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Abstract

Purpose To review a series of patients > 60 years affected by primary spine bone tumors, who have undergone surgery, and
to describe their clinical presentation, results and complications associated with surgical treatment.

Methods A review of all patients > 60 years affected by primary spine bone tumor surgically treated with en bloc spondylec-
tomy from 1993 to 2015 was performed. Thirty-seven cases were identified, and clinical and radiological characteristics,
therapy, complications and survival were evaluated.

Results Only 14/37 cases were not previously treated. Complications were quite frequent: 64% of patients experienced almost
one early complication; 48% and 27% experienced 2 and > 3 early complications, respectively; 37% of patients experienced
almost one late complication; and 10% and 8% experienced 2 and >3 late complications, respectively. Massive blood loss
and dural tear were the more frequent surgical complications; no deaths were reported during surgeries; one patient died
during the first postoperative day due to hemorrhage and cardiac complications, one during the third postoperative day for
the same cause despite of a savage surgery, and another one died at 7 days from index surgery due to myocardial infarction.
The 5-year disease-related survival and global survival were 62.8% and 52.1%, respectively. Nineteen patients are still alive,
15 of whom without any evidence of disease.

Conclusions Primary malignant or locally aggressive bone tumors of the spine should be treated with wide surgery also in
the older age, although the complications rate and the risk of patient survival can be considered high.

Graphical abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

. Purpose: To review a series of patients >60 years affected by primary
spine bone tumors, which have undergone surgery, and to describe their
clinical presentation, results and complications associated with surgical
treatment.

0

Methods: A review of all patients >60 years affected by primary spine
bone tumor surgically treated with en-bloc spondylectomy from 1993 to
2015 was performed. Thirty-seven cases were identified, and clinical and
radiological characteristics, therapy, complications and survival were
evaluated.

Take Home Messages

Primary malignant or locally aggressive bone tumors of the spine

should be treated with wide surgery also in the older age although the

complications rate and the risk for patient survival can be considered
high.

4) Overall survival (0S) Kaplan-Meier curve;
B) B)disease-related (CSS) Kaplan-Meier curve.
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Introduction

Wide surgery is considered to be the mainstay treatment for
several primary bone tumors, including those of the spine,
where this means to perform an en bloc spondylectomy
(EBS) [1, 2]. EBS is usually considered a high-demanding
surgery, technically difficult and with a high rate of pre-
cocious and tardive complications and a consistent risk of
death, both intraoperatively and postoperatively [2]. This
is also true in older patients, who often present multiple
comorbidities. Nevertheless, EBS can be the only therapy
for specific malignant histologies, but also for some benign
but aggressive histotypes where local recurrences could be
too dangerous and difficult to treat [3, 4]. However, to our
knowledge, only scant evidence is available on the specific
outcomes of EBS in elderly patients.

The objective of the current study is to review a series of
37 patients older than 60 years, affected by primary spine
bone tumors, who have undergone EBS, and to describe
clinical presentation, tumor characteristics, results and com-
plications associated with surgical treatment.

Patients and methods

A review of patients affected by primary bone tumors of
the spine, who underwent EBS by one of the authors from
1993 to 2015, was carried out. Patients aged > 60 years were
considered for analysis.

In all cases, the diagnoses were based on the preopera-
tive histology performed by an expert pathologist trained in
muscular-skeletal tumors; CT-guided biopsy was performed
in all cases where previous diagnosis was not available. A
total body CT scan was carried out to exclude distant metas-
tases and spine MRI to better identify the intracanal com-
ponent. The Enneking classification was applied to describe
the extension of the tumors [5]. Surgeries were performed
by the same team in a research hospital. The Frankel system
was used to assess the neurological status [6]. All patients
provided their consent to the use of their data for research
purposes.

Outcomes

Complications were defined as early or late if occurring
before or after 30 days from surgery, respectively [7]. Blood
loss was defined as massive when it exceeded 5 11in 24 h
or 2 1 in 2 h; hypotension was diagnosed when systemic
pressure inferior to 85 mmHg was present for more than
15 min; neurological deterioration was present for a score
higher than grade 1 at the ASIA (American Spinal Injury

Association) motor scale [8]; airway problems were iden-
tified as pneumonia and pulmonary embolism; a cardiac
complication was considered an issue when a cardiac arrest
(failure or an arrhythmia) occurred; cardiac infarction was
identified at electrocardiogram and confirmed by an increase
in myocardial enzymes.

Statistical analysis

Data were analyzed by descriptive statistics. The recur-
rence rates were valued in patients who had already under-
gone wrong intralesional surgery and in patients not yet
treated. The results were compared by the ? test, with a
p value <0.05 being statistically significant, to verify if a
previous erroneous approach can influence local relapse. All
analyses were performed using Microsoft Excel.
Survival was reported using the Kaplan—Meier curve.

Results
Epidemiology and clinical presentation

In total, 37 patients were enrolled. Epidemiological data are
reported in Table 1. The lesions were located in the lumbar
spine in 16 cases, in the thoracic spine in 15 cases and in
the cervical spine in three cases; the cervicothoracic, thora-
columbar and lumbosacral junctions were involved in one
case each (Table 1). The disease was extra-compartmental
in 34 out of 37 cases (32 stage IIB and two IB of Enneking);
then, in three cases intra-compartmental (one IA, one IIB
and one S3).

Back pain was the most significant symptom present at
diagnosis (36 cases out of 37), often associated with a verte-
bral fracture (15 out of 37 cases). The preoperative neurolog-
ical status was “E”, “D”, “C” and “B” in 21, 12, 3 cases and

1 case, respectively, following the Frankel system (Table 1).
Diagnosis

Only 14 out of 37 cases presented to our department were
not previously treated so the entire diagnostic process, sta-
diation, biopsy and histology were performed by our muscu-
lar-skeletal team; Nineteen out of 37 cases had already been
treated in other, not specialized, centers so they underwent
an intralesional surgery without a specific diagnosis, which
was done just postoperatively. The specific histologies are
reported in Table 1.

Treatment

Angiography was performed before surgery in every
case, to study the cord blood supply and the origin of the

@ Springer



1514

European Spine Journal (2019) 28:1512-1519

Table 1 Epidemiologic and
surgical data
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Parameter

Value

Patients > 70 years old

Patients (n)
Age, mean (median; min—max); years
Sites
C
CT
T
TL
L
LS
Enneking classification
Extra-compartmental
1IB
1B
Intra-compartmental
1A
1B
S3
Symptoms
Pain
Vertebral fractures
Myelopathy
Frankel neurological status
E
D
C
B

Diagnosis

Chordoma
Chondrosarcoma
Osteosarcoma
Ewing’s sarcoma
Rabdomiosarcoma
Myoepithelial high-grade sarcoma
Malignant peripheral nerve sheath tumor
Epithelioid hemangioendothelioma
Other malignant tumors
Other benign bone tumors

Surgical approach
Posterior
Anterior—posterior
Posterior—anterior
Posterior—anterior—posterior
Anterior—posterior—anterior

Obtained surgical margin
Marginal
Intralesional
Wide

Intra-operative blood loss, mean (min—max)

37 (19 M and 18 F)
67 (66; 60-81)

15

16

—_ = = N

36 cases
15

12

21

12

3

22 cases
5 cases
2 cases
1 case
1 case
1 case
1 case
1 case
2 cases

1 case

17 cases;
11 cases
4 cases
4 cases

1 case

20 cases
14 cases

3 cases

4094 ml (200-14,000 ml)

11 (4Mand7F)
75 (75; 70-81)

10

W oo N N

—_ = = N O

—_— W N W

7
3
1
3090 (8007000 ml)
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Adamkiewicz artery; selective embolization of the mass was
possible in eight cases. Five out of 37 patients underwent
neoadjuvant chemotherapy; adjuvant chemotherapy was per-
formed in only one case.

The approach was posterior in 17 cases, anterior—pos-
terior in 11 cases, posterior—anterior in four cases, poste-
rior—anterior—posterior in four and anterior—posterior—ante-
rior in one case (Table 1). The mean operation time was
approximately 9 h (549 min; range 150-840).

Reconstruction was performed with a 360° stabilization
system consisting in a vertebral cage attached to posterior
rods and transpedicular screws in 29 cases; in 26 out of 29
cases, the vertebral bodies were reconstructed with a carbon
cage; in three out of 29 cases, the vertebral bodies were
reconstructed with a titanium cage; in six cases, the verte-
bral bodies were reconstructed after a posterior stabilization,
and the anterior column was reconstructed with an allograft
shaft; no reconstruction was performed in the remaining two
cases; autograft chips were added in 21 cases to increase the
fusion rate.

Surgical results

The margin was marginal in 20 cases and was intralesional
and wide in 14 and three cases, respectively (Table 1).

Considering the 14 patients with intralesional margin,
only nine (64.3%) had undergone a previous surgery, versus
12 (60.0%) out 20 patients in the marginal margin group and
two (66.7%) out three in the wide margin group. The mar-
gin was related more to the specific anatomy of the disease.
Indeed, nine out of 14 intralesional margins were already
defined during the preoperative planning; in the remaining
cases, only one had a wide margin.

The mean intra-operative blood loss was 4.094 ml (range
200-14,000) (Table 1). The mean length of hospital stay was
23 days (range 1-85 days).

Table 2 Early and late complications in the analyzed cohort

Complications

A total of 24 out of 37 patients (64%) experienced almost
one early complication (Table 1); 13 patients did not expe-
rience any complications, and ten out of those 13 did not
experience late complications either.

A total of 18 and ten out of 37 (48% and 27%) expe-
rienced two or >3 early complications, respectively. In
total, 14 out of 37 patients (37%) experienced almost one
late complication, and four and three out of 37 (10% and
8%) experienced almost two or >3 late complications,
respectively.

The specific complications and related frequencies are
reported in Table 2. No deaths were reported during sur-
geries; however, three deaths were reported during the first
week, whereof one of the three deaths was reported during
the first postoperative day for massive blood loss and car-
diac complications, one death was reported during the third
postoperative day for the same cause despite a savage sur-
gery, and the third was reported at 7 days from index surgery
for myocardial infarction. The perioperative mortality was
therefore 8.1% (3 out of 34).

Follow-up and survival

The median follow-up was 42.2 months (min-max
1-5270 days). We reported six local recurrences, after 6,
32,45, 103, 153 and 175 months, respectively; the recur-
rence rate valued for the 34 patients who survived more than
1 week was 17.6%.

The recurrence rate was 14.3% (2 out 14), 20% (4 out 20)
and 0% in the group with intralesional, marginal and wide
margin, respectively.

No statistical difference (3> 0.17, p=0.67) was present
between recurrence rate in the previously and not previously
treated patients (four out of 22 and two out of 12 recur-
rences, respectively).

Early complications

Late complications

Massive blood loss: 15 cases (40.5%; where 13 cases had important
hypotension and one case undergone surgery)

Dural tear: 6 cases (16.2%—one surgically resolved)

Neurological deterioration (> 1 grade ASIA Motor Scale): 4 cases
(10.8%)

Ventilation problems: 3 cases
Pressure sore: 3 cases
Aspecific Cardiac problems: 3 cases

Neurologic deterioration (> 1 grade ASIA Motor Scale): 3 cases

Wound dehiscence: 3 cases (8.1%; 1 with superficial infection, 1 with
deep infection, 1 without infection)

Construct failure: 3 cases (2 without loss of correction, 1 with loss of
correction)

Ductus thoracicus lesion: 2 cases
Cardiac arrest/failure/arrhythmia: 2 cases
Myocardial infarction: 2 cases

Cord Injury, PNX, thoracic ductus lesion, pulmonary embolism, vascular Pulmonary embolism, postoperative neuropathic pain, deep wound

injury, myocardial infarction: 1 case

infection without dehiscence, paraplegia, pneumonia: 1 case
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The overall survival (OS) at 5 years of follow-up was
51.1%; the survival related to the disease was 62.8%; the
Kaplan—Meier curve related to the OS and to the specific
survival is reported in Fig. 1a, b. At the time of this analysis,
19 patients are still alive out of whom, 15 are without any
evidence of disease, three with evidence of local disease but
no systemic disease and one with local and systemic disease;

On the other hand, 18 patients died, out of which six died
of unrelated causes without evidence of local or systemic
disease at the time of death, three patients died in the first
week for surgical complications, and nine died from meta-
static disease out of which five and four died with and with-
out local recurrence, respectively.

Discussion

The spine is rarely involved in primary bone tumors, but it
is the first site on the bone for metastasis.

If wide surgery has to be considered in secondary lesions
just in case of solitary metastasis from a favorable histol-
ogy onset after years from the primary tumor extirpation, it
is the gold standard for primary malignant tumors eventu-
ally combined with chemotherapy and radiotherapy and for
benign aggressive histologies to decrease the risk of local
recurrence.

If osteosarcomas and Ewing’s sarcomas are typical in
patients of younger ages, other histologies, such as chondro-
sarcomas and chordomas, are more typical of older patients.

In those cases, wide surgery often is the only possibil-
ity to positively impact the survival. While proton therapy
can be considered a valid alternative for sacral chondroma
because of the high percentage of sequelae, surgery is the
mainstay treatment for spine chondromas and all chondrosar-
comas. Moreover, the absence of effective medical therapies
underlines the importance of surgery. Noteworthy, EBS must

be considered as a high-demanding surgery because it is
technically difficult and characterized by a high complication
rate so it can only be approached in referred centers.

An exemplificative case of chordoma of L3 is reported in
Fig. 2. Diagnosis was performed by CT-guided core biopsy;
EBS was then performed by a posterior approach with a
wide margin (marginal at the dura level) only (Fig. 3); recon-
struction was carried out with a carbon cage filled with bone
autograft and homograft linked to posterior carbon roads
and screws.

A massive blood loss was reported (approximately
3200 ml), and several blood units were transfused during
surgery and postoperative period (approximately 8000 ml).
At 18 months of follow-up, the patient is apparently free of
disease and in a satisfying general health condition, walking
with a cane.

However, only scant information is available on the out-
comes of elderly patients who undergo EBS. We therefore
reviewed a cohort of patients aged > 60 years, who received
a consistent management despite a long period of recruit-
ment, to analyze their experienced complications and out-
comes. However, it is important to point out that only few
patients were aged > 70 years, and therefore, a specific suba-
nalysis on their outcomes was not possible.

First, it is interesting to notice that, in the present series,
chordomas and chondrosarcomas represent 75% of the cases
(22 and five cases, respectively).

Moreover, the presenting series confirm well-known data
in the literature: the 51.3% (19 out of 37 cases) presented at
our specialized center after they had already been treated in
another non-referral hospital. Indeed, these diseases often
undergo surgical decompression or open biopsy in non-spe-
cialized centers with contamination, then making successive
surgery more difficult and invasive [9]; nevertheless, previ-
ous wrong surgery should not be influencing the recurrence
rate [9].

Fig. 1 a Overall survival (OS) A B
Kaplan-Meier curve; b cause- 1.0 1.0
specific survival (CSS) Kaplan— 9 9
Meier curve
8 8
7 7 62.8%
6 52,1% 6
5 5
4 4
3 3
2 2
A A
0.0 . . . . . 0.0 . . . . .
0 12 24 36 48 60 0 12 24 36 48 60
OS (months) CSS (months)
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Fig.2 A 67-year-old patient
affected by a chordoma of the
L3 level; the X-ray (a) is not
clear but the lesion is evident on
the MRI (b) and CT scan (c¢)

In the present series, five cases underwent triple approach,
15 cases underwent double approach and 17 cases under-
went a single approach with a mean operation time of 9 h.

Recently, Shah et al. [10] have reported their results in
a series of 33 EBS for primary bone tumors, although not
specifically aged > 60 years; the most common histology was
chordoma; they reported a dural tear caused by the saw;
perioperative complications in the 52% of cases with one
death; 22% within 90 days after discharge; and 25% after
90 days from discharge. They obtained negative margin in
the 94% of cases with local recurrence in only two cases;
nevertheless, after assessing these data, it is important to
consider the short follow-up reported (72 weeks).

Yokogawa et al. focused on the incidental durotomy dur-
ing EBS; in a series of 105 patients, they reported dural tears
in 18 (17.1%). They revealed older age was an important risk
factor with an odds ratio of 6.09, radiotherapy and revision
surgery (5.31 and 19.42, respectively) [11].

However, these findings were challenged in the recent
study by Liu et al., who compared EBS for single metastasis
in patients older and younger than 65 years; they suggested
that older patients can experience survival and local recur-
rence rates similar to those of younger patients but a higher
complication rate [2].

Amendola et al. [12] reported a complication rate of
41.7% in 103 EBS for primary spine bone tumors, finding a
correlation with the non-intact group and the complexity of

surgery. The mortality rate related to surgery complications
was 1.9%, whereas tumor-related mortality was 15.5%.

Conversely, in our series the perioperative mortality rate
was quite higher underling the high operating risk in these
massive surgeries. Most patients experience almost an early
complication (64%); the risk to have late complications is
lower but consistent (37%). Complications are very different
and correlated with several aspects; nevertheless, only one
case of death related to surgeries was reported, confirming
the importance of approaching this patient where several
competences are available.

In this series, the main early complication was massive
blood loss (15 out of 37 patients), which caused patient
deaths in two cases. During EBS, bleeding is considered
the main problem. A careful preoperative embolization of
the index levels is helpful to decrease intra-operative bleed-
ing. Moreover, step-by-step hemostasis is then mandatory
in long surgeries, otherwise the total amount of blood loss
could be highly relevant. The use of the new ultrasound bone
saw can also contribute to decrease the bleeding in the bone.
Indeed, the use of these kinds of saws compared with tra-
ditional saws allows to make more accurate cuts and bone
hemostasis. Other complications can be indirectly correlated
to hemorrhage, such as cardiac failure, myocardial infection,
wound dehiscence and deep infection. In addition, a cor-
rect anesthesia management aiming to maintain a controlled
hypotension could be helpful.
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Fig.3 Postoperative imaging
showing reconstruction after
extirpation of a chordoma of
L3; in a the X-ray, in b the MRI
and in ¢ the CT scan. Note the
low artifacts level caused by
the carbon rods; in d the X-ray
of the specimen showing the
wide resection of L3 and the L2
inferior vertebral plate and the
L4 superior vertebral plate

Dural tear is also quite frequent; nevertheless, in just
one case, a surgical repair was necessary; in the majority of
cases, it resolved spontaneously with bed rest.

Late complications are more variable even if neurologi-
cal deterioration, wound dehiscence/infection and construct
failure can be considered more frequent. Unfortunately, EBS
is associated with an important instability because it is hard
to obtain arthrodesis; to decrease the risk of loss of correc-
tion could be useful to extend the length of the construct
even four levels above and under the vertebras removed,
moreover, if they are more than one.

Despite the inherent limitations of our analysis, includ-
ing the small number of patients enrolled and the lack
of a control group, we believe that our data show EBS

@ Springer

in elderly patients must be approached in specialized
centers where it is present not only a trained surgical
team but also specialists able to resolve every possible
complication.

Acknowledgements Editorial assistance was provided by Luca Giaco-
melli, Ph.D., and Aashni Shah; this assistance was supported by inter-
nal funds.

Compliance with ethical standards

Conflict of interest The authors have no conflicts of interest directly
relevant to this study.

Informed consent Informed consent was obtained from all individual
participants included in the study.



European Spine Journal (2019) 28:1512-1519

1519

References

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

Liu P, Jiang L, Liang Y, Wang H, Zhou H, Li X, Lin H, Zhou X,
Dong J (2018) Are older patients with solitary spinal metastases
fit for total en-bloc surgery? Clin Neurol Neurosurg 170:20-26.
https://doi.org/10.1016/j.clineuro.2018.04.007 Epub 2018 Apr 3

Leaper D, Whitaker I (2010) Postoperative complications, 2nd
edn. Oxford University Press Inc., New York

Graves DE, Frankiewicz RG, Donovan WH (2006) Construct
validity and dimensional structure of the ASIA motor scale. J
Spinal Cord Med 29(1):39-45

Luzzati A, Scotto G, Perrucchini G, Baaj AA, Zoccali C (2017)
Salvage revision surgery after inappropriate approach for primary
spine tumors: long term follow-up in 56 cases. World Neurosurg
98:329-333

Luzzati A, Gagliano F, Perrucchini G, Scotto G, Zoccali C (2015) 10. Shah'AA, Paulino Pereira NR, Pedl(?w FX, Wain JC, Yoon SS,
e . . . Hornicek FJ, Schwab JH (2017) Modified en bloc spondylectomy
Epithelioid hemangioendothelioma of the spine: results at seven . . . .
. . . for tumors of the thoracic and lumbar spine: surgical technique
years of average follow-up in a series of 10 cases surgically treated
. . . and outcomes. J Bone Jt Surg Am 99(17):1476-1484
and a review of literature. Eur Spine J 24(10):2156-2164 . .
. . . 11. Yokogawa N, Murakami H, Demura S, Kato S, Yoshioka K,
Charest-Morin R, Fisher CG, Varga PP, Gokaslan ZL, Rhines LD, ; . .
. . . . Tsuchiya H (2018) Incidental durotomy during total en bloc spon-
Reynolds JJ, Dekutoski MB, Quraishi NA, Bilsky MH, Fehlings .
MG, Chou D, Germscheid NM, Luzzati A, Boriani S, AOSpine dylectomy. Spine J 18(3):381-386
’ ] ’ ’ i p 12. Amendola L, Cappuccio M, De Iure F, Bandiera S, Gasbar-

Knowledge Forum Tumor (2017) En bloc resection versus intral-
esional surgery in the treatment of giant cell tumor of the spine.
Spine (Phila Pa 1976) 42(18):1383-1390

Enneking WF (1996) A system of staging musculoskeletal neo-
plasms. Clin Orthop Relat Res 204:9-24

Frankel HL, Hancock DO, Hyslop G, Melzak J, Michaelis LS,
Ungar GH, Vernon JD, Walsh JJ (1969) The value of postural
reduction in the initial management of closed injuries of the spine
with paraplegia and tetraplegia. I. Paraplegia 7(3):179-192

rini A, Boriani S (2014) En bloc resections for primary spinal
tumors in 20 years of experience: effectiveness and safety. Spine
J14(11):2608-2617

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Carmine Zoccali'® - Gennaro Scotto? - Luca Cannavo? - Jacopo Baldi' - Ulrica Scaffidi-Argentina’ -
Alessandro Luzzati?

2

P4 Carmine Zoccali Oncological Orthopedics and Reconstructive Surgery,

carminezoccali @libero.it

Oncological Orthopaedics, IRCCS - Regina Elena National
Cancer Institute, Via Elio Chianesi 53, 00144 Rome, Italy

IRCCS - Galeazzi Orthopedic Institute, Milan, Italy

@ Springer


https://doi.org/10.1016/j.clineuro.2018.04.007
http://orcid.org/0000-0001-8847-6772

	En bloc spondylectomy in patients older than 60 years: indications, results and complications in a series of 37 patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Patients and methods
	Outcomes
	Statistical analysis

	Results
	Epidemiology and clinical presentation
	Diagnosis
	Treatment
	Surgical results
	Complications
	Follow-up and survival

	Discussion
	Acknowledgements 
	References




