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Purpose: Rates of surgical site infection (SSI) following reconstructive flap surgeries
(RFS) vary according to flap recipient site, potentially leading to flap failure. This is
the largest study to determine predictors of SSI following RFS across recipient sites.
Methods: The National Surgical Quality Improvement Program database was queried
for patients undergoing any flap procedure from years 2005 to 2020. RFS involving
grafts, skin flaps, or flaps with unknown recipient site were excluded. Patients were
stratified according to recipient site: breast, trunk, head and neck (H&N), upper and
lower extremities (UE&LE). The primary outcome was the incidence of SSI within
30 days following surgery. Descriptive statistics were calculated. Bivariate analysis
and multivariate logistic regression were performed to determine predictors of SSI
following RFS.

Results: 37,177 patients underwent RFS, of whom 7.5% (n =2,776) developed SSI. A
significantly greater proportion of patients who underwent LE (n =318, 10.7%) and
trunk (n=1,091, 10.4%) reconstruction developed SSI compared to those who
underwent breast (n=1,201, 6.3%), UE (n=32, 4.4%), and H&N (n =100, 4.2%)
reconstruction (p <.001). Longer operating times were significant predictors of SSI
following RFS across all sites. The strongest predictors of SSI were presence of
open wound following trunk and H&N reconstruction [adjusted odds ratio (@OR)
95% confidence interval (Cl) 1.82 (1.57-2.11) and 1.75 (1.57-1.95)], disseminated
cancer following LE reconstruction [aOR (Cl) 3.58 (2.324-5.53)], and history of
cardiovascular accident or stroke following breast reconstruction [aOR (Cl) 16.97
(2.72-105.82)].

Conclusion: Longer operating time was a significant predictor of SSI regardless of
reconstruction site. Reducing operating times through proper surgical planning
might help mitigate the risk of SSI following RFS. Our findings should be used to
guide patient selection, counseling, and surgical planning prior to RFS.
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REFS, reconstructive flap surgery; SSI, surgical site infection; CDC, centers for disease control and prevention; ACS
NSQIP, American College of Surgeons National Surgical Quality Improvement Program; SCR, surgical clinical
reviewers; IRR, inter-rater reliability; CPT, current procedural terminology; BMI, body mass index; WBC, white
bell cell; Cr, creatinine; ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary
disease; CHF, congestive heart failure; PCI, previous percutaneous intervention; PVD, vascular; TIA, transient
ischemic attack; CVA, cerebrovascular accident; CT, chemotherapy; RT, radiotherapy; SIRS, systemic
inflammatory response syndrome.
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Introduction

Reconstructive flap surgery (RFS) is defined as the process of
harvesting and transferring skin, fat, and/or muscle tissue from one
area of the body to another. This tissue can either be displaced to the
new area while maintaining its original vasculature, in the form of a
“pedicled flap”, or be entirely separated from its origin and re-attached
to new vasculature at the recipient site, in the form of a “free flap” (1).

RES has revolutionized the field of plastic and reconstructive surgery.
It is commonly used for the purpose of repairing congenital defects or
defects following infection, traumatic injuries, or cancer resection
(2, 3). Potential complications arising from RFS include flap-specific
complications, e.g, wound dehiscence, tissue rejection, scarring,
hematoma, edema, blood clotting, fistulas, to name a few. Another
possible complication of RFS is surgical site infection (SSI) (4, 5).

SSI is defined by the Centers for Disease Control and Prevention
(CDC) as a surgery-related infection that occurs at or near the
surgical incision within 30 days of surgery. An infection can
involve the skin at the site of incision (superficial incisional SSI),
the underlying tissue and muscle (deep incisional SSI) or spread
further into the organs and/or space between the organs (organ
space SSI). SSI is one of the most common nosocomial infections,
accounting for about 20% of all hospital-acquired infections,
increasing mortality rates by up to 11-fold as well as inflicting
significant financial burden on the healthcare sector (6). SSI is a
serious postoperative complication that can lead to increased
hospital length of stay, delayed wound healing, impaired tissue
repair and flap necrosis leading to graft failure (7, 8).

The incidence of SSI following RES varies according to the flap
recipient site. It has been reported to occur following 4.9% of breast
reconstructive procedures and up to 16.5% of head and neck
reconstructive procedures. Moreover, predictors of SSI following these
procedures have been described in the literature. Active smoking and
hypertension were found to be significant predictors of SSI following
breast reconstruction, while increased length of hospital stay was a
significant predictor of SSI following head and neck reconstruction
(8, 9). Nonetheless, the incidence and predictors of SSI following
trunk and extremity reconstruction have not been investigated.

Hence, we queried the American College of Surgeons National
Surgical Quality Improvement Program (ACS NSQIP) database to
compare the incidence and determine the predictors of SSI following
RES across reconstruction sites. We hypothesize that due to the
different etiologies and surgical techniques employed in the different
reconstruction sites, the incidence and predictors of SSI will differ
across the various sites. We anticipate that this analysis will
contribute to improving patient selection, preoperative counseling,
and surgical planning in hopes of mitigating the risk of SSI and its
consequences following RFS.

Materials and methods
Dataset
Our study is a retrospective analysis of prospectively collected

clinical data within the NSQIP database from years 2005 to 2020.
The NSQIP database contains data on over 150 variables, including
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preoperative demographics, comorbidities, lab values, operative
characteristics, and intra- and postoperative outcomes. These
variables are collected within 30 days of surgery in both the
inpatient and outpatient settings. The NSQIP data come from
more than 700 participant sites. At each site, data is collected by
trained and certified surgical clinical reviewers (SCRs) using a
variety of methods including medical chart abstraction. To ensure
high quality of data collection, SCRs receive mandatory web-based
training, annual certification exams, and the participating sites
receive inter-rater reliability (IRR) audits by the ACS NSQIP (10).

Patient selection

We queried the NSQIP dataset for patients who underwent RFS
using current procedural terminology (CPT) codes pertaining to free
or pedicled flaps (Supplementary Tables S1, S2). To standardize
our patient population and minimize confounding, we only included
patients who underwent flap surgery as a principal procedure.
Patients who underwent RFS using free or pedicled flaps were
included in our patient cohort. The included CPT codes, with their
frequency and description, are summarized in Supplementary
Table S1. We excluded from our analysis patients who underwent
RES involving grafts, skin flaps, or surgeries of unspecified location.
The excluded CPT codes, with their frequency, description, and
reason for exclusion, are summarized in Supplementary Table S2.

Data cleaning and management

Among our patient cohort, n=339 (0.9%) had missing height
values which were replaced with the median height (65 inches),
and n =189 (0.5%) had missing weight values which were replaced
with the median weight (174 pounds). The values of height and
weight were used to calculate the body mass index (BMI) in kg/m?
of the whole population and subpopulations.

Due to the heterogeneity in reporting operating times in NSQIP,
operating times <Ist percentile (35 min) of n =329 (0.88%) patients
were replaced with the median operating time (272 min).
Additionally, n=178 (0.48) missing values of length of total
hospital stay were replaced with the median length of total hospital
stay (4 days), n=772 (2.1%) missing values of white blood cell
(WBC) count were replaced with the median WBC count (6,600),
and n=694 (1.9%) missing values of creatinine (Cr) level were
replaced with the median Cr level (0.8). For categorial variables,
n=88 (0.2%)
Anesthesiologists (ASA) classifications which were replaced with
the mode ASA class (II—mildly disturbed).

The primary outcome of interest in our study was the incidence

patients had missing American Society of

of SSI in each reconstruction site. SSI was defined as any post-
surgical infection including: “superficial incisional SSI”, “deep
incisional SSI”, and “organ/space SSI”. The complete definitions of
these variables are available in the User Guide for the ACS NSQIP
Procedure Targeted Participant Use Data File (11). Furthermore,
patients were stratified based on five sites of flap reconstruction:
breast, trunk, head and neck (H&N), upper extremity (UE) and
lower extremity (LE).
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Data analysis

Descriptive statistics were calculated for all the patients with RFS,
and patients stratified by reconstruction sites. Univariate exploratory
analysis was done for the whole population and subpopulations. We
presented normally distributed numerical data as mean * standard
deviation (SD) and non-normally distributed data as median and
interquartile range (IQR). We used the independent t-test to
compare continuous variables, and the Chi-square or Fisher’s exact
tests to compare categorical variables.

For each of the five reconstruction sites, we performed bivariate
analysis to identify demographics, clinical and surgical characteristics
that significantly differed between patients who developed SSI
compared to those who did not. These covariates included age, BMI,
operating time, preoperative WBC count, preoperative Cr levels,
gender, race, Hispanic or Latinx ethnicity, smoking with 12 months
prior to surgery, alcohol use, diabetes mellitus, chronic obstructive
pulmonary disease (COPD), hypertension, congestive heart failure
(CHF) surgery,
intervention cardiac

in 30 days previous percutaneous
(PCD), surgery, of
revascularization for peripheral vascular disease (PVD), history of

prior to
previous history
transient ischemic attack (TTIA), history of cerebrovascular accident
(CVA) or stroke, steroid use within 30 days prior to surgery,
disseminated cancer, chemotherapy (CT) within 30 days prior to
surgery, radiotherapy (RT) within 90 days prior to surgery, bleeding
disorders, preoperative  dyspnea, requiring  ventilator-assisted
respiration within 48 h prior to surgery, pneumonia, requiring dialysis
within 2 weeks prior to surgery, more than 10% of total body weight
loss within 6 months prior to surgery, transfusion >4 units in 72 h

prior to surgery, prior operation within 30 days, functional health
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status, ASA classification, presence of open wound, and preoperative
systemic inflammatory response syndrome (SIRS). Covariates found
to have a p-value<.2 on bivariate analysis were subsequently
included in five different multivariate regression models to determine
the significant predictors of SSI in each reconstruction site. To
determine the most parsimonious risk model of SSI in each
reconstruction site, forward logistic regression was used. The strength
of the association between risk factors and incidence of SSI was
estimated using the adjusted odds ratio (aOR) and 95% confidence
interval (CI). A p-value<.05 was deemed significant. IBM SPSS
Statistics 28.0.0.0 was used for data cleaning, management, and
analysis (12).

Results

A total of 37,177 patients who underwent RFS were included in
our patient cohort. Their mean age + standard deviation (SD) was
54.76 £ 13.49 years, and their median (IQR) BMI was 28.8 (24.9-
33.1) kg/mz. Median (IQR) total operating time was 272 (148-439)
minutes, and median (IQR) length of total hospital stay was 3 (2-5)
days. Figure 1 (dark blue bars) illustrates the distribution of patients
who underwent RFS according to sites of reconstruction. The
majority of patients in our patient cohort underwent breast
reconstruction (1= 18,947, 51.0%), followed by trunk (n=10,447,
28.1%), H&N (n=4,086, 11.0%), LE (n=2,963, 8.0%), and UE
(n=3,697, 9.92.0%) reconstruction (Figure 1—dark blue bars). A
total of n=2,776 (7.5%) patients developed SSI following RFS, the
majority of whom had breast reconstruction (n=1,201, 43.3%).
Figure 1 (light blue bars) illustrates the proportion of patients who
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A stacked column chart showing the proportion of patients (%) who developed surgical site infection (light blue) among those who underwent reconstructive
flap surgery (dark blue), stratified by reconstruction site. SSI, surgical site infection. Dark blue bars show the proportions of patients who underwent
reconstructive flap surgery, stratified by reconstruction site. The proportions are calculated from the total number of patients who underwent
reconstructive flap surgery (n = 37,177). Light blue bars show the proportions of patients who developed SSI following reconstructive flap surgery, stratified
by reconstruction site. The proportions are calculated from the total number of patients who underwent reconstruction of each respective site (x-axis).
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developed  SSI following RES, stratified by
reconstruction site. The proportion of patients who developed SSI
following LE (n=318, 10.7%) (n=1,091, 10.4%)
reconstruction was significantly greater than the proportion of
patients who developed SSI following breast (n=1,201, 6.3%), UE
(n=32, 44%), and H&N (n =134, 3.3%) reconstruction (p <.001)
1—light blue bars). Table 1
demographics, clinical, and surgical characteristics between patients
who developed SSI vs. those who did not develop SSI following RFS
of each site.
Variables

demographics

within  30-days
and trunk
(Figure

compares  patient

with
(Table 1) were used in multivariate logistic

a p<.2 upon comparison of patients’
regression models (Table 2) to assess the significant predictors of
SSI following RES of each site. After adjustment with multivariate
logistic regression, longer operating time was a significant predictor
of SSI following RES across all sites, and the presence of open
wound was a significant predictor of SSI following RFS across most
reconstruction sites (except extremities).

The strongest predictor of SSI following breast reconstruction
was history of CVA/stroke [adjusted odds ratio (aOR) 95%
confidence interval (CI) 16.97 (2.72-105.82)] followed by
preoperative dyspnea at rest [aOR (CI) 5.13 (1.42-18.52)]. Alcohol
use [aOR (CI) 1.27 (1.11-1.45)] and diabetes mellitus on insulin
[aOR (CI) 2.0 (1.42-2.82)] were unique risk factors for SSI
following breast reconstruction. Other risk factors included BMI,
smoking, hypertension, loss of more than 10% of body weight
within 6 months prior to surgery, and prior operation within 30
days (Table 2). The presence of open wound was the strongest
predictor of SSI following trunk reconstruction [aOR (CI) 1.82
(1.57-2.11)], followed by preoperative SIRS [aOR (CI) 1.59 (1.18-
2.14)]. In our analysis, requiring ventilator-assisted respirations
within 48 h prior to surgery was a unique and protective factor for
SSI following trunk reconstruction [aOR (CI) 0.31 (0.12-0.79)].
Other risk factors included BMI, smoking, loss of more than 10%
of body weight within 6 months prior to surgery, and preoperative
dyspnea 226,201 with moderate exertion (Table 2). Similarly, the
presence of open wound was also the strongest predictor of SSI
[aOR (CI) 1.75 (1.57-1.95)],
followed by loss of more than 10% of body weight within 6
months prior to surgery [aOR (CI) 1.67 (1.27-2.19)] and
disseminated cancer [aOR (CI) 1.56 (1.27-1.93)]. Preoperative
WBC count was a unique risk factor for SSI following H&N
reconstruction [aOR (CI) 1.04 (1.02-1.05)]. Other risk factors
included preoperative SIRS, ASA class III and ASA class IV
(Table 2). As for extremity reconstruction, the strongest predictor
of SSI was disseminated cancer [aOR (CI) 3.58 (2.324-5.543)]
following LE reconstruction, and preoperative dyspnea at rest [aOR
(CI) 4.2 (1.47-12)] following UE reconstruction.

following H&N  reconstruction

Discussion

Postoperative SSI is a serious and unfortunate complication of
RFS leading to morbidity and mortality (6, 7). Using NSQIP, a
multi-institutional database, we conducted the first and largest
study to date to compare the incidence and determine the
predictors of SSI following RFS across reconstruction sites. Our
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starting hypothesis was that both the incidence and predictors will
vary across reconstruction sites due to the different reasons for and
techniques of RFS at the different sites. We aim to provide
surgeons with conclusions that can help guide patient selection,
counseling, and surgical planning to help minimize the risk of SSI
postoperatively. The overall 30-day incidence rate of SSI in our
patient cohort was 7.5%, which falls within the range reported in
the literature (8, 9, 13). However, due to different techniques and
sites of reconstruction, surgeon expertise, patient demographics
and comorbidities, and duration of patient follow-up, accurate
complication rates may be difficult to compare among studies (14).
In the subpopulation of patients who underwent breast RFS, 6.3%
of patients developed SSI. This incidence rate was within the range
reported in the literature (15). Our results showed that patients
with higher BMI, smoking, hypertension, and diabetes mellitus
were at significantly greater odds of SSI following breast RES.
Similarly, multi-institutional studies using NSQIP on patients who
underwent breast reconstruction reported obesity, smoking,
hypertension, and diabetes mellitus to be associated with increased
odds of wound complications, such as SSI within 30 days of
surgery (9, 16, 17). Obesity has been hypothesized to contribute to
an increased occurrence of SSI through decreased oxygen supply,
impaired penetration of prophylactic antibiotics, longer operating
times, increased blood loss perioperatively, and impaired immunity
(18-22). Smoking and hypertension have been found to contribute
to the risk of SSI due to reduced tissue perfusion and delayed
healing (23, 24). Similarly, diabetes might contribute to the risk of
SSI through vascular changes and impaired immunity (25, 26).
Some other risk factors of SSI in our RES of the breast cohort, not
previously reported in the literature, include longer operating time,
presence of open wound, and history of CVA/stroke. According to
our results, the latter was the strongest predictor of SSI following
RFS of the breast. This can be explained by the tight association
between stroke and the comorbidities previously discussed,
including obesity, hypertension, and diabetes mellitus (27). Our
results, in line with existing literature, highlight the importance of
patient counseling about the importance of smoking cessation and
proper management of patient comorbidities to mitigate the
incidence of postoperative SSI.

In our patient cohort, the incidence rate of SSI following trunk
reconstruction was lower than the range reported in the literature
(20%-28.6%)
predictors of SSI following RFS of the trunk were obesity, smoking,

(28, 29). According to our results, significant

presence of open wound, longer operating times, preoperative
SIRS, loss of more than 10% of body weight within 6 months prior
to surgery, and preoperative dyspnea with moderate exertion.
Patient-related risk factors for SSI following trunk reconstruction
have not been investigated before. However, the failure of removal
of spine implants before RFS of the trunk has been reported to be
associated with SSI (29).

For our H&N population consisting of 2,381 patient who
underwent RFS, 4.2% of them (100 patients) developed SSI, which
is in discordance with the range reported in existing literature
(7, 8, 30, 31). In a study by Lebo et al. on 4,014 patients with
complex H&N surgery, 16.5% of them (662 patients) developed SSI
within 30 days of surgery. They showed that smoking, diabetes,
prior wound infection, contaminated or dirty wound classes, and
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TABLE 2 Multivariate regression evaluating predictors of SSI following flap reconstruction stratified by flap reconstruction site.

Risk factors Breast Trunk H&N LE UE
aOR 95% Cl aOR 95% Cl aOR 95% Cl aOR 95% Cl aOR 95% Cl

BMI in kg/m? (median; IQR) 1.06 1.05-1.07 1.03 1.02-1.04 - - - - - -
WBC count - - - - 1.04 1.02-1.05 - - - -
Male gender - - 0.86 0.76-0.98 - - - - - -
Race

American Indian or Alaska Native Ref - - - Ref - - - - -

Asian 0.54 0.17-1.71 - - 0.48 0.26-0.91 - - - -

Black or African American 0.80 0.28-2.24 - - 0.79 0.46-1.37 - - - -

Native Hawaiian or Pacific Islander 2.50 0.58-10.78 - - 1.26 0.46-3.45 - - - -

White 1.27 0.46-3.53 - - 1.02 0.6-1.76 - - - -

Unknown/Not Reported 1.29 0.45-3.66 - - 0.88 0.51-1.49 - - - -
Hispanic ethnicity

No Ref - - - - - - - - _

Yes 0.88 0.69-1.13 - - - - - - - _

Unknown 1.33 1.04-1.71 - - - - - - - -
Smoker 1.64 1.36-1.98 1.43 1.23-1.66 - - - - - -
Alcohol 1.27 1.11-1.45 - - - - - - - -
Diabetes mellitus

No Ref - - - - - - - - -

Insulin 2.00 1.42-2.82 - - - - - - - -

Oral agent 1.25 0.98-1.60 - - - - - - - -
COPD - - - - - - - - - -
Hypertension 1.21 1.06-1.39 - - - - 1.28 1.01-1.62 - -
Previous cardiac surgery - - - - - - - - - -
History of CVA/Stroke 16.97 2.72-105.82 - - - - - - - -
Disseminated cancer - - - - 1.56 1.27-1.93 3.58 2.32-5.54 - -
Dyspnea

No Ref - Ref - - - - - Ref -

Moderate exertion 1.32 0.90-1.95 1.36 1.09-1.69 - - - - 4.2 1.47-12

At rest 513 1.42-18.52 1 0.52-1.92 - - - - 5.7 0.64-49.6
Ventilator dependent >100 - 0.31 0.12-0.79 - - - - - -
>10% body weight loss 4.11 1.78-9.49 1.58 1.11-2.24 1.67 1.27-2.19 - - - -
Prior operation within 30 days 3.50 1.44-8.49 - - - - 0.16 0.02-1.16 - -
Open wound 2.36 1.62-3.45 1.82 1.57-2.11 1.75 1.57-1.95 1.29 1.03-1.61 - -
SIRS - - 1.59 1.18-2.14 1.51 1.18-1.93 - - - -
Operating time in minutes (median; IQR) 1.001 1.001-1.001 1.002 1.002-1.003 1.001 1.001-1.001 1.002 1.001-.002 1.003 1.001-1.005
ASA class

I - - - - Ref - - - - -

11 - - - - 1.18 0.92-1.51 - - - -

III - - - - 1.53 1.2-1.96 - - - -

(continued)
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TABLE 2 Continued

10.3389/fsurg.2023.1080143

Risk factors Breast Trunk H&N LE UE
aOR 95% Cl aOR 95% Cl aOR 95% Cl aOR  95% CI  aOR 95% Cl
v - - - 145 1.06-1.98 - - - -
v - - - 0.0 0.0 - - - -
C-statistic 0.66 0.66 0.61 0.60 0.67
Hosmer-Lemeshow test 033 0.05 0.15 0.09 0.007

H&N, head and neck; UE & LE, upper extremity and lower extremity; BMI, body mass index; SIRS, systemic inflammatory response syndrome; aOR, adjusted odds ratio; Cl, 95%
confidence interval; IQR, interquartile range; Ref, reference category; C-statistic, concordance statistic or the area under the receiver operating curve. Significant 95%

confidence intervals are bolded.

longer operating times were 264,238 risk factors for postoperative SSI
(8). Among those risk factors, only longer operating time was found
to be a significant predictor of SSI following RFS of the H&N in our
analysis. The difference in incidence and predictors of SSI between
our study and the one by Lebo et al. may be attributed to the
different inclusion/exclusion criteria of both studies. For instance,
Lebo et al. did not include patients who underwent flap
reconstruction of the H&N using muscle, myocutaneous or
fasciocutaneous flaps (CPT code: 15732). Additionally, they
included patients with laryngectomy (CPT codes: 31360, 31365,
31368, 31390, 31395), which we did not include, and patients with
reconstruction of unspecified site (CPT codes: 15756, 15758), skin
flaps (CPT code: 15757), and bone grafts (CPT codes: 20955,
20956) which we excluded (8). Additional risk factors for SSI
following RFS of the H&N in our analysis were longer operating
times, presence of open wound (aOR=1.75), loss of more than
10% surgery,
disseminated cancer, high preoperative WBC count, preoperative
SIRS, ASA class III and ASA class IV. Patients with H&N cancer
who have disseminated disease typically undergo neoadjuvant

of body weight within 6 months prior to

chemotherapy and radiotherapy before surgery, so they may
present at the time of surgery with low levels of white blood cells.
Thus, the significant association between WBC count and SSI may
not be a causal relationship. Overall, risk factors of SSI following
trunk and H&N reconstruction are reflective of deteriorating/poor
health. These results can be beneficial to surgeons for proper
informed decision making.

As for extremity reconstruction, the incidence of SSI following
RFS in either extremity was lower than the one reported in the
literature by Arakelyant et al. (27.5%) who analyzed the extremities
combined (32). In our analysis, we have separated patients who
performed RES of either extremity due to the different etiologies of
RFS and the different potential risk factors that might lead to SSI
in each. Patient-related risk factors of SSI following UE&LE
reconstruction have not been investigated previously. However,
external protective factors against SSI have been reported and
include early wound cleaning and reconstruction, the use of
negative pressure wound therapy before reconstruction, and free
flaps rather than local flaps (33-36). In patients who had RFS of
the LE, the strongest predictor of SSI was disseminated cancer, a
logical reason for RFS of the LE, and a surrogate for overall
impaired systemic immunity (37), which potentially increases the
risk of postoperative SSI. Patients who had developed SSI following

Frontiers in Surgery 08

UE reconstruction had increased odds of preoperative dyspnea
[aOR (CI) 4.2 (1.47-12)]. Although the association between
and SSI is
preoperative dyspnea has been reported to be a risk factor of SSI

preoperative  dyspnea not clearly understood,
in several studies (38-40).

Operating time has been perceived to be a surrogate for surgeons’
experience/number, with shorter operating times reflecting greater
experience/number of the surgeon(s) performing the surgery. In a
study by Gosseringer et al. on 14 patients, operating time
decreased as number of performing surgeons increased, and was
also paralleled with a decrease in the incidence of flap failure
following breast reconstruction (41). Similarly, longer operating
time in our study was significantly associated with 255 increased
odds of SSI following RES regardless of the site of reconstruction.
Although we could not link this finding to surgeons’ experience/
number, as these variables are not collected by NSQIP, longer
operating time per say might put patients at increased risk of SSI
and might be a surrogate for decreased experience/number of
performing surgeon(s). However, it is possible that experienced
surgeons often perform complex cases that require longer
operating times. Due to this dilemma and the existing conflicting
evidence (41, 42), further research and larger studies are needed to
better determine the association between operating time and
surgeons’ experience/number in RFS. Nonetheless, despite the
ambiguity regarding contributors to operating time, proper surgical
planning to reduce operating time might help mitigate the risk of
SSI following RES. In light of the retrospective nature of our study
and the use of the NSQIP database, several limitations exist. First,
there is a limited follow up as NSQIP database reports outcomes
up to 30 days postoperatively. While this may underestimate the
overall postoperative rate of SSI, this limitation of NSQIP is less
pronounced in our case since most SSI cases would likely appear
within 30 days of surgery. Second, NSQIP does not report patients/
procedures equally across surgeons or centers, so the data might
not be representative and might be subject to selection bias. Third,
NSQIP does not allow us to determine whether SSI develop at the
donor or recipient site. However, we suspect that most SSI cases
would have developed at the recipient flap site where microsurgery
was performed. Fourth, some important variables for our analysis
were missing including surgeons’” experience/number, as mentioned
above, and the use of perioperative antibiotics, which might
influence the occurrence of SSI. Fifth, patients undergoing RFS at
different reconstructive sites differed in number and proportion,
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which might give more weight to results generated from analysis of
larger subgroups. Nevertheless, despite the above limitations, this is
the first and largest study to compare incidence and determine risk
factors of SSI following RFS across reconstruction sites.

Conclusion

This study compares the incidence and determines the predictors
of SSI within 30 days following RFS. Longer operating time was a
significant predictor of SSI regardless of reconstruction site. Proper
surgical planning might reduce the risk of SSI following RFS.
Proper patient counseling or strict preoperative nicotine testing, as
well as proper management of comorbidities such as obesity,
hypertension, and diabetes mellitus might also help mitigate the
risk of SSI following RFS. Our findings are thus important for
patient selection, counseling, and surgical planning prior to RES.
Future prospective studies are needed to better evaluate SSI
predictors following RFS.
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