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ABSTRACT

Objective: Primary and secondary spine tumors occur frequently and treating them surgically has gained prominence. The objective of
this study was to evaluate the outcomes and complications in a series of patients with primary and secondary vertebral tumors treated by
en bloc vertebral resection. Methods: A retrospective review of the patients who underwent en bloc vertebral resection between 2004 and
2017 was conducted. Results: During the study period, 16 patients underwent en bloc vertebral resection. They were divided into primary
tumor and metastatic tumor groups, 11 being primary tumors and 5 metastatic tumors. The average follow-up period was 95 months (3-156
months). The patients were treated by the same surgical team and the analysis was carried out by an independent observer. Conclusion:
In this case series, the results where comparable to those reported in the literature in terms of complications, survival, recurrence and
neurological status. It is a demanding surgical technique, with a high percentage of morbidity and mortality, nevertheless, it allows local
control and recurrence of the lesion. Level of evidence I; Case Series.
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RESUMO

Objetivo: Os tumores primarios e secundarios da coluna vertebral ocorrem com frequéncia e o respectivo tratamento cirdrgico tem tido destaque.
O objetivo do presente estudo consistia em avaliar 0s resultados e complicagbes em um grupo de pacientes com tumores primarios e secundarios
da coluna vertebral tratados através da ressecgao vertebral em bloco. Métodos: Uma reviséo retrospectiva dos pacientes submetidos a ressecgao
vertebral em bloco foi realizada entre 2004 e 2017. Resultados: Durante o periodo do estudo, 16 pacientes foram submetidos a ressecgéo vertebral
em bloco. Eles foram divididos em grupos de tumores primarios e tumores metastaticos; 11 eram tumores primarios e cinco tumores metastaticos.
O periodo médio de acompanhamento foi de 95 meses (trés-156 meses). Os pacientes foram tratados pela mesma equipe cirdrgica e a analise
foi realizada por um observador independente. Conclusdo. Nessa série de casos, os resultados foram comparaveis aos relatados na literatura em
termos de complicagdes, sobrevida, recidiva e estado neuroldgico. E uma técnica cirirgica exigente, com alto percentual de morbimortalidade,
porém permite controle local e recorréncia da leséo. Nivel de evidéncia I; Série de Casos.

Descritores: Neoplasias da Coluna Vertebral; Coluna Vertebral; Metastase Linfatica, Vértebras Toracicas.

RESUMEN

Objetivo: Los tumores primarios y secundarios en columna vertebral son una entidad frecuente. En el tratamiento de los mismos la cirugia ha
ganado protagonismo. El objetivo de este trabajo fue evaluar los resultados y complicaciones en una serie de pacientes con tumores vertebrales
primarios y secundarios tratados mediante reseccion vertebral en bloque. Métodos: Se realizd una revision retrospectiva de los pacientes interve-
nidos mediante reseccion vertebral en bloque desde el ario 2004 hasta el ario 2017. Resultados: Durante el periodo evaluado, 16 pacientes fueron
intervenidos mediante reseccion vertebral en bloque. Se los dividié en grupo de tumores primarios y tumores metastasicos, 11 fueron tumores
primarios y 5 metastasicos. El tiempo de seguimiento promedio fue de 95 meses (3-156 meses). Los pacientes fueron intervenidos por el mismo
equipo quirdrgico y el analisis fue realizado por un observador independiente. Conclusion: En la serie, se encontraron resultados comparables a los
reportados en la literatura en cuanto a complicaciones, sobrevida, recidiva y estatus neuroldgico. Es una técnica quirdrgica exigente, con un alto
porcentaje de morbilidad y mortalidad, sin embargo, permite el control local y la recurrencia de la lesién. Nivel de evidencia IV; Serie de Casos.

Descriptores: Tumores Vertebrales, Columna Vertebral, Metastasis Linfatica; Vertebras Toracicas.

INTRODUCTION

According to the American Cancer Society, approximately 5% affect the spine. The incidence of primary spinal neoplasias
2400 bone tumors and 10,000 cases of soft tissue sarcomas are  is estimated at between 2.5 and 8.5 per one hundred thousand
diagnosed annually in the United States.! Of these, approximately ~ inhabitants per year.
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Every year, 1.4 million new cases of cancer are registered in the
United States. Bone metastases are common, the spine being the
most frequently involved location. From 10% to 30% of patients with
cancer develop symptomatic spinal metastases, although there are
post-mortem studies that show spinal metastases in up to 90% of
terminal patients.?® Improved treatments, as well as an increase in
survival time for many types of cancer, have probably also caused
the incidence and prevalence of vertebral metastases to increase.

Surgery has gained a lead position in the treatment of these
pathologies (primary tumors and spinal metastases), although it is
not always the main therapeutic option.”

En bloc vertebral resection allows the lesion to be resected with
wide margins and without violation of its capsule, which offers a bet-
ter rate of local and remote control of the disease, thus increasing
survival in selected patients.

The objective of this study is to evaluate results and complica-
tions in a series of patients who presented primary and secondary
spinal tumors and underwent en bloc vertebral resection.

METHODS

This study was a review of the electronic medical history of the
patients who had undergone en bloc vertebral resection by the
adult spinal pathology team of this center between January 2004
and December 2017. The patients signed the informed consent
form for this study.

All the patients who had undergone en bloc resection to treat
primary tumors and metastases of the mobile spine and sacrum
were included.

The study variables were tumor type, clinical presentation, level
of the lesion, neurological state, ASA score, Tokuhashi score, type
of compression and instability caused by the lesion, surgical ap-
proach, type of post-resection reconstruction, aggregate pre- and
postoperative treatment, complications, percentage of recurrence,
and patient survival.

In all cases, preoperative embolization was performed in order
to have better control of hemostasis during the resection.

For the analysis of complications the criteria of McDonnell et al.
were used,® which divide them by severity into major and minor and
by temporal distribution into intraoperative, immediate postoperative
(within 30 days following surgery), and late postoperative (more than
30 days following surgery).

For pre- and postoperative assessment imaging studies that
included X-ray, MRI, CAT with 3-D reconstruction, PET scan, and
bone scintilligram, depending on the case, were used.

With respect to the surgical approach, if using the surgical tech-
niques of resection in bloc later described by Tomita et al.

Table 1. Demographic data.

RESULTS

During the analysis period, 16 patients who underwent en bloc
spinal resection for spinal tumors separated into two groups: 11
cases of primary tumors and 5 cases of metastatic tumors. Nine
patients were male and 7 female, with a mean age of 61 years
(16-74 years). Mean follow-up time was 95 months (3-156 months).
The patients were operated by the same surgical team and the
analysis was performed by an independent observer.

Within the primary tumor group, two cases were benign: one
case of aneurysmal bone cyst and one enostoma; and the other nine
were malignant: 3 cases of osteosarcoma, 2 of chondrosarcoma,
and 4 of chordoma. In the group of patients with metastasis, the
primary tumors were thyroid in 2 cases, breast in one case, and
kidney in the remaining 2 cases.

The initial symptom was axial pain in 100% of the cases.

In the group of patients with metastasis, 6 en bloc resections, 5 of
which were thoracic and 1 lumbar, were performed in the 5 patients.

None of the lesions produced medullary compression in any
of the patients, although three of them were unstable according to
the Kostuik criteria.®

Four patients were classified as ASA Il and two as ASA I.

The preoperative Frankel grade was E in all patients.

The Tokuhashi score resulted in an expected survival of more
than one year for all patients (Table 1).

In the metastasis group, all patients had undergone previous
interventions, nephrectomy, thyroidectomy, and/or mastectomy, de-
pending on the case, for the treatment of their primary tumors. The
5 patients in this group consulted the team without prior treatment
regarding their spinal lesions.

Case number 3 was a 16-year-old patient with a diagnosis of
differentiated thyroid cancer, which usually responds well to treat-
ment with radioactive iodine, with high remission rates and a 10-year
survival rate close to 90%, but the patient also presented two spinal
lesions, which overshadowed the prognosis, even more so given
the evidence of poor response of bone lesions to I-131, which is
why a strategy to reduce the tumor mass was proposed to improve
the response to iodine therapy and radiotherapy and consequently
the survival prognosis. '

In terms of the surgical approach: 4 posterior approach en bloc
resections and one case of double approach en bloc resection.

For postoperative reconstruction, mesh cage was used in all
cases with a bone allograft and posterior instrumentation with
pedicle screws and rods.

The cases of metastasis from thyroid cancer received [-131
postoperatively and chemotherapy was performed for metastasis
of the breast tumor. (case 4)

Patient Age Sex Primary tumor Level of lesion Tokuhashi score Expected survival
Case 1 b2 years F Kidney T8 14 points Greater than 1 year
Case 2 b8 years F Thyroid T5 12 points Greater than 1 year
Case 3 16 years F Thyroid T10 and L2 12 points Greater than 1 year
Case 4 b8 years F Breast T 12 points Greater than 1 year
Case b 66 years M Kidney T8 12 points Greater than 1 year
Case 6 37 years M A B Cyst L5 N/A N/A
Case 7 b3 years F Enostoma T10 N/A N/A
Case 8 18 years M Osteosarcoma Cb N/A N/A
Case 9 b9 years M Chordoma L5 N/A N/A
Case 10 40 years F Chondrosarcoma L2 N/A N/A
Case 11 30 years M Osteosarcoma Sacrum N/A N/A
Case 12 43 years M Chondrosarcoma T8 N/A N/A
Case 13 74 years M Chordoma L3 N/A N/A
Case 14 17 years M Osteosarcoma T2 N/A N/A
Case 1b 44 years F Chordoma Sacrum N/A N/A
Case 16 B3 years M Chordoma T N/A N/A

A B Cyst: Aneurysmal Bone Cyst, N/A: not applicable.
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At the end of follow-up, the patient with a T8 spondylectomy from
kidney metastasis (case 1) is living in terminally ill status (106 months
of survival), the patient with an en bloc resection of T5 for a tumor
secondary to thyroid cancer (case 2) received the last control in 2012
and presented disease progression (16 months of follow-up), the
other case of metastasis from the thyroid (case 3) who underwent
en bloc resection of two vertebrae, currently is in remission from the
primary disease (86 months of follow-up), the patient with metastasis
from breast cancer (case 4) died in October 2017 (45 months of
survival), and the patient in case 5 died three months following
surgery from generalized progression of their disease.

In the group of 11 patients with primary tumors, 11 en bloc
resections were performed.

The location of the lesion was lumbar in 4 cases, thoracic in 4
cases, cervical in one case, and sacral in the remaining 2 cases.

Regarding the preoperative Frankel score, the case with osteo-
sarcoma in C5 (case 8) had a score of D (deficitary cervicobrachi-
algia) and the others scored E.

All the patients had a score of ASA II.

No patients had lesions that produced medullary compression
or were classified as unstable according to the Kostuik criteria.

The patients with osteosarcoma received preoperative chemo-
therapy. The patient in case 11 came to the initial consultation having
previously been operated at another institution where they performed
an intratumor resection from a presumptive diagnosis of chondro-
blastoma and then 6 months later a recurrence was observed. The
anatomopathological diagnosis was reviewed, in which an osteosar-
coma was determined, which let to treatment by extensive resection.

In case 10 (chondrosarcoma of L2), a double approach spon-
dylectomy was performed: an anterior approach corpectomy of L2
and an expandable cage and posterior instrumented arthrodesis of
T12-L3 (Figure 1).

The Weinstein-Boriani-Biagini (WBB)'" system and the WF En-
neking'? criteria were used for preoperative planning (Table 2).

Among the primary tumors, 6 posterior approach en bloc resec-
tions and 5 double approach resections were performed.

The anterior reconstruction was carried out with mesh cage plus
bone allograft in 4 cases, with allogeneic structural bone in two
cases and an expandable cage plus bone allograft in one case.

Posterior instrumented stabilization was performed in 9 cases,
this being the only treatment in two of the patients.

Intwo cases of resections of the sacrum no instrumentation was used.

The postoperative Frankel in case 9 (Figure 2) worsened from E
to D and in case 11 the nerve roots and dura mater were sectioned
as part of the oncological resection.

In the two cases of osteosarcoma postoperative chemotherapy
was performed.

Complications in both groups: They were classified according
to the criteria of McDonnell et al.

Complications were observed in 8 patients (50%). The complica-
tions are summarized in Table 3.

Table 2. WBB staging and Enneking classification in the primary tumor group.
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There were 12 major complications in 7 patients and 3 minor
complications in 2 patients, one of whom had both major and minor
complications (case 9).

The most frequent complication was deep wound infection,
reported in 4 patients and requiring antibiotic treatment in addition
to surgical cleansing, with germ eradication in all patients. In three

Figure 1. Case 10: F 40 years. Chondrosarcoma of L2. A) X-ray and CAT that
show osteolytic lesion in L2. B) MRI that shows heterogeneous lesion in L2. C)
Surgical piece. En bloc resection of L2 and CAT reconstruction of the piece. D)
Reconstruction via double approach. Anterior approach corpectomy of L2 and
expandable cage + posterior approach instrumented arthrodesis of T12-L3.

Patient Tumor Location Extension Esnnelfmg WBB Staging Year
taging
Benign
Case 6 Aneurysmal bone cyst L5 Single Benign S3 aggressive 10-3,Bto D 2004
Case 7 Enostoma T10 Single Benign S3 active 4-9,Cto D 2008
Malignant
Case 8 Osteosarcoma Cb Single Malignant high grade 2 B 6-11,Bto D 2006
Case 9 Chordoma L5 Single Malignant Low grade1 B 3-8, Bto D 2009
Case 10 Chondrosarcoma L2 Single Malignant Low grade 1 B 4-8 Ato E 2010
Case 11 Osteosarcoma Sacrum Single Malignant High grade 2 B 9-1,Ato E 2011
Case 12 Chondrosarcoma T8 Single Malignant Low grade 2 B 8-1,Ato C 2012
Case 13 Chordoma L3 Single Malignant Low grade 2 B 2-11 Ato D 2014
Case 14 Osteosarcoma T2 Single Malignant High grade 2 B 5-9AtoD 2014
Case 15 Chordoma Sacrum Single Malignant Low grade 2 B 0-12Ato D 2017
Case 16 Chordoma T11 Single Malignant Low grade 2 B 5-9 Ato D 2017
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patients there was a postoperative vertebral fracture proximal to the
union and loosening of the implant, which required reoperation with
extension of the instrumentation.

Case 16 presented a serious PTE 24 hours following surgery
resulting in death despite measures undertaken in intensive care.
Another patient (case 5) also presented hypoxia from inflammatory
pleural effusion that had to be drained.

Case 11 (previously operated in another center with an erroneous
diagnosis), in which a section of the nerve roots was performed as part
of the oncological resection, presented monoplegia of the ipsilateral foot.
Cases 8 and 9 had transient paresis from neuropraxis with resolution at
6 months. In addition, case 9 also had sphincter and erectile dysfunction
following L5 chordoma resection that recovered with urological treatment.
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Figure 2. Case 9: M 59 years. Chordoma of L5. A) X-ray, MRI, and CAT
showing extensive lesion of L5 body. B) Surgical piece. En bloc resection of
L5 and CAT reconstruction of the piece. C) Double approach reconstruction.
Anterior approach corpectomy and expandable cage + posterior approach
instrumented arthrodesis from L3 with iliac fixation.

Table 3. Complications.

Cases 9 and 13 presented pseudoarthrosis. Case 9, in which an
expandable cage was used, was reoperated by anterior approach
to replace the mesh cage and bone graft, causing a vein lesion that
had to be repaired with resolution of the condition (Figure 2). The
other patient (case 13) was reoperated by posterior approach with
reinstrumentation that resolved the problem.

According to the temporal distribution, the complications were
divided into:

* Intraoperative: Two cases of neuropraxis and one of sphincter and
erectile dysfunction were reported as complications (cases 8 and 9).
* Immediate postoperative (within 30 days following surgery): Four
cases of deep infection (cases 2, 4, 9 and 13), three of loosened
prosthesis due to vertebral fracture (cases 2, 4 and 13), one serious
PTE leading to death of the patient 72 hours after surgery (case 16)
and one case of inflammatory pleural effusion (case 5).

* Late postoperative (more than 30 days following surgery): Pseudo-
arthrosis in cases 9 and 13. In the latter, an L5 chordoma resection
was reported in the reoperation of the intraoperative vascular lesion.

As regards the evolution of the oncological disease, the patients
with single vertebral metastasis (5 cases), only one presented re-
mission of the disease at the end of the study. The rest presented
progression at other locations without local recurrence of the tumor.
All the patients had an expected survival based on the Tokuhashi
score of more than a year, which was not the case in one patient
with renal metastasis. The aggressive progression with rapid dete-
rioration of the general condition of the patient could not have been
anticipated from the preoperative studies, including PET/CT, and
the patient died 90 days following surgery. The mean survival of the
patients was 51 months; patients with primary tumors (11 cases)
had a mean survival of 71 months. Of the total group of patients only
cases 11 and 12 presented recurrence of their disease (18%). At
the end of the study 8 cases were free of disease. Case 11 was in
the final stage of their iliness and cases 12 and 16 were deceased.

DISCUSSION

The indications for en bloc resection include primary malignant
stage | or Il spinal tumors, aggressive benign tumors (S3) and iso-
lated metastatic tumors that have a long life expectancy.'®'

The en bloc resection technique for spinal tumors enables com-
plete oncological resection of the tumor in a single piece, including
satellite microlesions in the vertebral compartment, so as to avoid
local recurrence. It should be considered especially in patients who
have single vertebra involvement or who have a hypervascularized
lesion. This procedure is aimed at long-term local control when the
patient’s expected survival is a year or more.'>

It is a demanding surgical technique that has a high percentage
of morbidity-mortality. In the large retrospective study by Boriani
et al.'” that analyzed a series of 134 en bloc resections of primary
tumors, complications were observed in 47 patients (35%). The
percentage of local recurrence was 15.7% (21 cases) in 63 months
of follow-up. Of the 134 cases, 99 had received no prior treatment
(referred to as “uncontaminated”), while the others had already

Complications Major Number Case N° Minor Number Case N°
PTE with death of the patient 1 16
Pulmonary Inflammatory pleural effusion ] 5
(drainage)
Of the aperational Deep infection 4 2,4,9and 13
wound
Alteration of function - Vesical,
: - Monoplegia section of intestinal and transient erectile 1 9
Neurological deficit nerve roots 1 11 dysfunction
Transient paresis 2 8and 9
) Loosening of the implant plus
Implant failure, vegebral fractgre P 3 2,4 and 13
seudoarthrosis -
b Pseudoarthrosis 2 9and 13
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undergone surgery in another center (“contaminated”). Complica-
tions and local recurrence were more frequent in the “contaminated”
patient group. They found a statistically significant difference be-
tween both procedures in terms of the local recurrence rate. The
survival, neurological status and incidence of complications results
were similar to those observed in our series. The morbidity of ex-
cisional surgery is high, however, the results in local control of the
lesions are superior.

Most authors believe that en bloc resection is useful for improv-
ing the prognosis of aggressive benign and low grade malignant
tumors, with a non-negligible percentage of complications in ac-
cordance with the magnitude of the primary surgery and even more
S0 in revision surgeries. The main objective of en bloc resection is
local control of the disease and prevention of its systemic effects.
As such, acceptance of a higher level of morbidity is permitted.

The risk of local recurrence is directly related to the margin of the
resection; the epidural extension of the tumor increases this risk.'®

Decisions about the treatment of spinal bone tumors should
be made using oncological criteria. When an en bloc resection is
indicated, the possibility of sacrificing neurovascular structures to
execute it, as well as the potential morbidity of this procedure should
be considered, keeping in mind that the final outcome is better if
the overall treatment is performed by a trained team in the same
center and that the incidence of complications and recurrences is
significantly higher in surgical revisions.'®

Despite the high risk of a block resection, the benefit in disease
control may be more important than any of the morbidity associated
with the patient.

Despite the high risk of a block resection, the benefit in disease
control may be more important than any of the morbidity associated
with the patient.

It should be noted that in our series of 16 cases we had a recurrence
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rate of 18% but one of the cases was contaminated for having received
previous treatment in another center, with non-oncological criteria.

In our series of 16 cases of en bloc resection for primary tumors
(aggressive benign and malignant) and single vertebral metasta-
ses, we observed a complication rate of 50%, representing12 major
complications and 3 minor complications presented in 8 patients.
The most frequent complication was deep infection of the surgical
wound. There were no complications inherent to the surgical ap-
proach in primary surgeries, except in one case of reoperation by
anterior approach that suffered pseudoarthrosis and vascular lesion
associated with subsequent death in relation to a postoperative DVT.

In the patients with single vertebral metastasis (5 cases), there
were no local recurrences of the tumor and most of the patients
(4 cases) achieved the expected survival greater than one year as
indicated by the Tokuhashi score.

The two cases of recurrence in the series occurred in the group
of patients with primary tumors.

CONCLUSION

This study of en bloc resection for primary tumors and single
metastasis of the mobile spine and sacrum yielded results compa-
rable to those reported by authors specialized in oncological surgery
in terms of complications, survival, recurrence and neurological
status. Because it is a demanding surgical technique with a high
percentage of morbidity mortality, adequate and careful selection
of the patient is implied.

All authors declare no potential conflict of interest related to
this article.
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