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INTRODUCTION
The global pandemic of coronavirus disease 2019 

(COVID-19), caused by severe acute respiratory syn-
drome coronavirus 2, had significant implications on 
the healthcare system globally and will undoubtedly 
continue to have lasting effects on patients, hospitals, 
and healthcare workers for years to come. As of March 

2023, there were almost 677 million confirmed cases of 
COVID-19 worldwide, with a death count of just more 
than 6.88 million.1 The pandemic significantly impacted 
the United States in particular, representing 15.34% of 
total COVID-19 cases and 16.33% of total deaths, higher 
than any other country.

During the height of the pandemic, elective proce-
dures in the United States were halted for patient safety 
and proper allocation of resources. Studies have shown 
that operating on patients with COVID-19 results in an 
increased incidence of postoperative complications, such 
as thromboembolic events, various pulmonary complica-
tions, shock, and an overall increase in 30-day mortality.2–6 
A study of perioperative testing for COVID-19 in asymp-
tomatic presurgical patients during November 2020 
showed a positive rate of about 3.6%.7 Regarding a time-
line to reschedule surgery for patients who are COVID-19 
positive, professional societies agree that patients should 
not be operated on for 4 weeks after a positive test to 
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Background: The incidence of postoperative complications among patients with 
coronavirus disease 2019 (COVID-19) positivity undergoing elective surgical oper-
ations is poorly understood. This study aimed to identify differences in postopera-
tive complications after elective abdominal wall reconstruction (AWR) in patients 
diagnosed with COVID-19 compared with patients presenting prepandemic.
Methods: A single-institution, retrospective chart review was performed of patients 
undergoing AWR between January 2017 and September 2022. Patients were strati-
fied by date: pre-COVID-19 (January 2017 to December 2019) and post-COVID-19 
(January 2020 to September 2022). Patients confirmed as COVID-19-positive were 
also identified. Data collected included demographics, clinical characteristics, and 
complications. Univariate and multivariate analyses were performed. 
Results: We included 168 patients. The mean age was 54 years, and the mean body 
mass index was 33 kg/m2. Seventy-five patients underwent surgery pre-COVID-19 and 
93 patients after. Of 93 patients, 16 (17%) had a positive COVID-19 test before surgery 
or during the perioperative period. These 2 groups were risk-matched. Patients with 
COVID-19 had no significant increase in postoperative complications. Major complica-
tions occurred at 13.3% in the pre-COVID-19 group and 7.5% in the post-COVID-19 
group. Patients with COVID-19 were more likely to be younger (48 versus 57; P = 0.049) 
and more likely to have a shorter length of stay in the hospital (3 versus 5.8; P = 0.038). 
Conclusions: In our case series, there was an associated increase in the incidence of 
overall pulmonary-related complications in the postpandemic group. This study is lim-
ited by its small sample size. Further investigation should be carried out on this topic. 
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minimize the chances of postoperative complications. 
Most professional associations differ after this 4-week 
mark, with some suggesting delaying surgery for up to 
12 weeks depending on symptom severity.8 This delay in 
treatment time has led to a more advanced disease pre-
sentation in some patients who choose to avoid seeking 
earlier evaluation.9 However, COVID-19 is known to cause 
a hypercoagulable state,10 and numerous studies have 
evaluated long-term complications in patients even after 
the resolution of COVID-19 infection.11 Our objective is 
to assess the incidence of postoperative complications, 
particularly thromboembolic events, in patients with con-
valesced COVID-19 undergoing elective abdominal wall 
reconstruction (AWR).

METHODS

Patient Selection
An institutional review board approved a retrospec-

tive chart review that was conducted for all patients 
undergoing AWR between January 2017 and September 
2022 by the senior author at The University of Alabama 
at Birmingham, a tertiary referral hospital and academic 
medical center. Specifically, these patients underwent 
AWR utilizing either a component separation technique 
or local flap repair with or without acellular dermal matrix 
(ADM) placement. Patients undergoing this procedure 
within the specified time frame were identified by query-
ing the following Current Procedural Terminology codes 
on our electronic medical record system: 49560, 49561, 
49565, and 49566. Patients were then stratified into 2 
groups, prepandemic and postpandemic, based on the 
dates of initial COVID-19 reports globally (January 2020). 
The prepandemic cohort underwent AWR from January 
2018 to December 2019. The postpandemic group 
experienced the same procedure from January 2020 to 
September 2022.

Data Collection and Analysis
A retrospective analysis of each patient record was 

performed, and data were collected about demograph-
ics, clinical characteristics, and postoperative outcomes. 
Asymptomatic patients found to be COVID-19-positive by 
routine preoperative nasopharyngeal nucleic acid amplifi-
cation test at our institution were identified, and the posi-
tive test date was recorded. COVID-19-positive patients 
were also noted within the last 30 days at the time of visit, 
either by chart record or self-report. The University of 
Alabama at Birmingham’s timeline for implementing and 
modifying COVID-19 testing protocols is as follows: March 
19, 2020: commencement of COVID-19 testing for all inpa-
tient admissions; April 3, 2020: introduction of COVID-19 
testing for all procedures; and June 2022: discontinuation 
of all pre-procedural testing.

Demographic information collected included age, 
sex, race, tobacco use history, body mass index, and her-
nia etiology. Significant comorbidities were recorded, 
such as diabetes, obesity, hypertension, cardiovascular 
disease, renal disease requiring dialysis, and a history of 
liver transplantation. Pertinent laboratory values included 

preoperative pulmonary function tests and preoperative 
and postoperative albumin, hemoglobin, and renal func-
tion panels. Primary outcomes analyzed for the cohort 
were the development of any postoperative complications, 
which included delayed wound healing, infection, necro-
sis, dehiscence, seroma, hematoma, deep venous throm-
bosis, pulmonary embolism, acute kidney injury, and 
recurrence of hernia. Postoperative complications were 
classified as major, requiring readmission and/or surgical 
intervention, or minor, requiring bedside, outpatient, or 
no intervention.

As mentioned, descriptive statistics were used to 
summarize the variables for the cohort as a whole. Once 
patients were stratified by the pandemic date, univariate 
and multivariate data analyses were performed to assess 
for any differences in demographics, clinical charac-
teristics, and postoperative outcomes between the pre-
pandemic and postpandemic populations. The entire 
postpandemic population was included in this analysis 
stage to capture patients who may have been COVID-19-
positive previously during the height of the pandemic. 
Still, they were either unaware or needed access to test-
ing. Patients were then further stratified into prepan-
demic versus patients confirmed as COVID-19-positive 
to represent the physiological differences between the 
patient populations more accurately. Normality was 
tested using the Kolmogorov–Smirnov test. Mean and 
SD were listed for continuous variables with P values 
generated via the Student t test. Categorical variables 
were analyzed using χ2 tests. SPSS was used for data 
analysis.

RESULTS

Demographics and Clinical Characteristics
The initial database query yielded a final cohort of 

168 patients during the specified period, with 75 patients 
undergoing AWR before January 1, 2020, and 93 patients 
undergoing AWR thereafter. The cohort mean age was 
55 (±13) years, and 70.2% (118) of patients were women. 

Takeaways
Question: In the context of elective abdominal wall 
reconstruction (AWR), do patients with a history of, or 
active COVID-19 infection, show any difference in postop-
erative complications compared with patients presenting 
prepandemic?

Findings: Our cohort of patients who were COVID-19 pos-
itive or COVID-19 convalesced undergoing elective AWR 
had an increase in the incidence of overall pulmonary-
related complications. Based on COVID-19 status, there 
was no associated increase in the reoperation rates or any 
major postoperative complications, including skin necro-
sis, seroma, hematoma, infection, deep vein thrombosis, 
or pulmonary embolism. 

Meaning: Patients who underwent elective AWR in the 
postpandemic group had an associated increase in the 
incidence of overall pulmonary-related complications.
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For race, 134 patients were White (80%), 30 were Black 
(18%), and 4 were Hispanic (2%). The mean body mass 
index for the cohort was 33 (±6) kg/m2. As determined by 
preoperative anesthetic evaluation, patient smoking sta-
tus was as follows: 62% never smoker, 9% current smoker, 
and 29% former smoker. Regarding relevant comorbid 
conditions among the cohort, 56.0% of patients had 
hypertension, 27% had diabetes, and 15% had cardiac 
disease. There were 17 patients (10%) with a history of 
liver transplantation (Table 1). Sixteen patients (17%) 
were COVID-19-positive within the cohort. Of these, 12 
patients tested positive before surgery, 3 tested positive 
after surgery, and 1 patient tested positive both before 
and after surgery. Hernia size varied within the popula-
tion, ranging from 2 cm × 3 cm to 30 cm × 25 cm. The 
most common hernia location was ventral (137, 82%), 
followed by lateral (15, 9%), and mixed ventral and lat-
eral (16, 10%). The grade of hernia distribution was as 
follows: 11% grade 1, 64% grade 2, 17% grade 3, and 
8% grade 4. All patients had AWR/component separa-
tion, 98 without ADM and 118 with ADM. There were 
98 patients (58%) whose operation utilized a component 
separation technique, and there were 118 patients (70%) 
who received a biologic mesh (ADM) in their repair. The 
mean preoperative and postoperative hemoglobin values 
were 13 (±1.6) and 11 (±2.2), respectively. All patients 
underwent DVT prophylaxis according to postoperative 
protocol, including low-molecular-weight heparin, and 
the application of a sequential compression device. The 
mean operative time for the cohort was 260 (±104) min-
utes, and the mean length of stay (LOS) in the hospital 
was 5.5 days (±5).

Once stratified into prepandemic (75) and postpan-
demic (93) based on the specified date, analyses showed 
that there was a significant difference in mean age 
between the groups: 57 (±12) years in the pre-COVID-19 
group versus 53 (±13) years for the post-COVID-19 
group (P = 0.024). For all of the aforementioned vari-
ables discussed earlier (demographics, comorbid condi-
tions, hernia etiology, and operative characteristics), no 
significant differences were found in the data between 
the prepandemic and postpandemic groups. Once the 
cohort was further stratified into prepandemic (75) 
versus patients confirmed as COVID-19-positive (16), 
analyses showed a significant difference in age and LOS 
between the groups. For COVID-19-positive patients, the 
mean age was 48 (±13) versus 57 (±12) years in the pre-
pandemic group (P = 0.049). The mean LOS for COVID-
19-positive patients was 3 days (±2) compared with a 
mean of 5.8 days (±5) for the prepandemic group (P = 
0.038). When comparing the prepandemic population 
to patients confirmed as COVID-19-positive, no signifi-
cant differences were found in any of the other variables 
assessed in terms of demographics or clinical and opera-
tive characteristics.

Postoperative Outcomes: Major Complications
For the overall cohort of 168 patients, 26 (16%) expe-

rienced significant postoperative complications, of which 
17 required a second operation and 9, inpatient manage-
ment for DVT and PE. Major complications requiring 
reoperation included skin necrosis (occurring in 5.4% 
of the total cohort), followed by seroma (4%), hema-
toma (1%), and infection (1%). A total of 6 patients 

Table 1. Demographics of Our Patient Cohort and P Value Calculated Using Fisher Exact Test
Demographics

Pre-COVID-19 Post-COVID-19 P

Total Total

No. patients 75 93
Sex
 � Female 52 (70%) 66 (71%) 0.408
 � Male 23 (30%) 27 (29%) 0.408
Race
 � White 62 (82%) 72 (78%) 0.200
 � African American 11 (15%) 19 (20%) 0.166
 � Hispanic 2 (3%) 2 (2%) 0.413*
Smokers 7 (9%) 8 (8.6%) 0.434
Diabetes 18 (24%) 27 (29%) 0.232
Hypertension 43 (57%) 51 (54%) 0.373
History of liver transplant 5 (6.6%) 12 (12.9%) 0.091
Heart disease 13 (17%) 12 (12.9%) 0.211
Age, y 57 (±12) 53 (±13) 0.0561
BMI, kg/m2 34 (±6) 32 (±7) 0.0685
Hernia size range, cm 2 × 4 to 30 × 25 2 × 3 to 20 × 30 0.228
Preoperative albumin 4 (±0.4) 4 (±0.4) 0.186
Operative time, min 252 (±86) 262 (±117) 0.257
Preoperative hemoglobin 13 (±1.5) 13 (±1.8) 0.124
Postoperative hemoglobin 11 (±2.3) 11 (±2.1) 0.358
LOS 5.8 (±4.6) 5.1 (±4.7) 0.134
BMI, body mass index.
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(4%) required admission to manage a DVT, and 3 (2%) 
were admitted for PE. Once stratified into prepandemic 
(75) and postpandemic (93), there were no significant 
differences found in the incidence of major postopera-
tive complications between the groups, occurring in 15 
patients (20%) in the prepandemic group and 11 patients 
(12%) in the postpandemic group (P = 0.072). There was 
also no difference in the reoperation rate between the 
groups, with 10 patients (13%) requiring reoperation 
in the pre-COVID-19 group and 7 patients (8%) in the 
post-COVID-19 group (P = 0.107). There was no signifi-
cant difference in the incidence of skin necrosis, seroma, 
hematoma, infection, DVT, or PE between the pre- and 
postpandemic populations. However, 55 (59%) patients 
were found to have a pulmonary-related complication 
(dyspnea, acute respiratory distress syndrome, atelectasis, 
pneumonia, and new oxygen requirement) in the post-
COVID-19 group versus 20 (27%) patients in the pre-
COVID-19 group (P < 0.001). A summary of these findings 
is showcased in Table 2.

After further stratifying the cohort into prepandemic 
(n = 75) versus patients confirmed as COVID-19-positive 
(16), there was still no significant difference found in 
the reoperation rate, occurring in 10 patients (13%) 
in the prepandemic group and 3 patients (20%) in the 
COVID-19-positive group (Table 3). No significant dif-
ference in any major postoperative complications was 
assessed between the prepandemic and COVID-19-
positive groups. Seroma formation was the most common 
complication in both groups, occurring in 20% of the 
prepandemic group and 25% of the COVID-19-positive 

group (P = 0.32). The second most common compli-
cation for both groups was skin necrosis, experienced 
by 19% of the prepandemic population and 6% of the 
COVID-19-positive population (P = 0.112). There were 5 
cases (7%) of infection in the prepandemic group ver-
sus 1 patient (6%) in the COVID-19-positive group (P = 
0.475). There were no cases of hematoma, wound dehis-
cence, DVT, or PE within the COVID-19-positive group, 
and none were significant compared with the prepan-
demic group (Fig. 1). Finally, there was difference in the 
overall incidence of pulmonary-related complications 
between the groups. Based on these later observations, 
additional categorization of pulmonary symptoms was 
conducted. It was observed that the group of patients 
affected after the pandemic more often required sup-
plemental oxygen compared with the group before the 
pandemic (Fig. 2).

DISCUSSION
The incidence of postoperative complications among 

patients with active or resolved COVID-19 undergoing 
elective surgery is of great interest. The COVID-19 pan-
demic has profoundly impacted surgical practice, with 
various guidelines and recommendations developed to 
ensure the safety of patients and healthcare providers. 
Understanding the risks associated with performing sur-
gery on patients with COVID-19 is crucial for clinical deci-
sion-making and optimizing patient outcomes. Several 
studies have investigated the risk of postoperative com-
plications in patients with active or resolved COVID-19 

Table 2. Postoperative Complications Comparing Pre-COVID-19 and Post-COVID-19 Cohorts and P Value Calculated Using 
Fisher Exact Test
Complications

Pre-COVID-19 Post-COVID-19 P

Total Total

No. patients 75 93
Minor complications
 � Total 30 (40%) 39 (41%) 0.399
 � Acute kidney injury resolved 4 (3%) 3 (3%) 0.248*
 � Seroma 15 (20%) 24 (25%) 0.187
 � Hematoma 3 (4%) 3 (3%) 0.394*
 � Skin necrosis 10 (13%) 8 (9%) 0.162
 � Infection 4 (5%) 3 (3%) 0.248*
 � Dehiscence 2 (3%) 3 (3%) 0.41*
 � Seroma 11 (15%) 22 (24%) 0.072
Major complications
 � Total 15 (20%) 11 (12%) 0.072
 � Additional operation
  �  Total 10 (13%) 7 (8%) 0.107
  �  Skin necrosis 4 (5%) 5 (5%) 0.495*
  �  Seroma 4 (5%) 2 (2%) 0.134*
  �  Hematoma 1 (1%) 0 0.132*
  �  Infection 1 (1%) 0 0.132*
 � PE 1 (1%) 2 (2%) 0.345*
 � DVT 4 (5%) 2 (2%) 0.134*
 � Pulmonary-related 20 (27%) 55 (59%) <0.001
*Indicates a statistical test performed to obtain the P value.
Values in boldface are statistically significant.
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undergoing elective surgery. Deng et al6 conducted a ret-
rospective analysis of a national database in the United 
States; the authors aimed to assess the risk of postopera-
tive complications after major elective surgery in patients 
with active or resolved COVID-19. Their study showed that 
patients with active COVID-19 had a significantly higher 
risk of postoperative complications than those who had 
resolved the infection. These results suggest that the tim-
ing of surgery concerning the resolution of COVID-19 
infection is an important consideration when planning 
elective procedures. The timing of surgery in patients 
with COVID-19 has been debated and addressed in vari-
ous guidelines and consensus statements. El-Boghdadly 
et al12 developed a multidisciplinary consensus statement 
on behalf of several medical associations, stating to post-
pone elective surgery for at least 4–7 weeks in patients with 
active COVID-19. The statement emphasizes the need to 
carefully assess the patient’s clinical condition and the 
risks of delaying surgery. In addition, researchers noted 
that many nonacute plastic surgery cases were delayed up 
to 8 weeks during the pandemic to minimize the use of 
hospital resources, such as personal protective equipment 
and ventilatory equipment.13

Researchers also investigated the risk of postoperative 
mortality and pulmonary complications in patients with 
COVID-19. Khonsari et al14 conducted a study assessing 
the risks of early mortality and pulmonary complications 
after surgery in patients with COVID-19. The authors 
found that patients with severe COVID-19 infection had 
significantly higher mortality and pulmonary compli-
cation rates than those with moderate or mild disease. 
These results highlight the need for careful preoperative 
assessment and optimal timing of surgery to minimize 
these risks. Another study by Prasad et al15 examined the 
increased complications in patients who tested positive for 
COVID-19 after elective surgery. The authors found that 
patients who tested positive postoperatively had higher 
rates of wound complications, respiratory complications, 
and mortality than those who tested negative. The afore-
mentioned suggests that preoperative and postoperative 
screening for COVID-19 may be necessary to identify 
patients at higher risk of complications. The literature has 
also discussed the proposed delay for safe surgery after 
COVID-19. Kovoor et al16 proposed a delay for safe surgery 
after COVID-19 infection, suggesting a waiting period of 
at least 6–8 weeks after the resolution of symptoms. This 

Table 3. Further Stratification of Cohorts into Prepandemic versus Confirmed COVID-19-positive Patients Still Showed No 
Significant Differences
Demographics and Complications

Pre-COVID-19 COVID-19-positive P

Total patients 75 16
Sex
 � Female 52 (70%) 8 (50%) 0.061
 � Male 23 (30%) 8 (50%) 0.061
Race
 � White 62 (82%) 13 (81%) 0.046
 � African American 11 (15%) 3 (19%) 0.39*
 � Hispanic 2 (3%) 0 (0%) 0.241*
Smoker 7 (9%) 1 (6%) 0.35*
Diabetes 18 (24%) 4 (25%) 0.46*
Hypertension 43 (57%) 8 (50%) 0.304
History of liver transplant 5 (7%) 2 (13%) 0.20*
Heart disease 13 (17%) 1 (6%) 0.13*
Age, y 57 (±12) 48 (±13) 0.049
BMI, kg/m2 34 (±6) 32 (±6) 0.063
Preoperative albumin 4 (±0.4) 4 (±0.4) 0.15
Operative time 252 (±85) 236 (±64) 0.18
Preoperative hemoglobin 13 (±2) 13 (±2) 0.17
Postoperative hemoglobin 11 (±2) 11 (±2) 0.34
LOS 5.8 (±5) 3 (±2) 0.038
Hematoma 4 (5%) 0 (0%) 0.172*
Skin necrosis 14 (19%) 1 (6%) 0.112*
Infection 5 (7%) 1 (6%) 0.475*
Dehiscence 2 (3%) 0 (0%) 0.254*
Seroma 15 (20%) 4 (25%) 0.32*
Pulmonary complication 20 (27%) 2 (13%) 0.22
DVT 4 (5%) 0 (0%) 2.254*
PE 1 (1%) 0 (0%) 0.321*
Additional operation 10 (13%) 3 (19%) 0.287*
*Indicates a statistical test performed to obtain the P value.
Values in boldface are statistically significant.
P value calculated using the Fisher exact test.
BMI, body mass index.
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delay allows the patient to recover from the infection and 
for the inflammatory response to subside, reducing the 
risk of postoperative complications.

Our objective is to evaluate the incidence of postopera-
tive complications in patients with convalesced COVID-19 
undergoing elective AWR. In particular, there was a con-
cern that thromboembolic events such as DVT and PE, as 
well as skin and flap thrombosis resulted in skin necrosis. 
Although this study did not find an associated increase in 
prothrombotic complications such as DVT, PE, and skin 

or flap thrombosis/necrosis, we did find an associated 
increase in the incidence of pulmonary-related complica-
tions in patients undergoing AWR with component separa-
tion and ADM. Interestingly, patients who were COVID-19 
positive were also found to be younger and have shorter 
hospital stays. These findings are consistent with previous 
research suggesting patients with COVID-19 may have a 
higher risk of surgical complications due to their compro-
mised immune system and potential for systemic inflam-
mation.17 Another important finding from our study is 
that there was no significant increase in wound healing 
complications or surgical site infections (SSIs). SSIs are a 
primary concern in AWR surgery, as they can lead to pro-
longed hospital stays, increased healthcare costs, and even 
death in severe cases.18

Other studies did show an increased risk of SSIs in 
patients with active COVID-19 may be attributed to the 
viral shedding and persistent inflammation associated 
with the active infection, which can impair wound heal-
ing and increase the susceptibility to bacterial infections,19 
highlighting the need for strict infection control measures 
during and after surgery, including appropriate antibiotic 
prophylaxis and wound care techniques. Interestingly, 
this study also revealed no increased rate of postoperative 
pulmonary complications among patients with resolved 
COVID-19 compared with those with active COVID-19. 
This unexpected finding challenges the notion that active 
COVID-19 infection poses the most significant risk for 
respiratory complications in surgical patients.20 Moreover, 
this study found no increase in a higher rate of postopera-
tive complications among patients with COVID-19 com-
pared with a control group without COVID-19.

It is essential to acknowledge the limitations of this 
study. The sample size was relatively small, and the study 
was conducted at a single center, which may limit the 
generalizability of the findings. A power analysis was per-
formed on the dataset for this study. The available sample 
size of 75 pre-COVID-19 and 16 post-COVID-19 patients 
was modest, with limited statistical power. There would be 
80% power to detect a difference in proportions of 40% 
pre-COVID-19 versus 79% post-COVID-19, or 20% versus 
59%. In addition, the study did not evaluate the long-term 
outcomes of the patients, such as the impact on abdomi-
nal wall functionality or quality of life. Future research 
should address these limitations and provide more com-
prehensive insights into the outcomes and complications 
of AWR in patients with COVID-19.

CONCLUSIONS
Our cohort of patients undergoing elective AWR 

had an associated increase in the incidence of overall 
pulmonary-related complications in the postpandemic 
group. There was no associated increase in the reop-
eration rates or any major postoperative complications, 
including skin necrosis, seroma, hematoma, infec-
tion, DVT, or PE, based on COVID-19 status. Although 
there seems to be a statistical significance in patients 
who had COVID-19, it is plausible that physicians were 
more attentive to pulmonary symptoms and more dili-
gent in recording them due to heightened awareness 

Fig. 1. Overall complication of patients comparing the different 
subgroups. A, Pre-COVID-19. B, Post-COVID-19. C, Patients that 
tested positive for COVID-19.
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of COVID-19. Thus, it remains uncertain whether this 
disparity may primarily indicate increased attention to 
documenting pulmonary-related symptoms rather than 
a genuine difference. It is important to note that this 
study is constrained by its small sample size. Additional 
research is necessary to yield more robust conclusions 
on this matter.
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