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Background: Patients undergoing surgeries involving extensive posterior spine in-
strumentation and fusion often have multiple risk factors for wound healing com-
plications. We performed a systematic review and meta-analysis of the available
evidence on immediate (proactive/prophylactic) and delayed (reactive) spinal
wound reconstruction. We hypothesized that immediate soft-tissue reconstruction
of extensive spinal wounds would be associated with fewer postoperative surgical-
site complications than delayed reconstruction.

Methods: In accordance with Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines, a PubMed database search was performed to iden-
tify English-language, human-subject literature published between 2003 and 2018.
Data were summarized, and the pooled prevalence of various wound complica-
tions was calculated, weighted by study size, using the generic inverse variance
method. A subgroup analysis of all studies with a comparison group (Oxford Cen-
tre for Evidence-based Medicine level 3 or better) was performed, and Forest plots
were created.

Results: The database search yielded 16 articles including 828 patients; 428
(51.7%) received an immediate spinal wound reconstruction and 400 (48.3%)
had a delayed reconstruction. Spinal neoplasm was the most common index di-
agnosis. Paraspinous muscle flap reconstruction was performed in the majority of
cases. Pooled analysis of all studies revealed immediate reconstruction to be asso-
ciated with decreased rates of overall wound complications (28.5% versus 18.8%),
hardware loss (10.7% versus 1.8%), and wound infections (10.7% versus 7.6%)
compared with delayed reconstruction.

Conclusions: Immediate soft-tissue reconstruction of high-risk spinal wounds
is associated with fewer wound healing complications and increased hard-
ware retention. (Plast Reconstr Surg Glob Open 2019;7:e2076; doi: 10.1097/GOX.
0000000000002076; Published online 22 January 2019.)
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Soft-tissue defects overlying the midline posterior trunk
following surgery with extensive spinal instrumentation
represent a challenging clinical scenario. Such wounds
may occur following oncologic resection, spinal trauma,
or congenital, or acquired deformity correction, among
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other etiologies. This patient population is complex, fre-
quently presenting with multiple comorbidities known to
negatively impact wound healing, such as obesity, previous
spine surgery, the presence of spinal hardware, tobacco use,
malnutrition, and preoperative radiation therapy.'* Con-
temporary spine surgery techniques often require signifi-
cant stripping of soft tissue from bone, dead space creation,
and placement of extensive spinal instrumentation—fac-
tors that all potentially compromise postoperative healing.
In general, if a wound healing complication does occur, the
patient will require serial debridements and possible hard-
ware removal or replacement, followed by soft-tissue recon-
struction with local flaps. Wound healing complications
following spine surgery are associated with considerable
morbidity, including a high risk of deformity, neural injury,
cerebrospinal fluid (CSF) leak, and paralysis.>® Consider-
ing the potentially devastating effect of a wound healing
complication after spine surgery, spine surgeons and plastic
surgeons have developed a number of practices intended to
optimize healing in these unique scenarios.?'-*

Several authors have demonstrated encouraging re-
sults by adopting a proactive, rather than reactive, ap-
proach to spinal wounds, combining the initial spine
surgery with an immediate prophylactic soft-tissue re-
construction in patients deemed at high risk for wound
healing complications, such as those who have undergone
radiation therapy or spine surgery previously or who have
diabetes or extensive spinal hardware.*"* Other authors
prefer a reactive approach, performing a delayed soft-tis-
sue reconstruction only in the event the patient develops
a major postsurgical wound healing complication.'*" The
available literature on this subject is contradictory, with
the majority of studies being retrospective case series and
case reports that lack a control cohort, and there is no
consensus on whether a proactive or reactive approach
to oncologic spinal reconstruction results in lesser mor-
bidity. Therefore, we have performed a systematic review
and meta-analysis of the available evidence on soft-tissue
reconstruction after spine surgery with the purpose of
determining which approach is more appropriate. We
hypothesized that immediate reconstruction of high-risk
spinal wounds would be associated with fewer surgical-site
complications and a higher hardware retention rate when
compared with delayed reconstruction.

Search Strategy

A systematic review was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (Fig. 1). The literature review of
the PubMed database was conducted by 2 independent re-
viewers using the keywords spine, spinal, vertebra, vertebral,
posterior trunk, flap, muscle flap, fasciocutaneous flap, soft-
tissue reconstruction, and reconstruction; Boolean logical
operators AND or OR were used in combination with the
search terms. An immediate reconstruction was defined as
any reconstruction performed prophylactically, at the time
of the index spine surgery; a delayed reconstruction was
defined as any soft-tissue reconstruction performed second-
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arily, during a separate surgery, to treat a wound healing
complication that occurred after the index spine surgery.

Eligibility Criteria and Study Selection

The inclusion criteria consisted of any trial or case series
reporting clearly quantifiable wound outcomes associated
with either immediate or delayed soft-tissue reconstruc-
tion after an index spine surgery in the English-language,
human-subject literature published between 2003 and
2018. Articles published before 2003 were excluded be-
cause of the significant improvements in instrumentation
and technique developed since then. Case reports, sys-
tematic reviews, articles by the same author with identical
data, meta-analyses, basic science studies, cadaver studies,
editorials, and commentaries were also excluded. When
summarizing results, only wound complications associated
with the surgically created spine wound were included.

Data Extraction Process

The following data were recorded for each article:
authors; date of publication; number of patients; mean
patient age; timing of reconstruction (immediate versus
delayed); overall wound complication rate; and rates of
wound infection, seroma, hematoma, wound dehiscence,
partial flap loss, total flap loss, and hardware loss. The type
and number of flaps and the indication for the initial index
spine surgery were recorded if reported in the article. Each
study’s quality was assessed according to the Oxford Centre
for Evidence-based Medicine (OCEBM) guidelines. Two
independent reviewers extracted data; discrepancies were
reviewed and discussed until consensus was accomplished.

Statistical Analysis

Data were summarized, and the pooled prevalence
of each complication was calculated, weighted by study
size, using the generic inverse variance method (Review
Manager 5; The Cochrane Collaboration, Copenhagen,
Denmark). Interstudy heterogeneity was quantified using
the I? statistic, with I? less than 50% regarded as low het-
erogeneity, 50-75% as moderate heterogeneity, and >75%
as high heterogeneity. Values of P < 0.05 indicated a sig-
nificant difference between groups (IBM SPSS Version 25,
Armonk, N.Y.).

The presence of a comparison group (ie, OCEBM level
of evidence III or better) allowed for more rigorous analy-
sis. For these studies, Forest plots were created. Variables
were pooled and modeled by the Peto method and com-
pared using odds ratios with 95% confidence intervals.
Values of P < 0.05 indicated a significant difference be-
tween groups. The Peters test was used to detect publica-
tion bias when I* was greater than 50%; P> 0.05 indicated
no publication bias.

Search Results

We identified 205 unique articles with our database
searches. After applying our exclusion criteria and screen-
ing for relevance, 16 articles remained (Fig. 1). All stud-
ies were retrospective case series, evenly split between
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Fig. 1. PRISMA data collection flow chart. PRISMA, Preferred Reporting Items for Systematic Reviews

and Meta-Analyses

OCEBM level IV (8 studies) and level III (8 studies). There
were no level IT or level I studies. The 16 articles included
828 patients, in which 428 (51.7%) received an immediate
spinal wound reconstruction and 400 (48.3%) had a de-
layed reconstruction. The mean age was 51.5+4.1 years in
the immediate reconstruction group and 53.4+4.3 years
in the delayed group (P = 0.87). Studies describing im-
mediate reconstruction reported a mean follow-up of 26.2
months (range = 8.8-110.5 months) compared with 22.4
months (4.1-94.6 months) for studies detailing delayed
reconstructions (Table 1).

Indications for Index Spine Surgery

All patients underwent soft-tissue reconstruction after
spine surgery for an index diagnosis, the most common
of which for both groups was neoplastic disease (imme-
diate = 73%; delayed = 47%). Spine surgery related to a
degenerative musculoskeletal condition such as disk dis-
ease or spinal stenosis was more common among delayed
reconstruction patients (30%) than among immediate
reconstruction patients (1%). Otherwise, the surgical
indication distributions were fairly similar between the 2
groups (Fig. 2).

Predictors of Complications Requiring Delayed Soft-tissue
Reconstruction

In all instances, patients underwent delayed soft-tissue
reconstruction after developing a wound healing compli-
cation after an index spine surgery. None of the articles
included in this systematic review were designed to iden-
tify risk factors for poor healing following spine surgery;
however, most articles did discuss such potential variables.
Previous spine surgery was the most consistently identified
risk factor.”'” Other frequently cited risk factors included
radiation therapy, obesity, CSF fistula, and the presence
of hardware.>"1%!*16 I the delayed reconstruction cohort,
Dolan et al." identified an increased incidence of compli-
cations among patients presenting with previous radiation
therapy (57% versus 10%), previous spine surgery with
instrumentation (50% versus 13%), obesity (53% versus
12%), or tobacco use (68% versus 21%). In comparing
immediate and delayed reconstruction patients, Chang
et al.’” identified an increased incidence of complications
in delayed reconstruction patients with previous radia-
tion therapy (58% versus 32%), previous spine surgery
(63% versus 36%), and spinal instrumentation (46% ver-
sus 23%). Other articles included in this review cited the
following additional risk factors for wound healing com-
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Hard-
Overall ware
‘Wound Loss/ Wound
Level Compli- Hema- Expo- Dehis- Flap Partial
Mean Follow-up, of Evi- cations, Infection, Seroma, toma, sure, cence, Loss, Flap Loss,
Study Year mo (range) dence n n (%) n (%) n (%) n(%) n(%) n%) n(%) n (%)
Immediate
Devulapalli etal.® 2017 14 (0-197)* 3 224 54 (24.1) 42 (18.7) 13 (5.8) 1(0.45) 2 (0.9) 29 (12.9) 5(2.2) 8 (3.6)
Sambri et al.’® 2017 NR 3 1 0 (0) 0 (0) 0(0) 1(25) 0(0) 0 (0) 0 (0) 0 (0)
Cohen et al.'? 2016 NR (2-60)* 3 50 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
Dolan et al.’ 2016 55.5 (13-128)* 3 35 10 (28.6) 4 (11.4) 00) 237 0(0) 3@®6) 01(0) 2 (5.7)
Garvey et al.® 2010 9.7 (1-55.3) 4 52 6 (12) 8 (15) 13 (25) 2(3.8) 2(3.8) 2(3.8) 0(0) 0 (0)
O’Shaughnessy 2007 53 (36-115) 4 5 1 (20) 0 (0) 0 (0) 0(0) 0(0) 1(20) 0 (0) 0 (0)
etal.!
Chang et al.” 2007 21 (1-108)* 3 44 14 (32) 1(2.3) 2 (4.5) 2(45) 2(45) 5(11.3) 2 (45) 5 (11.3)
Dumanian etal.® 2003 “At least 24 3 7 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
months”
Chun et al."! 2003 NR 3 3 2 (67) 0 (0) 2(67) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
Saint-Cyr et al.® 2003 5.9% 3 7 2(28.6) 0 (0) 1(14.3) 1(14.3) 0 (0) 0 (0) 0 (0) 0 (0)
Total 428 89 55 31 8 5 40 7 15
Pooled prevalencet 18.8% 7.6% 7.7% 41% 1.8% 73%  2.0% 3.5%
Range 0-67% 0-19% 0-67% 0-25% 0-4.5% 0-20% 0-4.5% 0-11.3%
2 81% 73% 75% 58% 0% 53% 0% 27%
Pt <0.001 <0.001 <0.001 0.0100 0.69 0.02 0.79 0.19
Delayed
Devulapalli etal® 2017 14 (0-197)* 3 65 10 (15.3) 11(16.9) 2(3.1) 0(0) 3(4.6) 8(12.3) 1(1.5) 2(3.1)
Sambri et al.'® 2017 NR 3 4 1 (25) 0 (0) 0(@0) 1(25) 0(0) 0 (0) 0 (0) 0 (0)
Cohen et al.”? 2016 NR (2-60)* 3 52 6 (11.5) 6 (11.5) 0 (0) 00) 2(38) 5(9.6) 0(0) 0 (0)
Dolan et al.’ 2016 55.5 (13-128)* 3 20 12 (60) 6 (30) 0(0) 3(15) 2(10) 5(25) 3 (15) 1 (5)
de Weerd et al.’® 2015 65 (7-106) 4 9 2 (20) 1(10) 0 (0) 0(0) 1(10) 1(10) 0 (0) 1 (10)
Mericli et al. 2011 1.1 4 14 2 (14) 2 (14) 0 (0) 00) 00 0 (0) 0 (0) 0 (0)
Mericli et al. 2010 4 4 92 23 (25) 12 (25) 11(12) 1(1) 5(56.5) 1(1) 0 (0) 0 (0)
Chang etal.” 2007 21 (1-108)* 3 48 15 (31) 3 (6) 8(17) 0 (0) 9 (18.7) 5 (10) 1(2) 8 (17)
Hultman et al."’ 2006 6.6 (1-29) 4 25 14 (56) 3 (12) 2 (8) 0(0) 5(20) 1 (4) 0 (0) 0 (0)
Vitaz et al."” 2004 NR 4 37 5 (13.5) 0 (0) 2(5.4) 0(0) 2((B4) 127 01 0 (0)
Meiners et al." 2003 27.4 (8-45) 4 15 7 (15) 0 (0) 0(0) 3(21) 10(71) 3(14) 0 (0) 0 (0)
Dumanian etal.’ 2003 “At least 24 3 15 5 (33) 1 (6.67) 3(20) 1(6.67) 0(0) 1(6.67) 1(6.67) 0(0)
months”
Chun et al." 2003 NR 3 2 1 (50) 0 (0) 1(50) 0(0) 0/(0) 0 (0) 0 (0) 0 (0)
Saint-Cyr et al.® 2003 5.9% 3 2 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0 (0) 0 (0)
Total 400 103 45 29 9 39 31 6 12
Pooled prevalencet 28.5% 10.7% 6.5% 29% 10.7%  8.6% 1.8% 3.0%
Range 0-60% 0-30% 0-50% 0-25% 0-71% 0-25% 0-15% 0-17%
12 68% 43% 56% 47% 69% 45% 7% 49%
P 0.001 0.04 0.005 0.02  0.001 0.03 0.37 0.02

*Same length of follow-up reported for both immediate and delayed groups.
TWeighted by study size.

{Preferring to I? value and data heterogeneity. P < 0.05 = significant heterogeneity.

plications following spine surgery: diabetes, neoadjuvant
chemotherapy, chronic steroid use, malnutrition, trau-
matic spine injury, and lumbosacral location.'*'®

Indications for Delayed Soft-tissue Reconstruction
Infection, CSF fistula, and wound dehiscence were the
most common indications cited as reasons for a delayed
soft-tissue reconstruction. Vitaz et al.'” reported a mean of
45.2 days between the index spine surgery and the devel-
opment of a wound complication in patients with degener-
ative musculoskeletal conditions versus a mean of 37 days
in oncologic patients. Other studies evaluating outcomes
for delayed spine reconstruction reported mean durations
of 1-7 months between the index spine surgery and de-
finitive reconstruction.®'>* Most authors reported that
1-3 operative debridements were performed before defin-
itive reconstruction; the temporizing procedures included
provisional skin closure, conventional dressing changes,
and negative-pressure wound dressing.*!*1%151718 Several
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authors stated that, in cases of dehiscence or infection, in-
traoperative examination during debridement yielded the
most useful predictive information regarding the patient’s
candidacy for a delayed reconstruction. As stated by Meri-
clietal.,' patients were considered for paraspinous muscle
flap reconstruction when there was “...no improvement in
healing and/or wound appearance after culture-directed
antibiotics, in the presence of exposed bone or hardware,
or in situations of deep tracking or drainage during intra-
operative examination.” Regarding CSF leaks, wound revi-
sion was only considered after exhausting all conservative
management strategies, such as bed rest, a lumbar drain,
and/or an externalized ventricular drain.>”

Indications for Immediate Soft-tissue Reconstruction
Chang et al.” compared immediate and delayed onco-
logic spinal wound reconstructions and identified previ-
ous spine surgery, the presence of instrumentation, and a
lumbar or cervical location as predictors of postoperative
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Fig. 2. Pie charts illustrating index spine pathology for patients undergoing immediate and delayed

soft-tissue reconstruction.

complications and thus indications for immediate recon-
struction. Patients who had prophylactic soft-tissue flap
coverage of an instrumented spine wound experienced
a significantly lower incidence of major wound complica-
tions requiring additional surgery compared with patients
whose wounds were closed primarily (20% versus 45%; P
= 0.018).” Patients with previous spine surgery who had
proactive, immediate soft-tissue reconstruction also had
significantly fewer overall complications compared with
patients with a history of spine surgery who did not have
an immediate reconstruction (0% versus 21%; P= 0.002).
In a continuation of Chang’s study, Garvey et al.® reviewed
their long-term outcomes after immediate, prophylactic
spinal wound reconstruction in high-risk oncologic pa-
tients. The authors cite a reduction in the rate of major
wound complications from 38% to 12% after adopting a
more proactive strategy and providing immediate recon-
struction to patients with one or more of the following
comorbidities: diabetes, cardiovascular disease, neoadju-
vant chemotherapy, previous radiation therapy, smoking,
prior spine surgery, or instrumentation. Both Dumanian
et al.? and O’Shaughnessy et al.' set broader indica-
tions for immediate soft-tissue reconstruction than had
been suggested by Chang and Garvey, offering immedi-
ate reconstruction to any patient presenting with either

a prior spine infection or a neoplastic process. Saint-Cyr
et al.’ studied the protective effect of immediate muscle
flap reconstruction specifically for CSF leaks and recom-
mended immediate reconstruction for patients possessing
3 or more of the following risk factors: previous radiation
therapy, previous spine surgery, large resection defect (=3
vertebral levels), an intradural lesion, or a dural repair.

Reconstructive Technique and Flap Choice

The paraspinous muscles were the most commonly
used flaps in both immediate and delayed reconstructions
(Fig. 3). The distribution of flaps between the delayed
and immediate reconstruction cohorts was relatively simi-
lar, with the exception of there being more trapezius flaps
employed for the immediate reconstructions (21% versus
9%). Five articles reported a total of 36 free flaps, all of
which were performed in the immediate setting.*

Overall Wound Complications

Considering all included studies, there were more
wound complications associated with delayed compared
with immediate soft-tissue reconstruction (28.5% versus
18.8%; Table 1, Fig. 4). The delayed reconstruction stud-
ies were less heterogeneous (I? = 68%) than the immedi-
ate reconstruction studies (I = 81%). When analyzing only

5



PRS Global Open © 2019

Flap Type — Immediate Reconstruction

Flap Type — Delayed Reconstruction

& Paraspinous Flap

“ Trapezius Flap

* Latissimus Flap

& Omental Flap

& Fasciocutaneous Flap

& Other Flap

Fig. 3. Pie charts illustrating the distribution of flaps utilized for immediate and delayed soft-tissue

reconstruction

level III studies, there was moderate heterogeneity (I? =
58%; P = 0.02) and a complication rate trending in favor
of immediate reconstruction [odds ratio (OR) = 0.84; 95%
CI = 0.54-1.3; P=0.43; see Figure 5.

Hardware Loss

Considering all included studies, there were nearly
6-fold fewer instances of hardware loss/exposure associ-
ated with immediate soft-tissue reconstruction than with
delayed reconstruction (10.7% versus 1.8%; Table 1,
Fig. 4). The delayed reconstruction studies were hetero-
geneous (I* = 69%), whereas those reporting immediate
reconstructions were not (I> = 0%). When analyzing only
level IIT studies, there was low heterogeneity and no pub-
lication bias (I = 0%; P = 0.98), with data strongly favor-
ing immediate reconstruction (OR = 0.18; 95 percent CI
=0.07-0.46; P=0.003; Supplemental Digital Content 1).

Wound Infection

Considering all studies, there were more wound in-
fections following delayed versus immediate reconstruc-
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tion (10.7% versus 7.6%; Table 1, Fig. 4). The delayed
reconstruction studies had low heterogeneity (I = 43%)
compared with the immediate reconstruction studies
(I* = 73%). When analyzing only the level III studies, there
was low-moderate heterogeneity, no publication bias (I* =
51%; P=0.09), and a statistically equivalent infection rate
trending in favor of immediate reconstruction (OR = 0.64;
95% CI =0.37-1.13; P=0.12; Figure 5). The most common
causative organisms identified in these infections were
Staphylococcus species.*** 1 Other frequently reported
pathogens included Enterococcus, Escherichia coli, Pseudomo-
nas, and Klebsiella. In all studies in which a treatment was
recommended, it was empiric, broad-spectrum antibiotics
until culture-directed therapy could be initiated.*'*!+17

Seroma, Hematoma, and Wound Dehiscence

Considering both level IV and level III studies, the
incidences of minor wound healing complications such
as seroma (6.5% versus 7.5%), hematoma (2.9% versus
4.1%), and wound dehiscence (8.6% versus 7.3%) were
similar between delayed and immediate reconstruc-
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Fig. 4. Box and whiskers plot of the pooled prevalence of wound complications for all included studies. Boxes represent the 50th percen-
tile for the prevalence of each complication; error bars illustrate the minimum and maximum values.

tions, respectively (Table 1, Fig. 2). Subgroup analyses
of level III studies demonstrated similar findings, with
data trending in favor of immediate reconstruction (see
Figure 6, which displays a forest plots of all level 3 data
detailing the incidence of minor wound healing com-
plications in immediate versus delayed spinal wound
reconstructions: A) Seroma B) Hematoma C) Wound
dehiscence).

Partial and Total Flap Loss

Considering both level IV and level III studies, there
was no difference in the rate of partial (3.0% versus 3.6%)
or total (1.8% versus 2.0%) flap loss (Fig. 4). The data
were relatively uniform, as evidenced by I? values ranging
from 0% to 50% (Table 1). Subgroup analyses of level III

studies demonstrated similar findings (see Figure 7, which
displays a forest plots of all level 3 data detailing the inci-
dence of partial and total flap loss in immediate versus de-
layed spinal wound reconstructions: A) Partial Flap Loss
B) Total Flap Loss).

Predictors of Complications

Several studies discussed risk factors for wound
complications following soft-tissue reconstruction. Using
multivariate logistic regression, Chang et al.” identified
previous spine surgery to be an independent predictor as-
sociated with an almost 3 times higher risk of developing
a postoperative complication (OR = 2.95, complication
rate 20.8% versus 0%; P = 0.002). In contrast, immedi-
ate reconstruction was found to be an independent pro-

Immediate Delayed Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Year Peto, Fixed, 95% CI
Dumanian 2003 0 7 5 15 4.4% 0.16 [0.02, 1.32] 2003
Saint-Cyr 2003 2 7 0 2 1.5% 4.35[0.12, 153.41] 2003 >
Chun 2003 2 3 1 2 1.8% 1.74[0.07, 45.70] 2003
Chang 2007 14 44 15 48  25.1% 1.03 [0.43, 2.46] 2007 —
Dolan 2016 10 35 12 20 15.6% 0.28 [0.09, 0.84] 2016 L —
Cohen 2016 0 50 6 52 7.1% 0.13 [0.02, 0.66] 2016 —_—
Sambri 2017 0 1 1 4 0.8% 0.29[0.00, 38.47] 2017 ¢
Devulapalli 2017 54 224 10 65 43.7% 1.66 [0.85, 3.22] 2017 i
Total (95% CI) 371 208 100.0% 0.84 [0.54, 1.30] <o
Total events 82 50

FP. 2 _ _ _ L2 0, } } } |
Heterogeneity: Chi* = 16.69, df = 7 (P = 0.02); I° = 58% o1 o 0 100

Test for overall effect: Z = 0.80 (P = 0.43)

Favors Immediate Favors Delayed

Fig. 5. Forest plot of overall wound complications for all level Il studies. There is moderate interstudy heterogeneity and no publication
bias (I> = 58 percent), and an odds ratio trending in favor of immediate reconstruction.
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Immediate Delayed Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% ClI Year Peto, Fixed, 95% CI
Chun 2003 0 3 0 2 Not estimable 2003
Dumanian 2003 0 7 0 15 Not estimable 2003
Saint-Cyr 2003 0 7 0 2 Not estimable 2003
Chang 2007 2 44 9 48 57.5% 0.26 [0.08, 0.92] 2007 ——
Dolan 2016 0 35 2 20 10.7% 0.06 [0.00, 1.11] 2016 ¢
Cohen 2016 0 50 2 52 11.6% 0.14 [0.01, 2.24] 2016 ¢
Devulapalli 2017 2 224 3 65 20.2% 0.11[0.01, 0.93] 2017 =
Sambri 2017 0 1 0 4 Not estimable 2017
Total (95% CI) 371 208 100.0% 0.18 [0.07, 0.46] ~
Total events 4 16

. 2 _ _ _ 212 — No, ! } } i
Heterogeneity: Chi* = 1.11, df = 3 (P = 0.77); I = 0% o1 o 0 100

Test for overall effect: Z = 3.58 (P = 0.0003)

Favors Immediate Favors Delayed

Fig. 6. Forest plot of hardware loss/exposure for all level Il studies. There is low heterogeneity and no publication bias (1> = 0 percent;
p = 0.77), with data strongly favoring immediate reconstruction (OR = 0.18; 95 percent Cl = 0.07-0.46; p = 0.0003).

Immediate Delayed Peto Odds Ratio Peto Odds Ratio

Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% Cl Year Peto, Fixed, 95% CI
Chun 2003 0 3 0 2 Not estimable 2003
Dumanian 2003 0 7 1 15 1.8% 0.23[0.00, 15.51] 2003 ¢
Saint-Cyr 2003 0 7 0 2 Not estimable 2003
Chang 2007 1 44 3 48 7.9% 0.39[0.05, 2.85] 2007 s
Cohen 2016 0 50 6 52 11.7% 0.13 [0.02, 0.66] 2016 -
Dolan 2016 4 35 6 20 15.8% 0.29[0.07, 1.20] 2016 I —
Devulapalli 2017 3 224 11 65 62.9% 1.16 [0.57, 2.35] 2017 ——
Sambri 2017 0 1 0 4 Not estimable 2017
Total (95% CI) 371 208 100.0% 0.64 [0.37, 1.13] R 3
Total events 48 27

. 2 _ _ _ 12 0, ! } } i
Heterogeneity: Chi* = 8.09, df = 4 (P = 0.09); I = 51% o1 o 0 100

Test for overall effect: Z = 1.54 (P = 0.12)
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Fig. 7. Forest plot of wound infection for all level Ill studies. There is moderate heterogeneity and no publication bias (1> = 51 percent;
p = 0.09), and an infection rate odds ratio trending in favor of immediate reconstruction.

tector for instrumented spine wounds, associated with a
>50% decreased risk of developing a wound complication
(OR = 0.56; 95% CI = 0.01-0.61; P = 0.018). Examining
only immediate reconstructions, Garvey et al.® found ad-
vanced age to be associated with wound complications
(P=0.039). Studying only delayed reconstructions, Meri-
cli et al."* found hardware removed before soft-tissue re-
construction (OR =4.01; 95% CI = 1.3-12.4; P=0.02), a
history of 22 spine surgeries (OR = 3.23; 95% CI = 1.17-
8.9; P=0.001), a lumbar wound location (OR = 2.99; 95%
CI =1.19-7.49; P=0.01), and traumatic spine injury (OR
=2.19;95% CI = 1.62-4.12; P=0.03) to be associated with
postoperative complications. Looking at both immediate
and delayed reconstructions, Devulapalli et al.® identified
the following independent predictors of wound healing
complications: free flap (OR =8.97; 95% CI = 1.51-53.35;
P =0.016), cardiovascular disease (OR = 3.25; 95% CI =
1.45-7.30; P = 0.004), spine hardware (OR = 3.23; 95%
CI = 1.29-8.10; P = 0.012), female sex (OR = 2.81; 95%
CI = 1.39-5.68; P = 0.004), and spinal cord exposure
(OR =2.57;95% CI=1.06-6.19; P=0.036).

The results of this systematic review and meta-analysis
appear to support our initial hypothesis and suggest that
delayed reconstruction results in significantly higher rates
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of overall wound complications, infection, and hardware
failure compared with immediate reconstruction. Sub-
group analysis of only the level III studies illustrated a sim-
ilar trend: when immediate soft-tissue reconstruction was
employed, hardware loss or exposure was significantly less
common and overall wound complications and infections
trended toward being less common.

In order for these results to be truly useful, it would
be helpful to know which spine patients are at the
greatest risk for developing a wound complication, and,
therefore, which patients would derive the greatest util-
ity from prophylactic, immediate soft-tissue wound re-
construction. Omesis et al.?! reviewed their oncologic
spine surgery experience in which all wounds were
closed primarily by the spine surgeon, without flap ad-
vancement, and identified the following risk factors for
wound healing complications: history of previous spine
surgery (P = 0.001), multi-level fusion (P = 0.04), and
greater than one comorbidity (P< 0.001). Our systemat-
ic review of immediate and delayed spinal wound recon-
structions yielded similar findings. A history of previous
spine surgery was the most frequently identified risk fac-
tor for wound healing complications and was found not
only to be associated with requiring a delayed soft-tissue
reconstruction”™%!? but also to be indicative of the need
for immediate soft-tissue reconstruction®!'%2 and to be
associated with the development of complications after
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delayed soft-tissue reconstruction.”®!*16 Other variables
predictive of developing a wound complication follow-
ing spine surgery significant enough to require soft-
tissue reconstruction include radiation therapy, obesity,
cardiovascular disease, smoking, and the presence of
hardware.”!7 Seventy-three percent of patients in the
immediate group received spine surgery because of an
index cancer diagnosis, whereas only 47% of patients
in the delayed group carried an oncologic diagnosis.
In contrast, only 1% of patients in the immediate re-
construction cohort received spine surgery to treat disc
disease, compared with 30% of delayed reconstruction
patients. This dichotomy can potentially be explained
by the fact that oncologic patients have readily iden-
tifiable risk factors for wound healing complications
(radiation, neoadjuvant chemotherapy, malnutrition,
etc), prompting the spine surgeon to consider immedi-
ate reconstruction. However, the risk factors that a disc
disease patient possesses are likely more occult and less
overt, such as obesity, diabetes, coronary artery disease,
chronic obstructive pulmonary disorder, collagen-vas-
cular disease, and prior spine surgery. Although each of
these individual, more commonplace risk factors, is po-
tentially innocuous in isolation, when coexistent, likely
produce an additive effect on surgical risk. Indeed, in
the largest series of delayed spinal wound reconstruc-
tions, Mericli et al."* found that 97% of patients pos-
sessed at least 1 risk factor for poor wound healing and
86% had 2 or more. This observation emphasizes the
importance of preoperative risk stratification as well
as the utility of immediate reconstruction in patients
deemed high risk.

Considering the numerous local and regional muscle
flap options in the posterior trunk, most defects can be
reconstructed with a pedicled flap. Options vary depend-
ing on the location of the defect, but in general, the
paraspinous muscle flap is considered the first-line op-
tion. Coexistent spinal instrumentation and fusion ren-
ders the function of the paraspinous muscle (extension
and vertebral stabilization) unnecessary, thus resulting in
negligible donor-site morbidity compared with transfer of
a more functionally important muscle, such as the latis-
simus. Some surgeons prefer trapezius flaps for cervical
spine wounds; however, others have found success using
paraspinous flaps.5!%172 In the thoracic spine, if the para-
spinous muscles are not available, second-line options
include the latissimus dorsi advancement flap (for the
superior thoracic spine), the reverse turnover latissimus
dorsi flap (for the inferior thoracic spine), and the omen-
tal flap.**'3!% In the lumbosacral spine, secondary op-
tions include the lumbar perforator flap, superior gluteal
artery perforator flap, gluteal advancement flaps, reverse
turnover latissimus dorsi flap, and omental flap.*5-1315-17
Free tissue transfer is a last resort for the posterior trunk
and is fraught with a high flap failure rate and high rate
of complications. Indeed, Devulapalli et al.® identified a
nearly 9-times greater risk of a complication when a free
flap was used for reconstruction of a spinal defect. This is
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likely multifactorial and related to the paucity of recipi-
ent vessels, reliance on long vein grafts or arteriovenous
loops for perfusion, and the more dependent location of
the flap recipient site. Additionally, considering the nu-
merous local and regional flap options associated with
the posterior trunk, most patients receiving a free flap
will have had numerous prior surgeries and failed recon-
structions, possess multiple comorbidities, and have the
most hostile of wounds, making these cases among the
most complicated and high risk.

In the past, infection or exposure was thought to
necessitate removal or replacement of spinal instru-
mentation. However, spinal instrumentation removal is
associated with a high complication rate, including neu-
rologic injury, paralysis, and CSF leakage, and should be
avoided if possible.>® Furthermore, at least one study has
identified instrumentation removal as a risk factor for
wound complications following soft-tissue reconstruc-
tion." Our systematic review has identified the presence
of spinal instrumentation as a major risk factor for devel-
oping a wound complication requiring a delayed soft-tis-
sue reconstruction, as well as a risk factor for developing a
wound complication following soft-tissue reconstruction.
Because of this, most studies consider the presence of
hardware to be an indication for immediate, prophylactic
reconstruction in atrisk patients. Indeed, the most sig-
nificant finding from our meta-analysis is the reduction
in the incidence of hardware loss or exposure in patients
undergoing immediate soft-tissue reconstruction (Sup-
plemental Digital Content 1). However, it is important to
note that a short segment of low-profile hardware certain-
ly does not confer the same risk as high-profile hardware
spanning multiple vertebral levels, and so surgical judg-
ment is still an important component in deciding which
instrumented patients would benefit from immediate
soft-tissue reconstruction.

A limitation of this meta-analysis is that the articles
available for systematic review on the topic of spinal re-
construction were OCEBM level of evidence III and IV;
therefore, the risk of selection bias confounding these
data is considerable. We chose to only include studies
published in the past 15 years, in an effort to limit tech-
nical and instrumentrelated heterogeneity. However, as
indicated by the I? values, there was still interstudy het-
erogeneity when some variables were compared. This can
be attributed to the fact that, owing to the small number
of studies available, we chose to include all articles detail-
ing immediate or delayed spinal wound reconstruction,
regardless of the specific technique used, disease process,
or patient population. We acknowledge that this decision
introduces the potential for bias, but our intent was to
maximize power for our statistical analyses. We believe
that including only studies with high-level evidence on
this focused topic would have generated underpowered,
inconclusive, and irrelevant data analyses. Despite these
limitations, the data do provide important information
that support the concept of immediate wound recon-
struction in high-risk patients.



This systematic review has identified a number of
wound healing risk factors that should prompt consid-
eration for an immediate spinal wound reconstruction,
such as previous spine surgery, the presence of spinal
instrumentation, previous radiation therapy, a large
resection defect, diabetes, obesity, and tobacco use.
Paraspinous muscle flaps are most commonly used for
both immediate and delayed reconstruction, can be em-
ployed at any vertebral level, and should be considered
the first-line option. Our pooled analysis suggests that
immediate soft-tissue reconstruction of high-risk spinal
wounds is associated with fewer wound healing com-
plications, fewer surgical-site infections, and increased
hardware retention. However, additional studies are
needed, in which simple primary closure is compared
with immediate prophylactic paraspinous muscle flap
reconstruction. Such a study would allow us to defini-
tively risk stratify this patient population and accurately
predict who would derive the greatest clinical benefit
from an immediate soft-tissue reconstruction at the time
of an index spine surgery.
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