L))

Check for
updat

Original Study

The prevalence of complications associated with lumbar and
thoracic spinal deformity surgery in the elderly population: a
meta-analysis

Colleen Smith", Nayan Lamba**, Zhonghui Ou', Quynh-Anh Vo', Lita Araujo-Lama', Sanghee Lim*’,
Dhaivat Joshi', Joanne Doucette', Stefania Papatheodorou®, Ian Tafel’, Linda S. Aglioz‘s, Timothy R. Smith?,
Rania A. Mekary"**, Hasan Zaidi’*

'"Department of Pharmaceutical Business and Administrative Sciences, School of Pharmacy, MCPHS, Boston, MA, USA; ‘Department of
Neurosurgery, Computational Neuroscience Outcomes Center, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA;
*Boston University School of Medicine, Boston, MA, USA; 4Department of Epidemiology, Harvard TH Chan School of Public Health, Boston,
MA, USA; sDepartment of Anesthesiology, Perioperative and Pain Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston,
MA, USA

Contributions: (I) Conception and design: C Smith, N Lamba, RA Mekary, H Zaidi; (II) Administrative support: C Smith, N Lambda, Z Ou, QA
Vo, L Araujo-Lama, S Lim, D Joshi, ] Doucette; (III) Provision of study materials or patients: C Smith, N Lambda, Z Ou, QA Vo, L Araujo-Lama,
S Lim, D Joshi, J Doucette; (IV) Collection and assembly of data: C Smith, Z Ou, QA Vo, L Araujo-Lama, S Lim, D Joshi, ] Doucette; (V) Data
analysis and interpretation: C Smith, N Lambda, S Papatheodorou, I Tafel, RA Mekary, H Zaidi; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

"These authors contributed equally to this work.

*These authors contributed equally as co-senior authors.

Correspondence to: Rania A. Mekary, MSc, PhD. Associate Professor, School of Pharmacy MCPHS University, Boston, MA, USA.

Email: Rania.mekary@channing.harvard.edu.

Background: The prevalence of spinal deformities increases with age, affecting between 30% and 68%
of the elderly population (ages >65). The reported prevalence of complications associated with surgery
for spinal deformities in this population ranges between 37% and 71%. Given the wide range of reported
complication rates, the decision to perform surgery remains controversial.

Methods: A comprehensive search was conducted using PubMed, Embase, and Cochrane to identify
studies reporting complications for spinal deformity surgery in the elderly population. Pooled prevalence
estimates for individual complication types were calculated using the random-effects model.

Results: Of 5,586 articles, 14 met inclusion criteria. Fourteen complication types were reported, with at least
2 studies for each complication with the following pooled prevalence: reoperation (prevalence 19%; 95% CI,
9-36%; 107 patients); hardware failure (11%; 95% CI, 5-25%; 52 patients); infection (7%; 95% CI, 4-12%;
262 patients); pseudarthrosis (6%; 95% CI, 3-12%; 149 patients); radiculopathy (6%; 95% CI, 1-33%; 116
patients); cardiovascular event (5%; 95% CI, 1-32%; 121 patients); neurological deficit (5%; 95% CI, 2-15%;
248 patients); deep vein thrombosis (3%; 95% CI, 1-7%; 230 patients); pulmonary embolism (3%; 95% CI,
1-7%; 210 patients); pneumonia (3%; 95% CI, 1-11%; 210 patients); cerebrovascular or stroke event (2%;
95% CI, 0-9%; 85 patients); death (2%; 95% CI, 1-9%; 113 patients); myocardial infarction (2%; 95% CI,
1-6%; 210 patients); and postoperative hemorrhage (1%; 95% CI, 0-10%; 85 patients).

Conclusions: Most complication types following spinal deformity surgery in the elderly had prevalence
point estimates of <6%, while all were at least <19%. Additional studies are needed to further explore
composite prevalence estimates and prevalence associated with traditional surgical approaches as compared

to minimally-invasive procedures in the elderly.
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Introduction

The global prevalence of adult scoliosis ranges from 1% to
32% (1-3); however, the prevalence of spinal deformities
increases with age (3,4) to an estimated 30% to 68% in
the elderly population (5-7). Due to the prevalence and
potential morbidity associated with an extensive surgical
procedure, treatment of adult spinal deformities typically
begins with a non-surgical approach (3,8). Non-surgical
treatments include modification of physical activity, physical
therapy, bracing, pain medication, anti-inflammatory
medication, electrothermal therapy, and cortisone injections
(9,10). Nevertheless, these treatments often fail to provide
long-term, sustainable relief (9). For patients whose spinal
deformity symptoms persist or worsen despite initial
treatment, surgery may be a valid treatment option (3).
Surgical treatment of spinal deformities is controversial for
elderly patients due to the increased prevalence of surgical
and medical complications in this population (7,11,12).
Spinal surgery, even in younger patients with fewer co-
morbidities, carries inherent risk due to the length of the
procedure, potential for significant blood loss, extended
hospitalization, and the possible need for reoperation.
Furthermore, the poorer bone quality among elderly
patients increases the risk for vertebral fractures and disease
progression following surgery (10).

While elderly patients may experience a higher prevalence
of complications due to their decreased physiological
reserve (13), they may also stand to benefit more from
surgery compared to their younger counterparts (3). Per the
available literature, the overall prevalence of complications
associated with spinal deformity surgery in the elderly
population ranges widely, from 37% to 71% (7). While
systematic reviews on this subject are available (10), no meta-
analyses have been previously published on the topic.

The objective of this study was to perform a meta-
analysis pooling the available data on the prevalence of
complications associated with lumbar and thoracic spinal
deformity surgery in patients 65 years old and older, thereby
increasing the power of currently available prevalence
estimates. With this information, physicians may be better
able to counsel their elderly patients when considering
surgery for treatment of spinal deformities.

© Journal of Spine Surgery. All rights reserved.

Methods
Comprebensive search

To identify relevant articles for inclusion in this meta-
analysis, a comprehensive search was conducted using
PubMed, Embase, and Cochrane databases, and included
articles from the inception of each database through
01/21/2018. The structure of the search was based on four
categories: population, indication for surgery, intervention,
and reported results (Supplementary file). Search results
from each database were imported to EndNote X7, which
was then used to identify and remove any duplicate articles;
a final listing was exported to Microsoft Excel. Additional
duplicates were identified and removed manually in Excel.

Study selection

Study selection was determined based on pre-defined
inclusion and exclusion criteria for study design, population,
intervention, and outcomes (7zble S1). For study
design, randomized clinical trials, observational studies
(retrospective and prospective), and case series that reported
the prevalence of complications for spinal deformity surgery
in the elderly population were included. Case reports,
conference abstracts, articles using registry data, and articles
reporting data for fewer than 5 patients were excluded.
Note that registry data was excluded in order to avoid
double-counting patients in the meta-analysis.

Studies describing patients >65 years old undergoing
surgery for diagnosed thoracic and/or lumbar spinal
deformity (scoliosis, kyphosis, kyphoscoliosis, spondylitis
and Scheuermann’s disease) were included. Deformities
related to sagittal imbalance, osteoporosis, and Parkinson’s
disease were included only when the etiology of the
spinal deformity met the previously stated requirements.
Studies with data for patients undergoing spinal deformity
surgery related to trauma, infection (ex: tuberculosis),
spondylolisthesis, Kummell disease, spondyloarthropathy,
Ankylosing spondylitis, spondylarthritis, tumors, metastatic
lesions, and abscesses were excluded. Studies involving
patients with cervical and/or sacral spinal deformity were
also excluded, unless results were reported separately for
thoracic and/or lumbar intervention only. Rationale for
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exclusions is listed in Table S1.

In terms of intervention, studies with data for spinal
deformity surgery (including, but not limited to kypho-
or vertebroplasty, decompression, coronal/sagittal or
spinopelvic alignment, as well as wedge, pedicle subtraction,
Ponte, Smith-Peterson, or spinal column osteotomies)
involving 5 or more levels of the spine, including open,
minimally-invasive, or hybrid approaches, and including
both initial and repeat/revision procedures were included.
Studies with data for procedures involving fewer than
5 levels of the spine, and/or procedures limited to
discectomy, laminectomy, laminoplasty, total disc
replacement, or percutaneous vertebroplasty, were excluded.

Studies must also have reported measurable prevalence
of complications for spinal deformity surgery including,
but not limited to, death, postoperative hemorrhage, blood
loss, readmissions, reoperations, infection, pneumonia,
embolism, stroke, thrombosis, pseudarthrosis, radiculopathy,
neurological deficits, myocardial infarction, cardiovascular
events, cerebrovascular events, and hardware failure.

Non-English articles were also excluded. Articles that
included both eligible and ineligible patients were included
only if sufficient patient-specific data were provided to
extract the data for eligible patients.

Six investigators (C Smith, QA Vo, D Joshi, L Araujo-
Lama, Z Ou, J Doucette, S Lim) reviewed the potential
articles to determine eligibility for inclusion in this meta-
analysis, with two investigators independently reviewing
each article to ensure a consensus. Level 1 selection was
based upon title and abstract review only. Studies that passed
Level 1 selection were then reviewed at Level 2, which
included a full text review. The reason for exclusion of any
of the articles during Level 2 review was documented. Any
disagreements were resolved through group discussion, or
brought to three expert investigators (RA Mekary, H Zaidi
and LS Aglio) when consensus could not be reached.

Data extraction

Seven investigators (C Smith, QA Vo, D Joshi, L Araujo-
Lama, J Doucette, S Lim) extracted data for articles that
met study selection criteria. Two investigators extracted the
data independently for each article to ensure consistency and
accuracy. Any disagreements were resolved through group
discussion, or brought to clinicians (H Zaidi, and LS Aglio)
for resolution when a consensus could not be reached.

The following study characteristics, when available,
were extracted: publication year, journal impact factor,
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country, single or multiple centers, total number of patients,
and number of patients to be included for meta-analysis
specifically. For patient characteristics, age, body mass index
(BMI), gender, spinal deformity type(s) and location(s), as
well as comorbidities were extracted. Surgical approach,
number of levels of the spine involved, surgery setting,
and duration of follow-up were extracted for intervention
characteristics. The following outcomes, when available,
were extracted: mean, standard deviation, and number
of patients experiencing blood loss; number of patients
with events and the total number of patients for death,
readmission, prolonged hospitalization, postoperative
hemorrhage, hardware failure, reoperation, infection,
pneumonia, cardiovascular event, myocardial infarction,
deep vein thrombosis, pulmonary embolism, pseudarthrosis,
neurological deficit, cerebrovascular event, stroke,
radiculopathy, and/or any other reported complication types.
Quality score was derived for each article using the
Newcastle-Ottawa Scale for non-randomized studies (14).
For case control studies, the quality score was based on case
definition, representativeness of the cases, selection and
definition of controls, comparability of cases and controls
on the basis of the design or analysis, ascertainment of
exposure, and non-response rate. For cohort studies, the
quality was calculated based on representativeness of the
exposed cohort, selection of the non-exposed cohort,
ascertainment of exposure, demonstration that outcome
of interest was not present at the start of the study,
comparability of cohorts based on the design or analysis,
assessment of outcome, sufficient duration of follow-up, and
the adequacy of follow-up of cohorts. Regarding case series,
the Newcastle-Ottawa Scale was modified to reflect the
non-comparative nature of the studies and the quality score
was derived based on the clarity of the study objective(s)/
question(s), protocol definition, explicit inclusion/exclusion
criteria, specified time interval for patient recruitment,
consecutive patient enrollment, clinically relevant outcomes,
prospective outcome data collection, and follow-up rate.

Data analysis

Comprehensive Meta-Analysis Version 3 (copyright 1998
2017, Biostat, Inc., USA) was utilized for statistical analysis.
Results for the selected articles were combined statistically.
Pooled estimates for each complication type were calculated
using the random effects model, which accounted for both
within-study and between-study variances. The DerSimonian
and Laird approach (15) was used to estimate variance
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PubMed: 3,158 articles

Embase: 2,089 articles

Cochrane: 339 articles
Total: 5,586 articles
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Figure 1 Study selection process. ', reasons for exclusion during level 2 screening and data extraction are as follows: age <65 (n=342);

<5 levels of spine involved in surgery (n=47); ineligible indication for surgery (n=13); does not report complications (n=11); registry data (n=7);

<5 patients met eligibility criteria (n=5); multiple criteria not met (n=177); other (n=37).

between studies. Forest plots were generated to report the
estimates for the individual studies as well as the pooled
studies, with associated confidence intervals included.

"To assess heterogeneity among the studies, the Cochran
Q statistic was calculated for the chi-square test for
heterogeneity, with a P value of <0.10 indicating significant
heterogeneity. In addition, the I-squared statistic was
calculated to reflect the percentage of variation due to
between-study heterogeneity rather than chance alone. An
I-squared value <40%, 40-75%, and >75% was considered
indicative of low, moderate, or high heterogeneity,
respectively. To further explore heterogeneity, sensitivity
analyses were performed by excluding studies in which the
number of spine levels involved was not explicitly stated,
and including only those that confirmed 5 or more levels.
Meta-regression was also performed to determine if the
study quality score, gender, or mean age were potential
sources of heterogeneity across studies. Country of origin
could not be included in the heterogeneity analysis because
the majority of studies were from the United States, and the
remainder were from various other countries.

The investigators attempted to minimize bias through
systematic adherence to a pre-defined protocol for the study
search, selection, data extraction, and analysis. Potential
publication bias was identified using a funnel plot for visual
determination of asymmetry, as well as Begg’s and Egger’s
test for statistical significance (16,17).

© Journal of Spine Surgery. All rights reserved.

Results

The comprehensive search returned a total of 5,586 articles,
of which 1,246 were duplicates and subsequently removed.
Level 1 screening of the title and abstract resulted in
exclusion of 3,689 articles based on the pre-defined inclusion/
exclusion criteria. Level 2 screening of the full article text
was performed for the remaining 653 articles and 626 were
excluded. The primary reasons for exclusion during Level
2 screening were patient ages <65 (n=342), indications for
surgery involving deformities that did not meet eligibility
criteria (n=13), and surgeries encompassing fewer than
5 levels of the spine (n=47), with all of these lacking an
appropriate sub-group to parse out eligible patients. Further
reasons for exclusion were studies that contained only registry
data (n=177) or in which complications were not reported
(n=11).

A total of 27 articles were identified for data extraction,
but upon further review and based on the pre-defined
eligibility criteria, 10 articles were subsequently excluded,
with reasons listed in Figure 1. In addition, 3 out of the 4
articles written by the same lead author in 2017-2018 were
also excluded during the data extraction process; only the
article with the highest number of eligible patients was
selected for inclusion to prevent double-counting patient
data (18-20). In total, 14 articles were included in the final
analysis (Figure 1) (21-34).
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The 14 articles selected for meta-analysis consisted
of retrospective (n=7) and prospective (n=5) case series,
retrospective cohort (n=1), or case-control (n=1) studies.
One of the articles (21) reported results separately for early
versus late ambulation after surgery, allowing for these
data to be treated as two separate studies for data analysis
without double-counting patients. Quality scores across
these articles ranged from 6 to 8. Across studies reporting
patient age, the mean age of patients ranged from 68.6
to 76.6 years. Patient populations were predominately
female, with a range of 11.1% to 60.0% male. Types of
spinal deformities included scoliosis, kyphosis, proximal
and distal junctional kyphosis, and adjacent level disease.
Surgical approaches varied across studies and included both
minimally-invasive and traditional procedures. For articles
that reported the number of levels of the spine involved in
surgery, the mean ranged from 5.9 to 11.4 (Table I).

There were 14 complication types reported, with at least
2 studies for each complication: reoperation (prevalence
19%; 95% CI, 9-36%; 5 studies; 107 patients; I’=56.6%;
P-heterogeneity =0.06), hardware failure (11%; 95% CI,
5-25%; 4 studies; 52 patients; I'=0%; P-heterogeneity =0.52),
infection (7%; 95% CI, 4-12%; 9 studies; 262 patients;
I’=0%; P-heterogeneity =0.86), pseudarthrosis (6%; 95%
CI, 3-12%; 6 studies; 149 patients; I’=0%; P-heterogeneity
=0.76), radiculopathy (6%; 95% CI, 1-33%; 4 studies;
116 patients; I’=69.3%; P-heterogeneity =0.02), cardiovascular
event (5%; 95% CI, 1-32%; 4 studies; 121 padents; I’=73.5%;
P-heterogeneity =0.01), neurological deficit (5%; 95% CI,
2-15%; 7 studies; 248 patients; ['=62.7%; P-heterogeneity
=0.01), deep vein thrombosis (3%; 95% CI, 1-7%; 5 studies;
230 patients; '=0%; P-heterogeneity =0.53), pulmonary
embolism (3%; 95% CI, 1-7%; 4 studies; 210 patients; I'= 0%;
P-heterogeneity =0.44); pneumonia (3%; 95% CI, 1-11%;
4 studies; 210 patients; I’= 40.7%; P-heterogeneity =0.17),
cerebrovascular or stroke event (2%; 95% CI, 0-9%; 2 studies;
85 patients; T’= 0%; P-heterogeneity =0.65), death 2%; 95%
CI, 1-9%; 4 studies; 113 patients; '=0%; P-heterogeneity
=0.76), myocardial infarction 2%; 95% CI, 1-6%; 4 studies;
210 patients; I’=0%; P-heterogeneity =0.64) and postoperative
hemorrhage (1%; 95% CI, 0-10%; 2 studies; 85 patients;
I’=0%; P-heterogeneity =0.45).

Of the 14 primary analyses of complication type,
12 demonstrated that the true prevalence was different from
zero with 95% confidence: cardiovascular event, death, deep
vein thrombosis, hardware failure, infection, myocardial
infarction, neurological deficit, pneumonia, pseudarthrosis,
pulmonary embolism, radiculopathy, and reoperation.

© Journal of Spine Surgery. All rights reserved.

227

c c
kel kel ©
7] 7]
S S =
2 2 $= c
2 2 5 = &,
S S - S o 5
c c ) 2 25
o >,<D
? @ S 7 o 9
T - $ 2
S IS € 9%.9 =]
5] o o c o © i
°c g 8 £E2 g § 25
o S5 Q = o €&
© © = n O 2 0 ®
Q —_ _ o c =3 T = ¥
© ] 9] & B3 £ 35 ¢
g © 3 3 5+ o 0 g2
g9 T T 23 B €35
< = = 2
2 2 |3 3 £¢& 3 s £ 3
2 =
g %) = = <3 a w 2 £
= %
B8 o 2 b
o =
2| 3o x N +
ol 158 2| Z < < <
_SU#U)EZ pz4 P4 pz4
=]
=i ; (9]
X
> m
-
ol oz 5 @
&l = E o - "T
5 S 0| _. ) — < —_
21 £ 8 2|05 [e} oOoX o o
Q.(D& |5} o o > )
Blooc 2o (%] Nna X %}
g
El o |® % ¥ X
5| = 3 2 - < ik
N ~
= > < ) - zZ »
= o
R o
> © o o N <
e=! A © o) (s} < (s}
20 Mo i H A H H
= o O N~ sV - © S\
b~ o 5 o <) oi - <)
8 << & N N ~ ~ ~
5] —
G2 L@
ol S O0®»
2| L2 >
S|l T &
21256
gl ®* Q8 T |© o — —_ ©
B T 8|C o, [e2) (22 sl
£ 9
3] © [} ~ te) o
iIQEE © o) P N 15}
=t (%]
8 o)
o ke)
“— = o3
5] 5 S N
4 @ L2 ~ 5 o=~ =
-8 Q Qo [Tl ©
g £ -9 TON ®N®
g = S € 3o 9=
LE = £ SN Ev
” o 3 o 3 > =9
Z2| E g & 9vg SgL&P o
o © Ire) Ire) o 2 SIS “— Q
= c d 2 8 £ o0 o2
g = o N S5 =8 33K =9
< T =~ T 80. T 3
) €3 @ o € G S & g9
s IS < 59 9<&£ 3 5§
gl 3% |8 & 3% SEB 33
gl 5 &8 %) %) S WOK =2
R=
E ©
Z| £ _ g
3] c
=t S D < < << c <
=l 22 |& 1%} %) 8 %)
9] O o -} -] ) [T )
= I - -
iy o ) o
=t %9 > > >-c2' (D!:' CIJ.':.
- 2 5 E= E= = 0 Q2w
1S [ S) o, O, Oo 20 20
(O} D oo O co [ ==
4] T S o— o= oo 8 o S @
-3 S 2 ar o a0 Jo S
.2 o T 96 20 Lo oo ? D
— S5 35 = C = O =0 o 0 o 0 :@
9] = 3 o 9 9w = ® S ® S
31 n =2 o o o oo o o §
<
g — S
< | x < =
c - N
Slgs | =@ 5 8
5% I < o Q4 o =
© O S— 22— £95 > 2 =
Lo E=|]OD~ DN © ~ 2 S ™ 2
2|l g8 |6 = 6= 9o £ Q= =
Sl 30|88 BT X8 S T O S
HFlogsd | <Y <« = o o =

7 Spine Surg 2019;5(2):223-235 | http://dx.doi.org/10.21037/jss.2019.03.06



th spinal deformity surgery in the elderly

ions wi

Smith et al. Complicati

228

‘9SBasIp [9A9] JUdde(pe ‘g ‘dWOoIpUAS
Moeq 1el} ‘Sg4 ‘sisoydAy ‘ydAy ‘sisoydAy reuonoun| [eisip ‘Mra ‘sisoydAy jeuonoun( ewixoid yrd ‘pepodaiun ‘YN (SISolj09s ‘|00S sdnoib yiog wod) alem sisAleue Joy
euaJo Ajqibie 1w oym sjusiied g 8y 'sdnosb om} ay} usamiaq suolieosljdwod Jouiw Jo Jofew Joy seouaiayip JuedRiubls ou aiem alay} eyl punoj Apnis sy "S|0Jjuod pue
snjjlsw sejeqelp Juspuadep ulnsul-uou :sdnoif omy 4oy synses papodes e je oyQ ¢, ‘sisAjeue-ejew Joy papnjoul sjusiied Joj (8buel) uesw JoO UONEBIASP PJEPUELS F Uesw
se papodas | 'sisAjleue-elow 4oy pspnjoul sjusiyed jo sbejusoled e se pspodas ¢ ipepodes st 8Bues syy Ajuo epjo pue plo siesk g9 suened jo dnoiB-gns sy} Joj ebe uesw
e podal jou pip e Jo enou| “(ebuel) uesw Jo UOIBIASP PJEPUBIS F UBSW SB pauodal ¢ fuonedlignd ojolpe o} 8|qissod Se 9s0j0 sk Jeak 1oy pspodes Jojoed joedw| [euinof
‘s ‘seIpnis 8y} Jo ainjeu aAiesedwod-UoU 8y} 108[}8) O} POIIPOW SBM 8[BOS BMEBLO-S|ISEOMBN 8Uj} ‘S8lIes 9SBD 104 "S8IpN}S PazIWLOpPUEI-UOU IO} 8[edS BMEBIO-8|ISEOMBN
8y} Buisn paAlep SBM SB|PNIS [0J]UOD SSEBD puk LOYO0D J04 8100s Aljenb . !sjusijed Buiunod-s|gnop 4O sK Ou S| 818y} asneosq sisAjeue-elaw Joj salpnis sjeledss se
papnjoul *(q) uolre|nquie eie| pue (e) uoeinqwe Aes :sdnolb omy Joy Ajeresedes synsas pepodal e 1o BMBOpY ¢, "S[OA8] G 1SBS| 1B PBWILU0D INg papodaiun ‘YN equinu ‘#

ases|al sSg4 [2] seues aseo
Joisiue [eulwelojsuel} Ajuo-101elsod ' yFL°0L “UdAy “100S 9% LL  6PFIEL [P1] 2% (umousun) Ayuuiojeg surds vSN eApoedsoney [G10z] 19ems
uorpasul abed ApogJiaiul Jequuin|
[eulWeIO)-SUBI} [elUBWBaS-1}INW pue Aueuwuan
wia1sAs pol-a|oipad snosueinoiad ‘puepezMg [/] seues ased [oroz2]
UM uofjelusWINiSuUl [ejuswbas Q' LFE9 '|09S  %0°0% 1'GF1°2/ [s2] os (68°17) A4ebinsoinapN ‘elisny  aAnoadsold J31}N8Yos
[51-9] Sd4d (¥02) [9] seues aseD [oLo2]
uoisny [euids Joua}sod pajuswiniisul 801 ‘ydAyf “l10os VN [¥8-02]1 99/ [o2] 02 A1ebung auids jeoiul) VSN oAnoadsosiey uebisuoT]
(20°1) suipayy
uolsny Jequun| Jouaisod yum |eruswiliadxy pue [ealulD [9] seues aseo
PaUIQWIOD UONEXI) [BIUSWHBSS B|OYM 822 L | 109S %0°09 9',FC’el [0zl oglL 4O [eulnof [euoleulsul BUIYD dAl108dso0ld [Z102] N
aouefequil
[enibes
UOI}0NJ1SUOD3I [eqo|b yum (61°2) yoseasay pajejoy [g] seues aseo
Jopisysod-ioeiue pauIquoD YN onoiodosisg %00 [8/-59] 989 [8]l ze pue sojpsedoyriO [ed1ulD esi0¥ Yinog aAoedsold  [9002] Wiy
(5e°2) senbiuyosy [9] seues eseD [1102]
uoisny Apogusiul [eJele| SWaNX3 0 LF6'S ATV U098 %52l 1'§¥0°02 [8] 2z step.osiq [eurds jo feuinop VSN eAnoadsoney uexuey
(g171) ®oUBIOS |oels| [/] seues aseo
Aiebins psjuswiniisul psuiquio) WUN "|008 VN [eg-g9] [2€] 92 olpeedoyQ Jo fewinor ‘ueder ‘ySN  @ARdadsoney  [GL0g] enouj
[2] seues eseO [e1oc]
Awo031091s0 pue uoisny Apoquau|  0'g¥Fe . 'l109S  %0°0S 7' €FE69 [9] 22 (B1"g) snoo- jeaibinsoinsn VSN ©oAnoadsosiey uelfpawynag
(] [9] seues aseD [cLoz]
UoISN} PaIUBWINJISUI JOLIB}SOd VN "ydAy “109S %eel (8/-G9) 0° L. [s1] ov [euinop suids ueadoing VSN ©Anoadsosiey piojmes)
uoisny Apoguaiul Jequun|
[eulwBIOSURI} PUB ‘Uoisny Apogualul [g8] |043u0D ased
Jequun| Jousjue ‘uoisny [eulds JouBUY L pFy L VN %99S €'GF9°0. [6] 917 (umouxun) Ayw.ojeq eulds VSN oanosdsoidy | [2102] oud
sPoAIONU! ;Sodfy obuel [sishieue-giow (10308} uiblo [a109s Ajenb] [reok
yoeoidde [eoibing auids Aywiogep mw_m_\,_‘_o 96 Joy syuaned#] oedw) oweu mmE:o o Aauno ¢ UBIsoD Aon uoneolgnd]
F
S|one# feuidg as *,9%v sjuaijed# [e10] ¥ h _ r jofaunog 58P Apms Joyine pea

(ponuruo3) T Sqe],

7 Spine Surg 2019;5(2):223-235 | http://dx.doi.org/10.21037/jss.2019.03.06

© Journal of Spine Surgery. All rights reserved.



Journal of Spine Surgery, Vol 5, No 2 June 2019

Conversely, the true prevalence of two complication
types (cerebrovascular event or stroke and postoperative
hemorrhage) could have been zero, with 95% confidence.

Heterogeneity was low for the majority of the
complication types, but moderate to significant for
cardiovascular event, neurological deficit, radiculopathy, and
reoperation (Zable 2). Sensitivity analyses including studies
that confirmed involvement of 5 or more levels of the spine,
in addition to meta-regression on study quality, mean age,
and percent male are shown in Table 2. Aside from death,
for which the true prevalence could have been zero, with
95% confidence (prevalence =2%, 95% CI: 0-10%), there
were no other major changes in the complication rates upon
restriction to only those studies that confirmed inclusion
of 5 or more spine levels. For meta-regression, the only
significant result was study quality for radiculopathy, which
showed a prevalence increase of 3.12 for every 1 unit
increase in study quality score (P <0.01).

Due to the limited number of articles for each
complication type, publication bias could only be assessed
for infection (Figure 2). The symmetry of the funnel plot
suggested a lack of publication bias and was confirmed by
the Begg test Kendall’s tau (2-tailed, without continuity
correction, P value =0.83) and Egger test (2-tailed, P value
=0.45). In addition, the high fail-safe N of 181 indicated
there would be 181 null studies needed to drive the results
towards the null.

Discussion

The present study identified a total of 14 complication types
in the elderly following spinal surgery, with 12 of these
occurring at a rate greater than zero. Of these, the most
common complications included reoperation, hardware
failure and infection. When limiting analysis to patients
undergoing surgery involving at least 5 levels of the spine,
the prevalence for 6 of the complication types remained
similar with reoperation, hardware failure, and neurological
deficit being the most common. These results were
consistent with our hypothesis that there would be a high
prevalence for complications among the elderly population
undergoing thoracic and/or lumbar spinal deformity
surgery.

While no prior meta-analyses have been conducted on
this topic, a number of retrospective series have assessed
the types and rates of complications in elderly patients
undergoing spinal deformity surgery. The overall rates of
any complication following spinal surgery in this group have
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ranged from 37% to 71% (3,35,36). This wide range is, in
part, due to variability among studies in terms of patient
co-morbidities, pre-operative functional status, and the
details of the surgical procedure being performed, such as
the number of levels fused (3,35,36). While we were unable
to report the overall prevalence of any complication in our
pooled analysis due to the risk of double-counting patients,
we were able to determine the prevalence of a total of
14 individual complications. The results of our meta-
analysis suggest that the most common complications, all
with a prevalence greater than zero, include reoperation,
hardware failure, and infection, occurring at prevalence of
19%, 11%, and 7%, respectively.

Reoperation prevalence after spinal deformity surgery in
the general population is consistently reported as over 20%
(37-39), which is consistent with the rate of 19% found in
this study’s pooled analysis on elderly patients. The studies
by Caputo et 4l. (24) and Scheufler er a/. (33) reported the
lowest rates of reoperation at 6% and 8%, respectively.
Caputo er al. used a minimally invasive lateral technique
for deformity correction that has been implicated to have
fewer complications than the more traditional anterior/
posterior or posterior-only approaches (29). Similarly,
Scheufler et al. utilized a less invasive, image-guided
technique in all of their patients (33). The application of
these minimally invasive techniques could, at least in part,
explain why the reoperation rates in these studies were
notably lower than previously reported in the literature
and among the other studies in our analysis. Moreover,
Inoue ez al. specifically focused on spinal fusion surgeries
that included the sacrum, a known prevalence factor for
unexpected second operations, possibly explaining this
group’s higher reoperation rate of 38% (28). Thus, while
the results of our analysis demonstrate that there was a non-
negligible prevalence of reoperation for elderly patients
undergoing spinal deformity surgery, the variability in rates
across studies suggests additional factors, such as surgical
technique and extent, should be considered when deciding
whether surgery was the optimal choice for such patients.

The complication rate secondary to hardware failure
ranged from 3% to 22% (27,31,35,37). Notably, the study
with the highest complication rate of 22%, by Akbarnia
et al., involved the use of a novel lateral surgical technique
instead of the more traditional posterior-based approach.
The novelty of this procedure may have contributed to
the higher rates of hardware failure observed in this study
(27,31,35,37). Interestingly, the study reporting the lowest
rate of hardware failure in elderly patients was still higher
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Figure 2 Publication bias funnel plot for articles reporting risk of
infection associated with spinal deformity surgery in the elderly
population. The 9 studies reporting risk of infection associated
with spinal deformity surgery in patients 65 years old or older
appear to be symmetrically dispersed in the funnel plot, suggesting
a lack of publication bias. This is confirmed by the Begg test
Kendall’s tau (2-tailed, without continuity correction, P value
=0.83) and Egger test (2-tailed, P value =0.45), as well as the high
fail-safe N of 181.

than that found in the non-elderly patients in the same
study at 6.7% vs. 4%, respectively (31). One possible
explanation for this may be related to the higher rate of
osteoporosis in the elderly. Studies have shown that low
bone quality may lead to screw loosening and delayed
bone fusion, resulting in hardware failure and impacting
the success of surgical correction in osteoporotic patients
(40,41). Overall, the results of this study suggested a
significant prevalence of hardware failure in elderly patients
undergoing spinal surgery. The risk for hardware failure
may, in part, depend on surgical technique and potentially
be increased in elderly patients due to their higher rates of
co-morbid bone diseases (42).

The included studies demonstrated that the elderly were
at both a higher prevalence of developing post-operative
infection, as well as for subsequent sequelae from infection.
Prevalence of infection ranged from 0% to 13% across the
included studies in our meta-analysis (26-28,31,32,34,36,37).
Two studies included patients less than 65 years of age with
all post-operative infections occurring in the elderly subset
of patients (31,34). While these studies were not intended to
be matched cohort studies, the data suggested an increased
vulnerability to infections in the elderly population; this
observation may be explained by the decline in immune
function known to occur with aging (43). With respect
to studies that reported low or equal rates of infections

© Journal of Spine Surgery. All rights reserved.

regardless of age, consequences of infection were higher in
the elderly population. For example, age greater than 65
and the presence of infection increased the prevalence of
delirium by almost nine-fold (44).

Per the present analysis, complication rates for
cerebrovascular events, post-operative hemorrhage, and
stroke were non-significant in the elderly population
based on two studies that provided data on these outcomes
(31,36). One of the studies specifically excluded patients
with any cardiovascular co-morbidity (36), a known
prevalence factor for cerebrovascular event and stroke (45),
and thus is a possible explanation for their reported lower
rates of this complication. The other study included only
15 patients (31), thus potentially being underpowered to
detect a significant prevalence. Further studies including a
greater number and wider range of patients are needed to
better understand the prevalence of cerebrovascular events
and stroke in this population following spinal surgery.

Examination of individual studies revealed additional
factors that affected complication rates in the elderly
following spinal deformity surgery. Adogwa et al.
highlighted how the post-operative period influenced
outcomes by demonstrating that elderly patients who were
walking within 24 hours of surgery had a significantly
lower rate of complications, as well as reduced hospital stay
and improved functional status (21). Furthermore, they
showed that early ambulation led to a lower prevalence of
myocardial infarction, deep vein thrombosis, neurological
deficits, pneumonia, and pulmonary embolism (21).

The studies included in this meta-analysis reported
conflicting results with respect to the correlation between
comorbidities and spinal surgery complications. For
example, in one study, no difference in complication
rates following spinal surgery in matched controls with
and without diabetes mellitus was reported (30); in
contrast, hypertension was found to be predictive of a
major complication in another study (40). Interestingly,
others reported no association between the presence of
a comorbidity and complication rates (41). Due to the
inconsistently reported data in our included studies, sub-
group analyses based on comorbidities could not be
performed. To better understand the influence of these co-
morbidities, future studies should aim to stratify patients by
status of other common serious illnesses.

The data from this study indicated there was a non-
negligible prevalence of complications following
spinal deformity surgery in the elderly population,
yet there existed a wide variability in the incidence of

7 Spine Surg 2019;5(2):223-235 | http://dx.doi.org/10.21037/jss.2019.03.06
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complications. Therefore, clinicians should carefully weigh
the risks and benefits when deciding upon a treatment
recommendation and give due consideration to individual
patient characteristics, such as co-morbidities and pre-
operative functional status, as well as the type and extent of
surgery. Moreover, it is important to remember that even
when prevalence for particular complications appeared
to be low, or no different than the prevalence in younger
patients, the elderly were more likely to experience longer
recovery times, further complications, and functional
decline secondary to a complication (46). Given these
considerations and new evidence showing that spinopelvic
parameters need to be tailored for age groups, with less
stringent criteria in elderly patients, current literature
suggests a “less is more” approach for spinal deformity
surgery in the elderly population (47). Specifically, smaller
surgeries with less correction of spinopelvic parameters
appear to be the most beneficial for the elderly population.
The results of this study should be considered in
the context of its limitations. There was heterogeneity
among studies in terms of surgical technique (minimally
invasive vs. traditional open; lateral vs. posterior-only
vs. anterior/posterior approach), as well as indications
for and extent of surgery. Due to the small number of
patients in each category, sub-group analysis based on
technique alone could not be performed. While the
included patients did present with different indications for
surgery, the investigators attempted to limit heterogeneity
by narrowing the inclusion criteria to a specific set of
spinal deformities and excluding those undergoing spinal
deformity surgery for a variety of other causes. Finally, to
address the extent of surgery, the investigators performed
sub-group analyses to identify differences in results
between studies that confirmed 5 or more levels of spine
involvement versus those that did not specify. Patient
comorbidities may play a role in operative outcomes and
therefore the investigators attempted to extract data on
these from each study. However, sub-group analyses could
not be performed given that these data were reported
inconsistently across studies. For example, some studies
included information on all patients in their study, while
only a subset met eligibility criteria. Moreover, a number
of studies did not report data on co-morbidities at all.
Despite the limitations, this meta-analysis had several
strengths. Meta-analyses of the complication rates in
elderly patients undergoing lumbar or thoracic spinal
fusion surgery have not previously been published.
Moreover, the investigators were able to quantitatively
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analyze complications across 14 different categories and
perform sub-group analyses based on several factors.
Furthermore, sources of bias were assessed via meta-
regression. The results of this meta-analysis offer evidence
that elderly patients face a more than minimal risk of
several complications following spinal deformity surgery
and provide rationale for clinicians to carefully consider the
risk-benefit ratio before offering surgical intervention to
this group of patients.

Conclusions

In elderly patients undergoing thoracic or lumbar
spinal deformity surgery, the most commonly reported
complications included reoperation, hardware failure, and
infection. Future studies should investigate individual risk
factors in this population to optimize decision-making
regarding when to recommend spinal surgery.
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Supplementary

Search terms
PubMed

(“Aged”[Mesh] OR “Aging”[Mesh] OR aged[tw] OR
aging[tw] OR elder*[tw] OR geriatric*[tw] OR 65 year
old*[tw] OR senium[tw] OR senior citizen[tw])

AND

(“Scoliosis”[Mesh] OR “Kyphosis”[Mesh] OR
“Spondylitis”[Mesh:NoExp] OR spinal deformit*[tw]
OR spine deformit*[tw] OR column deformit*[tw]
OR spinal deformati*[tw] OR spine deformati*[tw]
OR column deformati*[tw] OR spinal malform*[tw]
OR spine malform*[tw] OR column malform*[tw] OR
spinal anomaly[tw] OR spine anomaly[tw] OR column
anomaly[tw] OR bent spin*[tw] OR bent column[tw]
OR scoliosis[tw] OR kyphosis[tw] OR kyfosis[tw] OR
kyphoscoliosis[tw] OR kyfoscoliosis[tw] OR Scheuermann
disease[tw] OR spondylitis [tw])

AND

(“Spinal Fusion”[Mesh] OR “Spinal Curvatures/
surgery”[Mesh] OR “scoliosis/surgery”[Mesh] OR
“Kyphosis/surgery”[Mesh] OR “Vertebroplasty”[Mesh]
OR spine surger*[tw] OR spinal surger*[tw] OR column
surger*[tw] OR spine stabiliz*[tw] OR spinal stabiliz*[tw]
OR column stabiliz*[tw] OR spine align*[tw] OR spinal
align*[tw] OR column align*[tw] OR spine operation[tw]
OR spinal operation[tw] OR column operation[tw]
OR spine correction[tw] OR spinal correction[tw] OR
column correction[tw] OR fuse*[tw] OR fusion[tw] OR
kyphoplasty[tw] OR vertebroplasty[tw] OR coronal
align*[tw] OR sagittal align*[tw] OR spinopelvic align*[tw]
OR spondylosyndesis[tw] OR spondylodesis[tw] OR pedicle
subtraction osteotomy[tw] OR ponte osteotomy[tw] OR
wedge osteotomy[tw] OR Smith-Peterson osteotomy|[tw]
OR spinal column osteotomy[tw])

AND

("Postoperative Complications"[Mesh] OR
“Death”[Mesh] OR “Blood Loss, Surgical”[Mesh]
OR “Postoperative Hemorrhage”[Mesh] OR “Patient
Readmission”[Mesh] OR “Reoperation”[Mesh] OR
“Infection”[Mesh] OR “Pneumonia”[Mesh] OR
“Pulmonary Embolism”[Mesh] OR “Stroke”[Mesh]
OR “Thrombosis”[Mesh] OR “Pseudarthrosis”[Mesh]
OR “Radiculopathy”[Mesh] OR “Neurologic
Manifestations”[Mesh] OR “Myocardial Infarction”[Mesh]
OR complicat*[tw] OR death*[tw] OR fatal*[tw] OR
postoperative hemorrhage*[tw] OR postoperative
haemorrhage*[tw] OR blood loss[tw] OR readmission[tw]

OR readmit*[tw] OR reoperat*[tw] OR surgical
revision*[tw] OR revision surger*[tw] OR repeat surger*[tw]
OR infect*[tw] OR pneumonia[tw] OR embolism[tw]
OR stroke[tw] OR thrombos*[tw] OR pseudarthrosis[tw]
OR radiculopathy[tw] OR neurolog*[tw] OR myocardial
infarction[tw] OR cardiovascular event{tw] OR
cerebrovascular event[tw] OR hardware failure[tw])
"Total Hits: 3158 (January 21, 2018)

Embase

aged/ OR (aged OR aging OR elder* OR geriatric* OR 65
year old* OR senium OR senior citizen).tw.

AND

spine malformation/ OR scoliosis/ OR kyphoscoliosis/
OR kyphosis/ OR Scheuermann disease/ OR spondylitis/
OR (spinal deformit* OR spine deformit* OR column
deformit* OR spinal deformati* OR spine deformati*
OR column deformati* OR spinal malform* OR spine
malform® OR column malform* OR spinal anomaly OR
spine anomaly OR column anomaly OR bent spin® OR
bent column OR scoliosis OR kyphosis OR kyfosis OR
kyphoscoliosis OR kyfoscoliosis OR Scheuermann disease
OR spondylitis).tw.

AND

exp spine fusion/ OR spine stabilization/ OR
Kyphoplasty/ OR (spine surger* OR spinal surger®* OR
column surger* OR spine stabiliz* OR spinal stabiliz* OR
column stabiliz* OR spine align* OR spinal align* OR
column align* OR spine operation OR spinal operation
OR column operation OR spine correction OR spinal
correction OR column correction OR fuse* OR fusion
OR kyphoplasty OR vertebroplasty OR coronal align* OR
sagittal align* OR spinopelvic align* OR spondylosyndesis
OR spondylodesis OR pedicle subtraction osteotomy OR
ponte osteotomy OR wedge osteotomy OR Smith-Peterson
osteotomy OR spinal column osteotomy).tw.

AND

exp postoperative complication/ OR death/ OR exp
fatality/ OR operative blood loss/ OR postoperative
hemorrhage/ OR exp hospital readmission/ OR exp
reoperation/ OR exp surgical infection/ OR pneumonia/
OR exp embolism/ OR cerebrovascular accident/ OR
thrombosis/ OR pseudarthrosis/ OR radiculopathy/ OR exp
heart infarction/ OR (complicat* OR death OR fatal* OR
postoperative hemorrhage OR postoperative haemorrhage
OR blood loss OR readmission OR readmit* OR reoperat*
OR surgical revision® OR revision surger® OR repeat



surger® OR infect* OR pneumonia OR embolism OR
stroke OR thrombos* OR pseudarthrosis OR radiculopathy
OR neurolog* OR myocardial infarction OR cardiovascular
event OR cerebrovascular event OR hardware failure).tw.

"Total Hits: 2089 (January 21, 2018)

Cochrane

(“aged” OR “aging” OR elder OR geriatric OR 65 year old
OR “senium” OR “senior citizen”) as Title, abstract and
keywords

AND

((“scoliosis” OR "kyphosis" OR “kyfosis” OR
“kyphoscoliosis” OR “kyfoscholiosis” OR “Scheuermann
Disease” OR “spondylitis” OR spinal deformity OR spine
deformity OR column deformity OR spinal deformation
OR spine deformation OR column deformation OR
spinal anomaly OR spine anomaly OR column anomaly
OR spinal malformation OR spine malformation OR
column malformation OR “bent spine” OR “bent spinal”
OR “bent column”) as Title, Abstract and Keywords)
OR (MeSH descriptor: [Scoliosis] explode all trees OR
MeSH descriptor: [Kyphosis] explode all trees OR MeSH
descriptor: [Spondylitis] this term only))

AND

((spinal surgery OR spine surgery OR column surgery
OR spinal stabilization OR spine stabilization OR column
stabilization OR spinal alignment OR spine alignment
OR column alignment OR spinal operation OR spine
operation OR column operation OR spinal correction
OR spine correction OR column correction OR fuse OR
fusion OR “kyphoplasty” OR “vertebroplasty” OR coronal
alignment OR sagittal alignment OR spinopelvic alignment
OR “spondylosyndesis” OR “spondylodesis” OR “pedicle
subtraction osteotomy” OR “ponte osteotomy” OR “wedge
osteotomy” OR “Smith-Peterson osteotomy” OR “spinal

column osteotomy”) as Title, Abstract and Keywords) OR
(MeSH descriptor: [Spinal Fusion] explode all trees OR
MeSH descriptor: [Spinal Curvatures] explode all trees
and with qualifier(s): [Surgery - SU] OR MeSH descriptor:
[Scoliosis] explode all trees and with qualifier(s): [Surgery
- SU] OR MeSH descriptor: [Kyphosis] explode all trees
and with qualifier(s): [Surgery - SU] OR MeSH descriptor:
[Vertebroplasty] explode all trees))

AND

((complication OR fatal OR death OR postoperative
hemorrhage OR postoperative haemorrhage OR “blood
loss” OR readmission OR readmit OR reoperate OR
surgical revision OR revision surgery OR repeat surgery
OR infection OR pneumonia OR embolism OR stroke
OR thrombosis OR pseudarthrosis OR radiculopathy OR
neurologic deficit OR neurological deficit OR myocardial
infarction OR cardiovascular event OR cerebrovascular
event OR hardware failure) as Title, Abstract and
Keywords) OR ( MeSH descriptor: [Postoperative
Complications] explode all trees OR MeSH descriptor:
[Death] explode all trees OR MeSH descriptor: [Blood
Loss, Surgical] explode all trees OR MeSH descriptor:
[Postoperative Hemorrhage] explode all trees OR MeSH
descriptor: [Patient Readmission] explode all trees OR
MeSH descriptor: [Reoperation] explode all trees OR
MeSH descriptor: [Infection] explode all trees OR MeSH
descriptor: [Pneumonia] explode all trees OR MeSH
descriptor: [Pulmonary Embolism] explode all trees OR
MeSH descriptor: [Stroke] explode all trees OR MeSH
descriptor: [Thrombosis] explode all trees OR MeSH
descriptor: [Pseudarthrosis] explode all trees OR MeSH
descriptor: [Radiculopathy] explode all trees OR MeSH
descriptor: [Neurologic Manifestations] explode all trees
OR MeSH descriptor: [Myocardial Infarction] explode all
trees))

Total Hits: 339 (January 21, 2018)



Table S1 Pre-defined inclusion and exclusion criteria for study selection

Study Inclusion

characteristics

Exclusion

Rationale

Study design Randomized clinical trials,

observational comparative studies
(retrospective and prospective), and

case series

Population

deformity

Intervention
5 or more levels of the spine,

including open, minimally-invasive,

and hybrid approaches, and

including both initial and repeat/

revision procedures

Elderly patients (=65 years old)
undergoing surgery for diagnosed
thoracic and/or lumbar spinal

Spinal deformity surgery involving

Conference abstracts, case reports, articles
reporting data for <5 patients, and articles
using registry data

Patients undergoing spinal deformity surgery
related to trauma, infection, spondylolisthesis,

Kummell disease, spondyloarthropathy,
ankylosing spondylitis, spondylarthritis,
tumors, metastatic lesions, burst fractures,
and abscesses; patients with cervical and/
or sacral spinal deformity, unless results
are reported separately for thoracic and/or
lumbar intervention only

Procedures involving fewer than 5 levels
of the spine: discectomy, laminectomy,
laminoplasty, total disc replacement, and
percutaneous vertebroplasty

To prevent literature without enough
patients for robust data analysis and to
avoid the potential for double counting
patients from biasing the results

To have patients with only thoracic
and/or lumbar spinal deformity without
compensatory curves from cervical or
sacral deformity, as well as deformity
induced from anything other than age-
related changes

To prevent the inclusion of patients with
spinal surgery for conditions other than
spinal deformity i.e., the procedures in
the exclusion criteria are not generally
associated with deformity correction

surgery




