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bidities, and treatment methods. Primary outcomes were postoperative complications, includ-
ing dehiscence, seroma, and infection. The secondary outcome was time to healing.

Results The overall complication rate was 32%, with dehiscence occurring in 17%, seroma in
15% and infection in 11% of cases. Median follow-up was 10 months (interquartile range,
4-23). Use of antibiotic beads did not affect rate of infection occurrence after wound closure
(P=0.146). Use of incisional negative pressure wound therapy (iNPWT) was significant for re-
duced time to healing (P=0.001). Patients treated without iINPWT healed at median of 67.5
days while the patients who received iINPWT healed in 33 days. Demographics and comorbidi-
ties between these two groups were similar.

Conclusions This data provides groundwork for an evidence-based approach to soft tissue
reconstruction and management of dehiscence after spinal surgery. Timely involvement of
plastic surgery in high-risk patients and utilization of evidence-based interventions such as
iINPWT are essential for improving outcomes in this population.
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INTRODUCTION morbidity and mortality [ 1]. In this patient population, the inci-

dence of isolated wound dehiscence is 0.3%, while the rate of
Postoperative dehiscence and surgical site infection (SSI) are wound dehiscence with infection is 2.5% based on National

significant complications of spinal surgery, leading to increased Surgery Quality Improvement Program data [2]. According to
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the National Nosocomial Infections Surveillance System, SSI
occurs in 1% of discectomies and laminectomies, 2%—-5% of fu-
sions, and up to 8.5% of fusions when an implant is placed [3].

Prevention of SSI not only improves clinical outcomes but has
significant savings benefits. The average cumulative cost of read-
mission and treatment of SSI after spinal surgery is $16,242, in
addition to the total cost of care [4]. More specifically, patients
with SSI following surgery for spinal neoplasms incur inpatient
hospital costs 60% higher compared to those without SSI [S].
Occurrence of SSI was found to nearly double length of stay and
increase the likelihood of readmission by more than six times
compared to general surgery patients experiencing no infectious
complications [6].

Postoperative dehiscence in spinal surgery patients also greatly
increases the rate of readmission (odds ratio [OR], 19.6; P <
0.01) and reoperation (OR, 23.6; P < 0.01) [7]. Known risk fac-
tors for dehiscence after spinal surgery include diabetes, obesity,
smoking, history of radiotherapy, and hypertension [3,8-10].
Operative factors such as a posterior approach, involvement of
seven or more intervertebral levels, instrumentation, prolonged
operative time, and revision spinal surgery also predispose to
healing complications [3,8-12]. Common approaches to de-
crease dehiscence include antibiotics, surgical debridement,
muscle flaps, and negative pressure wound therapy or a combi-
nation thereof [13]. Effective multidisciplinary management
with early involvement of plastic surgery is essential to minimize
morbidity and mortality in the event of dehiscence and achieve
definitive closure in this comorbid population. However, there
is currently no standard protocol for the management of wound
dehiscence after spinal surgery.

‘We present a retrospective review of our institutional experi-
ence with management of complex wounds following spinal
surgery over a 10-year period. The aim of this study was to iden-
tify effective interventions to provide the basis for an evidence-

based management protocol.

METHODS

Retrospective review
After receiving IRB approval (IRB No. 2018-173), a single cen-
ter retrospective review was performed of all consecutive pa-
tients who required plastic surgery intervention after spine sur-
gery. Written informed consents were obtained. Soft tissue re-
construction and closure was performed by one of three senior
authors (CEA, KKE, and SRS).

Data collected included patient demographics, comorbidities,
and perioperative labs. Details of prior spinal surgery (type, op-
erative time, bone graft use, spinal hardware use) were also iden-
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tified. Operative variables for plastic surgery intervention were
also documented including number of debridements prior to

closure and reconstructive approach.

Outcomes of interest

The primary outcome of interest was the rate of postoperative
complications following soft tissue reconstruction, including
hematoma, dehiscence, and infection. Infection was defined as
clinical signs of infection confirmed by positive wound cultures.
Complications directly associated with the preceding spine pro-
cedure (e.g,, cerebrospinal fluid leak) and medical complications
were excluded from analysis. Both the overall incidence of com-
plications and rates of individual complications (dehiscence, se-
roma, and infection) were analyzed. The secondary outcome of

interest was time to healing.

Statistical analysis

Descriptive statistics were used to describe study subjects. Con-
tinuous variables were described by means with standard devia-
tion or medians with interquartile ranges (IQRs) as appropriate
based on the Shapiro-Wilk test of normality. Categorical vari-
ables were described by frequencies and percentages.

Logistic regression was performed to examine the relationship
between binary outcomes (overall complications, dehiscence,
seroma, infection) and explanatory variables. Multivariate logis-
tic regression was not performed due to inadequate power as
determined by the 10 events per variable rule [14].

Patients who failed to heal and required reoperation after post-
operative day 90 were censored at the date of reoperation and
the second reconstruction was included in analysis as a unique
procedure. Cox proportional hazards regression was utilized to
test the association between explanatory variables and the end-
point of healing, specifically to assess their effects on healing
over time while accounting for confounding factors. All predic-
tors with P <0.200 on bivariate analysis were included in the
multivariate regression analysis using a backwards model. Ka-
plan-Meier analysis was used to graphically display time to heal-
ing. The Schoenfeld residuals method was utilized to check the
proportional hazards assumption.

Statistical analysis was performed using STATA version16
(StataCorp, College Station, TX, USA) with significance de-
fined as P < 0.0S.

RESULTS

During the study period, a total of 45 patients underwent 53 soft
tissue reconstruction procedures with plastic surgery for com-

plex wounds secondary to spinal surgery. On average, the popu-
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lation was obese (mean body mass index, 32.6 kg/ m?) and with
a mean Charlson comorbidity index of 1.4 (Table 1) [15]. The
Charlson comorbidity index is a comorbidity-based score rang-
ing between 0 and 24 used to predict mortality. A score of 1.4
correlates to a 10-year survival rate between 90% and 96%.
Common comorbidities were diabetes and smoking. Periopera-
tive labs are presented in Table 1; however, they were docu-
mented inconsistently. Day of reconstructive qualitative cultures
were positive in 20 cases.

The most common preceding spine procedure was spinal fu-

Table 1. Patient demographics, comorbidities, and perioperative labs

Variable Value
Demographics (n=45)
Sex
Male 22 (49.0)
Female 23 (51.0)
Age (yn) 62.7+£12.8
Body mass index (kg/m?) 326194
Comorbidities (n=45)
Charlson comorbidity index 1.4+17
Diabetes mellitus
Uncomplicated (17.8)
Complicated (11.1)
Smoking
Prior 17 (44.4)
Active 17
History of radiation
Perioperative labs?
Hemoglobin A1c (%) 6.2+t17
Albumin (g/dL) 28107
Prealbumin (mg/dL) 145149
Positive cultures 20 (44.0)

Values are presented as the number (%) or mean £ SD. Demographics and
comorbidities calculated for total patients (n=45). Perioperative labs calculated for
total cases (n=53).

JHemoglobin Alc within 3 months of reconstruction was available for 31 cases.
Albumin within 30 days of reconstruction for 41 cases. Prealbumin within 3 days of
reconstruction for 19 cases. Day of reconstructive cultures available for 45 cases.

Table 3. Complication rate by reconstructive approach
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sion with laminectomy in 29 cases. Other procedures included
fusion alone, laminectomy, discectomy, and a combination of
fusion and another procedure besides or in addition to laminec-
tomy (Table 2). The majority of cases (86.8%) had spinal hard-
ware at time of reconstruction; in four cases the patient had a
history of hardware but underwent complete removal of hard-
ware prior to reconstruction. The median operative time of the

preceding spine procedure was 225 minutes.

Reconstruction outcomes

Approach to soft tissue reconstruction and closure is described
in Table 3. The average number of debridements prior to recon-
struction was 1.5. Antibiotic beads were placed or retained at
time of reconstruction in seven patients (13%). A local muscle
flap was utilized in 40 of cases (75%). Specifically, paraspinal
advancement flaps were used in 34 (64%) and trapezius flaps in
10 cases (19%); the latissimus dorsi was used in one case (2%).
Incisional negative pressure wound therapy (iNPWT) was uti-
lized in 40 cases (75%).

The overall complication rate was 32% of cases. On individual

Table 2. History of spine procedures

Variable Value (n=53)
Type of spine procedure
Fusion alone 14 (26.4)
Laminectomy alone 3(.7)
Discectomy alone 1(1.9
Fusion and laminectomy 29 (54.7)
Fusion and discectomy or corpectomy 6(11.3)
Revision spine procedure 36 (67.9)
No. of spine procedures 39+47
Spinal hardware 46 (86.8)
Bone graft? 41 (89.1)
Operative time (min)® 225.0+89.2

Values are presented as the number (%) or mean & SD.
“Bone graft use out of (1=46) and Yoperative time only known for (n1=47) due to
lack of documentation for procedures performed at outside institutions.

Overall Dehiscence Seroma Infection
Variable (nTEtglg,) Yes No Yes No Yes No Yes No
= (1=17) (1=36) P-value (=9 (=44 P-value (=8 (=45) P-value (N=6) (=47 P-value

No. of Dbt 1511 20+£13 12+£09 00279 1.7£11 1.4£11 0591 22107 14+11 00479 23+£15 14+£10 0.062
Abx beads 7(13) 404 38 0142 444 3@ 0.008? 1(12)  6(13)  0.949 233 5(11)  0.146
iINPWT 40 (75) 13(76) 27 (75) 0.908 6 (67) 34(77) 0.504 7(88)  33(73) 0.405 6 (100) 34 (72) -
Muscle flap 40(75)  11(65) 29(81) 0.216 444 3682  0.026” 562 35(78)  0.362 2(33) 38(81)  0.024°
Drain location”

Deep only 7(13) 1(6) 6(17)  0.501 1(11) 6(14) 0501 1120 6(13) 0501 1(17)  6(13)  0.668

SQ only 23 (43) 9(B3) 14(39) 0.846 5(56) 18 (41) 0.657 225 2147 0.247 53 18(39)

Both 20 (38) 635 14(39 0907 2122 18(41)  0.294 4(60) 15(36)  0.607 0 20 (43)

Values are presented as the mean £ SD or number (%).

Dbt, debridements; Abx, antibiotic; INPWT, incisional negative pressure wound therapy; SQ, subcutaneous.
JAll P-values are logistic regression; statistically significant P <0.05; ®Reference =no drains.
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analysis, dehiscence occurred in nine (17%), seroma in eight
(15%) and infection in six (11%) cases. On bivariate logistic re-
gression, only number of debridements was found to have a sig-
nificant relationship with overall complications (Table 3). Each
additional debridement increased the odds of a complication by
2.0 times (95% confidence interval [CI], 1.1-3.7; P=0.027).
Number of debridements also exhibited a significant relation-
ship with incidence of seroma (OR, 2.1; 95% CI, 1.0-4.5;
P =0.047). There was no significant relationship between drain
location and seroma (Table 3). Both use of antibiotic beads and
muscle flaps were significant for dehiscence. Antibiotic beads
increased the odds of dehiscence by 10.9 times (95% CI, 1.9—
63; P=0.008). Comparatively, use of muscle flap was found to
decrease the odds of dehiscence by a factor of 5.6 (95% CI, 1.2~
26; P=0.026). Use of a muscle flap was also significant for de-
creased odds of infection (OR, 8.4; 95% CI, 1.3-53; P=0.024);
however, use of antibiotic beads did not demonstrate a signifi-
cant relationship with infection (P =0.146).

Bivariate logistic regression was also performed with patient

Table 4. Hazards ratio for time to healing (bivariate)

Variable HR 95% Cl P-value
Reconstructive interventions
No. of debridements 1.05 0.84-1.32 0.675
Antibiotic beads 0.61 0.26-1.43 0.255
iINPWT 3.45 1.63-7.29 0.001?
Muscle flap 1.68 0.87-3.25 0.123
Drain location (reference =no drains)
Deep only 1.37 0.33-5.77 0.667
Subcutaneous only 1.37 0.40-4.76 0.616
Both 1.80 0.51-6.36 0.361
Potential confounders
Female sex 0.57 0.32-1.01 0.056
Age 1.04 1.01-1.06 0.002?
Hemoglobin Alc 1.15 0.93-1.41 0.199
Albumin 0.94 0.60-1.48 0.789
Prealbumin 1.01 0.93-1.09 0.881
Diabetes (reference =non-diabetic)
Uncomplicated 1.01 0.47-2.19 0.981
Complicated 1.27 0.56-2.88 0.571
Charlson comorbidity index 1.04 0.92-1.18 0.485
Body mass index 0.99 0.97-1.02 0.567
Smoking (reference = never smoker)
Prior 1.63 0.88-3.01 0.121
Active 1.16 0.51-2.63 0.729
Radiation 0.16 0.02-1.20 0.075
Positive cultures 0.46 0.25-0.87 0.0172
No. of spine procedures 1.02 0.96-1.09 0.458
Operative time 1.00 0.99-1.00 0.218
Bone graft 0.86 0.34-2.21 0.760
Spinal hardware 0.74 0.33-1.55 0.460

HR, hazard ratio; Cl, confidence interval; INPWT, incisional negative pressure wound
therapy.
Statistically significant P < 0.05.
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demographics, comorbidities, and characteristics of spine pro-
cedures as explanatory variables to assess for potential con-
founders. Complicated diabetes was statistically significant for
dehiscence and infection (P =0.046 and P =0.026, respective-
ly). Hemoglobin Alc was also significant for infection (P =
0.020). No other variables reached significance (see Supple-
mental Table 1, which provides p-values for all possible con-
founders considered). Multivariate logistic regression was not
performed due to inadequate power; thus, Fisher exact test was
used to assess for an association between use of antibiotic beads
or use of muscle flap and diabetes as these were the reconstruc-
tive variables found to be significant for dehiscence and infec-
tion. There was no statistically significant association between
use of antibiotic beads and diabetes (P = 0.549) or use of muscle
flap and diabetes (P =0.097). Similarly, Wilcoxon rank-sum test
was used to compare Alc between muscle flap and non-muscle

flap groups and was not significantly different (P =0.748).

Time to healing

Healing was observed in 51 cases with a median time to healing
of 36 days (IQR, 27-48). In two cases, healing was not achieved
and the patients underwent a second attempt at reconstruction
after POD90; the three recurrences occurred at a mean of 1.3
months (standard deviation, 1.0) after initial healing. Two of the
recurrences occurred in the same patient; healing was achieved
after complete removal of hardware. In the second patient expe-
riencing recurrence, healing was achieved with use of NPWT.
Median follow-up duration was 10 months (IQR, 4-23 months).
Bivariate Cox hazards regression was performed (Table 4). The
only reconstructive intervention with significant effect was
iNPWT (hazard ratio [HR], 3.4; 95% CI, 1.6-7.3; P=0.001);

Time to healing by utilization of iINPWT

100

~
[$)]

Cases healed (%)
o
<)

25
95% CI 95% Cl
0 b ‘ —iNPWT=0 FNPWT=1 ‘
0 5 10 15 20

Follow up (mo)

Fig. 1. Healing in iNPWT versus non-iNPWT groups. A Kaplan-Meier
failure curve for time to healing in patients treated with incisional
negative pressure wound therapy (iNPWT=1) versus without (iN-
PWT=0). The iNPWT group had a 73% probability of achieving heal-
ing earlier than the non-iNPWT group. iNPWT, incisional negative
pressure wound therapy; Cl, confidence interval.
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Table 5. Hazards ratio for time to healing (multivariate)

Variable HR 95% Cl P-value
iINPWT 2.69 1.22-5.94 0.014
Age in years 1.03 1.00-1.05 0.032

The Schoenfeld residuals test was nonsignificant (P=0.492) indicating goodness-
of-fit; statistically significant P <0.05.

HR, hazard ratio; Cl, confidence interval; INPWT, incisional negative pressure wound
therapy.

at any given point in time, 3.4. The median time to healing in
the INPWT versus non-INPW'T groups was 33 days (IQR, 26—
42) and 67.5 days (IQR, 44.5-276), respectively (Fig. 1). Po-
tential confounders exhibiting significance on bivariate analysis
were age (P=0.002) and positive day of reconstruction cultures
(P=0.017).

The final results of multivariate Cox hazards regression model
are presented in Table 5. Both iNPWT (HR, 2.7) and age (HR,
1.03) maintained independently significant relationships with
time to healing. Positive day of reconstruction cultures was
dropped from the model due to lack of significance.

DISCUSSION

This retrospective series of patients requiring plastic surgery
closure for dehiscence after spinal surgery identifies a popula-
tion that is predominantly diabetic and obese. A large portion of
the patients also presented with current or prior tobacco use
and a history of revision spine surgery. The mean operative time
for the patients was prolonged ( > 3 hours). Use of INPWT was
the only intervention found to have a significant relationship
with decreased time to healing,

Identification of these risk factors is consistent with prior liter-
ature. Two meta-analyses identified diabetes, obesity, and pro-
longed operative time as significant risk factors for SSI after spi-
nal surgery [3,8]. In a pooled analysis of patients from four stud-
ies, smoking and diabetes were also identified as risk factors for
development of complex back wounds requiring muscle flaps
for coverage [9]. In a group of 2,391 patients who developed
postoperative spinal wound infection, 37% of the patients had
undergone revision spinal surgery [12]. Using these factors,
high-risk patients who would benefit from multidisciplinary
evaluation can be identified and considered for prophylactic
soft-tissue intervention. However, a standardized approach to
management of this population is lacking.

We found that use of antibiotic beads has no effect on the rate
of infectious complications after wound closure. A prior study
by Horii et al. [16] also found no difference in the incidence of
developing SSI after spinal surgery between patients treated

with or without antibiotic powder. In some cases, we observed
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persistent infection when utilizing antibiotic beads. In one of
the patients who experienced recurring infection in our series,
antibiotic beads had been placed multiple times and infection
continued to recur, precluding successful closure. An in vitro
study by Howlin et al. [17] found that antibiotic beads had lim-
ited efficacy in treating established biofilms in periprosthetic in-
tections. Furthermore, their data from scanning electron mi-
croscopy demonstrated potential for antibiotic beads to act as a
nidus for biofilms once antibiotic concentrations fell below
minimum bactericidal concentration. The potential of antibiotic
beads to act as a nidus for infection is especially concerning giv-
en the lack of demonstrated significance for improving the inci-
dence of infectious complications. In the cases of recurrent in-
fection, we also observed instances of sinus tract infection while
using antibiotic beads. Although this observation was anecdotal,
our analysis found that antibiotic beads were significantly asso-
ciated with increased rates of wound dehiscence, which war-
rants further investigation of the deleterious impact antibiotic
beads may have on primary wound closure.

Each debridement a patient received increased the odds of a
complication by 2.0 times, which likely is the result of increased
surgical trauma. However, the number of debridements may
also be indicative of a more infectious wound base or poor tis-
sue quality preventing proper wound healing. With each serial
debridement, more tissue is excised, increasing the diameter
and the depth of the wound. Increased dead space is an inde-
pendent risk factor for seroma formation [ 18], which is further
demonstrated by the significant correlation between number of
debridements and risk of seroma development in our study.
Surgical drains are routinely installed to prevent seroma forma-
tion, whether subcutaneously or deep to the fascial layer. Results
from our analysis found no difference in seroma rates with the
use of drains, regardless of location. Seromas can occur after
drain removal, especially if the drain is removed too early [19].
While most seromas can be treated conservatively, more refrac-
tory seromas may require more intensive management, such as
sclerotherapy [20]. To prevent late-occurring seromas, our insti-
tution has begun to utilize sclerosing agents within surgical
drains, to ensure dead space elimination, prior to drain removal
in patients with history of recurrent seromas.

Immediate soft tissue reconstruction of complex wounds sec-
ondary to spinal surgery with muscle flaps is associated with
high rates of successful wound closure while minimizing wound
complications [21]. The results of our study further support
this claim, with muscle flaps significantly decreasing rates of de-
hiscence and infectious complications postoperatively. The use
of well-vascularized muscle flaps provides ample coverage of any

exposed hardware as well as increases delivery of systemic anti-
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biotics. Furthermore, the multiple layers of tissue within the flap
minimize hardware exposure in the case of minor wound break-
down [21].

We found a significantly reduced time to healing in patients
treated with INPWT. Patients who were treated with iNPWT
had a 73% probability of healing prior to those without INPWT
[22]. Similarly, a randomized control trial of patients who devel-
oped wounds after surgery for spinal fractures found that the
use of INPWT was shown to significantly reduce mean seroma
volume, wound care time, number of dressings required, and
duration of wound secretion [23]. In a study of patients who
underwent long-segment thoracolumbar spinal fusions, the
group of patients who received prophylactic INPWT had a sig-
nificant reduction of both wound dehiscence and postoperative
SSIs compared to the patients treated without prophylactic iN-
PWT [24]. Increasing age was associated with improved odds

of earlier healing in our study; a 10-year increase in age results in
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a 57% probability of healing earlier (coefficient=0.028) while
holding all other variables constant [22]. Our series included
one patient 25 years of age with healing occurring after 24
months, far younger than our median of 62 years with healing
time far longer than our median of 36 days; inclusion of this pa-
tient may have skewed analysis, warranting further investigation.

We advocate for the following evidence-based treatment algo-
rithm (Fig. 2). After a thorough physical exam and assessment
of medical comorbidities, the initial evaluation should focus on
signs of infection. If there is suspicion for infection, wound cul-
tures should be taken immediately prior to initiation of antibiot-
ic therapy:. If positive, then debridement should ensue and an in-
fectious disease specialist should be consulted in order to select
proper antibiotic therapy. Cultures should again be taken after
debridement to confirm an absence of infection. This cycle of
debridement and cultures should be repeated until the wound

cultures are negative. Based on our findings, we do not advocate

Complex surgical wound of the back
Physical exam, medical optimization
: N No . : .
Signs of infection? > Signs of fluid collection?
Yes Yes
A A
+ . .
ID consult, debridement Wound cultures No Evacuation & debridement
of capsule
+ -
A
Post debridement wound - Significant dead space or >
culture exposed deep structures?
Yes
No
A
Yes .
— Complex closure < Amenable to tension free closure? < Local muscle flap
No
A
Local tissue rearrangement Yes Good vascularity No Consider regional
9 B of surrounding tissue? myocutaneous flap of FTT

iNPWT

Fig. 2. Evidence-based management algorithm for complex back wounds. An evidence-based management algorithm for complex surgical
wounds of the back to guide infection control, treatment of fluid collections, and dead space elimination. Following these steps, all wounds
should then be managed with incisional negative pressure wound therapy (iNPWT) for a minimum of 7 days. FTT, free tissue transfer.
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for the use of antibiotic beads. Residual infection should be ad-
dressed with further debridement and/or hardware removal
when appropriate.

After addressing infection and any fluid collection, the defect
should be examined to plan for soft tissue reconstruction. De-
fects with significant dead space or exposed deeper structures,
including hardware, necessitate muscle flap coverage. We found
no significant difference in outcomes between local flap options
including paraspinal and trapezius flaps. Next, the quality and
laxity of the soft tissue must be considered. Given the deleteri-
ous effects of additional healing complications, it is paramount
to ensure a tension-free closure.

‘We have found that local tissue rearrangement is sufficient to
achieve definitive closure in almost all cases when primary clo-
sure is not possible. There were no patients that required free
tissue transfer in this study. A history of radiation therapy to the
surgical site requires wide resection of irradiated tissue and often
results in a large skin and muscle defect that may not be amena-
ble to local tissue rearrangement. Free tissue transfer may be
considered; however, lack of recipient vessels and need for
prone positioning of the patient limit the widespread applicabil-
ity of this modality. Other options include regional myocutane-
ous flaps outside the zone of injury, depending on the location
of the wound [25,26]. All wounds should then be managed

Fig. 3. Incisional negative pressure wound therapy (iINPWT) dressing.
Example of iNPWT dressing utilized to create physical barrier from
contamination, bring incision edges together, and remove excess flu-
id and infectious material.
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with iNPWT (Fig. 3) for a minimum of 7 days postoperatively
regardless of defect size or approach to reconstruction as this
was the only intervention found to decrease time to healing in
our series.

This study establishes groundwork for the first evidence-based
algorithm for soft tissue reconstruction in the spinal surgery
population. However, the retrospective nature of the study did
limit analysis. Preoperative factors such as the time to presenta-
tion and number of prior spinal operations were often poorly
documented. Furthermore, the sample size for certain interven-
tions, such as antibiotic bead placement, was small which also
limits the strength of our analysis. Further investigation is war-
ranted to further validate our treatment algorithm for soft tissue
reconstruction in this population and would benefit from larger,
multicenter studies.
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Supplemental Table 1. Complication rate by possible confound-
ing variables. Supplemental data can be found at: https://doi.
org/10.5999/aps.2020.02061.
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