateral vertebral artery occlusion without neurological deficit.
Conclusion The presence of bilateral vertebral artery occlusion raised challenges in the surgical management. Survival was 
only possible due to the presence of robust cerebral collateral circulation.

Keywords Posterior atlantoaxial dislocation · C1 Jefferson fracture · Vertebral artery occlusion

Case report

A 71-year helmeted horse rider was admitted to the emer-
gency department having been struck by a car and thrown to 
the ground, sustaining an axial compression and hyperexten-
sion injury of the spine. There was no loss of consciousness. 
He was able to stand following the impact, but complained 
of neck pain and a transitory sensory disturbance affecting 
the right upper and lower limbs and left upper limb. There 
was no reported weakness. He was immobilised at the scene 
with full spinal precautions by paramedics. Apart from mild 
rheumatoid arthritis, he was previously fit and well.

His primary advanced trauma and life support (ATLS) 
survey revealed high cervical spine tenderness with no 
bruising or palpable deformity. Neurological examination 
was normal. Secondary survey revealed tenderness in the 
mid thoracic spine and facial abrasions.

A CT trauma study as per the major trauma centre proto-
col demonstrated a fracture of the anterior arch of C1 with 

anterior displacement of the intact odontoid process ventral 
to the ring and associated soft tissue swelling to the upper 
cervical spine. There were bilateral displaced fractures of 
the posterior arch of C1 (Fig. 1). There was a T3 compres-
sion fracture with no disruption of the posterior elements. 
There was no significant injury to the head, chest, abdomen 
or pelvis.

The patient was admitted to the intensive care unit for 
close monitoring. After 4 h, he deteriorated with upper air-
way obstruction due to retropharyngeal soft tissue swelling 
necessitating intubation and ventilation. The next day an 
MRI/MRA study demonstrated normal craniocervical align-
ment, which was attributed to spontaneous reduction under 
general anaesthesia, with no evidence of cord compression. 
There were signs of cord signal change and significant liga-
mentous injury associated with bilateral VAO at the level of 
C2 with retrograde filling of the vertebro-basilar circulation 
via posterior communicating arteries (Fig. 2).

The following day an instrumented C1–2 stabilisation 
was undertaken using C1 lateral mass screws, C2 pedicle 
screws and intraarticular autologous bone grafting. After 
prone positioning, lateral fluoroscopy confirmed spontane-
ous reduction in the AAD so that exploration of the vertebral 
arteries was considered unnecessary.

 * Mark Nowell 
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The patient made an uncomplicated recovery from the 
operation. Post-operative CT scanning confirmed good 
craniocervical alignment with satisfactory instrumentation 
(Fig. 3). He was commenced on 75 mg aspirin for 3 months 

to reduce the risk of a posterior circulation thromboembolic 
event. He was mobilised wearing a suboccipito-mental 
collar.

The patient’s post-operative course was complicated by 
dysphagia, caused by the soft tissue swelling, vagal neu-
ropraxia and muscular deconditioning. This improved with 
regular speech and language therapy. He suffered two tran-
sient episodes of sudden onset dysarthria, with no associated 
weakness or dysphasia. MRI head showed no evidence of 
cerebral infarction. A diagnosis of transient ischaemia was 
made, and he was commenced on 75 mg once a day clopi-
dogrel for 3 months.

Discussion

There are several unusual features of this case including the 
injury pattern, the associated vascular injury with no neuro-
logical deficit and the surgical strategy to restore alignment 
and stability and avoid thromboembolic events.

Injury pattern

AAD is an uncommon but clinically important condition 
due to the severity of neurological deficits [1, 2]. The stabil-
ity of the atlantoaxial complex is provided by the articular 
processes of C1 and C2, and the osteoligamentous ring that 
encircles the odontoid process. Conditions that predispose 
to AAD by weakening these structures include Downs syn-
drome, rheumatoid arthritis, Paget’s disease and other meta-
bolic bone disorders [3].

Traumatic AAD is usually a result of distraction injuries 
with superimposed hyperflexion or hyperextension. The 
typical pattern is anterior displacement of the atlas on the 
intact axis, with or without fracture to the process depending 
on integrity of the transverse ligament. There are 19 reported 
cases in the literature of posterior traumatic AAD without 

Fig. 1  CT Cervical spine, mid-sagittal (a), axial (b) and parasagittal 
(c). The intact odontoid process has displaced through the anterior 
arch of atlas. There is posterior displacement of C1 on C2, consistent 

with a type IV atlantoaxial subluxation. There is also a fracture to the 
posterior ring of the atlas

Fig. 2  MRI cervical spine, mid-sagittal T2 weighted (a), mid-sagittal 
short tau inversion recovery (STIR) (b), anteroposterior view of 3D 
MR angiography (c), and lateral view of 3D MR angiography (d). 
There has been spontaneous reduction in the atlantoaxial disloca-
tion. There is high signal within the cervical spinal cord as it passes 
posterior to the odontoid process and through the foramen magnum 
extending as far as C7, in keeping with contusion. There is no ongo-
ing spinal cord compression. In (c) there is bilateral occlusion of 
the vertebral arteries at the level of C2 (blue arrow) with retrograde 
filling of the basilar and posterior inferior cerebellar arteries (white 
arrow). In (d) there is good collateral circulation via robust posterior 
communicating arteries (white arrow)
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
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relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
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to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
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odontoid process fracture [4]. These have typically been the 
result of distraction hyperextension injuries with associated 
facial injuries and are not associated with significant neuro-
logical deficit. It is postulated that posterior ADD without 
odontoid fracture may be more common but normally leads 
to immediate death. In cases that do survive, there is little or 
no damage to the spinal cord, as the remaining ligamentous 
structures lock the axis and prevent further displacement, 
reducing the spinal canal area to approximately 36% [5].

In this case, we speculate the background inflammatory 
condition predisposed to weakening of the C1 arch and 
apical and alar ligaments, with relative preservation of the 
integrity of the odontoid process and transverse ligament. 
Thus, the craniocervical junction was particularly suscepti-
ble to an axial loading and hyperextension injury, generating 
this atypical form of posterior AAD comprising anterior C1 
arch and Jefferson fractures. To our knowledge, this is the 
first report of this unusual injury pattern.

Associated vascular injury with no neurological 
deficit

VAO is a rare complication of blunt trauma to the crani-
ocervical junction. It has also been observed following 
chiropractic manoeuvres [6, 7] and cervical spine surgery. 
VAO may result in immediate ischaemia and also lead to 
thromboembolic events causing posterior circulation and 
spinal cord infarction of varying severity. The prevalence of 
asymptomatic VAO and clinical sequelae following VAO are 
not known. Risk factors for ischaemic stroke in the presence 
of VAO include increasing age and bilateral VAO. Correc-
tive cervical spine surgery potentially decreases the risk by 
reducing motion across the occluded segments [8].

There is a case report of a patient sustaining a traumatic 
AAD with associated bilateral VAO and carotid artery inju-
ries [9]. This patient had a type IIA traumatic spondylolis-
thesis at C2 and C1/2 distraction. The vascular injury was 
managed by anticoagulation 48 h after surgical treatment. 
The patient made a reasonable neurological recovery.

In our case the patient remained neurologically intact 
due to the presence of robust collateral circulation via the 
posterior communicating arteries. Without this, the injury 
would have been fatal. Acute post-traumatic VAO presents 
an ongoing risk of thromboembolic stroke. Antiplatelet 
treatment and/or anticoagulation following surgery is advo-
cated, but the duration of medical treatment and the role of 
follow-up vascular imaging are controversial. Our patient 
has been followed up for a year and remains well with no 
further episodes of dysarthria.

Surgical strategy

Most cases of posterior AAD have successfully been man-
aged with closed reduction, although it is technically chal-
lenging to relocate the odontoid process back into osteo-
ligamentous ring. On-table fluoroscopy, with spinal cord 
monitoring if the patient is under a general anaesthesia, is 
recommended. The procedure is terminated if there are any 
signs of spinal cord compromise due to over-distraction. Of 
the 19 previously described cases, successful closed reduc-
tion was followed by internal fixation in five patients and 
conservative management in 6. The remaining eight patients 
were treated by open reduction and internal fixation, includ-
ing 4 that developed neurological deficits during attempts at 
closed reduction [4]. Most cases were stabilised posteriorly 
with wiring, transarticular screw fixation or lateral mass and 
pedicle screw fixation. Anterior approaches include transoral 

Fig. 3  Post-operative CT cervical spine, mid-sagittal (a) and lateral sagittal (b). There is reduction in the posterior atlantoaxial dislocation, with 
lateral mass screws to C1 and pedicle screws to C2. There is autologous bone grafting to the interfacet space
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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odontoidectomy and the anterior retropharyngeal approach. 
They have the advantage of avoiding prone position and the 
possibility of further craniocervical displacement [10].

In this case, we initially considered that early operative 
reduction in the posterior AAD would be associated with a 
high risk of vertebral reperfusion and distal thromboembo-
lism. Our intended strategy was to isolate and temporarily 
clip the vertebral arteries before reducing the fracture. Spon-
taneous reduction in the AAD under general anaesthesia pre-
operatively made this unnecessary. At operation, the verte-
bral arteries were insonated with a microvascular Doppler 
to confirm persisting occlusion. A standard posterior C1–C2 
fusion was preferred over an occipito-cervical fixation as 
there was normal occipital-C1 articulation.

Conclusion

We describe a case of traumatic posterior AAD with associ-
ated Jefferson fracture and bilateral VAO without odontoid 
process fracture or neurological deficit. This variation of 
AAD has not previously been reported in the literature. We 
postulate that this injury pattern would usually be fatal and 
our patient survived due to excellent collateral circulation. 
Challenges to management include surgical approach and 
timing, and management of the associated vascular injury.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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Abstract
Objective In 2013, we reported a case of combined anterior and posterior reconstruction after three-level en bloc vertebral 
body replacement and replacement of the aorta for chondrosarcoma of the thoracic spine. Eight years after, we observed an 
implant failure and now report on revision strategy and 2-year follow-up (f/u) after revision.
Methods We report about the 2-year f/u of the same now 51-year-old gravedigger who needed to undergo revision surgery 
after implant failure. We did a combined anterior and posterior correction vertebral interbody fusion by (1) removal of bro-
ken screws in Th9 and L2, removal of broken titanium bars, correction of kyphosis, enhancement of the vertebral interbody 
fusion from Th8 to L4 using monoaxial titanium screws and cancellous bone transplantation and (2) removal of the broken 
plate and the loose cage, implantation of a novel expandable PEEK cage from Th11 to L1 and anterior stabilization from 
Th9/10 to L2/3, as well as autologous and allogeneic cancellous bone transplantation.
Results Two years after revision surgery, the patient presented fully reintegrated without any complains. No painkillers 
needed to be taken. Pain was reported with 2 out of 10 on the VAS.
Conclusion Both procedures offer a good primary stabilization with excellent pain reduction and good return to life. Lim-
ited information on long-term survivors is known. Therefore, the theoretical advantage of a biological solution needs to be 
checked in the long-term f/u for consistency.

Keywords Correction vertebral interbody fusion · Three-level en bloc vertebral body replacement · Chondrosarcoma · 
Spine

Introduction

Multilevel vertebral body replacement and vertebral inter-
body fusion were first described by Stener in 1971 and 
became a well-established technique which, however, 
remains a rare situation with very limited indications [9, 
11, 13, 15, 19, 21]. The common principle is a posterior 
vertebral interbody fusion with tension band and anterior 
cage interposition for load transmission [11]. We recently 
reported the first case of a 51-year-old gravedigger who 
underwent three-level en bloc vertebral body replacement 

with combined replacement of the aorta after chondrosar-
coma (G2, R0) in 2007 [9]. We performed constant at least 
yearly f/u during which the patient showed himself fully 
reintegrated to daily life. Between 2014 and 2015, a succes-
sive screw pullout and implant failure was observed, and we 
therefore saw the indication for revision surgery. We now 
want to report about the 2-year f/u with special emphasis on 
the different vertebral interbody fusion procedure.

Case

This case is a 9-year f/u after initial wide en bloc resec-
tion of Th11 to L1 with partial replacement of the aorta, 
cage interposition, cement augmentation and anterior–pos-
terior stabilization and 2 years after revision surgery with 

 * T. Graulich 
 graulich.tilman@mh-hannover.de

1 Trauma Department, Hannover Medical School, 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
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cancer, family history of melanoma, Fitzpatrick skin type
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er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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two-stage anterior–posterior correction vertebral interbody 
fusion by (1) posterior removal of broken screws in Th9 and 
L2, removal of broken titanium bars, correction of kyphosis, 
enlargement of the vertebral interbody fusion from Th8 to 
L4 with monoaxial titan screws and cancellous bone trans-
plantation and (2) anterior removal of the broken plate and 
the loosened cage, implantation of an expandable PEEK 
cage from Th11 to L1 and anterior stabilization from Th9/10 
to L2/3 as well as autologous and allogeneic cancellous bone 
transplantation (Figs. 1, 2, 3, 4).

Initially after 1-year back pain, MRI showed a histologi-
cally confirmed chondrosarcoma (G2) surrounding the Th11 
to L1 vertebral bodies which embraced more than 50% of 
the aorta. The tumor was classified as Tomita type 6, and en 
bloc resection was performed [7, 9, 21].

Postoperatively local radiation with 54 grays of Th9 to 
L2 was performed. Nearly half a year after operation, the 
patient could start rehabilitation and was fully reintegrated. 
Eight years after the operation, we observed a successive 
screw pullout and implant failure and we therefore saw the 
indication for revision surgery (Fig. 2). Operation time was 
(1) 301 min and (2) 598 min, and intraoperative blood trans-
fusion was 0 ml and 1370 ml (5 EK), respectively. Total 
time in hospital was 22 days with 1 day on the ICU after the 
posterior stabilization and 2 days after the anterior stabiliza-
tion. The patient could be discharged without neurovascular 
deficit and only limited pain on the visual analogous scale 
(VAS) 2/10.

Two years after revision surgery, the patient presented 
fully reintegrated without any complains (Fig. 5). No pain-
killers needed to be taken. Pain was reported with 2 out 

of 10 on the VAS. He reported free walking distance. The 
patient reported that he is able to work as a gravedigger 
and regularly carries coffins although we insistently urged 
him to avoid heavy weight carrying. Neurological evaluation 
showed no neurovascular deficit with full power for both 
lower extremities. F/u CT scan of the thoracolumbar spine 
showed no hint for implant failure (Fig. 3). The preoperative 
kyphosis was corrected as shown in Fig. 6.

Fig. 1  F/u 02/2015 3D CT scan of the spine. A situation after ante-
rior–posterior stabilization during the 2015 control. The patient has 
no complains. a Lateral few on the 3D spin with implants in slight 
red: b only the implants are reformatted, and c implants are well inte-
grated. No hint for implant failure. No fracture

Fig. 2  F/u 04/2015 3D CT scan of the spine. A situation after ante-
rior–posterior stabilization during the 2015 control. The patient has 
back pain. Red arrows: indicating the location of implant failure, a 
lateral few on the 3D spin. Only the implants are shown. Distal 
screws, bars and the plate are broken, b detailed few in the implant 
failure, the distal part is fully separated from the proximal part, and c 
implants are shown in relation to the spine

Fig. 3  F/u 05/2016 3D CT scan of the spine. A situation 1  year 
after anterior–posterior revision surgery in 2015. a Overview of the 
situs during the anterior: b only the implants are reformatted, and c 
implants are well integrated. No hint for implant failure. No fracture
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L2 was performed. Nearly half a year after operation, the 
patient could start rehabilitation and was fully reintegrated. 
Eight years after the operation, we observed a successive 
screw pullout and implant failure and we therefore saw the 
indication for revision surgery (Fig. 2). Operation time was 
(1) 301 min and (2) 598 min, and intraoperative blood trans-
fusion was 0 ml and 1370 ml (5 EK), respectively. Total 
time in hospital was 22 days with 1 day on the ICU after the 
posterior stabilization and 2 days after the anterior stabiliza-
tion. The patient could be discharged without neurovascular 
deficit and only limited pain on the visual analogous scale 
(VAS) 2/10.

Two years after revision surgery, the patient presented 
fully reintegrated without any complains (Fig. 5). No pain-
killers needed to be taken. Pain was reported with 2 out 

of 10 on the VAS. He reported free walking distance. The 
patient reported that he is able to work as a gravedigger 
and regularly carries coffins although we insistently urged 
him to avoid heavy weight carrying. Neurological evaluation 
showed no neurovascular deficit with full power for both 
lower extremities. F/u CT scan of the thoracolumbar spine 
showed no hint for implant failure (Fig. 3). The preoperative 
kyphosis was corrected as shown in Fig. 6.

Fig. 1  F/u 02/2015 3D CT scan of the spine. A situation after ante-
rior–posterior stabilization during the 2015 control. The patient has 
no complains. a Lateral few on the 3D spin with implants in slight 
red: b only the implants are reformatted, and c implants are well inte-
grated. No hint for implant failure. No fracture

Fig. 2  F/u 04/2015 3D CT scan of the spine. A situation after ante-
rior–posterior stabilization during the 2015 control. The patient has 
back pain. Red arrows: indicating the location of implant failure, a 
lateral few on the 3D spin. Only the implants are shown. Distal 
screws, bars and the plate are broken, b detailed few in the implant 
failure, the distal part is fully separated from the proximal part, and c 
implants are shown in relation to the spine

Fig. 3  F/u 05/2016 3D CT scan of the spine. A situation 1  year 
after anterior–posterior revision surgery in 2015. a Overview of the 
situs during the anterior: b only the implants are reformatted, and c 
implants are well integrated. No hint for implant failure. No fracture
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Discussion

We would like to discuss the following two aspects. First, 
the tumor expansion determines the type of resection and 
is strongly associated with the long-term outcome. In this 
case, en bloc resection was performed which was a hazard-
ous procedure but was necessary to be curative according 
to the long-term survival [2, 4, 5, 11, 13–15].

However, limited experience on reconstruction tech-
niques in long-term-survivors is known. Therefore, sec-
ondly, we would like to discuss the stabilization as in 
this case two different procedures have been used with 
failure of the initial surgery. Both in common is the 
anterior–posterior procedure and the combination of a 
posterior tension wiring like stabilization as well as the 

anterior space-filling load-holding column. In this case, 
the mechanical axis could be restored and the thoracolum-
bar angle (Th10-L2) as a parameter of the kyphosis was 
corrected from 22° before the first operation and 19° 
before the second operation, respectively, to 12° and 2° 
after the first and second operation, respectively. The pel-
vic incidence is a fundamental parameter for regulation of 
spinal sagittal curve. It equals the sum of pelvic tilt and 
sacral slope and is a constant individual parameter with a 
mean of 53 ± 10 in adult men [3]. The lordosis is largely 
related to the orientation of the pelvis expressed by the 
sacral slope with a mean of 41 ± 8 in adult men.

As the anterior fusion limits the overall result, with high 
nonunion rates up to 70% even after single-level anterior 
lumbar interbody fusion, we reconsidered the anterior fusion 
strategy after implant failure [1, 16, 20], whereas during the 
first operation, a cement augmented rigid cage was used, 
and during the second operation, an expandable PEEK cage 
with autologous and allogeneic cancellous bone transplan-
tation was used. The major difference between both proce-
dures was the time, following radiation and the resulting 
bone quality. After the first operation, an adjuvant radiation 
was planed. As radiation leads to loss of bone mass, a high 
risk of secondary loosening was anticipated and tried to be 
avoided. Therefore, we used a rigid cage with cement aug-
mentation, which gives high primary stability. We added an 
anterior plate to give further stabilization [5, 10]. A biologi-
cal situation would have been highly questionable, as during 
the radiation healing would have been prolonged or even 
impossible. The danger of an enlarged stress shielding at the 
bone implant interface by a too rigid fixation was accepted to 
reduce the risk of an early implant failure by screw cutout as 
a result of the osteoporotic bone. At the time of the revision 
surgery, we expected good, healthy, not osteoporotic bone 
which enabled us to use an expandable PEEK cage which 
is closer to the normal oscillation behavior of the spine and 
added cancellous bone for a biological reconstruction [5, 8]. 
An adequate solution between rigidity and stability needed 

Fig. 4  Intraoperative documentation of revision surgery in 2015 with 
posterior correction vertebral interbody fusion, anterior replacement 
of the titanium cage and insertion of the PEEK cage. a Situs with 
broken anterior bar and loosened cage before removal, b detailed look 
at the PEEK cage in situ, c close-up on the broken plate, d removed 
cage, e PEEK cage

Fig. 5  Clinical F/u in 2016. 
The patient has no complains 
and only little pain VAS 2/10. 
a–c Inspection of the chest 
and abdomen with completely 
healed scars. Straight alignment 
of the spine

S15European Spine Journal (2019) 28 (Suppl 2):S13–S17 

1 3

Discussion

We would like to discuss the following two aspects. First, 
the tumor expansion determines the type of resection and 
is strongly associated with the long-term outcome. In this 
case, en bloc resection was performed which was a hazard-
ous procedure but was necessary to be curative according 
to the long-term survival [2, 4, 5, 11, 13–15].

However, limited experience on reconstruction tech-
niques in long-term-survivors is known. Therefore, sec-
ondly, we would like to discuss the stabilization as in 
this case two different procedures have been used with 
failure of the initial surgery. Both in common is the 
anterior–posterior procedure and the combination of a 
posterior tension wiring like stabilization as well as the 

anterior space-filling load-holding column. In this case, 
the mechanical axis could be restored and the thoracolum-
bar angle (Th10-L2) as a parameter of the kyphosis was 
corrected from 22° before the first operation and 19° 
before the second operation, respectively, to 12° and 2° 
after the first and second operation, respectively. The pel-
vic incidence is a fundamental parameter for regulation of 
spinal sagittal curve. It equals the sum of pelvic tilt and 
sacral slope and is a constant individual parameter with a 
mean of 53 ± 10 in adult men [3]. The lordosis is largely 
related to the orientation of the pelvis expressed by the 
sacral slope with a mean of 41 ± 8 in adult men.

As the anterior fusion limits the overall result, with high 
nonunion rates up to 70% even after single-level anterior 
lumbar interbody fusion, we reconsidered the anterior fusion 
strategy after implant failure [1, 16, 20], whereas during the 
first operation, a cement augmented rigid cage was used, 
and during the second operation, an expandable PEEK cage 
with autologous and allogeneic cancellous bone transplan-
tation was used. The major difference between both proce-
dures was the time, following radiation and the resulting 
bone quality. After the first operation, an adjuvant radiation 
was planed. As radiation leads to loss of bone mass, a high 
risk of secondary loosening was anticipated and tried to be 
avoided. Therefore, we used a rigid cage with cement aug-
mentation, which gives high primary stability. We added an 
anterior plate to give further stabilization [5, 10]. A biologi-
cal situation would have been highly questionable, as during 
the radiation healing would have been prolonged or even 
impossible. The danger of an enlarged stress shielding at the 
bone implant interface by a too rigid fixation was accepted to 
reduce the risk of an early implant failure by screw cutout as 
a result of the osteoporotic bone. At the time of the revision 
surgery, we expected good, healthy, not osteoporotic bone 
which enabled us to use an expandable PEEK cage which 
is closer to the normal oscillation behavior of the spine and 
added cancellous bone for a biological reconstruction [5, 8]. 
An adequate solution between rigidity and stability needed 

Fig. 4  Intraoperative documentation of revision surgery in 2015 with 
posterior correction vertebral interbody fusion, anterior replacement 
of the titanium cage and insertion of the PEEK cage. a Situs with 
broken anterior bar and loosened cage before removal, b detailed look 
at the PEEK cage in situ, c close-up on the broken plate, d removed 
cage, e PEEK cage

Fig. 5  Clinical F/u in 2016. 
The patient has no complains 
and only little pain VAS 2/10. 
a–c Inspection of the chest 
and abdomen with completely 
healed scars. Straight alignment 
of the spine

S15European Spine Journal (2019) 28 (Suppl 2):S13–S17 

1 3

Discussion

We would like to discuss the following two aspects. First, 
the tumor expansion determines the type of resection and 
is strongly associated with the long-term outcome. In this 
case, en bloc resection was performed which was a hazard-
ous procedure but was necessary to be curative according 
to the long-term survival [2, 4, 5, 11, 13–15].

However, limited experience on reconstruction tech-
niques in long-term-survivors is known. Therefore, sec-
ondly, we would like to discuss the stabilization as in 
this case two different procedures have been used with 
failure of the initial surgery. Both in common is the 
anterior–posterior procedure and the combination of a 
posterior tension wiring like stabilization as well as the 

anterior space-filling load-holding column. In this case, 
the mechanical axis could be restored and the thoracolum-
bar angle (Th10-L2) as a parameter of the kyphosis was 
corrected from 22° before the first operation and 19° 
before the second operation, respectively, to 12° and 2° 
after the first and second operation, respectively. The pel-
vic incidence is a fundamental parameter for regulation of 
spinal sagittal curve. It equals the sum of pelvic tilt and 
sacral slope and is a constant individual parameter with a 
mean of 53 ± 10 in adult men [3]. The lordosis is largely 
related to the orientation of the pelvis expressed by the 
sacral slope with a mean of 41 ± 8 in adult men.

As the anterior fusion limits the overall result, with high 
nonunion rates up to 70% even after single-level anterior 
lumbar interbody fusion, we reconsidered the anterior fusion 
strategy after implant failure [1, 16, 20], whereas during the 
first operation, a cement augmented rigid cage was used, 
and during the second operation, an expandable PEEK cage 
with autologous and allogeneic cancellous bone transplan-
tation was used. The major difference between both proce-
dures was the time, following radiation and the resulting 
bone quality. After the first operation, an adjuvant radiation 
was planed. As radiation leads to loss of bone mass, a high 
risk of secondary loosening was anticipated and tried to be 
avoided. Therefore, we used a rigid cage with cement aug-
mentation, which gives high primary stability. We added an 
anterior plate to give further stabilization [5, 10]. A biologi-
cal situation would have been highly questionable, as during 
the radiation healing would have been prolonged or even 
impossible. The danger of an enlarged stress shielding at the 
bone implant interface by a too rigid fixation was accepted to 
reduce the risk of an early implant failure by screw cutout as 
a result of the osteoporotic bone. At the time of the revision 
surgery, we expected good, healthy, not osteoporotic bone 
which enabled us to use an expandable PEEK cage which 
is closer to the normal oscillation behavior of the spine and 
added cancellous bone for a biological reconstruction [5, 8]. 
An adequate solution between rigidity and stability needed 

Fig. 4  Intraoperative documentation of revision surgery in 2015 with 
posterior correction vertebral interbody fusion, anterior replacement 
of the titanium cage and insertion of the PEEK cage. a Situs with 
broken anterior bar and loosened cage before removal, b detailed look 
at the PEEK cage in situ, c close-up on the broken plate, d removed 
cage, e PEEK cage

Fig. 5  Clinical F/u in 2016. 
The patient has no complains 
and only little pain VAS 2/10. 
a–c Inspection of the chest 
and abdomen with completely 
healed scars. Straight alignment 
of the spine



8

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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to be found as initial rigidity enlarges stress shielding at the 
bone implant interface [5]. As the PEEK cage has a higher 
primary, better adaptable stability, there was no need for the 
anterolateral plate [5, 6]. During the initial operation due to 
the anticipated loss of bone mass, it was important to get 
further stabilization by the anterior plate. Although over the 
time and additional regain of bone mass to a stable fixation 
certainly led to an implant failure due to the not physiologi-
cal oscillation behavior [8, 10]. Therefore, we decided to 
use a more elastic anterior wire-stabilization system, which 
was additionally necessary as only a four-point anterior sta-
bilization results in sufficient stability [5, 18]. An initially 
advantage in case of stress shielding by a strong fixation in 
the osteoporotic bone is accompanied by a higher risk of 
stress shielding and implant failure in the healthy bone [5]. 
Finally, the enlargement of the posterior fixation defines and 
increases the primary stabilization and is furthermore the 
tool for an adequate kyphosis correction [5].

However, according to Pumberger et al., osseous integra-
tion even in biological reconstructions was not observed in 
any of the patients after anterior fusion of multilevel verte-
bral body replacement. They could show that after biological 
reconstruction of the load-bearing anterior column in the 
PET-CT control, no spinal fusion could be seen. The general 
problem of multilevel en bloc vertebral body replacement 
and stabilization is, however, the anterior spinal fusion [17]. 
As the initial strategy was certainly non-biological without 
any chance of anterior fusion, our aim during revision sur-
gery was the anterior fusion and mechanical stable recon-
struction. Alternative reconstruction options like fibula or 

rib autografts from rather small case series show only lim-
ited and very heterogeneous results [12, 22].

The situation described by Pumberger et al. is different 
to our revision surgery. They discuss that in all their cases a 
postoperative radiation or chemotherapy reduced the osseous 
integration as we expected before initial surgery. We never-
theless did expect a normal healthy situation and adequate 
anterior fusion during revision surgery as no postoperative 
adjacent therapy was performed. In our case, the rather short 
follow-up with this excellent clinical function and stability 
after revision surgery might mask an ongoing micromove-
ment without osseous integration, fusion and prolonged re-
implant failure. Therefore, more satisfying data on the long-
term survival of anterior–posterior spinal fusion need to be 
collected to hint at future stabilization strategies.

Conclusion

We conclude reconstruction strategies following column 
resections of tumors in the thoracic spine have to be bal-
anced between optimal anti-tumor and biomechanical goals. 
Although an implant failure with a non-biological solution 
had to be expected after initial surgery on the long run, 
the long-term outcome and osseous integration after revi-
sion surgery with a biological reconstruction are unclear, 
too. Both procedures offered a good primary stabilization 
with excellent pain reduction and good return to life. We 
expect better long-term results with the now more biologi-
cal solution.

Fig. 6  One year postoperatively 
after revision surgery: a sagittal 
image with the C7 lot and the 
distance from the posterior 
edge of S1 to the lot with 5 cm 
indicating compensated imbal-
ance. The thoracolumbar angle 
(TLA) with 2° is within the 
normal range. b Showing in red 
the sacral slope (SS), in yellow 
the pelvic incidence (PI) and 
in blue the pelvic tilt (PT), all 
values are within normal range. 
The table shows the measure-
ments of the f/up with each time 
preoperative decompensation, 
with enlarged TLA, and reduced 
PI. After the initial surgery and, 
respectively, after the revision 
surgery, both the TLA and the 
PI were corrected
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45European Spine Journal (2019) 28 (Suppl 2):S13–S17
S17European Spine Journal (2019) 28 (Suppl 2):S13–S17 

1 3

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

References

 1. Blumenthal SL, Gill K (1993) Can lumbar spine radiographs accu-
rately determine fusion in postoperative patients? Correlation of 
routine radiographs with a second surgical look at lumbar fusion. 
Spine 18:1186–1189

 2. Boriani S, Biagini R, De Iure F, Bertoni F, Malaguti MC, Di 
Fiore M, Zanoni A (1996) En bloc resection of bone tumors of the 
thoracolumbar spine. A preliminary report on 29 patients. Spine 
21:1927–1932

 3. Duval-Beaupère G, Schmidt C, Cosson P (1992) A barycentrem-
etric study of the sagittal shape of spine and pelvis: the conditions 
required for an economic standing position. Ann Biomed Eng 
20:451–462

 4. Disch A, Pumberger M, Schmoelz W, Melcher I, Druschel C, 
Schaser KD (2012) Biomechanische Aspekte radikaler Resek-
tionen und deren Rekonstruktion an der thorakolumbalen Wir-
belsäule. Orthopäde 41:647–658

 5. Disch AC, Schaser KD, Melcher I, Luzzati A, Feraboli F, Schmo-
elz W (2008) En bloc spondylectomy reconstructions in a biome-
chanical in vitro study. Eur Spine J 17:715–725

 6. Disch AC, Schaser KD, Melcher I, Luzzati A, Feraboli F, Schmo-
elz W, Druschel C, Luzzati A (2011) Oncosurgical results of mul-
tilevel thoracolumbar en-bloc spondylectomy and reconstruction 
with a carbon composite vertebral body replacement system. 
Spine 36:647–655

 7. Enneking WF, Spanier SS, Goodman MA (1980) A system for 
surgical staging of musculoskeletal sarcoma. CORR 153:106–120

 8. Ferguson SJ, Winkler F, Nolte LP (2002) Anterior fixation in the 
osteoporotic spine: cut-out and pullout characteristics of implants. 
Eur Spine J 11:527–534

 9. Gösling T, Pichlmaier MA, Länger F, Krettek C, Hüfner T (2013) 
Two-stage multilevel en bloc spondylectomy with resection and 
replacement of the aorta. Eur Spine J 22(Suppl 3):363–368

 10. Haas N, Blauth M, Tscherne H (1991) Anterior plating in thora-
columbar spine injuries. Indication, technique and results. Spine 
16:S100–S111

 11. Halm H, Richter A, Lerner T, Liljenqvist U (2008) En-bloc spon-
dylectomy and reconstruction for primary tumors and solitary 
metastasis of the spine. Orthopade 37(4):356–366

 12. Iwai C, Taneichi H, Inami S, Namikawa T, Takeuchi D, Kato 
N, Lida T, Shimizu K, Nohara Y (2012) Clinical outcomes of 
combined anterior and posterior spinal fusion for dystropic 
thoracolumbar spinal deformities of neurofibromatosis-1. Spine 
38:44–50

 13. Liljenqvist U, Lerner T, Halm H, Buerger H, Gosheger G, Win-
kelmann W (2008) En bloc spondylectomy in malignant tumors 
of the spine. Eur Spine J 17(4):600–609

 14. Luzzati AD, Shah S, Gagliano F, Perrucchini G, Scotto G, Alloisio 
M (2015) Multilevel en bloc spondylectomy for tumors of the 
thoracic and lumbar spine is challenging but rewarding. CORR 
473:858–867

 15. Melcher I, Disch AC, Khodadadyan-Klostermann C, Tohtz S, 
Smolny M, Stöckle U, Haas NP, Schaser KD (2007) Primary 
malignant bone tumors and solitary metastases of the thoracolum-
bar spine: results by management with total en bloc spondylec-
tomy. Eur Spine J 16(8):1193–1202

 16. Pallisè F, Puig O, Rivas A et al (2003) Low fusion rate after L5-S1 
laparoscopic anterior lumbar interbody fusion using twin stand-
alone carbon fiber cages. Spine 28:520–521

 17. Pumberger M, Prasad V, Druschel C, Disch AC, Brenner W, 
Schaser KD (2016) Quantitative in vivo fusion assessment by 
18F-fluoride PET/CT following en bloc spondylectomy. Eur Spine 
J 25:836–842

 18. Schultheiss M, Hartwig E, Sarker M (2006) Biomechanical 
in vitro comparison of different mono- and bisegmental anterior 
procedures with regard to the strategy for fracture stabilization 
using minimally invasive techniques. Eur Spine J 15(82):89

 19. Stener B (1971) Total spondylectomy in chondrosarcoma aris-
ing from the seventh thoracic vertebra. J Bone Joint Surg Br 
53(2):288–295

 20. Strube P, Hoff E, Hartwig T, Perka CF, Gross C, Putzier M (2012) 
Stand-alone anterior versus posterior lumbar interbody single-
level fusion after a mean follow-up of month. J Spinal Disord Tech 
25:362–369

 21. Tomita K, Kawahara N, Baba H, Tsuchiya H, Fujita T, Toribatake 
Y (1997) Total en bloc spondylectomy. A new surgical technique 
for primary malignant vertebral tumors. Spine (Phila Pa 1976) 
22(3):324–333

 22. Yanamadala V, Rozman PA, Kumar JI, Schwab JH, Lee S-G, Hor-
nicek FJ, Curry WT Jr (2017) Vascularized fibular strut autografts 
in spinal reconstruction after resection of vertebral chordoma or 
chondrosarcoma: a retrospective series. Neurosurgery 81:156–164



10

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose Despite the variety of “off-the-shelf” implants and instrumentation, outcomes following revision lumbosacral sur-
gery are inconstant. Revision fusion surgery presents a unique set of patient-specific challenges that may not be adequately 
addressed using universal kits. This study aims to describe how patient-specific factors, surgeon requirements, and healthcare 
efficiencies were integrated to design and manufacture anatomically matched surgical tools and implants to complement a 
minimally invasive posterior approach for revision lumbar fusion surgery.
Methods A 72-year-old woman presented with sciatica and a complex L5–S1 pseudoarthrosis 12 months after L2–S1 fixation 
surgery for symptomatic degenerative scoliosis. Patient computed tomography data were used to develop 1:1 scale biomod-
els of the bony lumbosacral spine for pre-operative planning, patient education, and intraoperative reference. The surgeon 
collaborated with engineers and developed a patient-specific 3D-printed titanium lumbosacral fixation implant secured by 
L2–L5, S2, and iliac screws. Sizes and trajectories for the S2 and iliac screws were simulated using biomodelling to develop 
a stereotactic 3D-printed drill guide. Self-docking 3D-printed nylon tubular retractors specific to patient tissue depth and 
bony anatomy at L5–S1 were developed for a minimally invasive transforaminal approach. The pre-selected screws were 
separately sourced, bundled with the patient-specific devices, and supplied as a kit to the hospital before surgery.
Results At 6-month follow-up, the patient reported resolution of symptoms. No evidence of implant dysfunction was observed 
on radiography.
Conclusion Pre-operative planning combined with biomodelling and 3D printing is a viable process that enables surgical 
techniques, equipment, and implants to meet patient and surgeon-specific requirements for revision lumbar fusion surgery.

Keywords Biomodelling · Lumbosacral · Patient specific · Revision · 3D printing

Introduction

Lumbar fusion procedures have evolved to treat the neu-
rological symptoms caused by degenerative disease of the 
lumbar spine. Current surgical techniques, with open and 
minimally invasive variations, allow near-circumferential 
access to the lumbar spine [1, 2]. Each surgical technique 
and implant for lumbosacral stabilization require a set of 

device-specific tools for instrumentation. This expansion of 
surgical tools and implants has partly contributed to a con-
siderable increase in the rates of lumbar fusion surgery over 
the last two decades with a proportional increase in lumbar 
revision rates [3, 4].

Meticulous pre-operative planning is paramount to deter-
mine a revision strategy from a variety of approaches, tech-
niques, and equipment. Subsequently, the decision to offer 
surgical correction is influenced by the suitability of the 
patient to a particular surgical technique, which may exclude 
a patient from surgery.

Recently, the adaptability of additive manufacturing tech-
niques combined with biomodelling and pre-operative plan-
ning allows the development of implants and surgical tools 
to complement, adapt, or replace existing surgical methods 
to suit patient and surgeon-specific requirements [5, 6]. 
In this report, we present a process where patient-specific 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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implants and surgical tools were designed and manufactured 
using biomodelling and 3D printing (3DP) for a patient 
requiring revision lumbosacral fusion surgery.

Case history

A 72-year-old lady initially presented with a history of 
chronic lower back pain, left sciatica, and abnormal gait. 
Her history was significant for osteoarthritis with bilateral 
knee replacements, osteopenia with previous stress fractures 
in her right ankle, previous C4–6 anterior cervical discec-
tomy and fusion, hysterectomy, and hypertension. Lumbar 
imaging revealed a scoliotic spine with grade 1 degenera-
tive spondylolisthesis with severe canal stenosis at L4–5 and 
L3–4, disc prolapse at L2–3 with severe canal stenosis, and 
severe left L5 nerve root compression.

A two-stage operation was performed to correct scoliosis 
with interbody cages implanted at L2–3, L3–4, and L4–5 
using a lateral technique (XLIF, Nuvasive, San Diego, CA, 
USA). A polyether ether ketone (PEEK) interbody cage 
combining autologous bone with bone morphogenic protein 
(Infuse Medtronic, Memphis, TN, USA) was implanted at 
L5–S1 using a minimally invasive left-sided transforaminal 
approach (MIS TLIF). Minimally invasive laminectomies 
and rhizolysis were performed on the right at L3–4 and 
bilaterally at L4–5. Pedicle screws and rods were inserted 
to connect L2 to S1.

Post-operative radiographs at 1 and 4 months were satis-
factory. Despite the resolution of lower back pain, her left 
sciatica persisted. At 12 months, a computed tomography 
(CT) scan demonstrated a pseudoarthrosis and coronal col-
lapse at L5–S1 with a loose S1 screw trapping and irritating 
the left L5 nerve root (Fig. 1). The sacral promontory had 
collapsed underneath a grade 1 spondylolisthesis of the L5 
vertebra (Fig. 2). Revision surgery was proposed to decom-
press the L5 nerve root, to minimize movement across the 
L5–S1 segment without instrumenting S1, and to promote 
bony fusion across the L5–S1 segment. 

Materials and methods

The design process is summarized in Fig. 3.

Biomodelling

The patient underwent a helical CT scan. Digital Imaging 
and Communications in Medicine (DICOM) data were trans-
ferred to a workstation running AnatomicsPro software (Ana-
tomics, St Kilda, Australia) for processing prior to manufac-
ture of a 1:1 stereolithographic biomodel of the osseous spine 
(Fig. 4) from polymerized transparent layers of ultraviolet 

light-cured acrylic resin. The biomodel allowed the treat-
ing surgeon to examine patient anatomy, appreciate surgical 
pathology, rehearse the surgical procedure, and formulate a 
surgical plan in conjunction with standard clinical imaging.

Pre‑operative planning

Using AnatomicsC3D software (Anatomics, St Kilda, Aus-
tralia), the surgeon collaborated with biomedical engineers 
to formulate a list of design specifications for the patient-
specific posterior fixation construct (Table 1). The specifica-
tions allowed engineers to develop a software model of the 
fixation construct by simulating the required pedicle screws, 
connecting rods, and interbody cage. In this case, a patient-
specific contoured iliolumbar implant spanning L2 to pelvis 
with a pelvic anchor was designed to provide stabilization 
(Fig. 4). The porous ventral surface of the anchor was con-
toured to complement the ilium.

Suitable entry points, sizes, and trajectories for the S2 and 
iliac screws were simulated in software. An interbody cage 
was sized and selected using the software and biomodel. 
Stereotactic drill guides were designed using planned pedi-
cle screw positions for intraoperative use with fluoroscopy 
(Fig. 5). A self-docking tubular retractor specific to patient 
tissue depth and bony anatomy at L5–S1 was designed for a 
MIS TLIF technique (Fig. 6). 

Fig. 1  Coronal computed tomography image demonstrating a pseu-
doarthrosis at L5–S1, loosening of the left S1 screw, and coronal 
imbalance
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Verification

Technical specifications for the proposed fixation construct 
using the pre-selected implants were provided as a report to 
the surgeon.

The surgeon simulated the proposed solution using Ana-
tomicsC3D software and specified design modifications to 
the engineers. A revised solution was communicated to the 
surgeon for verification. This process iterated until the sur-
geon confirmed the design and implant selection.

Additive manufacturing

After surgeon approval, the drill guides and tubular retrac-
tors were manufactured from nylon particles (PA-12) using 
an Eosint selective laser sintering printer (EOS GmbH, 
Krailling, Germany) at Anatomics (Anatomics, St Kilda, 
Australia). The patient-specific rods were fabricated from 
titanium alloy powder (Ti64) using an Arcam A1 EBM 
printer (Arcam AB, Mölndal, Sweden) at CSIRO Lab 22 
(CSIRO, Clayton, Australia).

The printed equipment was post-processed at Anatom-
ics where the parts were cleaned, polished, sterilized, and 

packaged for delivery to the hospital. The pre-selected 
screws and interbody cage were separately supplied. We 
chose an EIT Cellular  Titanium® (Emerging Implant Tech-
nologies GmbH, Wurmlingen, Germany) interbody cage to 
replace the existing PEEK interbody cage at L5–S1.

Surgery

All pedicle screws and rods were removed via the previous 
para-median keyhole incisions. The patient-specific tubular 
retractor was secured to the spine using a temporary can-
nulated screw along the previous S1 screw trajectory. The 
existing L5–S1 interbody cage was replaced by the pre-
selected 3DP titanium cage, and BMP (Infuse, Medtronic) 
was implanted. New pedicle screws were inserted at L2 to 
L5.

A 4-centimetre incision was made over each ilium to 
expose the bony surface. The sacroiliac drill guide was intro-
duced to place two S2 screws and iliac pilot holes bilaterally 
under fluoroscopic guidance. The tulip of the lower left iliac 
bolt stretched the overlying skin and was removed. Conse-
quently, the left iliolumbar rod was shortened intraopera-
tively (Figs. 5, 7). Operative and clinical performances are 
listed in Table 2. Our patient recovered well reflected by a 
reduction in her visual analogue score (VAS) and satisfac-
tory post-operative radiographs (Fig. 7).

Discussion

Pathologies such as infection, stenosis, fractures, painful 
instrumentation, pseudoarthrosis, adjacent segment disease, 
post-operative deformity, or non-spinal causes may be indi-
vidually or collectively responsible for late complications 
following instrumented lumbar fusion surgery. Depend-
ing on the patient-specific indications for revision surgery, 
a surgeon’s plan for corrective surgery may be limited by 
available equipment and implants. The issues specific to this 
revision case are listed in Table 1.

“Off-the-shelf” kits for spinal instrumentation are 
designed for specific indications and can be adapted for 
revision surgery. For example, anterior approaches to the 
lumbar spine have been used to achieve a bony fusion after 
the development of a pseudoarthrosis following posterior 
lumbar fusion surgery [7]. However, an indirect decompres-
sion via an anterior approach may not relieve severe steno-
sis. Additionally, an anterior interbody cage is not suitable 
for this patient at L5–S1 due to a collapsed sacral promon-
tory. Further, the patient’s age, comorbidity, and previous 
abdominal surgery may complicate an anterior approach to 
the anterior vertebral surface.

Posterior approaches using “off-the-shelf” kits are suit-
able but may not entirely address patient-specific factors, 

Fig. 2  Sagittal computed tomography image demonstrating a pseu-
doarthrosis at L5–S1 with a grade 1 spondylolisthesis
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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thereby compromising healthcare efficiencies [8, 9]. Sev-
eral posterior techniques can adequately correct a pseudoar-
throsis at L5–S1 and decompress the left L5 nerve root; we 
chose to use a minimally invasive transforaminal technique. 
However, this patient additionally needed the L2–S1 seg-
ments stabilized without re-instrumenting S1 as it was 
predicted replacement S1 pedicle screws would not find 
adequate purchase.

Consequently, a pelvic anchor was required to secure a 
long patient-specific rod and provide the necessary stability 
for bony fusion. An open posterior approach may provide 
adequate visualization to contour rods but may cost the 
patient in terms of blood loss, post-operative pain, hospital 
stay, and rehabilitation time [10, 11]. Further, intraopera-
tive rod contouring significantly reduces the fatigue life 
[12], especially when biomechanical cadaveric studies 

show increased strain in rods and S1 screws for long lum-
bosacral constructs [13]. Additional fixation by way of 
cross-linkages or “outrigger rods” [14] may overcompen-
sate for biomechanical stability while potentially increas-
ing complexity, operating time, and cost.

Alternatively, a surgeon’s pre-operative plan can be 
combined with biomodelling and rapid manufacturing 
methods to design, test, and implant patient-specific solu-
tions that address all issues indicating revision lumbar sur-
gery. Biomodelling was used for pre-operative planning, 
patient education, and intraoperative reference [15] and 
allows stereotactic guides to be developed for intraopera-
tive use to percutaneously place iliac bolts and S2 screws 
along predefined trajectories using only 2D fluoroscopy 
(Fig. 5).

Fig. 3  Process flow diagram demonstrating the key steps in the design process
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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The authors found the 3D-printed patient-specific 
biomodel, tubular retractor, and stereotactic drill guide 
particularly useful. Minimally invasive techniques typi-
cally limit visible patient anatomy. However, the bio-
model improved our understanding of surgical anatomy by 

providing a scale visual and tactile frame of reference. The 
design of the tubular retractor matched the bony contours 
of the patient’s spine and docked onto the bone, which 
removed the need for externally braced retraction systems 
to declutter the intraoperative workspace. Likewise, the 
contoured surface of the drill guide matched the patient’s 
bony pelvic anatomy to simplify template positioning with 
minimal tissue dissection. The pre-planned trajectories 
were easily replicated intraoperatively to assist implan-
tation of S2 screws and iliac bolts without the need for 
intraoperative image guidance systems.

The performance of this process is measured by an 
operating time of 291 min, 59 s of fluoroscope screening 
time, no complications, no blood transfusions, and length 
of stay of 5 days with a reduction in patient-reported pain 
scores. In a retrospective review of 112 patients for poste-
rior instrumented revision surgery, the operating time was 
280 ± 62 min, 1.04 ± 1.17 units transfused, and a length 
of stay of 6 ± 2.4 days [16]. Radiation exposure was not 
reported in this series. However, another series of 40 patients 
undergoing first-time single-level MIS TLIF reported on 
average 55.2 ± 11.3 s of fluoroscopic screening [17]. The 
number of sterile trays used and waste generated is reported 
to benchmark this process so that healthcare resource allo-
cation is also incorporated into the pre-operative planning 
process.

Fig. 4  1:1 scale biomodel of patient’s spine with patient-specific 
3D-printed titanium implants contoured to match the bony anatomy 
of the pelvis and desired spinal curvature for revision surgery

Table 1  Patient- and surgeon-specific issues guiding design cues

MIS minimally invasive surgery, TLIF transforaminal lumbar inter-
body fusion

Issue Design cue

Osteoporosis; collapsed 
sacral promontory; previ-
ous abdominal surgery; L5 
foraminal stenosis; L5–S1 
pseudoarthrosis

Approach: Posterior MIS TLIF
Structural: No pedicle screw to be 

placed in S1

Revise L5–S1 interbody cage
Decompress S1 nerve root

Exposure: Custom self-docking tubu-
lar retractors specific to patient tis-
sue depth to aid MIS S1 rhizolysis

Revise L2–S1 posterior 
fixation

Structural: MIS pedicle screw revi-
sion at L2, L3, L4, L5 bilaterally

Preserve scoliotic correction 
and anchor long segment 
construct to the pelvis

Structural: Connecting rods manu-
factured to planned curvature and 
continuous with a pelvic anchor

Reinforce long segment con-
struct with a pelvic anchor

Structural: Custom pelvic contour 
matched anchor secured with bilat-
eral S2 and iliac screws

MIS pelvic fixation Exposure: MIS S2 and iliac screw 
drill trajectory guide

Fig. 5  1:1 scale biomodel of patient’s spine with patient-specific drill 
guide designed to contour match the bony pelvis and guide placement 
of iliac bolts and S2 screws
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Conclusion

For revision lumbar fusion surgery, “off-the-shelf” kits limit 
surgical solutions to a particular set of techniques, surgi-
cal tools, and implants, which can potentially compromise 

patient, surgeon, and healthcare-specific needs. As this sin-
gle case history highlights, pre-operative planning combined 
with biomodelling and 3D printing is a viable process that 
enables the development of patient-specific implants and 
surgical tools suited to the needs of this clinical presenta-
tion. The next patient requiring lumbar revision surgery 
will present a different set of challenges. However, addi-
tive manufacturing techniques are adaptable, and so there 
is potential to tailor surgical solutions to optimally meet 
the needs of every patient needing revision lumbar fusion 

Fig. 6  A patient-specific tubular retractor for a minimally invasive 
transforaminal lumbar interbody approach that is designed to match 
the tissue depth and contours of this patient’s posterior L5–S1 bony 
anatomy. The retractor is secured to the spine using a cannulated bone 
screw along the trajectory of the existing S1 pedicle screw

Fig. 7  3D reconstruction using post-operative computed tomography 
data demonstrating implant position. A second left-sided iliac bolt 
was not implanted as the tulip may have caused a pressure area. The 
respective segment of the patient-specific rod was intraoperatively 
shortened

Table 2  Patient characteristics and operative performance

BMI body mass index (kilograms per square metre), OW operative waste, VAS visual analogue score
a 1 bag = 800 × 500 millimetres of 50 l capacity

Age (years) 72
BMI (kg/m2) 25.4
Operative time (min) 291
Operative aids Neural monitoring
Sterile trays 18
Contaminated OW (bags)a 0.5
Uncontaminated OW (bags)a 0.75
Fluoroscope screening time (s) 59
Total complications 0
Blood transfusion 0
Length of stay (days) 5
Pre-operative leg pain VAS 8
Post-operative leg pain VAS 5
Six-month follow-up leg pain VAS 2
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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surgery. Consequently, a patient’s chance of resolving their 
chief complaint by revision surgery need not be depend-
ent on their suitability to a limited set of techniques and 
implants.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose En bloc resection is the treatment of choice of myxoid chondrosarcoma. These tumors can produce huge masses. 
Anatomical constraints limit the possibility to perform en bloc resection in the spine.
Methods A very huge myxoid chondrosarcoma (14.2 × 10.8 × 11.4 cm) arising from T2 to T5 and invading the whole higher 
left pleural cavity was observed. Surgical planning according to WBB staging system was performed.
Results The tumor was successfully submitted to en bloc resection achieving a tumor-free margin as demonstrated by the 
pathologist’s report.
Conclusions A careful planning and a multidisciplinary collaboration make possible to perform en bloc resection even in 
apparently impossible cases.

Keywords En bloc spondylectomy · Spinal myxoid chondrosarcoma · WBB staging system · Multidisciplinary 
collaboration

Introduction

Myxoid variety of chondrosarcoma is known to produce 
huge masses [1–3]. This low-malignant tumor is radiore-
sistent [4] and has a very high tendency to recurrence when 
submitted to intralesional excision [5–9, 13]. Chemotherapy 
has been proved ineffective and hence not recommended 
[10–12]. Its tendency to progress to higher level of malig-
nancy at recurrence is also known. En bloc resection is 
therefore the treatment of choice [2, 3, 13–15]. Regional 

constraints and the dimension of some spine tumor can make 
impossible to perform en bloc resection [16–20].

This case is reported to demonstrate that careful planning, 
including multidisciplinary competences, makes possible to 
perform en bloc resection even in huge tumors.

Case report

A 34-year-old female was admitted to our department pre-
senting with complains of increasing pain at the back, with 
a mass on the left back and complete paralysis of the lower 
extremities for 1 month. The patient initially presented to 
another hospital 3 months prior to this with a mass on the 
left back. An open incisional biopsy was performed at the 
left back in her primary hospital prior to our workup, and the 
diagnosis from histopathological analysis was of a low-grade 
myxoid chondrosarcoma.

A physical examination showed that there was complete 
paralysis of the lower extremities and decreased sensation 
below the trunk, with dysfunction of the bladder and bowel 
movement (ASIA impairment scale: B). Plain radiography, 
computed tomography and magnetic resonance imaging 
demonstrated an expansive mediastinal mass lesion with 
thoracic vertebral bodies and ribs involved (Fig. 1). Further 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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investigation revealed no other tumor lesions existed. In the 
present case, the mass had become involved with the spi-
nal canal and adhered to the aorta, trachea and esophagus 
(Figs. 2, 3) (Enneking stage IB and WBB stage 1-7/A-D). 
Selective arterial embolization was performed 1 day prior 
to the surgery. En bloc resection with a tumor-free margin 
by one-stage posterior approach was carefully designed by 
a multidisciplinary team.

Surgical planning by posterior approach (WBB-based 
en bloc resection type 2a, Fig. 4) [21] and detachment of 
the spinal muscles from the posterior elements from T2 
to T5 were performed. The whole procedure was carried 
out in the prone position. First, the right pleural cavity was 
opened by section of the T2–T5 ribs, ligation of the azygos, 
release of the aortic arch and the esophagus. A dissection 
of the mass was performed by section of the T2–T6 left ribs 
and the left scapula. Lateral mass screws were implanted 

at C6, C7. Pedicle screws were implanted at the levels of 
T1, T6, T7 and T8. A wide right semi-laminectomy was 
performed by ultrasonic osteotome from T2 to T5, and the 
T2–T5 right nerve roots were sacrificed. Then, sectors 8-9-
10 were piecemeal excised by high-speed burr to approach 
the spinal canal at levels T2–T5. A rod was connected on 
the right side, and osteotomy was performed by Tomita saw 
at T1/T2 and T5/T6 disk levels. At this time, the huge mass 
can be rotated on the longitudinal axis, allowing to separate 
the thecal sac from the mass in the spinal canal under direct 
vision. The T2–T5 left nerve roots are sectioned after liga-
tion. Then, the whole mass is finally removed without any 
apparent surgical violation of the margins (Fig. 5a, c, d). The 
reconstruction was performed by four rods connection at 
bilateral C6, C7, T6 and T1, T7, T8, respectively. A titanium 
cage was inserted between the T1–T6 vertebral body, and 
two vertebral body screws were implanted at T1 and T6 to 
reinforce the fixation of the titanium cage. Reconstruction of 
the ribs defect was performed by using two rods connecting 
the screws and the defect ends in the left side (Figs. 5b, 6d). 
A chest tube was placed to re-expand the lung.   

The operation took 15 h in total, with a total of 5500 
mL of bleeding. Ventilator-assisted ventilation was used 
for 17 days after operation in intensive care unit. After 
respiratory function exercise for 1 month, she can breathe 
normally without hypoxic symptoms. Pulmonary infection 
occurred postoperatively, and etiological examination sug-
gested Acinetobacter Bauman infection. Chest drainage 
sustained for 64 days. Anti-infective treatment regimen 
was based on the results of bacterial susceptibility. Imi-
penem combined with cefoperazone was used for the first 
month and then cefoperazone only until chest drainage was 
removed. A slowly skin sensation recovery was observed 
on the trunk postoperatively. No improvement in muscle 

Fig. 1  a Coronal, b sagittal and c axial MRI images showing a huge expansive mediastinal mass lesion (14.2 × 10.8 × 11.4 cm) invading the tho-
racic vertebral bodies and ribs and spinal cord compression are demonstrated

Fig. 2  Chest CT scan, showing the adjacent important structures of 
the mediastinum. There is a large soft tissue mass within the mottled 
calcification
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investigation revealed no other tumor lesions existed. In the 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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strength of the lower extremities and defecation functions 
was observed at 3 months postoperatively. Reconstructed 
postoperative CT scan at 3 months showed no signs of 
tumor recurrence and well-united bone at the reconstruc-
tion site (Fig. 6).

Discussion

From the earliest report by Lievre [22], Hamdi [23] and 
Stener [24, 25], en bloc resection was later on popularized 
by Roy Camille [26] and Tomita [27, 28] till more recent 
attempt to standardize the surgical planning according to 
the WBB staging system [21, 29]. En bloc resection with 
tumor-free margins remains the best oncological manage-
ment of the spine, which aims to a better local control and 
longer survival rate.

Recurrence of chondrosarcoma usually occurs in 3–5 
years postoperatively, and the relapse tends to be faster if an 
intralesional excision was performed [5, 30]. Thus, a worse 
prognosis could be achieved. These results were proved to 
be related to the inadvertent intraoperative contamination 
[5, 31]. Regional anatomical constraints and huge volumes 
remain, however, a severe limit to perform an oncological 
appropriate en bloc resection (it means resulting in tumor-
free margins without any tumor contamination), and some 
reports in the literature of procedures including the separa-
tion of the tumor in two or more pieces with intralesional 
margins [16–20]. A long-term survival rate has only been 
observed in low-grade spinal chondrosarcoma patients after 
repeated intralesional excision surgeries, combined with 
radiotherapy [32].

Here, a case of en bloc resection of a huge myxoid 
chondrosarcoma is reported, resulting in a fully tumor-
free margin resection. To our knowledge, this is one of 
the largest tumors ever resected by this technique. The 
peculiar steps were: the ligation of the azygos, the release 
of the aortic arch and of the esophagus, the opening of a 
window in the posterolateral vertebrae (T2–T5 in sectors 

Fig. 3  a The sagittal T2-weighted MRI image demonstrates the epidural mass and spinal cord compression. b, c The sagittal T1-weighted MRI 
images show low signal intensity in the T2–T5 vertebral bodies and tumor mass

Fig. 4  WBB-based planning of the en bloc resection. Posterior 
approach only, patient in prone position (type 2b). Step I: com-
pletely  release of the tumor mass from left and from right. Step II: 
definition of the approach to the canal: sectors 8–12. Step III piece-
meal excision of sectors 8–12, release of the dural sac after section of 
the nerve roots. Step IV: En bloc tumor removal by careful clockwise 
rotation along the longitudinal axis
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
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of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45European Spine Journal (2019) 28 (Suppl 2):S25–S30
S28 European Spine Journal (2019) 28 (Suppl 2):S25–S30

1 3

8-9-10) in order to release the dural sac. Once the oste-
otomies of the spine at the T1/T2 and T5/T6 disk levels 
were performed, the specimen could rotate, allowing to 
finalize the resection.

The goal of this surgical procedure was to remove the 
tumor en bloc with macroscopically healthy margins. 
Owing to its huge dimension and proximity to vital neu-
rovascular structures, the surgical morbidity and func-
tional impairment must be seriously considered. In the 
present case, multiple ribs and partial chest wall tissues 
were excised combined with the mass. The chest wall has 
both a protective structural around the vital organs of the 
body and functional role of respiratory movement. Large 
chest wall defects can cause devastating respiratory and 
circulatory functional consequences [33, 34]. Reconstruc-
tion of the chest wall defect was performed to recreate a 

stable chest wall with adequate functional capacity. Fadel 
et al. [35] reported an incidence of pneumonia of 35.3%: 
6 patients suffered from pneumonia postoperatively in 17 
patients following tumor resection involving the pleura 
and ribs. The use of sensitive antibiotics in the treatment 
of pulmonary infection and appropriate ventilator-assisted 
respiratory is critical for postoperative recovery.

Conclusions

The purpose of this article is to remark the role of preopera-
tive planning in the surgical technique of en bloc resection. 
However, a careful follow-up will be mandatory for detecting 
local recurrence, whose risk—due to the histologically proven 
appropriate margin—is low but not negligible. The procedure 

Fig. 5  a Photograph of the 
en bloc resected specimen. b 
Photograph demonstrates the 
reconstruction of the chest wall 
defect and spinal stability by 
screws and rods. c, d The X-ray 
images of the en bloc resected 
specimen
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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was successfully performed thanks to a very careful preopera-
tive planning and to a multidisciplinary collaboration.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose Scoliosis surgery in Marfan syndrome is common, even in the presence of a funnel chest. However, to date, no 
case has been reported with acute intra-/postoperative decompensation caused by vena cava compression following posterior 
spinal derotation and fusion.
Methods A 15-year-old male patient with Marfan syndrome, a funnel chest and severe scoliosis was treated with surgery for 
the spinal deformity. Intraoperatively, the patient developed a clinically relevant compression of the inferior vena cava with 
severe circular depression. Postoperatively, a cava compression syndrome with severe pleural effusion, ascites and enormous 
swelling of the lower limbs was developed. A conservative treatment of the symptoms, consisting of thoracic drainage and 
negative fluid balance, failed. Subsequently, the patient was transferred to pediatric intensive care unit for further treatment. 
Echocardiography and a CT scan demonstrated cava compression syndrome. A rescue Nuss procedure of the funnel chest 
deformity was performed since conservative treatment failed. The clinical course proceeded without complications and with 
a decrease in clinical symptoms of inferior inflow congestion. The patient was discharged after almost 3 weeks.
Conclusion The problem of congenital stenosis of the inferior vena cava in Marfan syndrome has not yet been investigated. 
In the case of simultaneously existing funnel chest and scoliosis in Marfan syndrome, an interdisciplinary discussion is 
required to decide whether a repair of the funnel chest should be performed first in order to prevent a clinically relevant 
compression syndrome. For the detection of a preoperatively relevant stenosis of the inferior vena cava, an MRI or thoracic/
abdominal CT should be used preoperatively.

Keywords Marfan syndrome · Funnel chest · Posterior spinal fusion · Nuss procedure · Inferior vena cava syndrome · 
Inferior inflow congestion

Introduction

Scoliosis surgery in Marfan syndrome is common with the 
presence of a funnel chest (pectus excavatum). However, to 
date, no case of a postoperative decompensation following 

posterior spinal correction caused by vena cava compression 
has been described in the literature. In particular, a conse-
quential Nuss procedure to repair the funnel chest in order 
to reduce pressure on the vein has not yet been analyzed.

The funnel chest is the most common morphological 
abnormality of the ventral chest wall, with an incidence of 
1–8 per 1000 live births [1]. A high incidence is observed 
in male patients with Marfan syndrome. It typically results 
in an asymmetrical pectus excavatum and is used as a diag-
nostic criterion for Marfan syndrome [2].

The Nuss procedure (according to Nuss, 1998) [3] is a 
minimally invasive technique that can be described as the 
gold standard for correcting a funnel chest, due to its good 
cosmetic results and technical effectiveness. In the past, the 
procedure has mainly been used in children with symmetri-
cal chest wall configurations; however, with modifications, 
it is now also used for asymmetrical repairs in adult patients. 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
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Adverse effects

NB-UVB - First line in
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- 80% of patients clear
with 3 times per
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- Photosensitive
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xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history
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1/2
- Immune suppression
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- Physical or emotional
inability to tolerate
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- Previous arsenic or
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therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
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Chronic: photoaging
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- Moderate-to-severe
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- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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This surgery is considered an elective and should only be 
carried out after thorough planning and preparation [4, 5]. 
The presented case study is the first to describe Nuss surgery 
being performed as a rescue procedure. A posterior revision 
and reduction of the scoliosis correction had previously been 
discussed; however, due to the patient’s wishes and a result-
ing of balance syndrome, this avenue was not pursued.

Case

The patient (15/m) was diagnosed with Marfan syndrome at 
the age of 8, due to scoliosis and an extreme manifestation 
of a pectus excavatum (Figs. 1, 2). Progressive scoliosis, 
severe back pain and a loss of spinal mobility after a growth 
spurt confirmed the indication for the posterior spinal fusion. 
A preoperative CT scan showed the scoliosis and pectus 
excavatum with a clinical irrelevant compression of the vena 
cava inferior (Figs. 3, 4). A dorsal instrumentation from T4 
to L4 vertebrae was carried out (Fig. 5). During the surgical 
reduction of the lumbar spine for relordosation, a signifi-
cant drop in blood pressure occurred, requiring major fluids. 
Intraabdominal blood loss appeared to be the cause of this 
complication. The reposition was ceased, and the circulation 

was stabilized by extensive transfusion of 800 ml cell-saver-
blood, 4 red cell concentrates, 1 platelet concentrate, 6 plas-
mas and 2000IE PCC (prothrombin complex concentrate). 
Following the transfusions, the dorsal reduction was per-
formed, and the surgical procedures were completed with no 
further complications. The patient was transferred, intubated 
and ventilated, to the pediatric intensive care unit.

Following sufficient circulatory resuscitation, the patient 
was extubated. Due to increasing cardiac distress and a large 
right pleural effusion, a thoracic drainage was placed with an 
initial discharge of 1000 ml fluid. On the second postopera-
tive day, the abdomen was distended with ascites, and com-
pressed organs (e.g., liver) and diaphragmatic elevation were 
detected. Negative fluid balance and substitution of albumin 
showed a positive effect on the patient’s clinical condition, 
and the thoracic drainage was removed. On the fourth post-
operative day, the patient’s clinical condition deteriorated 
rapidly, with large pleural effusion in the right lung and an 
increasing amount of free intraabdominal fluid. The pleural 
effusion was again treated with a thoracic drain.

Fig. 1  X-ray showing the thorax preoperatively with obvious signs of 
a funnel chest

Fig. 2  X-ray showing the spine preoperatively with obvious scoliosis
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the counter-regulatory T helper 2 (Th2) immune response both
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The postoperative CT scan of scoliosis surgery suggested 
a subtotal compression of the vena cava inferior in proximity 
to the right ventricle, between the sternum and the spine. 
Furthermore, the scan showed pleural effusions in both lungs 
and a compression atelectasis of the left basal lung.

Then, all the patients showed severe cardiovascular 
depression due to severe vena cava compression syndrome. 
Postoperatively, the patients developed additional symptoms 
including right pleural effusion, inferior inflow congestion, 
congested gastritis and a congested liver ascites and swelling 

of the lower limbs. Subsequently, the patient was transferred 
to the pediatric intensive care unit.

Therefore, the Nuss procedure was elected to solve the 
problems by achieving a sternal elevation by a sub-sternal 
bar used as an internal brace [6] to increase venous flow 
(Figs. 6, 7, 8, 9, 10).

The Nuss procedure was performed and a postoperative 
transthoracic echocardiography after showed an increased 
filling of the right ventricle and a regular flow of the infe-
rior vena cava. During the clinical course, the volume status 
improved due to removed compression of the inferior vena 
cava with distinctive inferior inflow congestion. No compli-
cations occurred following the second surgical procedure, 
and the initial symptoms improved significantly during the 
clinical course. 3 weeks after the Nuss surgery, the patient 
was discharged with minimal residual pleural effusions and 
an oral diuretic therapy.

Discussion

Marfan syndrome is a congenital disorder of the connec-
tive tissue. It is an autosomal-dominant defect in microfi-
brils caused by mutations in the fibrillin-1 gene. This defect 
results in a weakness of elastic fibers. Marfan syndrome is 
a rare disease that affects both genders, with a prevalence 
of 1.5–17.2 per 100,000. Marfan syndrome is characterized 
by a wide variability in phenotypical appearances. In most 
patients, the cardiovascular, skeletal and ocular systems are 

Fig. 3  Preoperatively visible constriction of the inferior vena cava; 
CT sagittal image

Fig. 4  Preoperatively visible constriction of the inferior vena cava; 
CT transversal image

Fig. 5  X-ray showing the postoperative position after posterior spinal 
fusion. Cardiomegaly, uncertain pulmonary edema
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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affected by the disease. The diagnosis is on the basis of the 
wide variability of symptoms very complex [7, 8].

Inferior vena cava compression syndrome describes 
the clinical picture of reduced venous flow to the heart, 
which is also known as inferior inflow congestion. Patho-
physiologic reasons can be the venous system itself, for 
instance, thrombosis or compression of the lower vena 

Fig. 6  X-ray showing the postoperative position after the Nuss proce-
dure. Pleural effusions both sides. Thoracic drain right side

Fig. 7  Thoracic deformity prior to the Nuss procedure

Fig. 8  Thoracic deformity prior to the Nuss procedure

Fig. 9  Thorax after the Nuss procedure

Fig. 10  Thorax after the Nuss procedure
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
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There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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cava by surrounding structures [9–11]. A clinical pertinent 
inferior vena cava compression syndrome, due to com-
bined scoliosis and an extreme funnel chest, has not yet 
been described in the literature. Furthermore, no reference 
to a clinically pertinent inferior vena cava compression 
syndrome, among the wide range of cardiovascular symp-
toms in Marfan syndrome, can be found in the specialist 
literature. Ghazal et al. [12] described for the first time 
a congenital stenosis of the inferior vena cava in Marfan 
syndrome in their 2015 case report. Overall, congenital 
stenosis or aberrations of the inferior vena cava are very 
rare. Most commonly, stenosis of the inferior vena cava 
is observed in the area of the diaphragm or the liver [13].

In the present case, the preoperative cross-sectional 
imaging showed a significant constriction of the inferior 
vena cava close to the caval opening of the diaphragm 
(Figs. 2, 3); however, this was clinically asymptomatic. 
The correction of scoliosis resulted in a clinically relevant 
compression of the inferior vena cava against the distinc-
tive funnel chest. Intraoperatively, a relevant cardiovascu-
lar depression was caused by the vena cava compression 
that was stabilized by mitigation of the reposition maneu-
ver and intraoperative mass transfusion. During the clini-
cal course, however, the symptoms of the inferior inflow 
congestion persisted, resulting in the urgent indication of 
a surgical correction of the distinctive funnel chest.

A treatment algorithm for the surgical procedure in 
distinctive scoliosis in the context of Marfan syndrome 
has not yet been described in the literature. The presented 
case shows that stenosis of the inferior vena cava already 
existed preoperatively; however, the clinical relevance 
concerning scoliosis correction is not yet apparent. The 
schematic illustrations show the compression of the infe-
rior vena cava before and after each surgery (Figs. 11, 12, 
13). MRI or multi-detector CT scans are used to detect this 
type of stenosis, although there are no data in the literature 
regarding the degree of restriction at which a clinically 
relevant inferior cava syndrome is expected. This is mainly 
due to the fact that the problem of congenital stenosis of 
the inferior vena cava in Marfan syndrome has not yet been 
sufficiently investigated.

Conclusion

When surgical scoliosis correction is indicated and planned 
in a patient with Marfan syndrome, scoliosis and funnel 
chest MRI or thoracic/abdominal CT should be performed 
preoperatively. When there is stenosis of the inferior vena 
cava, a multidisciplinary preoperative discussion including 
pediatric cardiologists, cardiothoracic surgeons, radiologists 
and orthopedic surgeons is recommended to evaluate the 
relevance of the stenosis. When a risk of further constric-
tion of the inferior vena cava by surgery exists, it should be 
discussed whether a correction of the funnel chest should be 
performed first to prevent a clinically relevant compression 
syndrome. A standardized measurement of the diameter of 
the inferior vena cava should be carried out in all Marfan 
patients in order to detect individual risk.

Conflict of interest None of the authors has any potential conflict of 
interest.

References

 1. Brochhausen C, Turial S, Müller FK et al (2012) Pectus excava-
tum: history, hypotheses and treatment options. Interact Cardio-
Vasc Thorac Surg 14:801–806

 2. Cobben JM, Oostra RJ, van Dijk FS (2014) Pectus excavatum and 
carinatum. Eur J Med Genet 57:414–417

Fig. 11  Schematic illustration preoperatively Fig. 12  Schematic illustration after posterior spinal fusion

Fig. 13  Schematic illustration after Nuss procedure

S35European Spine Journal (2019) 28 (Suppl 2):S31–S36 

1 3

cava by surrounding structures [9–11]. A clinical pertinent 
inferior vena cava compression syndrome, due to com-
bined scoliosis and an extreme funnel chest, has not yet 
been described in the literature. Furthermore, no reference 
to a clinically pertinent inferior vena cava compression 
syndrome, among the wide range of cardiovascular symp-
toms in Marfan syndrome, can be found in the specialist 
literature. Ghazal et al. [12] described for the first time 
a congenital stenosis of the inferior vena cava in Marfan 
syndrome in their 2015 case report. Overall, congenital 
stenosis or aberrations of the inferior vena cava are very 
rare. Most commonly, stenosis of the inferior vena cava 
is observed in the area of the diaphragm or the liver [13].

In the present case, the preoperative cross-sectional 
imaging showed a significant constriction of the inferior 
vena cava close to the caval opening of the diaphragm 
(Figs. 2, 3); however, this was clinically asymptomatic. 
The correction of scoliosis resulted in a clinically relevant 
compression of the inferior vena cava against the distinc-
tive funnel chest. Intraoperatively, a relevant cardiovascu-
lar depression was caused by the vena cava compression 
that was stabilized by mitigation of the reposition maneu-
ver and intraoperative mass transfusion. During the clini-
cal course, however, the symptoms of the inferior inflow 
congestion persisted, resulting in the urgent indication of 
a surgical correction of the distinctive funnel chest.

A treatment algorithm for the surgical procedure in 
distinctive scoliosis in the context of Marfan syndrome 
has not yet been described in the literature. The presented 
case shows that stenosis of the inferior vena cava already 
existed preoperatively; however, the clinical relevance 
concerning scoliosis correction is not yet apparent. The 
schematic illustrations show the compression of the infe-
rior vena cava before and after each surgery (Figs. 11, 12, 
13). MRI or multi-detector CT scans are used to detect this 
type of stenosis, although there are no data in the literature 
regarding the degree of restriction at which a clinically 
relevant inferior cava syndrome is expected. This is mainly 
due to the fact that the problem of congenital stenosis of 
the inferior vena cava in Marfan syndrome has not yet been 
sufficiently investigated.

Conclusion

When surgical scoliosis correction is indicated and planned 
in a patient with Marfan syndrome, scoliosis and funnel 
chest MRI or thoracic/abdominal CT should be performed 
preoperatively. When there is stenosis of the inferior vena 
cava, a multidisciplinary preoperative discussion including 
pediatric cardiologists, cardiothoracic surgeons, radiologists 
and orthopedic surgeons is recommended to evaluate the 
relevance of the stenosis. When a risk of further constric-
tion of the inferior vena cava by surgery exists, it should be 
discussed whether a correction of the funnel chest should be 
performed first to prevent a clinically relevant compression 
syndrome. A standardized measurement of the diameter of 
the inferior vena cava should be carried out in all Marfan 
patients in order to detect individual risk.

Conflict of interest None of the authors has any potential conflict of 
interest.

References

 1. Brochhausen C, Turial S, Müller FK et al (2012) Pectus excava-
tum: history, hypotheses and treatment options. Interact Cardio-
Vasc Thorac Surg 14:801–806

 2. Cobben JM, Oostra RJ, van Dijk FS (2014) Pectus excavatum and 
carinatum. Eur J Med Genet 57:414–417

Fig. 11  Schematic illustration preoperatively Fig. 12  Schematic illustration after posterior spinal fusion

Fig. 13  Schematic illustration after Nuss procedure

S35European Spine Journal (2019) 28 (Suppl 2):S31–S36 

1 3

cava by surrounding structures [9–11]. A clinical pertinent 
inferior vena cava compression syndrome, due to com-
bined scoliosis and an extreme funnel chest, has not yet 
been described in the literature. Furthermore, no reference 
to a clinically pertinent inferior vena cava compression 
syndrome, among the wide range of cardiovascular symp-
toms in Marfan syndrome, can be found in the specialist 
literature. Ghazal et al. [12] described for the first time 
a congenital stenosis of the inferior vena cava in Marfan 
syndrome in their 2015 case report. Overall, congenital 
stenosis or aberrations of the inferior vena cava are very 
rare. Most commonly, stenosis of the inferior vena cava 
is observed in the area of the diaphragm or the liver [13].

In the present case, the preoperative cross-sectional 
imaging showed a significant constriction of the inferior 
vena cava close to the caval opening of the diaphragm 
(Figs. 2, 3); however, this was clinically asymptomatic. 
The correction of scoliosis resulted in a clinically relevant 
compression of the inferior vena cava against the distinc-
tive funnel chest. Intraoperatively, a relevant cardiovascu-
lar depression was caused by the vena cava compression 
that was stabilized by mitigation of the reposition maneu-
ver and intraoperative mass transfusion. During the clini-
cal course, however, the symptoms of the inferior inflow 
congestion persisted, resulting in the urgent indication of 
a surgical correction of the distinctive funnel chest.

A treatment algorithm for the surgical procedure in 
distinctive scoliosis in the context of Marfan syndrome 
has not yet been described in the literature. The presented 
case shows that stenosis of the inferior vena cava already 
existed preoperatively; however, the clinical relevance 
concerning scoliosis correction is not yet apparent. The 
schematic illustrations show the compression of the infe-
rior vena cava before and after each surgery (Figs. 11, 12, 
13). MRI or multi-detector CT scans are used to detect this 
type of stenosis, although there are no data in the literature 
regarding the degree of restriction at which a clinically 
relevant inferior cava syndrome is expected. This is mainly 
due to the fact that the problem of congenital stenosis of 
the inferior vena cava in Marfan syndrome has not yet been 
sufficiently investigated.

Conclusion

When surgical scoliosis correction is indicated and planned 
in a patient with Marfan syndrome, scoliosis and funnel 
chest MRI or thoracic/abdominal CT should be performed 
preoperatively. When there is stenosis of the inferior vena 
cava, a multidisciplinary preoperative discussion including 
pediatric cardiologists, cardiothoracic surgeons, radiologists 
and orthopedic surgeons is recommended to evaluate the 
relevance of the stenosis. When a risk of further constric-
tion of the inferior vena cava by surgery exists, it should be 
discussed whether a correction of the funnel chest should be 
performed first to prevent a clinically relevant compression 
syndrome. A standardized measurement of the diameter of 
the inferior vena cava should be carried out in all Marfan 
patients in order to detect individual risk.

Conflict of interest None of the authors has any potential conflict of 
interest.

References

 1. Brochhausen C, Turial S, Müller FK et al (2012) Pectus excava-
tum: history, hypotheses and treatment options. Interact Cardio-
Vasc Thorac Surg 14:801–806

 2. Cobben JM, Oostra RJ, van Dijk FS (2014) Pectus excavatum and 
carinatum. Eur J Med Genet 57:414–417

Fig. 11  Schematic illustration preoperatively Fig. 12  Schematic illustration after posterior spinal fusion

Fig. 13  Schematic illustration after Nuss procedure



28

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
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second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Background Atlantoaxial dislocation usually results from hyperextension trauma and is almost always accompanied by 
odontoid fracture and neurological symptoms. In most cases, patients with atlantoaxial dislocation die instantly. This is a 
rare report of posterior atlantoaxial dislocation without fracture and neurological symptoms effectively treated by transoral–
posterior approach surgery, and only eleven similar cases have been previously reported.
Objective To describe the very rare case of an adult posterior atlantoaxial dislocation patient without fracture who was 
neurologically treated using transoral–posterior approach surgery and to review the relevant literature.
Method A 52-year-old man riding a motorcycle was rear-ended by a car. Using X-ray, computed tomography (CT) scan 
and magnetic resonance imaging (MRI), he was diagnosed with posterior atlantoaxial dislocation without a related fracture 
or a significant change in spinal cord signal. Transoral–posterior approach surgery with sustained skull traction was used 
after failed closed reduction.
Result During a 6-month follow-up observation, the lateral cervical spine radiography and sagittal reconstructions of CT 
scans demonstrated no instability of the atlantoaxial complex. Few patients experience posterior atlantoaxial dislocation 
without a related fracture or spinal cord deficit. For a patient who experiences trauma with hyperextension, such as in rear-end 
collisions, X-ray, CT scan and MRI should be performed to ensure that this injury is diagnosed. It is necessary to perform 
surgery to recover atlantoaxial stability, even in the absence of fracture or neurological symptoms.
Conclusion Transoral–posterior approach surgery is a safe and effective way to manage irreducible posterior atlantoaxial 
dislocation.

Keywords Atlantoaxial dislocation · Transoral–posterior · Skull traction

Introduction

Posterior atlantoaxial dislocation resulting from traffic 
accidents usually causes death immediately regardless of 
odontoid fracture, and very few patients have survived, both 
with and without neurological symptoms. Related reports 
describing treatments for posterior atlantoaxial disloca-
tion in the absence of fracture or neurological deficit are 
very rare. By using conservative traction, most dislocations 

have been reduced. Posterior or anterior internal fixation 
and fusion should be supplemented to increase atlantoaxial 
complex stability. Although a few similar cases have been 
reported subsequently, the choice of ideal treatment strategy 
remains controversial and the prognosis is not fully clear. 
Here, we present a new case which was treated effectively 
through a combined anterior–posterior approach. The patient 
was informed that data concerning the case would be sub-
mitted for publication and he consented to publish the data.

Case report

A 52-year-old male patient riding a motorcycle was struck 
by a car and brought to the local county hospital immedi-
ately. He was diagnosed as atlantoaxial dislocation, multiple 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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soft tissue laceration and dislocation of the left ankle joint. 
According to the county hospital medical record, the con-
scious and vital parameters of this patient were normal, 
and he complained about pain in his neck and throat. After 
2 days of treatment, including reduction in the ankle joint, 
debridement of soft tissue laceration and immobilization 
with a neck collar, the patient was transferred to our hospi-
tal for further diagnosis and treatment. Physical examina-
tion immediately upon arrival in our hospital showed that 
motion of his neck was obviously limited, but movements of 
his limbs were normal with grade IV–V force. Neurological 
function was defined as E according to the American Spinal 
Injury Association’s (ASIA) standardized neurological clas-
sification of spinal cord injury.

Neither severe brain nor abdominal–thoracic injury 
was found by the initial CT scan. Anteroposterior, lateral 
and open-mouth X-ray of the patient’s cervical vertebrae 
demonstrated a retro-positioned atlas and total atlantoaxial 
dislocation (Fig. 1). CT scanning and MRI confirmed the 
X-ray findings (Fig. 2). There was no cord compression or 
significant change in the spinal cord signal (Fig. 3).

Four kilograms of skull traction was applied to this 
patient. Intraoperative real-time fluoroscopy showed that 
the distance between the atlas and axis was enlarged but 
was still suitable for reduction. We did not increase the trac-
tion strength to avoid causing severe spinal cord injury. The 
preoperative plan was partial odontoidectomy to reduce 

dislocation. We exposed the axis and atlas by a transoral 
and retropharynx approach [1] with oral tracheal intubation 
instead of nasal tracheal intubation anesthesia for convenient 
nasal disinfection. We performed intraoperative real-time 
X-ray after anterior atlantoaxial release, which indicated a 
reduction in atlantoaxial dislocation (Fig. 4). Then, we per-
formed closure in anatomical layers and without grafting in 
the anterior procedure. Keeping the tracheal cannula and 
skull traction, we changed the position of the patient for 
posterior approach surgery. We fixed C1–C2 by an implant 

Fig. 1  Lateral radiography of the cervical spine shows posterior dis-
location of the atlas with respect to the axis

Fig. 2  Axial CT scans confirmed that the odontoid peg was ventral to 
the anterior arch of the atlas (a). Sagittal reconstructions verified lack 
of rotation or fractures of the odontoid

Fig. 3  MRI demonstrated no cord compression or intramedullary 
cord signal abnormality at the level of the atlantoaxial dislocation
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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pedicle screw system under lateral fluoroscopy autografted 
with the morselized iliac crest bone. We did not use any 
spinal cord monitoring, except a wake-up test.

After the operation, we removed the oral tracheal cannula 
immediately and moved the patient back to the ward with 
cardiac monitoring. This patient did not experience complex 
complications, iatrogenic neurological deficits or postop-
erative infection. Postoperative lateral radiography and CT 
scans of the cervical spine showed that there was no instabil-
ity of the atlantoaxial complex (Fig. 5) and neck and throat 

symptoms disappeared gradually. His postoperative recov-
ery was very favorable. Three months after the operation, 
the patient was instructed to remove his neck collar. He has 
returned to normal life, goes to work and is self-sufficient.

Discussion

According to the anatomical structure of C1–C2, the ante-
rior arch of the atlas and the transverse ligament form an 
osteo-ligamentous ring to create an interlocking odontoid 
process that combines with interlocking articular processes 
to provide the main stability of the atlantoaxial complex. 
Odontoid fracture and ligament rupture characterize most 
atlantoaxial dislocations. Severe trauma from extension 
and slack ligaments always results in the odontoid slipping 
out of the osteo-ligamentous ring and the atlas with respect 
to the axis, which is called posterior atlantoaxial disloca-
tion. Only 11 cases similar to the present case have been 
reported in the English-language literature [1–11]. Based 
upon past experience, cervical spine injury with hyperexten-
sion that produces posterior atlantoaxial dislocation like this 
generally causes immediate and lethal spinal cord damage. 
However, in the emergency room, this dislocation might be 
missed due to a lack of symptoms related to neurological 
deficit and odontoid fracture. Therefore, the incidence of 
this type of dislocation is likely much higher than previ-
ously reported. Haralson et al. [4] believed that posterior 
atlantoaxial dislocation may be caused by hyperextension 
with variable amounts of distraction. The neural canal at the 
atlantoaxial level can be roughly divided into three parts: the 
odontoid, the spinal fluid and the spinal cord [12]. In some 
cases, the spinal cord will not be compromised because the 
neural canal provides adequate space. Tucker and Taylor 

Fig. 4  After anterior atlantoaxial release, intraoperative real-time 
fluoroscopy showed that the atlantoaxial dislocation had been reduced

Fig. 5  Lateral cervical spine 
radiography and sagittal 
reconstructions of CT scans 
demonstrated stability of the 
atlantoaxial complex 3 months 
after the operation
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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corroborated this idea, finding that canal area decreased to 
36% in a skeletal study of simulated posterior atlantoaxial 
dislocation [13].

Regarding posterior atlantoaxial dislocation diagnosis in 
the absence of neurological symptoms or odontoid fracture, 
the atlas and axis are not clearly observed using plain radiog-
raphy of the cervical spine because the cranial bones overlap 
and some patients compulsively adopt head or neck positions 
that obscure the view. Therefore, we guess the misdiagnosis 
of atlantoaxial dislocation is not infrequent during routine 
anteroposterior and lateral radiography of the cervical spine. 
With regard to patients who suffer trauma with hyperexten-
sion, such as in a rear-end collision, we should be mindful of 
this situation and conduct additional examinations, such as 
tomography and open-mouth X-ray. Despite the low resolu-
tion for soft tissues, CT scan shows the bony structures of 
the atlas and axis clearly. In this case, the structures of the 
C1–C2 complex were clearly visualized by CT axial scan-
ning. The odontoid peg had slipped from the dorsal to the 
ventral side of the anterior arch of the atlas, and there was 
no sign of odontoid fracture. MRI has the advantage of high 
resolution of soft tissues. In this case, the curve of the cer-
vical spinal cord was changed, as shown by MRI, but there 
were no abnormal signals or cord compression at the level 
of C1–C2. Hence, we should use MRI, CT scan and CT 
three-dimensional reconstruction for a patient with a history 
of hyperextension trauma.

There are two major methods for treating posterior atlan-
toaxial dislocation, including closed reduction through trac-
tion and open reduction by operation. Closed reduction for 
this kind of case is effective but dangerous due to the risk 
of neurological deficit and immediate death caused by over-
distraction of the C1–C2 complex. High technical skill and 
a suitable traction weight are required. Some authors man-
aged this type of dislocation by closed reduction using the 
three-phase method described by Wong et al. [2, 15, 16]. 
Some cases have been reduced successfully with 7–10 kg of 
traction [2, 14, 15]. After the dislocation is reduced, these 
patients should wear a cervical collar for 3 months in case of 
instability [2]. Two reported cases required posterior fusion 
of C1–C2 after closed reduction to treat persistent instabil-
ity [14, 15].

Posterior atlantoaxial dislocation without odontoid frac-
ture or neurological symptoms is very rare, and there is not 
a standard operation technique for this kind of dislocation. 
Jiang et al. [11] reported a similar case treated via an ante-
rior retropharyngeal approach with partial odontoidectomy. 
In our case, after anterior atlantoaxial release, the atlantoaxial 
dislocation was reduced. Therefore, we do not believe that 
partial odontoidectomy is necessary for all cases of posterior 

atlantoaxial dislocation. Although this surgery was successful, 
some questions remain. For example, we do not know whether 
the closed reduction failure was caused by insufficient time or 
weight of traction or whether changing traction posture favors 
reduction, but this operation is associated with a very high 
risk of spinal cord injury and immediate death. Therefore, we 
suggest applying spinal cord monitoring to closed reduction 
when choosing the time and weight of traction.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose To report systemic immunological enhancement following preoperative spinal embolization and total en bloc 
spondylectomy (TES) using tumor-bearing frozen autograft in a patient with spinal metastatic leiomyosarcoma.
Methods A 44-year-old woman with metastatic uterine leiomyosarcoma of the lung and L1 vertebra underwent TES fol-
lowing bilateral three-level preoperative segmental artery embolization. Resected tumor-bearing lamina was frozen using 
liquid nitrogen and used as tumor-bearing bone graft for spinal reconstruction.
Results Tumor necrosis and obstructing material used in preoperative embolization were detected in the resected specimen of 
L1. Five days after TES, chest computed tomography scan demonstrated decreased solitary lung mass size without adjuvant 
treatment. Lobectomy was performed for the lung metastasis 42 days after TES. Infiltration of CD8+ T lymphocyte into 
tumor tissue significantly increased in shrunk lung metastasis. On the other hand, slight infiltration in both the resected L1 
and primary uterine lesion was observed. Six months after TES, activities of daily living were normal with no evidence of 
local recurrence or distant metastasis. One year after TES, however, lung CT revealed occurrence of another lung metastasis, 
and molecular-targeting therapy (pazopanib) was initiated.
Conclusions There were no reports demonstrating metastasis regression with CD8+ T lymphocyte infiltration after TES. 
This case demonstrated that preoperative tumor embolization combined with TES using tumor-bearing autograft provided 
both a local radical cure and systemic antitumor immunological enhancement, although the long-term effect can be limited.

Keywords Frozen autograft · Embolization · CD8 · Leiomyosarcoma · Spondylectomy

Introduction

Leiomyosarcoma is a malignant soft tissue sarcoma rarely 
arising in the uterus. Uterine leiomyosarcoma comprises 
only 1% of all uterus malignancies [1], but has high 

recurrence rates (45–73%) [2] even with aggressive manage-
ment. Distant metastasis indicates late-stage disease and has 
limited treatment options with a 10–35.8% 5-year survival 
rate [3–5]. Skeletal metastasis occurs in 13.8% of cases [5]. 
The spine is one of the more common skeletal sites and 
can be highly morbid and deadly. The surgical options for 
spinal metastatic leiomyosarcoma range from spinal decom-
pression to en bloc excision. Postoperative radiation and 
chemotherapy have been used, but no definitive guidelines 
exist due to their controversial efficacy. Herein, we present 
a case of metastatic uterine leiomyosarcoma of the lung and 
L1 vertebra that was successfully treated with total en bloc 
spondylectomy (TES) using tumor-bearing frozen autograft 
for reconstruction. After surgery, solitary lung metastasis 
regression was observed. CD8+ T lymphocyte infiltration 
into tumor tissue significantly increased in shrunk lung 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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metastasis with slight infiltration in both L1 and the primary 
lesion, suggesting systemic immunological enhancement.

Case report

History and clinical evaluation

A 44-year-old woman was diagnosed with a malignant tumor 
of the uterus. Three months later, she underwent total hys-
terectomy at another institution. Histopathological evalu-
ation revealed uterine leiomyosarcoma. She complained 
of low back pain 2 years later. Lumbar anteroposterior 
and lateral plain radiographs revealed cortical erosion of 
the superior and inferior endplates of L1 vertebral body, 
while the other lumbar vertebrae appeared normal (Fig. 1). 
Computed tomography (CT) scan and T2-weighted mag-
netic resonance imaging revealed extensive destruction of 
L1 vertebral body, causing pathological fracture and extra-
compartmental invasion of the tumor into the spinal canal 
and left side of the vertebral body (Figs. 2, 3). Chest CT 
scan revealed 20 × 21 mm solitary left lung mass suspected 
of lung metastasis (Fig. 4a).

Treatment

Preoperative embolization of bilateral segmental arteries 
at three levels was performed 3 days before TES (Fig. 5). 

Combined left anterolateral retroperitoneal and posterior 
approach TES was performed without preoperative chem-
otherapy or radiation. Left anterolateral retroperitoneal 
approach was initially performed to dissect the segmental 
arteries from the left lateral aspect of the vertebral body 
due to extra-compartmental invasion of the tumor on the 
left side of the vertebral body. The left psoas major mus-
cle was cut to expose the adjacent disks, and the bilateral 
segmental vessels of L1 were cut (Fig. 6a, b). The pos-
terior approach was subsequently performed. The lower 
half of T12 lamina was removed to expose the L1 superior 
articular facet. L1 posterior elements were removed using 
flexible multifilament thread wire (T-saw; Pro Medical, 
Kanazawa, Japan) [6], and bilateral L1 nerve roots were 
ligated and cut. Blunt dissection was performed around 
the affected vertebra and adjacent disk level. Bilateral 
pedicle screws were inserted and affixed with a rod on 
the right side. T12/L1 and L1/2 intervertebral disks were 
then cut using an L-shaped chisel. L1 vertebral body was 
then removed en bloc posteriorly (Fig. 6c). After removal 
of surrounding musculoligamentous tissues, the excised 
tumor-bearing lamina was frozen by immersing in liquid 
nitrogen for 20 min. For spinal reconstruction, the frozen 
lamina was crushed and packed into a titanium mesh cage 
that was inserted into the anterior defect. A large amount 
of excess frozen autograft was placed around the cage. The 
posterior instrumentation was adjusted to slightly com-
press the inserted cage. 

Fig. 1  Preoperative radiograph 
of the lumbar spine. A radio-
graph revealed cortical erosion 
at the superior and inferior 
endplates of L1 with pathologi-
cal fracture
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Fig. 2  Preoperative computed tomography images of the lumbar spine. Computed tomography image revealed osteolytic tumor involving the L1 
vertebral body

Fig. 3  Preoperative magnetic resonance imaging of the lumbar spine. T1- (a) and T2-weighted (b and c) images. Tumor enhancement was 
observed with gadolinium contrast (d)

Fig. 4  Pre- and postoperative 
chest computed tomography 
images. Before surgery (a) 
and 5 days after total en bloc 
spondylectomy (b). Chest 
computed tomography scan 
demonstrated decreased solitary 
lung mass size to 16 × 18 mm 
without receiving any adjuvant 
treatment
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser
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Adverse effects
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Pathological findings of resected L1

Histological analysis of L1 body sections was performed. 
Pathological analysis revealed metastasis of uterine leiomyo-
sarcoma. Immunohistochemistry showed that the majority 
of cells were αSMA-, caldesmon-, desmin-, ER-, and PgR-
positive, but negative for CD34, S-100, and EMA. Partial 
tumor necrosis and obstructing material used in preopera-
tive embolization were detected in the resected specimen 
(Fig. 7).

Postoperative course

No postoperative complications occurred, and she 
walked independently 2 weeks after surgery. Five days 

after TES, chest CT scan demonstrated decreased soli-
tary lung mass size to 16 × 18 mm without receiving any 
adjuvant treatment (Fig. 4b). Forty-two days after TES, 
lobectomy of solitary lung metastases was performed. 
Tumor necrosis was detected in resected lung metastasis, 
and the ratio of tumor necrosis compared to the whole 
area of the tumor was approximately 18% (Figs. 8, 9a). 
Infiltration of CD8+ T lymphocyte into tumor tissue for 
L1, lung metastasis, and uterus as primary lesion was 
histologically evaluated (Fig. 9a, b). A rabbit polyclonal 
antibody against CD8 (1:100, ab101500; Abcam, Cam-
bridge, UK) was used as the primary antibody. Antimouse 
or rabbit IgG conjugated with peroxidase-labeled poly-
mers (EnVision; Dako, Carpinteria, CA, USA) was used 
as the secondary antibody. Immunological study revealed 

Fig. 5  Preoperative tumor 
embolization. Preoperative 
embolization of bilateral seg-
mental arteries at three levels 
was performed 3 days before 
total en bloc spondylectomy

Fig. 6  Intraoperative photographs. Left anterolateral retroperitoneal 
approach to dissect segmental arteries from the left lateral aspect of 
the vertebral body. Bilateral segmental vessels of L1 were cut and 

ligated through this approach: left (a) and right (b) segmental artery. 
L1 vertebral body was removed en bloc posteriorly (c)
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Fig. 7  Pathological findings 
of the resected tumor (hema-
toxylin and eosin staining). 
Tumor necrosis and obstruct-
ing material were detected in 
the resected specimen. Black 
arrowhead indicates obstruct-
ing material. Asterisk indicates 
tumor necrosis. Scale bar cor-
responds to 200 µm

Fig. 8  Histological analysis of 
resected shrunk lung metas-
tasis (hematoxylin and eosin 
staining). The asterisk indicates 
tumor necrosis. The ratio of 
tumor necrosis compared to the 
whole area of the tumor was 
approximately 18%. Scale bar 
corresponds to 1000 µm
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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within 30
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hyperpigmentation, HSV
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significantly increased CD8+ T lymphocyte infiltration 
into tumor tissue in shrunk lung metastasis. On the other 
hand, slight infiltration in L1 or primary uterine lesion was 
observed (Fig. 9c, d). Total number of CD8+ cells per ten 
high power fields was 347 cells (lung metastasis), 9 cells 
(L1), and 15 cells (primary uterine lesion). Six months 

after TES, activities of daily living were normal with no 
evidence of local recurrence or distant metastasis. One 
year after TES, however, lung CT revealed occurrence of 
another lung metastasis, and molecular-targeting therapy 
(pazopanib) was initiated. Postoperative radiography and 
CT demonstrated that the reconstructed spine was well-
maintained (Fig. 10).

Fig. 9  Histological analysis of resected shrunk lung metastasis (a, b), 
primary legion of uterus (c), and L1 vertebral body (d) (hematoxylin 
and eosin staining and CD8 immunostaining). The asterisk indicates 
tumor necrosis. Histologically evaluated determined significantly 

increased infiltration of CD8+ T lymphocyte in shrunk lung metasta-
sis (a, b), and no infiltration in both primary uterine lesion (c) and L1 
vertebral body (d). Scale bar corresponds to 100 µm
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
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Adverse effects

NB-UVB - First line in
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pigmentosa)
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- Fitzpatrick skin types

1/2
- Immune suppression
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- Physical or emotional
inability to tolerate
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- Previous arsenic or
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therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging
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- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments
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dermatoses (i.e., SLE,
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- Pregnant or nursing
- History of treatment
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hyperpigmentation, HSV
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dose-dependent risk of NMSC

Excimer
laser
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Discussion

Spinal metastatic leiomyosarcoma is rare, with only three 
case series and few case reports published [7–9]. Due to its 
rarity, disease management is based on clinical case reports, 
clinical status, and patient survival, which are considered 
for palliative purposes. There are no current recommenda-
tions for adjuvant therapies; however, most spinal metastatic 
leiomyosarcoma cases received radiation or chemotherapy 
[7–9]. Radiation in spinal metastasis controls local symp-
toms and preserves neurological function; however, radi-
oresistant and infiltrative growth pattern of the sarcoma, and 
difficulty in delivering optimal doses, causes high recurrence 
rate. For example, stereotactic radiosurgery has a local con-
trol rate of 84–88% in metastatic spinal sarcomas [10, 11]; 
however, failure in metastatic leiomyosarcoma yielded high 
recurrence rate (32%) compared to other sarcoma types over-
all (21%) [12]. While efficacy of radiation in spinal meta-
static leiomyosarcoma is limited, chemotherapy efficacy still 
lacks evidence; thus, surgeries are the best treatment, when 
feasible. Survival from spinal metastatic leiomyosarcoma 
varies from weeks to up to 13 years [7, 8]. We expected 
long survival in this patient because she had single-level 
spinal involvement and single lung metastasis that suited 
the metastasectomy. Thus, aggressive approaches, includ-
ing TES of L1 and lobectomy of solitary lung metastases, 
were performed.

Reconstruction using tumor-bearing autograft treated 
with liquid nitrogen in patients with malignant bone tumor 
is safe and effective [13] with no reported local recurrences. 
Advantages of frozen autografts include: low cost; osteoin-
ductive and osteoconductive properties; good fit between 
graft and host bone; no disease transmission, immunological 

rejection, or harmful denatured substances; early revitali-
zation; and cryoimmunological effects [14–16]. Possible 
induction of systemic antitumor immune response from 
reimplantation of destroyed tumor tissue treated with liquid 
nitrogen was observed in a murine model [17] and patient 
with osteosarcoma who was concurrently treated with den-
dritic cell therapy [18].

This reconstruction technique has been concurrently per-
formed in TES at our institute since 2010. This technique 
eliminates graft harvest-site morbidity, decreases blood loss, 
and shortens surgical time [19]. Our institute previously 
reported three cases of carcinoma with regression of lung or 
lymph node metastasis following TES using tumor-bearing 
frozen autograft for reconstruction, combined with preopera-
tive spinal embolization [20–22]. The present study is the 
first case of sarcoma showing clinical response of cryoim-
munology using this reconstruction technique in TES, com-
bined with preoperative embolization. Further, in 60 TES 
cases that used this combined reconstruction technique and 
preoperative embolization, mean IL-12 and IFN-γ relative 
concentrations significantly increased after TES [23].

Metastatic tumor regression with infiltration of CD8+ T 
cells in the metastatic tumor tissue is considered as enhance-
ment of immune response. CD8+ T lymphocytes play a cen-
tral role in immunity to cancer through their capacity to kill 
malignant cells upon recognition by T cell receptor (TCR) 
of specific antigenic peptides [24]. To our knowledge, this 
is the first report to demonstrate lung metastases regression 
with increased CD8+ T lymphocyte infiltration into tumor 
tissue following the combined treatment method. Many stud-
ies reported immunologic effect resulting in the rejection 
of secondary tumor challenges following cryoablation in 
animal model [25–28]. However, CD8 infiltration into the 

Fig. 10  Postoperative radiological findings 1 year after total spondylectomy. Postoperative radiography and computed tomography demonstrated 
that the reconstructed spine was well-maintained. A large amount of excess frozen autograft was placed around the cage
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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Chronic: hyperpigmentation
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metastatic tumor was not observed after cryotreatment alone. 
Cryotreatment-induced metastatic antitumor activity with 
CD8 infiltration into the metastatic tumor was observed after 
cryotreatment combined with CTLA-4-blocking antibodies 
such as ipilimumab in the mouse prostate cancer model [29]; 
however, the results of their cryoablation study indicate that 
in their system, cryoablation alone had no effect on second-
ary tumor growth or T cell infiltration into secondary tumors 
[29].

The contribution of preoperative embolization in reduc-
ing intraoperative blood loss and its clinical importance are 
reported in palliative surgery for spinal metastasis, which 
violates the tumor vessels in such a highly vascular condition 
[30]. However, the contribution of preoperative embolization 
in reducing intraoperative blood loss in free margin excision 
such as total en bloc spondylectomy is unclear. In general, 
surgeons do not need to reduce the tumor vascularity in free 
margin excision surgery. To our knowledge, there have been 
no reports suggesting the efficacy of preoperative emboliza-
tion prior to free margin excision for spinal metastasis. In 
our institution, spinal embolization is routinely performed 
1–3 days before total en bloc spondylectomy, to reduce the 
risk of unexpected intraoperative bleeding due to the injury 
of segmental arteries and vein, and to prepare for unexpected 
intralesional tumor resection.

Preoperative embolization of spinal metastatic tumor can 
also enhance antitumor immune response. The efficacy of 
embolization-stimulated antitumor immunological response 
was mainly reported in transcatheter arterial embolization 
for hepatocellular carcinoma and renal embolization for 
renal cell carcinoma. To our knowledge, there have been no 
reports presenting the efficacy of embolization-stimulated 
antitumor immunological response for spinal metastasis. 
This case report is the first report indicating the potential of 
embolization-stimulated antitumor immunological effect for 
spinal metastasis. In patients with renal cell carcinoma, pre-
operative renal artery embolization significantly enhanced 
systematic antitumor response [31] and elongated survival 
compared to nephrectomy alone [31, 32]. They concluded 
that embolization may lead to stimulation of the immune 
system in the following mechanism: close off blood sup-
ply to the tumor leads to necrosis which gives a chance to 
enhance antigenicity of cancer cells and evoke the potential 
amplification of the immune system. In hepatocellular car-
cinoma, transcatheter arterial embolization also enhanced 
antitumor immune response via the same mechanism [33, 
34]. Duan et al. reported that transcatheter arterial embo-
lization combined with radiofrequency ablation activates 
CD8+ T cell infiltration surrounding residual tumors in 
the rabbit liver tumors. They concluded that in the rabbit 
liver tumor model, TAE + RFA activated the highest num-
ber of CD8+ T cells surrounding residual tumors [34]. In 
the present case, partial tumor necrosis was observed in 

resected L1 tumor after preoperative tumor embolization, 
potentially indicating embolization-stimulated antitumor 
immunological response. The combination of preoperative 
tumor embolization with TES using tumor-bearing frozen 
autograft caused necrosis and collapse of a large quantity 
of tumor cells, thereby releasing a large amount of tumor-
related antigens, which may have stimulated the antitumor 
immune response. Li et al. reported that transcatheter renal 
arterial embolization combined with cryoablation enhances 
systematic immune response. In the reports, transcatheter 
renal arterial embolization combined with cryoablation con-
tributes to reduce the percentage of Treg cells and improve 
the immune situation of patients with renal cell carcinoma, 
which consequently increase tumor necrosis rate and prolong 
the patients’ survival duration [35]. As shown in our case, 
this combined treatment for spinal metastasis can improve 
short-term outcome for the patients with spinal metastasis. 
However, the long-term effect can be limited. Further inves-
tigation of this combined therapy as a new therapy for spinal 
metastasis is warranted.

Conclusion

The combination of preoperative spinal tumor embolization 
and TES using tumor-bearing frozen autograft provided both 
a local radical cure and systemic antitumor immunological 
enhancement in this case, although the long-term effect can 
be limited.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose POEMS syndrome is a rare clonal plasma cell disease characterized by polyneuropathy, organomegaly, endocrinopa-
thy, M protein, and skin changes. We report a rare case of neurological impairment in patients with concurrent cervical disc 
herniation and POEMS syndrome.
Methods A patient presented to a local hospital with C3/4 and C4/5 disc herniation, apparent spinal cord compression con-
comitant with neurological signs, and concurrent POEMS syndrome. Anterior cervical discectomy and fusion was performed.
Results The limb numbness was only slightly alleviated, and 10 days postoperatively the patient complained of muscle weak-
ness of the extremities and was referred to our hospital. The patients exhibited non-typical neurological signs and an enlarged 
liver and spleen that could not be explained. Electroneuromyography and immunofixation electrophoresis produced abnormal 
results. We diagnosed concurrent POEMS syndrome, for which drug therapy was prescribed. The patient’s symptoms receded.
Conclusion Patients presenting with cervical spondylopathy and non-typical neurological signs and symptoms or other 
systemic problems should be evaluated for the presence of concurrent disease and ruled out differential diagnoses.

Keywords Neurological impairment · POMES syndrome · Cervical disc herniation · Cervical spondylosis

Introduction

Cervical disc herniation is a common spinal disorder that 
can lead to radiculopathy and myelopathy. If conservative 
treatments for cervical disc herniation fail, anterior cervi-
cal discectomy and fusion (ACDF) is standard treatment. 
The clinical presentation of cervical spondylotic myelopathy 
includes numbness, paresthesias, sensory deficits, muscle 
weakness of extremities, gait disturbances, and/or bladder or 
bowel dysfunction [1]. The Hoffmann sign is usually posi-
tive. The symptoms are likely to be relieved by decompres-
sion surgery.

Some patients with cervical spondylotic myelopathy, 
however, may have a concurrent disease that affects the cen-
tral nervous system. Multiple sclerosis (MS), for example, is 

a chronic demyelinating autoimmune disease that has symp-
toms similar to those associated with myelopathy: spasticity, 
sensory disturbances, gait ataxia, weakness. It is thus diffi-
cult to differentiate neurological signs due to cervical spon-
dylosis from those of demyelinating autoimmune disease. 
Their treatments are also different and thus complicated for 
patients with multiple myelopathic pathologies. Lubelski 
et al. [1] reported the surgical results of patients who had 
both MS and cervical stenosis. They found that the modified 
Japanese Orthopaedic Association scores that had improved 
at the short-term postoperative follow-up worsened at the 
long-term follow-up.

POEMS syndrome is a rare clonal plasma cell disease 
characterized by polyneuropathy, organomegaly, endo-
crinopathy, M protein, and skin changes [2]. Because of 
demyelinating polyneuropathy with multiorgan involvement, 
POEMS syndrome often presents as peripheral neuropathy 
[3]. We found that neurological impairment in patients with 
concurrent cervical disc herniation and POEMS syndrome is 
rarely reported. Therefore, we report a case of C3/4 and C4/5 
disc herniation with neurological signs that was diagnosed 
as POEMS syndrome after decompression surgery.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
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pigmentosa)
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Case report

A 39-year-old man presented at a local hospital with a 
3 month history of leg numbness and gait disturbances and 
1 month of upper limb numbness. On physical examination, 
the limb muscle strength and muscular tension were nor-
mal. He had upper limb tendon reflex weakness, no lower 
extremity tendon reflex, and hypesthesia of both hands and 
feet. Hoffmann sign and Babinski reflex were negative. 
Deep sensation was normal. Magnetic resonance imaging 
revealed C3/C4 and C4/C5 dural sac and spinal cord com-
pression. The cervical spinal canal behind C3/4 and C4/5 
disc showed a herniated disc at the centre and left side on the 
T2-weighted axial image (Fig. 1a). However, the spinal cord 
signal was normal. Three-dimensional computed tomogra-
phy (CT) of the cervical spine showed no calcification of 
the posterior longitudinal ligament or ligamentum flavum 
(Fig. 1b).

Routine blood examination (RBE) showed white blood 
cells at 13.44 × 109/L (neutrophils 86.2%). Erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) 
were elevated. Nevertheless, C3–C5 ACDF was performed 
at local hospital (Fig. 2). The limb numbness was slightly 
diminished and the other symptoms unchanged. Ten days 
postoperatively, his muscle weakness increased accompa-
nied by hyperpyrexia. He was referred to our hospital.

A comprehensive examination was performed. Urine 
tests demonstrated proteinuria. Abdominal ultrasonog-
raphy showed enlarged liver and spleen. The neurologist 

suggested electroneuromyography, immunofixation elec-
trophoresis, and a urine kappa (κ) light chain test. Elec-
troneuromyography showed upper and lower limb periph-
eral neuropathy. Immunofixation electrophoresis showed 
a low blood κ light chain level (5.31 g/L, reference value 
6.89–13.00), elevated blood lambda (λ) light chain level 
(11.7 g/L, reference value 3.80–6.50), and low κ/λ light 
chain ratio. The urine κ light chain concentration had 
apparently elevated (0.157 g/L, reference value < 0.02). 
In addition, the patient appeared emaciated with swarthy 
skin.

The 2003 diagnostic criteria for POEMS included two 
major criteria (polyneuropathy and monoclonal plasma 
proliferative disorder) and seven minor criteria (bone 
lesion, Castleman disease, organomegaly, oedema, endo-
crinopathy, skin changes, papilledema) [4]. Two major 
criteria and at least one minor criterion were necessary 
for diagnosis. According to our comprehensive analysis 
of symptoms, physical signs, and anomaly indexes, the 
diagnosis was POEMS syndrome. The rising blood λ light 
chain and abnormal blood κ/λ light chain ratio indicated 
the presence of M protein. Therefore, with the neuropathy 
and the presence of some minor criteria, the diagnosis of 
POEMS syndrome was confirmed. The patient underwent 
comprehensive medical therapy including rehabilitation 
exercise and drug therapy (melphalan combined with dex-
amethasone). The symptoms of limb numbness and muscle 
weakness were improved after the treatment. Then, this 
patient was followed up by neurologist.

Fig. 1  a, b Cervical radiography shows normal alignment. c Sagittal 
three-dimensional computed tomography (CT) shows no calcifica-
tion of the posterior longitudinal ligament or the ligamentum flavum. 

d Transverse sections of cervical CT show an intraspinal soft tissue 
shadow at the centre at the C3/4 level (d1) and on the left side of the 
C4/5 level (d2)
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Discussion

Because of the rarity and complicated clinical manifesta-
tions of POEMS syndrome, its diagnosis may be missed. 
POEMS syndrome involves many organs and bodily sys-
tems [2]. Misdiagnoses may include other peripheral neu-
ropathies, tuberculosis, diabetes, chronic nephritis, various 
skin diseases, and multiple myeloma [5]. Dispenzieri et al. 
[4] reported that polyneuropathy was an essential element 
for diagnosing POEMS syndrome. Therefore, neurological 
symptoms are among the most important clinical manifesta-
tions. Li et al. [2] found 100% of the patients with POEMS 
syndrome had peripheral neuropathy. Other specific features 
of POEMS syndrome include the high level of serum vas-
cular endothelial growth factor, extravascular volume over-
load, organomegaly, endocrinopathy, monoclonal plasma 
cell dyscrasia, skin changes, papilledema, bone lesions, and 
hemangioma [6, 7].

After reviewing the preoperative clinical manifestations 
and examination results of this patient, we identified several 
abnormalities different from those of cervical spondylotic 
myelopathy due to intervertebral disc herniation. First, the 
neurological signs were different. Polyneuropathy, one of the 
essential manifestations of POEMS syndrome, may include 
polyneuropathy, peripheral neuropathy, segmental demyeli-
nation alone, axonal loss alone, or a mixture of axonal loss 
and segmental demyelination [2]. Adams et al. [3] specu-
lated that the neural pathological change is due to immune-
mediated nerve injury. The neuropathy of POEMS syndrome 
is symmetrical and ascending, with either insidious or rap-
idly progressing onset. Patients often describe numbness 
and dysesthesias followed by a progressively ascending 
weakness that overshadows the sensory impairment [4]. In 
contrast, cervical spondylotic myelopathy is due to spinal 
cord compression. Reflexes at the biceps, triceps, patellar, 
and Achilles tendons are usually hyperactive. Pathological 

Fig. 2  a, b Magnetic resonance imaging reveals C3/C4 and C4/C5 
dural sacs and spinal cord with apparent compression. The cervical 
spinal canal behind C3/4 (a) and C4/5 (b) discs has a herniated disc 
at the centre and left side on this T2-weighted axial image. c, d Ante-

rior cervical discectomy and fusion was performed at C3–C5. Post-
operative imaging shows good internal fixation. Herniated discs were 
completely resected
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
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reflexes, including the Hoffman sign and Babinski sign, are 
usually positive. The patient often presents with asymmetri-
cal extremity weakness and numbness and feels that his/her 
legs are stepping in cotton (as did our patient). The neuro-
logical signs of our patient—symmetrical distal extremity 
numbness, normal muscle strength, muscular tension—and 
negative pathological signs were different from those of 
cervical spondylotic myelopathy alone. Second, our patient 
showed an unexplained enlarged liver and spleen as well as 
abnormal electroneuromyography and immunofixation elec-
trophoresis results, which could not be explained by simple 
cervical spondylotic myelopathy.

Cervical spondylopathy may be accompanied by a disease 
that affects the nervous system (e.g. MS, Castleman disease, 
POEMS syndrome) [1, 8, 9]. The overlapping symptoms 
make identification difficult. When these pathologies con-
verge, the diagnosis and treatment are complicated as the 
natural histories and therapies are vastly different. Therefore, 
when the differential diagnosis is cervical spondylopathy but 
the patient presents with non-typical neurological signs and 
symptoms, the diagnosing physician should be vigilant for 
other possibilities.

Lubelski et al. [1] found that preoperative MRI findings 
were associated with postoperative outcomes in cohorts of 
either MS or cervical stenosis patients but not with those 
having concurrent MS and cervical stenosis. (The postop-
erative outcomes in concurrent MS and cervical stenosis 
patients worsened at the long-term follow-up, possibly 
related to MS progression.) MS is a chronic demyelinating 
autoimmune disease with neurological symptoms similar to 
those of myelopathy, thereby leading to an incorrect diag-
nosis and treatment.

Castleman disease is a rare lymphoproliferative disorder 
that may be associated with peripheral neuropathy [10]. 
Naddaf et al. reported 105 patients with Castleman disease, 
27 (27.5%) of whom had peripheral neuropathy [8]. They 
found that Castleman disease was an additional cause of a 
demyelinating neuropathy and characteristically presented 
with mild, predominantly sensory deficits in a duration-
dependent pattern, involving mainly the distal lower limbs, 
but rarely with motor deficits. Therefore, the neurological 
signs of cervical spondylopathy must be distinguished with 
those of Castleman disease. If a patient with cervical disc 
herniation or spinal stenosis has neurological signs and pre-
sents with unexplained lymphadenectasis, Castleman dis-
ease should be considered. In addition, some haematological 
disorders (e.g. monoclonal gammopathy of undetermined 
significance, Waldenström macroglobulinemia) may also be 
associated with peripheral neuropathy with demyelinating 
features [11, 12]. The related similarity should be noted.

Reports of neurological impairment concurrent with 
cervical disc herniation and POEMS syndrome are rare. 
Because of the aggravated neurological signs postoperatively 

in our patient, he was referred to our hospital, where POEMS 
syndrome was finally diagnosed. Because limb numbness 
only slightly diminished postoperatively, we thought that 
the neurological symptoms in this case were mainly derived 
from POEMS syndrome. Thus, spinal cord compression 
might have explained some of his symptoms but was not 
the main cause. Although severe disc herniation caused spi-
nal cord compression, the spinal cord signal of this patient 
shown in MRI was normal (Fig. 1a). In this situation, the 
diagnosis of cervical spondylotic myelopathy is mainly 
based on symptoms, neurological examination, and labo-
ratory. However, neurological symptoms and pathological 
signs of this patient were non-typical for the diagnosis of 
cervical spondylotic myelopathy. In addition, RBE, ESR, 
and CRP showed obvious signs of inflammation. There-
fore, it was mandatory to perform extensive examination in 
order to rule out frequent differential diagnoses. The surgery 
should not be performed without extensive tests for standard 
differential diagnoses. The preoperative management in this 
patient was not proper. Medical treatment for POEMS syn-
drome should be prioritized. If the neurological symptoms 
are relieved after medical treatment, surgery probably can 
be avoided. In conclusion, when a cervical spondylopathy 
patient presents with non-typical neurological signs and 
symptoms or other systemic problems, concurrent disease 
may be present and differential diagnoses must be ruled out.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45

Vol:.(1234567890)

European Spine Journal (2019) 28 (Suppl 2):S56–S60
https://doi.org/10.1007/s00586-019-05915-4

1 3

CASE REPORT

A novel fixation technique using anterior C1 screw in a pediatric 
solitary cervical spinal juvenile xanthogranuloma

Rekhapalli Rajasekhar1 · Madhivanan Karthigeyan1  · Pravin Salunke1 · Kirti Gupta2

Received: 25 September 2018 / Revised: 22 December 2018 / Accepted: 9 February 2019 / Published online: 15 February 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Juvenile xanthogranuloma (JXG) presenting as solitary vertebral body lesion is infrequently seen and usually limited 
to one or two levels. We report a case of an isolated JXG with extensive cervical spinal (bony and extradural) involvement 
in a 6-year-old child. There was a diagnostic dilemma as the radiologic and intraoperative picture resembled tuberculosis. 
The spinal reconstruction was also challenging due to involvement of multiple vertebral levels and necessitated an anterior 
C1 screw.
Methods The lytic lesion was multicompartmental, involving the craniovertebral junction and the subaxial spine (till C6 
vertebral body) and extending into the retropharyngeal space. Noticeably, an associated thoracic syringomyelia was also 
present. Near-total excision of the lesion and 360° spinal fixation was performed using fibular strut graft. The graft was 
cranially anchored to the C1 anterior arch, thereby sharing the load with the posterior occipito-cervical instrumentation in 
order to avoid a construct failure due to cantilever effect.
Results At 12-month follow-up, the patient had good clinico-radiologic outcome with evidence of bony fusion and resolu-
tion of syrinx.
Conclusion The report highlights the diagnostic dilemma of JXG lesion on both the radiology and surgery and discusses the 
challenges in the management and the relevant literature. The described technique can be a viable option in pediatric tumors 
with extensive C2 vertebral body involvement. Occasionally, extradural compression can have associated syrinx formation 
and the primary treatment per se could tackle the underlying syringomyelia.

Keywords Juvenile xanthogranuloma · Non-Langerhans cell histiocytosis · Craniovertebral junction · Cervical spine · 
Fibular graft · Vertebral body · C1 screw

Introduction

Juvenile xanthogranuloma (JXG) is a rare, benign, non-
Langerhans cell histiocytic proliferative disorder and repre-
sents 0.5% of pediatric tumors [1]. It commonly presents as a 
self-limiting, isolated skin lesion. Occasionally, the disorder 
can affect subcutaneous tissue, eye, viscera, central nervous 
system and bones. Such an extracutaneous involvement is 
seen in approximately 5–10% of cases [2–4].

Spine is an unusual site for JXG. Very few reports 
describe JXG which presented as isolated vertebral body 
lesions, mostly confined to one or two vertebral bodies 
[3–6]. We hereby report a case of pediatric solitary JXG 
with extensive involvement of the cervical spine along with 
spread into the retropharyngeal space. The relevant dif-
ferential diagnosis and the management issues have been 
discussed.

Case report

A 6-year-old boy who is a diagnosed case of Klippel–Feil 
syndrome presented with 2-year history of neck tilt and 
recent-onset dysphagia. He also had complaint of mild neck 
pain. General physical examination showed pectus exca-
vatum. His neurology was normal. Computed tomography 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser
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(CT) of the cervical spine showed an osteolytic destruction 
involving the C2, fused C3–C5 and C6 vertebral bodies 
(Fig. 1). The C1 arch and uppermost portion of dens were 
intact. Magnetic resonance imaging (MRI) demonstrated a 
contrast-enhancing extradural soft tissue lesion intending 
the cord and bulging out anteriorly into the retropharyngeal 
space. An associated thoracic syringomyelia was noted.

A CT-guided biopsy of the lesion was inconclusive. In 
view of the spinal compression and indefinite biopsy report, 
an excision of the lesion was planned (by senior author PS). 
The child underwent excision of the mass through an ante-
rior approach along with posterior stabilization that included 
the occiput, C1 lateral mass, C7 and T1 pedicle screws. Dur-
ing surgery, it was seen that the prevertebral fascia was plas-
tered. On incising it, a dirty-white, flaky material was noted 
within the lesion. The mass was near-completely excised 
leaving the portion adjacent to the vertebral arteries. An 
autologous fibular graft was then fashioned to bridge the 
bony defect and fixed with cortico-cancellous screws, the 
cranial one extending from the graft into the C1 anterior 
arch, and the caudal screw into the C7 body.

Intraoperative frozen sections showed histiocytic col-
lection and occasional multinucleated giant cells. Consid-
ering the high endemicity of tuberculosis in our area, the 
child was discharged on antituberculous therapy. The final 

histopathological examination of the paraffin-embedded sec-
tions, however, turned out to be JXG (Fig. 2).

The child was on Philadelphia collar for 3 months. At 
12-month follow-up, he was doing well without any evi-
dence of recurrence. Repeat imaging showed resolution of 
the syrinx and good bony fusion (Fig. 1).

Discussion

According to the recent classification, the histiocytic dis-
orders consist of five groups such as Langerhans-related (L 
group), cutaneous and mucocutaneous (C group), malignant 
histiocytoses (M group), Rosai–Dorfman disease (R group), 
and hemophagocytic lymphohistiocytosis and macrophage 
activation syndrome (H group) [7]. JXG is the most common 
form of cutaneous histiocytosis (C group). The extracutane-
ous variety is biologically different from cutaneous JXG and 
is classified in L group [7]. Histologically, JXG is composed 
of characteristic Touton giant cells in a background of mono-
nuclear cells which are seen in about 85% of cases [2]. These 
giant cells may be less pronounced in extracutaneous lesions 
[2]. It is important to distinguish JXG from Langerhans cell 
histiocytosis, as the latter shows more aggressive clinical 

Fig. 1  Preoperative images (a–e): sagittal (a) and parasagittal (b) 
reconstruction of computed tomography (CT) scan show extensive 
osteolysis of the C2, fused C3–C5 and C6 vertebral bodies. c Axial 
CT section of subaxial spine (C3 level) shows vertebral body destruc-
tion; vertebral artery (VA) indicated with arrow. d, e On magnetic 
resonance imaging (MRI), the lesion is T1-isointense and T2-hyper-
intense and extends into retropharyngeal space. Syringomyelia is 

seen in the thoracic spine (arrow in e). f–h Postoperative CT at 1-year 
follow-up. Sagittal section (f) shows anterior column reconstruction 
using fibular strut graft with screws placed in the C1 anterior arch and 
C7; fusion is seen at graft–C1 interface (arrow in g) and at the caudal 
end (arrow in h). i Posterior occipito-cervical fusion was performed 
using occipital, C1 lateral mass, C7 and T1 pedicle screws). j Follow-
up MRI shows resolution of syrinx (arrow)

S57European Spine Journal (2019) 28 (Suppl 2):S56–S60 

1 3

(CT) of the cervical spine showed an osteolytic destruction 
involving the C2, fused C3–C5 and C6 vertebral bodies 
(Fig. 1). The C1 arch and uppermost portion of dens were 
intact. Magnetic resonance imaging (MRI) demonstrated a 
contrast-enhancing extradural soft tissue lesion intending 
the cord and bulging out anteriorly into the retropharyngeal 
space. An associated thoracic syringomyelia was noted.

A CT-guided biopsy of the lesion was inconclusive. In 
view of the spinal compression and indefinite biopsy report, 
an excision of the lesion was planned (by senior author PS). 
The child underwent excision of the mass through an ante-
rior approach along with posterior stabilization that included 
the occiput, C1 lateral mass, C7 and T1 pedicle screws. Dur-
ing surgery, it was seen that the prevertebral fascia was plas-
tered. On incising it, a dirty-white, flaky material was noted 
within the lesion. The mass was near-completely excised 
leaving the portion adjacent to the vertebral arteries. An 
autologous fibular graft was then fashioned to bridge the 
bony defect and fixed with cortico-cancellous screws, the 
cranial one extending from the graft into the C1 anterior 
arch, and the caudal screw into the C7 body.

Intraoperative frozen sections showed histiocytic col-
lection and occasional multinucleated giant cells. Consid-
ering the high endemicity of tuberculosis in our area, the 
child was discharged on antituberculous therapy. The final 

histopathological examination of the paraffin-embedded sec-
tions, however, turned out to be JXG (Fig. 2).

The child was on Philadelphia collar for 3 months. At 
12-month follow-up, he was doing well without any evi-
dence of recurrence. Repeat imaging showed resolution of 
the syrinx and good bony fusion (Fig. 1).

Discussion

According to the recent classification, the histiocytic dis-
orders consist of five groups such as Langerhans-related (L 
group), cutaneous and mucocutaneous (C group), malignant 
histiocytoses (M group), Rosai–Dorfman disease (R group), 
and hemophagocytic lymphohistiocytosis and macrophage 
activation syndrome (H group) [7]. JXG is the most common 
form of cutaneous histiocytosis (C group). The extracutane-
ous variety is biologically different from cutaneous JXG and 
is classified in L group [7]. Histologically, JXG is composed 
of characteristic Touton giant cells in a background of mono-
nuclear cells which are seen in about 85% of cases [2]. These 
giant cells may be less pronounced in extracutaneous lesions 
[2]. It is important to distinguish JXG from Langerhans cell 
histiocytosis, as the latter shows more aggressive clinical 

Fig. 1  Preoperative images (a–e): sagittal (a) and parasagittal (b) 
reconstruction of computed tomography (CT) scan show extensive 
osteolysis of the C2, fused C3–C5 and C6 vertebral bodies. c Axial 
CT section of subaxial spine (C3 level) shows vertebral body destruc-
tion; vertebral artery (VA) indicated with arrow. d, e On magnetic 
resonance imaging (MRI), the lesion is T1-isointense and T2-hyper-
intense and extends into retropharyngeal space. Syringomyelia is 

seen in the thoracic spine (arrow in e). f–h Postoperative CT at 1-year 
follow-up. Sagittal section (f) shows anterior column reconstruction 
using fibular strut graft with screws placed in the C1 anterior arch and 
C7; fusion is seen at graft–C1 interface (arrow in g) and at the caudal 
end (arrow in h). i Posterior occipito-cervical fusion was performed 
using occipital, C1 lateral mass, C7 and T1 pedicle screws). j Follow-
up MRI shows resolution of syrinx (arrow)



50

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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course [7]. The immunohistochemistry helps in this regard 
[1, 2].

JXG occurs primarily in the first two decades of life and 
most commonly (45–70%) within first 12 months of age. 
The most common presentation is a solitary dermal lesion 
(67%). Other less common presentations include solitary 
subcutaneous or deep soft tissue mass (16%), multiple cuta-
neous lesions (7%), solitary extracutaneous lesions (5%) and 
systemic disease (5%) [1, 2].

Solitary JXG involving the spine is unusual and can 
present in various forms such as an osteolytic lesion of the 
vertebral body, intradural or epidural mass, spinal nerve 
root lesion and rarely as an intramedullary tumor [3–6, 8]. 
Any part of the vertebral column can be involved. The MRI 
appearance varies from iso-hypointense in T1 and hypo-
hyperintense in T2 sequence; the lesions usually show 
homogenous enhancement with contrast. Those lesions 
presenting as intradural extramedullary masses resemble 

meningioma on imaging, and the spinal nerve root involve-
ment may mimic schwannoma [5]. In our patient, an 
extensive osteolytic lesion along with paraspinal and epi-
dural spread made us think of possibilities such as spinal 
tuberculosis, aneurysmal bone cyst or osteolytic vertebral 
neoplasms.

The present case has certain unique characteristics. 
Firstly, the occurrence of solitary JXG in the region of 
craniovertebral junction (CVJ) is unusual. It was an exten-
sive lesion involving almost the entire cervical spine 
(C2–C6) causing CVJ instability, and extending into the ret-
ropharyngeal space. Such long segmental disease involving 
multiple vertebral levels has not been reported. Secondly, 
there was a dilemma in the diagnosis because of its similar-
ity to tuberculosis on imaging, intraoperative appearance 
and frozen sections. The presence of syringomyelia which 
was thought to be due to spinal arachnoiditis also supported 
a diagnosis of tuberculosis. Next interesting feature is the 

Fig. 2  a High magnification showing collection of foamy histiocytes 
and few lymphomononuclear cells. The infiltrate comprised chiefly of 
macrophages (H&E × 400). b–e Foamy histiocytes and macrophages 

show strong and diffuse positivity with vimentin (b), CD68 (c) and 
are negative for S-100 (d) and CD1a (e) (b–e, immunoperoxidase 
× 400)

S58 European Spine Journal (2019) 28 (Suppl 2):S56–S60

1 3

course [7]. The immunohistochemistry helps in this regard 
[1, 2].

JXG occurs primarily in the first two decades of life and 
most commonly (45–70%) within first 12 months of age. 
The most common presentation is a solitary dermal lesion 
(67%). Other less common presentations include solitary 
subcutaneous or deep soft tissue mass (16%), multiple cuta-
neous lesions (7%), solitary extracutaneous lesions (5%) and 
systemic disease (5%) [1, 2].

Solitary JXG involving the spine is unusual and can 
present in various forms such as an osteolytic lesion of the 
vertebral body, intradural or epidural mass, spinal nerve 
root lesion and rarely as an intramedullary tumor [3–6, 8]. 
Any part of the vertebral column can be involved. The MRI 
appearance varies from iso-hypointense in T1 and hypo-
hyperintense in T2 sequence; the lesions usually show 
homogenous enhancement with contrast. Those lesions 
presenting as intradural extramedullary masses resemble 

meningioma on imaging, and the spinal nerve root involve-
ment may mimic schwannoma [5]. In our patient, an 
extensive osteolytic lesion along with paraspinal and epi-
dural spread made us think of possibilities such as spinal 
tuberculosis, aneurysmal bone cyst or osteolytic vertebral 
neoplasms.

The present case has certain unique characteristics. 
Firstly, the occurrence of solitary JXG in the region of 
craniovertebral junction (CVJ) is unusual. It was an exten-
sive lesion involving almost the entire cervical spine 
(C2–C6) causing CVJ instability, and extending into the ret-
ropharyngeal space. Such long segmental disease involving 
multiple vertebral levels has not been reported. Secondly, 
there was a dilemma in the diagnosis because of its similar-
ity to tuberculosis on imaging, intraoperative appearance 
and frozen sections. The presence of syringomyelia which 
was thought to be due to spinal arachnoiditis also supported 
a diagnosis of tuberculosis. Next interesting feature is the 

Fig. 2  a High magnification showing collection of foamy histiocytes 
and few lymphomononuclear cells. The infiltrate comprised chiefly of 
macrophages (H&E × 400). b–e Foamy histiocytes and macrophages 

show strong and diffuse positivity with vimentin (b), CD68 (c) and 
are negative for S-100 (d) and CD1a (e) (b–e, immunoperoxidase 
× 400)



51

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
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tion of histiocytes out of the epidermis [18]. The cumulative
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Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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association of the syrinx with an extradural lesion such as 
JXG. Though the reasons are unclear, it could be second-
ary to alteration of cerebrospinal fluid flow as in any other 
cervico-medullary lesion or due to an occult asymptomatic 
spinal arachnoiditis [9]. The syrinx resolution on follow-up 
MRI suggests that no additional procedures are necessary for 
the underlying syringomyelia in an extradural lesion.

Lastly, the extensive osteolysis caused by the tumor 
mandated a staged 360° fusion. In subaxial cervical spinal 
tumors with associated instability, the tumor excision is usu-
ally performed by an anterior approach, supplemented by 
mesh cage or strut graft. An additional posterior fusion may 
be required if the tumors extend to the lateral masses. In 
cases of solitary C2 body involvement, an anterior removal 
of the mass followed by an occipito-cervical fusion would 
suffice [10]. As the weight of the head is transmitted from 
the occipital condyle through C1–C2 lateral mass to the 
body of subaxial vertebrae, an additional anterior graft 
placement may not be necessary. However, in the event of 
associated destruction of C2 lateral mass or the body of sub-
axial spine, the major weight transmission would be borne 
by the posterior construct alone. This posterior construct 
is likely to fail over a period (cantilever effect), unless it 
is augmented by a load-sharing anterior strut (Fig. 3) [11].

Usually, an anterior extrapharyngeal approach is 
required to access the lesions that involve the C2 body 
along with multiple subaxial vertebrae. Reaching up to 
the clivus and obtaining its anchorage would be difficult 
through this approach and requires extensive dissection. In 
such cases, a strut graft can be placed between the intact 
C1 anterior arch and the uninvolved lower cervical spine, 
as described in the present report. We believe that end-
ing the construct at C1 would provide an equally stable 

construct, thus obviating the need for an extensive dissec-
tion in a child. The autologous graft can be fashioned with 
ledges on the ends such that the body of the graft bears 
the weight, and also its cortical surfaces abut the ante-
rior surface of C1 and the lower cervical spine (Fig. 3). A 
cortico-cancellous screw would firmly hold the graft until 
fusion occurs. Posteriorly, fusing the occipital squama to 
the C1 lateral mass and the subaxial spine is also neces-
sary to prevent movement in between the occipito-atlantal 
joints that could dislodge the graft. Additionally, the C1 
and the occiput act as a single unit, thereby sharing the 
weight transmission between the anterior strut graft and 
posterior construct.

A mesh cage or autologous graft is useful for an ante-
rior column reconstruction. In our patient, a bone graft 
was preferred over a metallic cage as the latter could cause 
excessive sinking/subsidence in an immature bone; also a 
bone graft would allow some gain in the height of the ver-
tebral column with time. Commonly, a rib graft is utilized 
in children for single- or two-level corpectomy [10]. This 
was not suitable in the present case due to a long-segment 
bony defect. Hence, we resorted to a fibular strut graft for 
the anterior column support. The upper screw was inserted 
through the fibular graft into the C1 anterior arch to stabilize 
the construct and prevent possible graft dislodgement. Such 
a technique can be a viable procedure to anchor the graft in 
cases with extensive C2 destruction. Although this has been 
occasionally described after C2 spondylectomy in adults, 
an insertion of tricortical screw anchored to the C1 arch in 
an immature spine has not been described to the best of our 
knowledge [12]. Furthermore, this technique is technically 
demanding in a pediatric spine due to a limited availability 
of C1 bone mass for screw purchase.

Fig. 3  Schematic diagram demonstrating the surgical technique and 
cantilever effect. a Osteolytic lesion extending from C2 to C6 verte-
bral bodies. b In the absence of an anterior graft, the entire weight 
of head is borne by the posterior occipito-cervical construct alone. 
The axis of weight transmission is indicated by dotted line. c Even-
tually, the posterior construct tends to fail due to cantilever mecha-

nism (arrow). d The anterior strut graft allows load sharing between 
the anterior and posterior constructs and provides stable fixation. The 
fibular graft is fashioned with ledges on the ends such that the cortical 
surfaces abut the anterior surface of C1 and the lower cervical spine. 
The upper and lower screws are inserted through the graft into the 
anterior arch of C1 and the C7 vertebral body, respectively
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association of the syrinx with an extradural lesion such as 
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and the occiput act as a single unit, thereby sharing the 
weight transmission between the anterior strut graft and 
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rior column reconstruction. In our patient, a bone graft 
was preferred over a metallic cage as the latter could cause 
excessive sinking/subsidence in an immature bone; also a 
bone graft would allow some gain in the height of the ver-
tebral column with time. Commonly, a rib graft is utilized 
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bony defect. Hence, we resorted to a fibular strut graft for 
the anterior column support. The upper screw was inserted 
through the fibular graft into the C1 anterior arch to stabilize 
the construct and prevent possible graft dislodgement. Such 
a technique can be a viable procedure to anchor the graft in 
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an insertion of tricortical screw anchored to the C1 arch in 
an immature spine has not been described to the best of our 
knowledge [12]. Furthermore, this technique is technically 
demanding in a pediatric spine due to a limited availability 
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The upper and lower screws are inserted through the graft into the 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Occasionally, cutaneous JXG has been reported in the 
context of neurofibromatosis type 1 [2]. The present case 
had an association with Klippel–Feil anomaly.

As far as the management of JXG is concerned, the 
majority of the classical skin lesions show spontaneous 
regression [2, 13]. In patients with systemic involvement, 
chemotherapy (steroids, vinblastine and methotrexate) is 
administered [1, 4, 13]. Owing to the rarity, no definitive 
treatment protocol exists for isolated spinal JXG. Total exci-
sion appears to be curative [3–6]. After partial excision, few 
have undergone adjuvant radiotherapy/chemotherapy [4, 14, 
15]. Recently, neoadjuvant therapy using denosumab has 
been attempted in a pediatric patient [16]. A review of the 
reported cases with spinal involvement has shown an overall 
favorable clinical outcome with no recurrent disease [6]. 
Hence, we decided for an expectant treatment, considering 
the possible adverse effects of radiotherapy in young age.

Conclusion

Though uncommon, JXG should be thought of, in the dif-
ferential diagnosis of solitary osteolytic lesions of vertebral 
bodies. They can simulate a tuberculous etiology on imaging 
and at surgery. At times, the lesions tend to be extensive and 
the management can be challenging. The described tech-
nique can be utilized for anterior column reconstruction in 
children with C2 body destruction.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
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- 80% of patients clear
with 3 times per
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- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin
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- Personal/family history
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1/2
- Immune suppression
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- Physical or emotional
inability to tolerate
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- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
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pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate
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hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC
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occurs within 12
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NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45

Vol.:(0123456789)1 3

European Spine Journal (2019) 28 (Suppl 2):S61–S67 
https://doi.org/10.1007/s00586-019-05929-y

CASE REPORT

Chylous fistula: management of a rare complication following right 
anterior cervical spine approach

Federica Novegno1  · Pierluigi Granaroli1 · Luigi Ciccoritti2 · Pierpaolo Lunardi1 · Mario Francesco Fraioli1

Received: 6 February 2018 / Revised: 1 February 2019 / Accepted: 21 February 2019 / Published online: 28 February 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose Chylorrhea resulting from injury of the lymphatic system during neck dissection is a well-known complication. It is 
an uncommon occurrence in spinal surgery, and only one case after right anterior cervical spine surgery has been described 
so far. Despite its rarity, chylous leakage deserves a particular attention since it may become a serious and occasionally fatal 
complication if not detected early and managed appropriately.
Methods We report the case of a 42-year-old man who underwent a standard anterior cervical discectomy and fusion 
according to Cloward approach for a C6–C7 disk herniation. The patient developed a delayed prevertebral chyle collection 
on postoperative day 5, presenting with mild breathing and swallowing difficulties.
Results He was managed with conservative care, including bed rest, low-fat diet and drainage pouch positioning, which led 
to the complete resolution of the fluid collection.
Conclusions Knowledge of the normal anatomy of the lymphatic system and of its variations is essential when planning an 
anterior spinal procedure, and represents the first measure to be adopted in order to avoid such complication. The prompt 
identification of a postoperative chylous fistula and the applicability of an individually based management’s protocol may 
help in the majority of the cases to reduce the potential morbidity, without significant long-term effects.

Keywords Cervical spine · Chyle leak · Lymphatic ducts · Discectomy · Surgical complication

Introduction

The anterior cervical discectomy and fusion (ACDF) is one 
of the most common surgical procedures adopted in the 
treatment of cervical myeloradiculopathy [1, 2]. The most 
frequent complications include dysphagia, hoarseness, infec-
tions, postoperative hematoma, new neurological deficits 
and laryngeal injuries [2–5]. In this case report, we describe 
a patient with a postoperative chylous fistula following a 
standard right C6–C7 ACDF [6].

Case report

A 42-year-old man was admitted with a 6-month history 
of left cervicobrachialgia associated with paresthesia and 
hypoesthesia, resembling a severe C7 radiculopathy, that 
had failed to improve after adequate medical therapies. The 
cervical magnetic resonance (MR) scans showed a preva-
lently left C6–C7 disk herniation and uncovertebral joint 
osteophyte formation.

The patient underwent a right anterior C6–C7 discec-
tomy and fusion with titanium cage, according to a standard 
Cloward approach.

The immediate postoperative course was uneventful and 
characterized by a significant improvement in the radicular 
symptoms; the patient was discharged on the third postop-
erative day. On the fifth postoperative day, the patient came 
back with mild breathing and swallowing difficulties, asso-
ciated with a non-tender mobile mass superior to the skin 
incision (Fig. 1a).

Cervical computed tomography (CT) scan and ultrasound 
examination confirmed the presence of a hypodense fluid 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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collection in the right supraclavicular region; both trachea 
and esophagus appeared displaced medially (Fig. 2). We 
drained about 60 cc of fluid with milky appearance (Fig. 1b). 
The laboratory analysis of the fluid showed: triglyceride 
(TG) level 2164 mg/dl, LDL cholesterol 25.00 mg/dl, HDL 
cholesterol 8.00 mg/dl, glucose 151 mg/dl, albumin 2.1 g/
dl, LDH 127 UI/l, total proteins, 6.6 g/dl, lipase 1056 U/l 
and amylase 58 UI/l. Thus, a diagnosis of chylous fistula 
was made.

During the following 3 days, the patient underwent daily 
percutaneous drainage and local compression, with no sig-
nificant improvement in drain output (about 100 cc/day). 
Therefore, he was put on a low-fat diet. The wound was 
partially reopened through the previous incision (about 
5 mm), and a drainage pouch was positioned. This allowed a 
spontaneous constant drainage, avoiding patient discomfort, 
until an inversion of the pressure gradient was obtained. The 
drainage volume decreased progressively and, eventually, 
the wound healed spontaneously after 3 more days. Once 

discharged, the patient underwent periodic clinical–radio-
logical evaluations. Seriated ultrasound examinations dem-
onstrated the progressive reabsorption of the fluid collection 
(Fig. 3). At 2-year follow-up, the patient presents a complete 
resolution of the radiculopathy and no evidence of chylous 
fistula recurrence.

Discussion

The anterior approach to the cervical spine has been widely 
used with a low rate of major complications (9–20%). The 
most frequent complications include dysphagia (16.2%), 
hoarseness (4.8%), epidural hematoma, C5 palsy (2%), 
CSF leakage (1.9%), infection (0.9%) and implant extrusion 
(0.8%) [2, 7]. Extremely rare complications include hemo-
thorax, carotid or vertebral artery injury, spinal cord injury, 
brachial plexopathy, hypoglossal nerve palsy, Horner’s 

Fig. 1  a Photograph of the 
patient showing the non-tender 
mobile mass superior to the skin 
incision observed on the 5th 
postoperative day, b photo-
graph of a test tube containing 
the white, milky, creamy fluid 
drained for laboratory examina-
tion

Fig. 2  Postoperative axial (a, b) computed tomography (CT) images 
demonstrating the presence of a right prevertebral fluid collection, 
with hypodense signal, extending up to the hyoid bone level (a) and 
displacing the cervical trachea and esophagus laterally to the left. 

Some small air bubbles are visible in the contest of the collection. c 
Postoperative sagittal reconstruction of the cervical CT showing the 
proper position of the interbody cage at C6–C7 level
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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syndrome, vision loss, esophageal perforation and intraop-
erative death [1, 3, 4, 8–14].

Postoperative chylous fistula represents an even rarer 
complication in anterior approaches to the cervical spine. 
Indeed, its prevalence rate has been estimated at 0.02%.

It represents a well-known entity as a serious complica-
tion of head and neck surgery that occurs in 0.5–1.4% of 
thyroidectomies and 2–8% of radical neck dissections [16]. 
The majority of these cases may be encountered during sur-
gery of the left neck (75–92%), limiting to one-fourth of the 
cases associated with right neck surgeries [16, 17].

Data from the literature pointed out that this kind of com-
plication has been seldom reported during spinal surgeries, 
particularly in anterior thoracolumbar approaches, where 
the anatomical dissection to reach the column involves the 
biggest lymphatic collectors and the thoracic duct itself [5, 
18–21]. Only five cases occurring after anterior cervical 
surgeries have been described in the literature so far, among 

which only one was a right side approach (Table 1) [15, 
22–24].

Despite its rarity, chylous leakage deserves a particular 
attention since, without an early detection and appropriate 
management, it may become a serious and occasionally fatal 
complication. Delayed wound healing, wound breakdown 
with fistula formation and infection may result as a conse-
quence of the disruption of the normal biochemical environ-
ment [16, 25]. The chyle fluid, indeed, presents erosive prop-
erties on the surrounding tissues, leading to possible injuries 
of the neighboring vessels. Furthermore, the pressure of a 
chyle collection may decrease tissue perfusion, resulting in 
flap necrosis [25]. Systemic problems are related to dehy-
dration, nutritional deficiencies (depletion of electrolytes, 
hypoproteinemia, low blood lipid levels and deficiencies of 
the fat-soluble vitamins), hypovolemia, respiratory dysfunc-
tion and immunosuppression. Chyle leak is burdened by a 
mortality rate of 50% without supportive therapy [5].

Fig. 3  Axial ultrasonography 
images a depicted on the 6th 
postoperative day, showing the 
presence of a anechoic cyst par-
tially organized (48 × 47 mm) 
displacing the right thyroid 
lobe. Doppler examination 
shows physiological pulsatility 
index of common carotid artery. 
Axial ultrasonography images 
(b–d) obtained, respectively, at 
the 10th, 30th and 60th postop-
erative days demonstrating the 
progressive reabsorption of the 
chylous collection
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Relevant anatomy and variations: surgical nuances

The lymphatic system is accessory to the circulatory 
system: It transports the products of fat digestion, drains 
excess fluids from the body back to the blood and filters 
them through lymph nodes [21, 26]. The thoracic duct 
drains three quarters of the lymph into the venous blood 
stream, including that originating from the lower body 
and the left head and arm. It originates from the cisterna 
chyli, usually located on the anterior surface of the first 
and second lumbar vertebral body [22]. Ascending to the 
thorax, at T7 it deviates obliquely behind the esophagus 
and crosses the midline to the left at the level of T5–T6 
vertebrae. It then passes behind the aorta and to the left 
of the esophagus, emptying into the confluence of the 
left internal jugular and subclavian veins, about 2–3 cm 
above the clavicle [26, 27]. The remaining third of the 
lymph, originating from the right thorax, arm, neck and 
head, flows into the adult right lymphatic duct. This duct 
is 1–2 cm long, closely related to the anterior scalene mus-
cle, and usually empties into a corresponding location on 
the right, at the level of the junction between the right 
subclavian and internal jugular veins [27, 28].

There is a wide variation in lymphatic system anatomy 
due to deviations in normal embryologic development; if 
present, developmental anomalies of the lymphatic system 
can provide surgical challenges [28]. Several anatomical 
variants have been described so far: a complete left-sided 
thoracic duct, a complete right-sided thoracic duct, a prox-
imal and distal partial duplication of the thoracic duct, a 
plexiform variation of the thoracic duct or absence of the 
cisterna chyli [27]. The greatest variation in thoracic duct 
anatomy is seen in proximity to its termination, with multi-
ple branching in about 40% of cases, thus explaining why the 
most common site of injury to the ducts during neck dissec-
tion is lateral to the inferior portion of the carotid sheath on 
either side [28]. In 5% of cases, the main thoracic duct may 
terminate on the right side of the neck. This is the reason 
that although most injuries of the thoracic duct are in the left 
cervical area, a smaller percentage of injuries may occur in 
the right side of the neck [17].

The right lymphatic duct may present likewise anatomi-
cal variations (1–5%). Its most frequent origin is from the 
right jugular, bronchomediastinal and subclavian lymphatic 
trunks, although these vessels may terminate individually so 
that the main duct results absent [28].

Table 1  Summary of the cases with chylous leakage after anterior cervical spine procedures reported in the literature

ACDF anterior cervical discectomy and fusion, NR not reported, PO postoperative, yr year, US ultrasound

Authors Sex/age Clinical history Surgical procedure Chyle leak compli-
cation

Treatment FU

Hart et al. [22] M/37 C7 radiculopathy Left C6–C7 ACDF Intraoperative occur-
rence

Intraoperative 
closure of thoracic 
duct with sutures

No recurrence at 
1 year

Warren et al. [24] F/58 Advanced cervi-
cal degenerative 
disease

Right multilevel 
C3–C7 ACDF 
(plates and screws)

1 week PO: chylop-
tysis, dysphagia, 
respiratory distress. 
Huge prevertebral 
fluid collection

First attempt: urgent 
percutaneous 
aspiration under 
US and positioning 
of drainage

No recurrence at 
6 months

Second attempt: 
sclerotherapy

Third attempt: 
percutaneous 
embolization

Derakhshan et al. 
[15]

M/NR Radicular pain Left C5–C6 ACDF Intraoperative occur-
rence

Intraoperative 
closure of thoracic 
duct with clips

No recurrence at 
80 days

F/NR Radiculopathy Left C5–C6 ACDF After 2 months fluid 
collection superior 
to the incision

Needle aspiration No recurrence at 
3.5 years

Mueller et al. [23] F/59 Bilateral cervicobra-
chialgia, already 
C4–C5 ACDF

Left C5–C6 ACDF 
and C7 corpec-
tomy

On 1st PO day chyle 
into the drain

Low-fat diet
Octreotide

No recurrence after 
several years

Present case M/42 Left C7 radiculopa-
thy

Right C6–C7 ACDF On 5th PO fluid 
collection superior 
to the incision with 
dysphagia and res-
piratory distress

Low-fat diet
Drainage pouch 

positioned

No recurrence at 
2 years
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Diagnosis

The diagnosis of chylous fistula can be made intraopera-
tively or postoperatively [16, 29]. In general, some authors 
recommend a careful inspection of the surgical field after a 
head and neck procedure, especially in those cases involv-
ing the dissection low in the neck; the occurrence of creamy 
or milky fluid is highly suspicious for a lymphatic system 
trauma. Intraoperative diagnosis may be challenging because 
patients are usually in a fasting state before surgery, slowing 
down significant lymph production [15]. Thus, maneuvers 
that increase intrathoracic and/or intraabdominal pressure 
may improve the visibility of the chyle leakage. However, 
the presence of variant terminations may compromise the 
efficacy of the ligation resulting in persistent chylous fistula 
[16].

The majority of cases (about 86%) are diagnosed dur-
ing the first three postoperative days, owing to the resump-
tion of foods that contain fat, which induce an increment in 
chyle production and flow [16, 17]. The patient may exhibit 
a sudden increase in drain output, with a typical milky 
appearance, and volumes between 300 and 500 ml/day [25]. 
Nevertheless, low-volume leakages may be underestimated 
because it was mixed with blood and mistaken as purulent 
secretions. On inspection, the skin may present a bulge at the 
level of the supraclavicular fossa, associated with induration, 
edema, erythema [16, 25].

The drain fluid can be analyzed: The fat content of chyle 
ranges from 0.4 to 4%, and the main lipid component is 
triglyceride (greater than 100–200 mg/dl) [16, 17]. Other 
biochemical elements include percentage of chylomicrons 
greater than 4% and total protein level greater than 3 g/dl 
[17]. Leukocytes normally range from 1000 to 20,000/mm3 
in thoracic duct lymph [25].

Lymphoscintigraphy with technetium 99 has been pro-
posed in unclear cases with low-volume leakages; data from 
the literature do not report a consensus on its actual efficacy, 
and the majority of authors do not utilize this technique rou-
tinely [17, 29].

Treatment

The chylous leakage should be repaired immediately once 
identified intraoperatively. The thoracic duct may be ligated 
using either non-absorbable 3-0 or 4-0 sutures or surgical 
clips [16, 29]. Locoregional myofascial flap may be added 
to perform a coverage of the area, using the clavicular head 
of the sternocleidomastoid or the pectoralis major [16, 30]. 
In addition, the region can be sealed with fibrin, polyglactin 
or collagen [29].

Since 30–80% of patients treated with conservative thera-
pies healed definitively, the general attitude in these cases 
is to maintain a non-surgical approach, especially when 

dealing with low-volume output fistulae [16, 17]. Thus, the 
first step is to evaluate the amount of drain output per day: 
It can be categorized as low output (less than 500 ml/day) 
or high output (more than 500 ml/day) [16].

Non‑surgical management

As a general disposition, the patient should take bed rest, 
with elevation of the head (30°–40°), in order to reduce chyle 
flow; stool softeners can be employed to lessen intraabdomi-
nal pressure [16].

Dietary modifications play a crucial role in non-surgi-
cal approach, aiming at both decreasing chyle production 
and flow and replenishing fluid and electrolytes. Diets can 
include nonfat, low-fat or medium-chain fatty acids (for low 
output) [16, 30]. Octreotide therapy may represent another 
step of conservative management: It acts directly on vascular 
somatostatin receptors to minimize the chyle production [16, 
30]. Several authors are reporting encouraging results on its 
efficacy, but no consensus guidelines are available yet: Its 
dosage ranges in different reports from 100 to 200 mcg, two 
or three times per day, with a duration variable between 3 
and 24 days [16, 31].

A pressure dressing is generally not recommended 
because the supraclavicular region has no solid basis to sup-
port it and there is a potential risk of damaging the skin flap 
perfusion [16]. Suction drainage is generally employed to 
evacuate the chyle collection while monitoring drain out-
put. Negative wound pressure medications have also been 
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closure of the chyle fistula, with significant collateral risks, 
namely major bleeding and infections [16, 32].

Invasive procedures

Surgical re-exploration is generally recommended once 
conservative approach fails. In particular, surgery should 
be performed in high output volumes (> 1000 ml/day) last-
ing for more than 5 days, when low output leakage continues 
after more than 10 days, or when there are serious complica-
tions [29, 30]. The main goal is to identify the leakage site 
and isolate the lymphatic duct to perform a definitive liga-
tion; however, given the poor state of tissues, this may result 
extremely difficult even for expert surgeons. Hence, some 
authors recommend to apply automatically fibrin sealant, 
followed by a layer of muscle and fascia [29].

Further options of treatment include minimally invasive 
techniques, often employed as second-line procedures, namely 
thoracic duct embolization and therapeutic lymphangiography 
[30]. Despite its promising results, these techniques are both 
time-consuming and technically challenging, requiring often 
several attempts [24, 30]. In patients who underwent failed 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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surgery, ligation of the thoracic duct by means of a thoraco-
scopic approach can be an effective salvage procedure, avoid-
ing the significant morbidity of major thoracic access [16, 30].

Chylous fistula after anterior cervical spine surgery: 
lesson learned

According to the literature review, there are only five cases 
describing lymphatic duct injuries during cervical spine 
surgery reported so far (Table 1) [15, 22–24]. All but one 
was left-approached surgical procedures; the only right-
approached case was a right multilevel C3–C7 ACDF [24], 
which required an extensive neck exposure. Indeed, despite 
being more easily comprehensible, the left laterality can-
not alone explain the occurrence of such a complication in 
cervical spine surgery. The possible anomalous locations or 
anatomical variations of the terminal branches of the tho-
racic duct may have contributed to the inadvertent injury, 
most likely in our case, which was a standard single-level 
C6–C7 ACDF, requiring minimal neck dissection [22, 24]. 
In particular, we hypothesized that a damage of the right 
cervical duct may have resulted in either excessive traction 
or improper coagulation of redundant fat in proximity of the 
esophagus during the soft tissues dissection. Fortunately, in 
our case the leakage resolved in a relatively short time with 
conservative treatments, so that we excluded a major lacera-
tion of the main thoracic duct (even suspecting its anoma-
lous right side termination) not requiring further invasive 
diagnostic procedures.

In order to avoid the lymphatic system’s injury, a sound 
understanding of its anatomy and an intraoperative aware-
ness of the potential interpatient variations are, therefore, 
advisable (Fig. 4) [15]. With concern to anterior cervical 
approaches, this knowledge is important for spinal surgeons, 
since preoperative radiographic methods (namely sonogra-
phy, CT, MR lymphography and MRI) are considered nei-
ther determinant nor useful in clinical practice [18].

In two cases, the chyle leakage occurred intraoperatively 
and required an immediate surgical repair [15, 22]. In these 
two cases, the fistula presented with a mild amount [15, 23] 
and, as in our case, a conservative approach resulted effec-
tive. The last case required several procedures, including 
positioning of a drainage, catheter-based sclerotherapy treat-
ments and percutaneous thoracic duct embolization [24]. In 
conclusion, all the patients had a good prognosis, with no 
recurrences at the last follow-up.

Conclusions

Complications involving the lymphatic system are rarely 
encountered in anterior cervical spine surgery; however, 
a prompt identification and use of an individually based 

protocol of management may help reduce potential mor-
bidity without significant long-term effects, achieving the 
complete resolution of symptoms [23].
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
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- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
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- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
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- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
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- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
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plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Abstract
Purpose To report delayed onset common iliac artery perforation and infected pseudoaneurysm caused by malpositioned 
pedicle screw after minimally invasive scoliosis surgery (MISS).
Methods A 21-year-old female was referred to our hospital with a 1-week history of abrupt right-sided low back pain, lower 
abdominal pain, and fever with a history of MISS using cannulated pedicle screws 18 months earlier. Paravertebral arterial 
erosion with pseudoaneurysm and retroperitoneal and paraspinal abscess were suspected.
Results We performed resection of the pseudoaneurysm, vascular repair of right common iliac artery by angioplasty with 
a bovine patch and removal of implant. At 6 months after the last surgery, she had no limitations or problems in her daily 
activities with no recurrence of low back pain, abdominal pain, or fever as well as without loss of deformity.
Conclusions Our case showed that misplaced pedicle screws can cause potentially fatal complications, such as infected 
pseudoaneurysm, even in the late postoperative period.

Keywords Abscess · Common iliac artery · Fistula · Pseudoaneurysm · Malpositioned cannulated pedicle screw · 
Minimally invasive scoliosis surgery

Introduction

Pedicle screw instrumentation has been used to treat various 
complex spinal disorders, including spinal deformity cor-
rection [1]. However, damage to major vessels, including 

the aorta and iliac arteries, due to pedicle screw fixation has 
been reported [2–4]. Most acute major vessel injuries cause 
sudden hemodynamic instability, which may inadvertently 
lead to a life-threatening condition [5, 6]. More rarely, how-
ever, major vessel injuries after pedicle screw misplacement 
may be found with delayed symptom presentation or inci-
dental findings in asymptomatic patients [7–10].

We experienced delayed onset common iliac artery per-
foration and infected pseudoaneurysm caused by a malpo-
sitioned pedicle screw after minimally invasive scoliosis 
surgery (MISS). Our report highlights that even posterior 
instrumentation surgery of the lower lumbar vertebra may 
cause major arterial injury in the late postoperative period, 
and a malpositioned cannulated screw could be a facilitating 
conduit to the spread of infection.

Materials and methods

A 21-year-old female was referred to our hospital with a 
1-week history of abrupt right-sided low back pain, lower 
abdominal pain, and fever. About 18 months previously, 
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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she had undergone a minimally invasive scoliosis surgery 
(MISS) for the treatment of adolescent idiopathic scoliosis 
using a cannulated pedicle screw system from T4 to L4. 
Abdomino-pelvic computed tomography (AP-CT) revealed 
about 6.5 × 11 × 9 cm-sized collection of pre- and paraver-
tebral fluid surrounding a rim-like enhancement around 
L3-5 level, containing more than two lobulated spaces 
filled with high-density-contrast material (maximum 4.1 cm 
in size, Fig. 1a) predominantly at the L4–5 level. In addi-
tion, a cystic lesion with a similar appearance was observed 
around the adjacent paraspinal muscle area, more than 

3.3 × 5 × 10.5 cm, from T12 to Rt S1 level (Fig. 1b). Sub-
sequent lumbar spine X-ray and CT revealed that the right 
L4 screw was positioned too far anteriorly with periscrew 
halo formation, adjacent vertebral body erosion, and detach-
ment of the transverse process (Fig. 2). The medical records 
and postoperative radiographs of the hospital where the first 
operation was performed confirmed the surgical informa-
tion: On medical record examination, there was no specific 
finding to cause infection on pre- and postoperative period 
except long operation time (about 10 h). On surgical proce-
dures, deformity was corrected with MISS technique which 

Fig. 1  Abdomino-pelvic computed tomography (AP-CT) revealed a 
collection of pre- and paravertebral fluid collection (black arrowhead) 
surrounding a rim-like enhancement around the L3–5 level, contain-
ing more than two lobulated spaces filled with high-density-contrast 

material (black arrow, a), predominantly at the L4–5 level. In addi-
tion, a cystic lesion with a similar appearance was observed around 
the adjacent paraspinal muscle area, from T12 to Rt S1 level (white 
arrowhead, b)

Fig. 2  Lumbar spine X-ray and CT revealed that the right L4 pedicle screw (black arrowhead) was positioned to far anteriorly, with periscrew 
halo formation (black arrow), adjacent vertebral body erosion, and detachment of the transverse process (white arrowhead)
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
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Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
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sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
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Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
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term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].
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was made up with free-handed cumulated poly-axial pedicle 
screw insertion through 2–4 skin incisions each of size 3 cm, 
pre-contoured rod insertion, thoracoplasty using the same 
skin incision, arthrodesis by facetal fusion and correction 
using rod translation and rotation maneuvers [11]. On imme-
diate postoperative radiography at first operation, right L4 
pedicle screw malposition was seen without a screw halo.

Clinically, paravertebral arterial erosion with pseudoa-
neurysm and retroperitoneal and paraspinal abscess were 
suspected, and surgical treatment was inevitable. Our operat-
ing strategy was an interdisciplinary single-session two-step 
approach, with a vascular surgery team. The first step of 
surgery was retroperitoneal exploration through the ante-
rior midline abdominal incision. Intraoperatively, a 3-mm 
perforation at the posterior wall of the right common iliac 
artery (just below the aortic bifurcation) and pseudoaneu-
rysm behind the artery with surrounding abscess were 
identified (Fig. 3). After drainage of the abscess, vascular 
repair of the right common iliac artery was performed with 
a bovine patch angioplasty. Common iliac artery perfora-
tion was treated with primary suture repair. The second step 
included removal of the right-sided instrument and paraver-
tebral abscess drainage. There was dark-black mucoid fluid 
with abundant granulation tissues around the right-sided 
implant at T12–L5 level. Also, a fistula from the right L4 
pedicle screw insertion site to the cavity to the retroperi-
toneal abscess was identified. Left-sided instrumentation 

was not removed because there was no evidence or sign of 
infection.

Postoperatively, methicillin-resistant Staphylococcus 
aureus (MRSA) was identified in the tissue culture from the 
abscess from the operation field and the patient was treated 
with intravenous ciprofloxacin according to the antibiotics 
susceptibility results. At postoperative day seven, the patient 
recovered to ambulation without any assistance and was 
discharged without pain or fever. At the 6-month follow-up 
after the last surgery, she had no limitations or problems 
in her daily activities with no recurrence of low back pain, 
abdominal pain, or fever. On the standing whole spine radio-
graph taken at the last follow-up that was 6 months later 
after last operation, there was no progression of the residual 
deformity despite removal of the right-sided instrumenta-
tion (Fig. 4).

Discussion

The rate of pedicle screw misplacement varies from 5 to 
41% for the lumbar spine, depending on underlying pathol-
ogy, surgical technique used, and site of screw fixation [12, 
13]. The pedicles of the lumbar spine are larger than the 
pedicles of the thoracic spine. Therefore, the risk of screw 
misplacement is lower in the lumbar spine than in the tho-
racic region [14, 15]. Nevertheless, complications caused 
by pedicle misplacement of the lumbar spine have been 
reported consistently.

Major vascular injury is one of the most fatal complica-
tions of malpositioned pedicle screws. The overall reported 
incidence of major vascular injury during spine surgery is 
less than 0.01% [16, 17]. Major vessel injury can remain 
undiscovered even in follow-up and can become sympto-
matic in the late postoperative period. The patient may be 
asymptomatic for months or years after the initial opera-
tion. Delayed presentation is most commonly combined 
with pseudoaneurysm and arteriovenous fistula [18, 19]. 
Parker et al. reported the incidence of vascular encroach-
ment (a pedicle screw that was touching or deforming the 
wall of a major vessel) as 0.22% among 6816 consecutive 
pedicle screws in the thoracic and lumbosacral spine [20]. 
Foxx et al. reported that 33 of 680 inserted screws were in 
contact with a major vessel on routine postoperative imag-
ing after a mean follow-up of 44 months, including the aorta 
(four cases), the iliac artery (seven cases), and the iliac veins 
(22 cases), but there were no symptoms or sequelae such as 
pseudoaneurysms, erosions, or deaths [2].

In this case, the patient presented a sudden symptom 
about 18 months after MISS. MISS for the treatment of 
AIS has multiple potential benefits such as less blood loss, 
shorter hospital stay, earlier mobilization, and relatively less 
pain, but minimally invasive approach usually needs longer 

Fig. 3  A 3-mm-sized perforation at the posterior wall of the right 
common iliac artery, just below the aortic bifurcation (white arrow) 
was identified and was connected to the fistula from the pedicle screw 
insertion site
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser
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Relative
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Adverse effects

NB-UVB - First line in
moderate-severe
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- Second line in mild
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- 80% of patients clear
with 3 times per
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- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin
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- Personal/family history
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- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45European Spine Journal (2019) 28 (Suppl 2):S68–S72
S71European Spine Journal (2019) 28 (Suppl 2):S68–S72 

1 3

median operative time and has more potential to make radio-
logic complications, such as screw loosening or malposi-
tion [21–23]. The initial entry point of the misplaced screw 
was targeted too laterally, and the screw tip was placed too 
far anteriorly. At this time, the screw tip may have been in 
contact with the common iliac artery. Screw halo forma-
tion, adjacent vertebral body erosion, and detachment of the 
transverse process indicate that the pedicle screw was not 
securely fixed to the vertebra. This poor bone-screw anchor-
age might give less fixation power and finally result in con-
tinuous and repetitive motion around the misplaced screw. 
Scoliosis is one of the most commonly encountered spinal 
deformities to influence the location of the aorta relative to 
the vertebral body [24]. Vertebral rotation and angular alter-
ations in scoliosis patients may increase the risk of major 
vessel injury [14]. In addition, because the misplaced screw 
was located at the lowest instrumented vertebrae (LIV) of 
the pedicle screw construct, repetitive toggling motion asso-
ciated with lumbar spine motion might have occurred on the 
misplaced screw. This toggling motion of the screw tip was 
presumed to have caused chronic erosive damage to the adja-
cent iliac artery and would have contributed to subsequent 
delayed pseudoaneurysm formation.

In our case, the patient had an infected pseudoaneurysm 
with abscess formation. Based on a fever episode, com-
plicated infection was presumed to have initiated 1 week 
before the visit. Paradoxically, the development of this 
infectious condition helped early detection of late vascular 
complications in this case. The cause of sudden bacterial 
infection is presumed to be a hematogenous infection com-
plicated with hematoma around the vessel. In addition, the 

cannulated pedicle screw used as an instrument for MISS 
would have contributed to cause increased bleeding and/or 
spread of infection to the paravertebral muscle layer from 
the retroperitoneal space where the abscess first occurred.

Our repair strategy for damaged common iliac artery 
was performed with an open surgical approach, resection 
of the pseudoaneurysm and an angioplasty with bovine 
patch. Thanks to effective antibiotic use and relatively 
young age of the patients, early recovery was achieved 
without any complications. However, direct repair of the 
chronic perforation of that vessel seems to be dangerous, 
especially in the complicated infectious condition. Tran-
sient insertion of the vascular stent may also be considered 
a good alternative technique to consider until the time of 
infection control.

In summary, we report a rare case of delayed vascular 
complication following MISS due to malpositioned lumbar 
pedicle screw, and the cannulated screw could be a facili-
tating conduit for the spread of infection. Our case showed 
that misplaced pedicle screws can cause potentially fatal 
complications even in the late postoperative period, such 
as infected pseudoaneurysm. In addition, the pedicle screw 
inserted in the LIV must be inserted in the correct posi-
tion with sufficient holding strength to prevent delayed 
complication.

Compliance with ethical standards 
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Fig. 4  a Standing radiograph at 
2 months after initial corrective 
surgery. Despite removal of 
right-sided instrumentation (b), 
there was no progression of the 
residual deformity during the 
six-month follow-up after the 
last surgery (c)
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Learning objectives

• Indication for posterior-lateral foraminotomy
• Surgical technique of posterior-lateral foraminotomy

General information

The ideal approach to the treatment of soft cervical disc 
herniation remains controversial. Although anterior cervical 
procedures have gained prominence over the past years, pos-
terior cervical foraminotomy has proven benefits. Multiple 
studies found a relieve of symptoms in 82–97% of patients 
who have radiculopathy caused by foraminal stenosis or pos-
terolateral herniated discs [1–3].

Furthermore, a posterior approach avoids complications 
associated with an anterior approach to the cervical spine such 
as injury of large vessels, esophagus and trachea, postopera-
tive dyspnea and dysphagia, recurrent laryngeal nerve injury 
as well as accelerated occurrence of adjacent segment disease 
after fusion.

On the downside, postoperative neck pain and muscular 
spasm are disadvantages of a posterior cervical approach 

[3]. An extensive periosteal muscle dissection for adequate 
visualization can induce neck discomfort, which can result 
in a slower recovery. Minimally invasive techniques can help 
to minimize the downsides and allow for fast recoveries and 
early resumption of normal activities. Summarized, poste-
rior cervical foraminotomy is an effective surgical technique 
for the treatment of radicular pain caused by foraminal ste-
nosis or posterolateral herniated discs.

Case description/patient history 
with imaging

A 28-year-old patient presented with brachialgia of the right 
arm corresponding to dermatome C7. The pain occurred 
about 2 weeks prior to presentation without any previous 
trauma. The patient described only minor neck pain. Also, he 
noticed a weakness of the right arm. No pain was described 
in the left upper extremity.

The medical examination revealed a 3/5 paresis of the 
right triceps. The triceps reflex was not provocable. No sen-
sitive deficit could be detected.

The MRI imaging revealed a posterolateral disc hernia-
tion C6/7 to the right side with significant compression of 
the right C7 nerve root.

Surgical strategy

Due to the clinically evident paresis of the triceps together 
with the radiological findings, we decided to perform pos-
terior cervical foraminotomy C6/7 from the right side along 
with removal of the sequester.

Prophylactic antibiotics are administered. After nasotra-
cheal intubation, the patient’s head is positioned in a 

Watch surgery online
Watch surgery online
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45European Spine Journal (2019) 28 (Suppl 2):S1–S2
S2 European Spine Journal (2019) 28 (Suppl 1):S1–S2

1 3

Mayfield three-point pin-holder clamp and log-rolled in a 
prone position and secured on the operating table. After 
confirming the correct operative level by fluoroscopy, the 
microscope is swinged in and a 2 cm skin incision is made 
slightly right of the posterior midline with the facet joint 
C6/7 centered on the incision. The paravertebral muscles 
are stripped subperiosteal on the right side from the spinous 
process and the lamina of the adjacent vertebra. The tubular 
system is inserted and the correct level C6/7 fluoroscopically 
confirmed. This is followed by the preparation of the inter-
laminar window and medial border of the facet joint C6/7. 
Using a diamond high-speed burr and Kerrison punches, a 
small portion of the medial part of the facet joint is removed 
in a circular—“keyhole”—manner. The partial resection 
of the ascending facet of C7 is the crucial point for bony 
decompression of the neuroforamen respectively the nerve 
root C7. The yellow ligament is identified. The lateral aspect 
is removed using Kerrison punches to visualize the lateral 
border of the thecal sack. A large sequester is exposed and 
carefully resected using the rongeur. Hemostasis is achieved 
by bipolar pincette. A thorough exploration of the neuro-
foramen is performed using the dental probe to ensure the 
complete removal of the sequester. The medial and lateral 
aspect of both, the cranial and especially caudal pedicle is 
palpated to ensure a proper decompression. After irrigation 
the wound is inspected for sources of bleeding. The mus-
cle, fascia and subcutaneous tissue are reapproximated with 
absorbable sutures. The skin layer is closed with interrupted 
sutures and bandages are applied.

After log-rolling the patient in a supine position, the May-
field clamp is carefully removed.

Postoperative information/patient outcome 
with imaging

The patient experienced a severe improvement of the brachi-
algia almost immediately after surgery. In the postoperative 
course, the initially existing 3/5 paresis of the right triceps 
slowly improved as well. The patient was released from the 
hospital at 2 days after surgery.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Learning objectives

To describe the technique of anterior discectomy and inter-
body fusion (ATIF) in the thoracic spine performed via a 
transthoracic, thoracoscopic approach.

General information

The development of video assisted thoracoscopic surger-
ies (VATS) has opened the platform to perform an anterior 
stabilization and fusion of the thoracic spine in a minimally 
invasive fashion. The technique was developed in the early 
1990s, and since then, thoracoscopic procedures have been 
used on an increasingly widespread scale.

In the beginning of the 1990s, Rosenthal and colleagues 
from Germany developed the thoracoscopic approaches for 
the treatment of various spinal pathologies [1]. Likewise, 
Mack et al. and Regan et al. established the technique of 
thoracoscopic spine surgery in the United States [2, 3].

As a result of further technical advancements, i.e. the 
Bozzini light conductor, the thoracoscopic technique has 
undergone a remarkable evolution since the introduction [4].

To date, thoracoscopic interventions have been estab-
lished as a safe surgical technique in the spine surgeon’s 
armamentarium, which serve to address a wide variety of 
indications and pathologies from degenerative disc disease 
to tumor and deformity surgery. Surgical procedures include 
anterior thoracic interbody fusion (ATIF), (hemi-) corpec-
tomy, and vertebral body replacement, anterior discectomies 
of thoracic disc herniations or sympathectomies in selected 
cases.

At the same time, thoracoscopic surgeries follow the 
principles of minimally invasive, MIS-surgery, with signifi-
cantly reduced access trauma in comparison to classic open 
techniques.

Case description/patient history 
with imaging

The patient is a 65-year old female with adjacent segment 
degeneration and concomitant spinal stenosis with severe 
compression of the neural structures at the level T12/L1 fol-
lowing previous fusion of L1 to the sacralized L5 vertebra.

An increasing kyphotic deformity at the thoracolumbar 
junction led to an additional stable T12 fracture, defined as 
type A3 according to the AO classification system [5].

Clinically, the patient presented with intractable back 
pain and signs of cauda equina compression syndrome. The 
neurological examination revealed an ataxia with broad-
based gait, hypoesthesia in both legs and anterior thighs.

Based on the clinical and radiological findings, a com-
bined posterior-anterior fusion procedure was indicated 
with an extension of the fusion from T10 to L5, including a 
microsurgical decompression of the neural structures at the 
affected level T12/L1.

Watch surgery online
Watch surgery online
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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In order to achieve a solid support of the anterior column, 
an additional ATIF was performed via a transthoracic, thora-
coscopic approach.

Surgical strategy

The patient is fixed in a stable lateral position with a four-
point support at the symphysis, sacrum, scapula and with 
additional arm-rest. Oxygenation is maintained via a sin-
gle lung ventilation through a double-lumen intubation. 
In accordance with the patient’s vascular anatomy of the 
aorta and the V. cava, the patient positioning and single lung 
ventilation was performed on the right, whilst the surgical 
approach was performed from the left side.

The preoperative localization of the target area is deter-
mined under image intensifier in both ap- and lateral projec-
tion. The 4 portals such as the main working portal, portal 
for light source, for retractor, and for the suction system are 
placed in a standardized fashion in relation to the main target 
area. A slightly wider, approx. 25 mm skin incision is chosen 
for the working portal in order to enable the transthoracic 
introduction of the implants, whilst an approx. 10 mm skin 
incision will suffice for the remaining portals and instru-
ments. The surgical procedure routinely starts with the most 
cranial, intercostal approach and placement of the optical 
channel following deflation of the lung on the ipsilateral 
side.

The thoracoscope with its 30° optics is inserted at a shal-
low angle, aiming in the direction of the second trocar for 
the retractor system, which is placed on the contralateral side 
of the ipsilateral thoracic cavity. The transthoracic intercos-
tal insertion of the remaining trocars is performed under 
direct visualization through the endoscope with an “inside-
out” view.

The anterior circumference of the motion segment, the 
course of the spine as well as the aorta are palpated and 
identified with a blunt probe. After exposing the target area, 
two K-wires are inserted into the adjacent vertebral bodies 
under fluoroscopic guidance. The optimal position of the 
K-wire is in between the middle to the posterior third of the 
vertebral body in the lateral plane, in proximity to the disc 
space in order to avoid a laceration of the segmental vessels. 
The positioning of the K-wires will serve as landmarks for 
orientation in the due surgical course and will assist to create 
a “safety working zone” for the surgeon.

The pleura is detached, starting from posterior into an 
anterior direction, directly over the disc space T11/12 with 
the aid of monopolar cauterization. The annulus is incised, 
and a complete discectomy is performed with meticulous 
removal of the cartilage from the adjacent endplates. Fol-
lowing the insertion of trial implants, an adequately sized 
Mesh-Cage is inserted press-fit into the cavity of the disc 

space. Both cages as well as the remaining disc space are 
packed with allogenic bone graft substitute (calcium phos-
phate silicate). Fluoroscopic control confirms adequate 
implant positioning.

The due surgical course revealed that at the cranially adja-
cent segment T10/11 the aorta overlapped the access to the 
targeted disc space to a large extent and it was not possibly 
to achieve a sufficient mobilization in order to permit an 
adequate access to the disc space. Thus, an additional ATIF 
was not performed at this level.

After thorough irrigation of the thoracic cavity and 
removal of blood clots, the chest tube is inserted in the cau-
dal recess. The instruments and portals are then removed, 
and the lung is fully re-inflated under visual control to con-
firm full ventilation and in order to prevent atelectasis and/
or the development of effusions during the postoperative 
course.

The final steps of the surgery are completed with suturing 
of the subcutaneous tissue and skin closure.

Postoperative information

The patient is extubated after surgery and supervised on the 
ICU for 24 h. Following removal of the chest tube on the 
first postoperative day, the patient is mobilized and early 
pulmonary ventilation training is started.

Postoperative i.v. antibiotics (2nd generation cephalo-
sporine) are administered for a 24-h period on a routine 
basis.

Fractionated heparin was administered for thromboem-
bolic prophylaxis until full mobilization. A 4-point brace 
may be prescribed for a 6–12-week period for additional 
external support depending on the surgeon’s preference.

At the first follow-up examination 4  weeks postop-
eratively, the patient presented in a satisfactory condition 
with adequate mobility, significant pain reduction (VAS 
2) and signs of recovery of the preoperative neurological 
symptoms.

Discussion and conclusion

The minimally invasive, transthoracic, thoracoscopic surgery 
of thoracic and thoracolumbar pathologies bears a number 
of advantages in comparison to “classic” procedures such as 
open thoracotomies. Benefits include decreased postopera-
tive pain, lesser disruption of the anatomy due to reduced 
access trauma, outstanding intraoperative visualization of 
the patient’s anatomy, high patient safety due to highly 
standardized intraoperative surgical steps, reduced postop-
erative scar tissue, shorter hospitalization as well as imme-
diate mobilization and enhanced recovery of the patients.
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Complication rates associated with the thoracoscopic 
procedure are comparable or even reduced to those that 
have previously been published for open procedures, whilst 
maintaining the full range of benefits of MIS surgery [6–8].
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Learning objectives

• To explain the concept of three-dimensional deformity 
correction in adolescent idiopathic scoliosis

• To explain the Lenke Classification of AIS
• To explain effects of translation on frontal, sagittal and 

axial planes
• To explain how direct vertebral rotation works

Introduction

Adolescent idiopathic scoliosis (AIS) is a three-dimensional 
deformity with coronal, sagittal and axial impairment. These 
deformities lead to clinical manifestations that include: trunk 
imbalance, shoulder height difference, rib-hump and tho-
racic hypokyphosis. The Lenke classification has progres-
sively gained popularity and it is now recognized as the most 
reliable and complete classification for AIS [1]. The purpose 
of the surgical treatment is to correct the deformity obtaining 
a stable balanced spine preserving mobile segments of the 
lumbar spine when possible with restoration of good clinical 
alignment on all three planes [2].

The aim of this paper is to schematically describe the 
concept of differently shaped rods translation and direct ver-
tebral rotation for the surgical treatment of AIS.

Case description

We present two different cases of AIS as representative of 
the different techniques used for thoracic, such as Lenke type 
1 and 2 curves and lumbar curves such as Lenke type 3 to 6.

Surgical strategy

The skin incision is made from one vertebra superiorly and 
one vertebra inferiorly to the planned fusion area, to allow 
the entire spine to be exposed. The facets and their articular 
process in the fusion area, except at the uppermost and the 
lowermost levels, are removed in order to facilitate the iden-
tification of the entry points, promote arthrodesis and allow 
an easier deformity correction.

Uniplanar pedicle screws are placed at each level on both 
sides of the curve using drill assisted technique. High-density 
system helps to distribute the applied forces during the trans-
lation and the direct vertebral rotation on more pedicles with 
lesser risks of screws pull-out or pedicle breakage. All screws 
should be placed with the same technique in an harmonic way 
according to the scoliotic curves [3]. The length of the rod is 
measured and each rod is bent using a rods bender according 
to the desired sagittal contour. In case of a main thoracic curve, 
the rod on the concave side is over-shaped, while the rod on 
the convex side is under-shaped. The apex of the main thoracic 
scoliotic curve and the apex of the desired thoracic kyphosis 
should be determined to achieve the desired rods shape.

Watch surgery online
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[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer
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Due to the different position of the desired thoracic 
kyphotic apex and the main rotated vertebrae at the scoli-
otic apex, the over-shaped rod on the concave side remains 
far distant in two parts including: the apex of the thoracic 
kyphosis and the zone of maximum rotation of the scoli-
otic curve; while the under-shaped rod on the convex side 
remains adjacent to the screw heads in the zone of maximum 
rotation and far distant from the screw heads on the apex of 
the thoracic kyphosis at the same level of the other rod on 
the concave side. At the desired kyphotic apex, both rods 
must be placed far from the screw heads with low height 
differences with the aim to restore height. On the contrary, at 
the apex of the scoliosis curve high height differences with 
low maximum height must be present in order to restore 
rotation. In this way while the force is applied to reduce the 
rod on the screws’ head on the concave side, vertebral bodies 
rotate toward the concave side and vertebral rotation on the 
axial plane is achieved consequently.

In case of double curves at the level of thoracic and lum-
bar spine including Lenke 3 to 6 scoliosis curve types, the 
over-shaped rod is applied on the concave side of the tho-
racic curve, and on the convex side of the lumbar curve; 
while the under-shaped rod is applied on the convex side 
of the thoracic spine and concave side of the lumbar spine. 
The over-shaped rod on the concave thoracic side remains 
far distant in two parts including: the apex of the thoracic 
kyphosis and the zone of maximum rotation of the scoliotic 
curve, and adjacent to the zone of maximum rotation of the 
lumbar curve. Instead the under-shaped rod on the convex 
thoracic side remains adjacent to the screw heads in the zone 
of maximum rotation and far distant from the screw heads 
on the apex of the thoracic kyphosis and at the apex of the 
lumbar lordosis. In these cases, the aim should be to restore 
rotation at the lumbar level without lowering the lumbar 
lordosis.

For direct vertebral rotation, the neutral vertebrae are kept 
stable while the other vertebrae are rotated in a clockwise 
direction applying a downward and lateral force on the con-
vex side and lateral force on the concave side. This maneuver 
is a critical part of the correction and neurological monitor-
ing should be performed continuously. When the desired 
axial correction is achieved, the crickets should be reduced 
completely in order to complete translation and tighten the 
rods to maintain the correction.

Postoperative information

For the first 6 weeks after surgery we use a brace to restrict 
spinal movements and allow initial bone graft fusion. The 
patient is able to leave the hospital 7 days after the surgery 

and he is then followed-up at 1, 3 and 6 months and then 
yearly.

Discussion and conclusion

Aim of this study was to present a corrective strategy 
using differently shaped rods translation and direct verte-
bral rotation for the two main different categories of AIS 
curves.

The rib hump deformity caused by the axial rotational 
of the vertebrae is an important element of AIS because it 
is strictly related to the patient’s self-image. Several tech-
niques such as translation and DVR have been proposed in 
order to avoid thoracoplasty procedure and its related com-
plications such as prolonged surgical time, haemothorax 
and pleural effusion [4]. According to the recent literature, 
the derotation effect obtained using DVR technique only is 
between 37 and 63% [5, 6]. Clement et al. [7] first described 
the translation technique using high-density pedicle screws 
reporting good clinical and radiological results especially 
on the sagittal plane, however, they did not use differently 
shaped rods. We believe that the combination of the transla-
tion technique with differently shaped rods and DVR allow 
good three-dimensional correction of the deformity while 
reducing the risk of screw pullout at the time of DVR due 
to the wider distribution of forces on more pedicles and in 
separate surgical steps [2, 8]. In this paper and in its related 
video, a step-by-step procedure has been presented in order 
to explain surgical tricks for AIS deformity correction in 
different scoliosis curve types.

Compliance with ethical standards 

Conflict of interest The authors declare no conflicts of interest.

References

 1. Lenke LG, Betz RR, Harms J et al (2001) Adolescent Idiopathic 
Scoliosis: a new classification to determine extent of spinal arthro-
desis. J Bone Joint Surg Am 83:1169–1181

 2. Faldini C, Perna F, Borghi R et al (2017) Direct vertebral rotation 
and differently shaped dual rod translation technique in adolescent 
idiopathic scoliosis. J Biol Regul Homeost Agents 31:91–96

 3. Perna F, Borghi R, Pilla F et al (2016) Pedicle screw insertion 
techniques: an update and review of the literature. Musculoskelet 
Surg 100:1–5. https ://doi.org/10.1007/s1230 6-016-0438-8

 4. Seki S, Kawaguchi Y, Nakano M et al (2016) Rod rotation and 
differential rod contouring followed by direct vertebral rotation for 
treatment of adolescent idiopathic scoliosis: effect on thoracic and 
thoracolumbar or lumbar curves assessed with intraoperative com-
puted tomography. Spine J 16:365–371. https ://doi.org/10.1016/j.
spine e.2015.11.032



72

[13]. Phototherapy shifts cytokine production in the direction of
the counter-regulatory T helper 2 (Th2) immune response both
locally and systemically [14, 15]. Keratinocyte apoptosis and
upregulation of p53, a tumor suppressor gene, are induced by
ultraviolet radiation [16, 17]. Phototherapy induces the migra-
tion of histiocytes out of the epidermis [18]. The cumulative
effects of these mechanisms improve psoriasis [19].

Indications, Contraindications, and Adverse Reactions
(See Table 2)

Phototherapy, either as a targeted or whole body treatment,
improves mild or moderate-to-severe psoriasis, with NB-
UVB constituting the most widely administered form [10,
20]. As with any treatment option, use should be tailored to
the individual characteristics of the patient.

There are relatively few absolute contraindications to com-
mencing UVB phototherapy or PUVA. Diagnoses of photo-
sensitive dermatoses such as systemic lupus erythematous or
xeroderma pigementosum are contraindications to photother-
apy use [21]. Relative contraindications to phototherapy in-
clude personal history of melanoma or non-melanoma skin
cancer, family history of melanoma, Fitzpatrick skin type
1/2, immune suppression due to solid organ transplant,

emotional or physical limitation to treatment, or previous ar-
senic or ionizing radiation treatment. Pregnancy, lactation, liv-
er disease, or a history of cyclosporine or methotrexate use are
relative contraindications to the use of PUVA [11•, 21].

Although phototherapy is generally well tolerated, there are
some short-term and long-term factors that may influence ad-
herence and the phototherapy modality employed. Short-term
complications include erythema, blistering, and itching. Long-
term complications include photoaging and increased risk of
developing non-melanoma skin cancer in those with higher
cumulative doses of oral PUVA [11•, 22, 23]. Studies have not
confirmed an increased risk of squamous or basal cell carci-
noma with the use of UVB therapy alone [24].

Special Considerations

Pediatric and pregnant patients represent population subsets
that often generate extra scrutiny prior to the administration of
phototherapy. Pregnancy is not considered a contraindication
to UVB phototherapy [25]. UVB phototherapy should be con-
sidered a primary treatment for pregnant patients with plaque
or guttate psoriasis [26]. Phototherapy is a safe and effective
second-line treatment option for pediatric patients who are
unresponsive to topical therapy [27].

Table 2 Overview of phototherapy treatment. Phototherapy treatment considerations for NB-UVB, PUVA, and excimer laser

Type Indication Efficacy Absolute
contraindications

Relative
contraindications

Adverse effects

NB-UVB - First line in
moderate-severe
plaque or guttate
psoriasis

- Second line in mild
psoriasis

- 80% of patients clear
with 3 times per
week treatment

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Atypical nevi
- Non-melanoma skin

cancers
- Personal/family history

of melanoma
- Fitzpatrick skin types

1/2
- Immune suppression

due to organ
transplant

- Physical or emotional
inability to tolerate
phototherapy

- Previous arsenic or
ionizing radiation
therapy

Acute: erythema, blistering,
pruritus, hyperpigmentation,
HSV recurrence

Chronic: photoaging

PUVA - Palmoplantar psoriasis
- Moderate-to-severe

plaque psoriasis

- Most efficacious
form of
phototherapy

- 90% of patients clear
within 30
treatments

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

- Porphyria

-Same as above
- Pregnant or nursing
- History of treatment

with cyclosporine or
methotrexate

Acute: nausea, erythema, pruritus,
hyperpigmentation, HSV
recurrence, CNS disturbance

Chronic: photodamage,
dose-dependent risk of NMSC

Excimer
laser

- Localized psoriasis - Plaque clearance
occurs within 12
treatments
generally

- Photosensitive
dermatoses (i.e., SLE,
xeroderma
pigmentosa)

Acute: erythema, blistering
Chronic: hyperpigmentation

NB-UVB narrowband ultraviolet B, SLE systemic lupus erythematosus,HSV herpes simplex virus, PUVA psoralen + ultraviolet A, CNS central nervous
system, NMSC non-melanotic skin cancer

Curr Derm Rep (2018) 7:43–51 45European Spine Journal (2019) 28 (Suppl 2):S6–S8
S8 European Spine Journal (2019) 28 (Suppl 1):S6–S8

1 3

 5. Rushton PRP, Grevitt MP (2014) Do vertebral derotation tech-
niques offer better outcomes compared to traditional meth-
ods in the surgical treatment of adolescent idiopathic scolio-
sis? Eur Spine J 23:1166–1176. https ://doi.org/10.1007/s0058 
6-014-3242-x

 6. Faldini C, Perna F, Chehrassan M et al (2016) Simultaneous dou-
ble rod and en-bloc direct vertebral rotation technique for correc-
tion of main thoracic adolescent idiopathic scoliosis: retrospective 
analysis of 14 cases. J Biol Regul Homeost Agents 30:181–186

 7. Clement J-L, Chau E, Geoffray A, Suisse G (2014) Restoration of 
thoracic kyphosis by simultaneous translation on two rods for ado-
lescent idiopathic scoliosis. Eur Spine J Off Publ Eur Spine Soc 

Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc 23(Suppl 
4):S438–445. https ://doi.org/10.1007/s0058 6-014-3340-9

 8. Faldini C, Chehrassan M, Borghi R et al (2017) Simultaneous 
dual-rod correction and direct vertebral rotation technique to cor-
rect double major adolescent idiopathic scoliosis curve. JAAOS—
J Am Acad Orthop Surg 25:829. https ://doi.org/10.5435/JAAOS 
-D-17-00723 





Disclaimer: The content and online Videos are intended for Registered Medical Practitioners only.* The views/opinions expressed 
therein are solely of the author and Pfizer does not expressly endorse the same. Furthermore Pfizer makes no representations and 
warranties of any kind, express or implied as to the module content and/or its accuracy, completeness or adequacy and will not be 
liable for any damages, adverse events, and personal liability arising therefrom.

Fo
r t

he
 u

se
 o

f a
 R

eg
is

te
re

d 
M

ed
ic

al
 P

ra
ct

iti
on

er
, H

os
pi

ta
l o

r L
ab

or
at

or
y 

on
ly

.
PP

-L
YR

-IN
D

-0
12

4 
da

te
d 

30
th

 S
ep

t, 
20

19
 


