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FOUR-LEVEL EN BLOC VERTEBRECTOMY: A NOVEL 
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ABSTRACT

Objective: To demonstrate a novel technique for multilevel en bloc 
post-vertebrectomy reconstruction. Methods: A novel technique 
for en bloc multiple post-vertebrectomy reconstruction was used 
in a patient presenting for curative resection of Ewing’s Sarcoma 
at the oncology center of a public university hospital. Results: 
The procedure described was feasible for en bloc resection of 
the four vertebrae. The reconstruction was acceptable and sat-
isfactory in terms of mechanical stability and was without any 
neurological sequelae in the patient. Conclusion: The use of an 
allograft with a locked intramedullary nail was an adequate solution 
for reconstructing the anterior and medial spines after multilevel 
vertebrectomy. In addition, the association of four intramedullary 
nails provided stability to the reconstruction. Immediate benefits of 
the technique compared to other commonly used techniques were 
shorter hospitalization times and reduced surgical morbidity. Level 
of Evidence V, Clinical study of a new surgical technique and 
a literature review.

Keywords: Reconstructive Surgical Procedures. Spinal Neoplasms.
Spine. Thoracic Surgery. Orthopedics

RESUMO

Objetivo: Demonstrar uma nova técnica de reconstrução por ver-
tebrectomia em bloco multinível. Métodos: Descrição de uma 
reconstrução pós-vertebrectomia em bloco multinível, em paciente 
tratado num hospital oncológico público universitário, com indica-
ção de ressecção curativa de sarcoma de Ewing. Resultados: O 
procedimento proposto foi viável para a ressecção em bloco de 
quatro vértebras e a reconstrução foi aceitável e satisfatória em 
termos de estabilidade mecânica, sem causar dano neurológico ao 
paciente. Conclusão: O uso de aloenxerto com parafuso intramedular 
bloqueado é uma solução adequada para a reconstrução da coluna 
anterior e medial após vertebrectomias multiníveis. Além disso, a 
associação de quatro parafusos intramedulares dá estabilidade 
à reconstrução. Benefícios imediatos da técnica são o tempo de 
hospitalização mais curto e a redução da morbidade cirúrgica, em 
comparação com outras técnicas, comumente utilizadas. Nível 
de Evidência V, Estudo clínico de nova técnica cirúrgica e 
revisão da literatura.

Descritores: Procedimentos Cirúrgicos Reconstrutivos. Neoplasias 
da Coluna Vertebral. Coluna Vertebral. Cirurgia Torácica. Ortopedia.

INTRODUCTION

Around 5% to 10% of all primary malignant bone tumors occur in 
the vertebral spine. According to the literature, the mean survival is 
between six and eight months when the vertebral spine is affected 
by primary or metastatic tumors.1 
In the past, malignant tumors of the vertebral spine were considered 
incurable, because achieving wide surgical margins appeared to 
be surgically impossible. For a long time, intralesional resection 
was the option for surgical treatment of tumors of the spine, but 
the results were oncologically poor.2 

Ewing’s Sarcoma is one of the most common forms of primary 
malignant bone tumors in children and adolescents. The most 
common primary sites of involvement are the pelvis, femur and 
tibia. Primary involvement of the spine is rare, with an incidence 
of only 5%.3,4 
En bloc resection of primary malignant tumors of the vertebral 
spine with oncological surgical margins has attracted great interest, 
as it increases the survival rate and improves local control of the 
tumor. As a result, various total vertebrectomy techniques have 
been developed for tumors of the vertebral spine.
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Greater development of this technique, called “total en bloc verte-
brectomy”,5 has revealed the possibility of achieving oncologically 
secure resection margins. Thus, the surgical option to improve 
both local control of the tumor and overall survival has become 
technically viable.5,6,7 
En bloc resection is associated with a high rate of complications. 
On the other hand, it decreases the risk of local recurrence and 
mortality related to the tumor. En bloc resection is, therefore, a very 
demanding process, but it can be performed with an acceptable 
degree of safety.8 
It is indicated in cases of aggressive malignant tumors and primary 
benign tumors of the vertebral spine, single metastatic tumors of pri-
mary tumor with favorable prognosis (good prognostic scores), and 
extracompartmental, multisegmental vertebral tumor manifestations, 
according to Tomita type 6.7 Contraindications include disseminated 
vertebral metastatic disease and detection of distant metastases 
in the staging investigation, and biologically unfavorable tumors 
or diffuse malignant tumors with primary systemic dissemination 
(Tomita score < 4-5 points, Tokuhashi score < 12 points).9,10 
The main complication of multilevel en bloc resection associated 
with reconstruction is posterior instrument failure. Although these 
patients with instrument failure present back pain, the neurological 
complications are not catastrophic.11 
In regard to irrigation, we have two main concerns in these cases 
of en bloc vertebral resection: spinal cord ischemia after ligation 
of the segmental arteries, and excessive perioperative bleeding. 
Interruption of the artery of Adamkiewicz, the most important ar-
tery, does not adversely affect neurological function. We strongly 
advocate that our surgeons sacrifice up to three pairs of segmental 
arteries, even including the artery of Adamkiewicz, if necessary. The 
recent development of new preoperative embolization techniques 
ensures a more aggressive, more extensive, and safer embolization 
for this type of procedure.12,13 
Total en bloc vertebrectomy can be performed through the anterior 
and posterior approaches, isolated or combined, or through a 
single posterior approach. For most one- or two-level tumors, the 
posterior approach is sufficient. In patients with three or more levels 
of involvement, the neovascular structures are initially approached 
via the anterior route, then en bloc resection is performed via the 
posterior route, with instrumentation of the pedicle screws and 
anterior reconstruction.14 
There are some options for post-vertebrectomy reconstruction; some 
studies demonstrate that a system of replacement of the vertebral body 
through a carbon fiber interbody cage has low complications, but is 
limited to just a few levels involved in the en bloc resection.15 
Nowadays, artificial bone grafts are more commonly used, without a 
significant decrease in the rate of incorporation when compared with 
the previously used techniques, i.e. autologous grafts. However, the 
reconstructions involving fewer resected levels are also limited. Distrib-
uting the load across a greater number of screws ensures stability and 
decreases the danger of failure and loosening of the main implant.16 
The aims of this work are to present a new technique for four-level 
en bloc post-vertebrectomy reconstruction, and to carry out a 
literature review on multilevel en bloc vertebrectomies.

CASE REPORT

In December 2014, a 32-year-old patient presenting progressive 
low back pain associated with paresthesia of the lower limbs for 
four years, who had undergone surgical treatment three times, was 
selected for treatment with en bloc multilevel post-vertebrectomy 
reconstruction. In the first surgery, performed three years previously, 
a partial resection of the tumor was performed, and histopatho-
logical study of the surgical pieces, with diagnosis of Ewing’s 

Sarcoma. The patient received adjuvant treatment with twenty-five 
radiotherapy sessions and seventeen cycles of chemotherapy. In 
the second procedure, two years after the first, a new resection and 
laminectomy of T10-T12 were performed. After two months, there 
was a new recurrence, but another surgical intervention could not 
be carried out due to intraoperative hemorrhaging. Once again, 
the patient received adjuvant radiotherapy and chemotherapy. All 
these procedures were performed in other hospitals.
An MRI scan was taken of the thoracic-lumbar spine, eight months 
after the last surgery, revealing a suspected tumor mass due to local 
recurrence or residual progressive at the corresponding vertebral 
levels (Figure 1). The MRI showed a voluminous expansive lobulated 
lesion in the left-side foraminal regions of T10-T11 and T11-T12 and 
in the left pedicles and posterior portion of vertebral bodies T10, 
T11 and T12, with epidural lesional component of T9-L2, particularly 
in T11. The patient was then referred to our service. 
The patient received neoadjuvant chemotherapy with ifosfamide 
and etoposide. The physical examination showed back pain in the 
thoracic-lumbar areas and decreased mobility of the thoracic-lumbar 
spine, without neurological defect, classified as Frankel D. In terms 
of prognosis, we used the Tomita score (< 4-5 points) and the 
Tokuhashi index (< 12 points).9,10 There was no evidence of distance 
metastases in the staging. Our team decided to perform complete 
en bloc resection of the injured vertebrae (T10 to L1).
The new surgical technique was performed with the consent of the 
local ethics committee ( Protocol IOT 1346) and the patient signed 
the Free and Informed Consent Form.
A total of three surgical interventions were performed at our service, 
over a period of 18 days (Figure 2). The first was via the posterior 
route, involving release of the fibrosis and dural sac, the second was 
a thoracoscopy for ligation of the segmental arteries, and the third, 
multilevel en bloc resection of four vertebrae and reconstruction 
via the posterior route.

Surgical technique

In the first intervention, via the posterior route, we made an incision 
with a spindle from T5 to L5, separating the erector spinae muscles 
from the bone structures. A previous laminectomy was observed 
at levels T10 to T12. Next, we inserted the pedicle screws in T5-T8 
and L2-L5 bilaterally, extending the laminectomy and arthrectomies 
from T9 to L1. There was also a previous pediculectomy from T10 to 
L1. Finally, we performed circumferential release of the dural sac, 
and ligated the roots from T9 to L1, bilaterally.
In the second intervention, 11 days after the first, we performed an 
anterior and thoracoscopic approach, with ligation of the segmental 
arteries of T10 to T12, bilaterally, by the thoracic surgery team. The 
patient was put under general anesthesia with selective intubation, 
and positioned lying on the right side. We performed mini-thora-
cotomies of 2.0 cm, one on the midde-axilary line in the sixth left 
intercostal space, another on the axillary-posterior line in the seventh 
left intercostal space, and a final one on the axillary-posterior line in 
the ninth intercostal space. We used a 10.5 millimeter tube needle 
for optics of 10 and 30 millimeters.
We identified vertebral bodies T10, T11 and T12. We opened the 
parietal pleura of these bodies, and dissected the arterial and 
venous segmental branches. We ligated the proximal and distal 
segmental vessels with a metal clamp (LT300) and transected 
them by electrocauterization. We drained the pleural cavity with 
a thoracic drain, through the portal in the ninth intercostal space. 
The patient was then repositioned lying on the left side, and we 
performed the same technique to access the thoracic cavity, ligating 
the contralateral vessels.
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In the third and final surgical intervention, we performed total en 
bloc resection of the tenth thoracic vertebra at the first lumbar 
vertebral level, via the posterior approach.

Resection

The important surrounding structures were released manually, from 
the anterior surface of the vertebral spine, without violating the 
tumor. We moved the parietal pleura to the side of the vertebrae, 
and observed the bilateral ligature of segmental arteries T10, T11 
and T12 that had been done in the second intervention. We ligated 
segmental arteries from L1, bilaterally, under direct vision. Next, we 
released the diaphragm and the aortic artery from the spine by 
manual blunt dissection. We placed spatulas (“shoes”) between 
the aorta and the spine. We then dissected from T9-T10 and L1-
L2, using disc tweezers, chisels and scalpel, and removed the 
longitudinal posterior and anterior ligaments. Finally, we resected 
the four vertebrae (T10 to L1) en bloc, working clockwise. 

Reconstruction

1. Preparation of the allograft with 0.9% saline solution, nail fixation 
(Interlocking Orthofix Inc.) and blocking of the intramedullary system, 
performed on a sterile auxiliary surgical table.
2. Placement of the graft system + nail, through fixation from 
vertebrae T9 and L2 with an awl, inserting the allograft with an 

humeral interlocking nail without locking it, sliding the nail initially 
distally and then sliding it proximally after placing between vertebrae 
T9 and L1, locking the locking screw in the allograft, and rotating 
the nail for lordosis in conjunction with the graft.
B.3. Compression of the systems of four nails on the allograft 
+ interlocking. It is important to emphasize that the fact that the 
interlocking of the humerus is slightly curved helped maintain the 
sagittal alignment of the spine. 
After inserting two JP drains, we closed the wound.
The total surgery time was 22 hours, with replacement of 4 RBC (red 
blood cell) concentrates and 1 FFP (fresh frozen plasma), to replace 
the loss of approximately 4000 ml of blood. The histopathological 
exam showed a piece measuring 12.2 × 5.2 × 5.2 centimeters, 
including the tumor lesion, measuring 9.2 × 2.2 centimeters, oc-
cupying the region of vertebral bodies T10 to L1. Ewing’s Sarcoma 
was confirmed, with caudal and cranial resection margins free of 
tumor, and the presence of angiolymphatic invasion. 

Postoperative management
In the postoperative period (Figure 3), the patient remained in 
the intensive care unit (ICU) for three weeks, presenting the main 
complication of infection of the surgical site, which was resolved by 
two surgical cleanings, ten days apart, the first one week after the 
primary surgery and the second nine days after the reconstruction, 

Figure 1. Preoperative scintigraphy (A) and magnetic resonance imaging (MRI) (B to F) of the patient with Ewing’s Sarcoma.
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together with the use of antibiotics (piperacillin/tazobactan and 
linezolid for three months).
We opted for early mobilization on postoperative day one, with the 
assistance of a trained physiotherapist. The patient was encouraged 
to perform walking training on day 10 after the final surgical procedure. 
On postoperative day 20, we encouraged the patient to walk un-
aided, and indicated discharge from hospital.
We performed follow-up at one, two, three and six months postoperative.
In the postoperative period, no adjuvant therapy was given, due to max-
imum toxicity having been reached by the neoadjuvant chemotherapy. 
At the six-month follow-up, there was no evidence of local recurrence 
or distant metastatic lesions, and the patient presented good 
neurological function.

DISCUSSION

Different authors have reported surgical approaches by the com-
bined access route, presenting low rates of complications.17,18 
The reconstruction techniques differ in various aspects; there is 
the option to use a double nail system, as opposed to the four 
nail system, although the latter offers more stability. In terms of 

the number of levels used in the fixation, there is controversy over 
longer fixations, with three or four levels above and below generally 
being indicated for more pathological bones, and shorter fixations 
when two levels are involved. 
In relation to the reconstruction, the most common alternatives are 
mesh cage, expandable cage, vascularized fibula, and allograft, 
selected based on the size of the en bloc vertebrectomy. In the case 
described, owing to the fact that it was an extensive resection, our 
choice was for the allograft. We also opted to use an interlocking 
nail to fix the graft, seeking to block a nail within the allograft to 
avoid migration or pistoning of same, and movement of the allograft.
Our preference is for a combined posterior approach for multilevel 
en bloc resections. To achieve tumor-free margins, en bloc excision 
of the tumor in the thoracic-lumbar vertebral spine requires extension 
of the resection margins, including all the structures that could be 
affected and are potentially resectable, such as the intervertebral 
discs above the affected vertebrae, in the cranial-caudal direction.
The incidence of complications is significantly higher in revision 
surgeries, compared with patients who have not undergone previous 
surgery. The rate of local recurrence in these revision surgeries is 

Figure 2. Operative imaging of the patient with Ewing’s Sarcoma: operative planning (A-J), photographs of the surgery (K-Q) and photographs 
of the excised pieces (R, S).

Figure 3. Postoperative radiographs (A-D) and magnetic resonance imaging (MRI) (5-6) of the patient with Ewing’s Sarcoma.
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even more significant19 because it is very difficult to recognize and 
obtain tumor free margins. 
The most extensive resection described in the literature was of 
five vertebrae, with a marginal resection achieved. A case was 
reported involving a patient with a large chordoma of the thoracic 
spine, who underwent a successful spondylectomy of 5 levels 
with bilateral chest wall resection for en bloc resection without 
neurologic compromise.20 

The reconstruction through the system of four bars and posterior 
pedicle screws associated with allograft of the femur fixed with 
locked humeral nail offers good conditions for bone fusion, despite 
the fact that we have not yet obtained postoperative follow-up data 
during these six months. 
Patients who have undergone previous surgeries tend to pres-
ent higher rates of complications. Local recurrence worsens the 
prognosis and quality of life. This fact shows that the prognosis is 
related mainly to how the first treatment is done.
Thus, a realistic assessment of the oncological usefulness of surgical 
interventions, and an assessment of the surgical viability, must 
precede any consideration in the indications for en bloc multilevel 

resection, in order to justify the risk to the patient. Usually, this 
decision is taken as part of an interdisciplinary approach, involving 
the experience and therapeutic options of all the teams involved in 
the oncological treatment of these patients.
Our technique enables both resection and stabilization via the com-
bined posterior approach. The advantage of this procedure is the 
ability to control the posterior and anterior vascular nerve structures 
and the mediastinal and visceral structures, during the resection. It 
is important to highlight that the use of the nail (Interlocking Orthofix 
Inc) improves the reliability of mechanical stability of multilevel en 
bloc resections, adequately accommodating the transition anatomy 
of the thoracic-lumbar spine and decreasing the risk of migration 
when associated with the posterior four-nail system.
The case report highlights the feasibility and safety of resection 
multilevel block, although our short follow-up is an aspect to be 
improved for the further development of the technique. Therefore, 
experience in surgery and techniques for the reconstruction of the 
vertebral column as well as a multidisciplinary approach of the 
tumor, are prerequisites for a good result. 
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