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Abstract

Background Up to 11% of patients report a penicillin allergy (PA), with 1-2% demonstrating a true IgE mediated allergy
upon testing. PA patients often receive non-beta-lactam antibiotic surgical prophylaxis (non-BLP). This study evaluates the
relationship of PA to outcomes after open ventral hernia repair (OVHR).

Methods A prospective institutional database was queried for patients undergoing OVHR. Demographics, operative char-
acteristics, and outcomes were evaluated by the reported PA and the administration of beta-lactam prophylaxis (BLP).
Results Allergy histories were reviewed in 1178 patients. PA was reported in 21.6% of patients, with 55.5% reporting rash
or hives, 15.0% airway compromise or anaphylaxis, and 29.5% no specific reaction. BLP was administered to 76.3% of
patients, including 22.1% of PA patients and 89.9% of patients without PA. PA patients were more often female (64.6% PA
patients vs. 56% non-PA, p=0.01), with higher rates of chronic steroids, MRSA, anxiety, asthma, COPD, chronic pain, and
sleep apnea (p <0.03 all values). PA patients had higher rates of contaminated cases, including mesh infection and fistula. Of
the 683 clean cases, 82.1% received BLP. Of the 117 clean contaminated cases (CDC wound class 2), 82.9% received BLP,
which was associated with reduced long-term readmission for hernia complications (21.5 vs. 55%, p=0.002, OR 0.27, CI
0.09-0.83). In the 120 CDC wound class 3 and 4 patients, 65.8% received BLP. In multivariate analysis, BLP was associated
with lower rates of reoperation (OR 0.31, CI 0.12-0.76) and recurrence (OR 0.32, CI 0.11-0.86). BLP was given to 22.1%
of the PA patients with no adverse reactions noted.

Conclusion PA patients had more comorbidities and complex ventral hernias. When controlling for contamination and
MRSA history, BLP is associated with improved outcomes particularly in contaminated cases. PA may be a risk factor for
patient complexity, and further studies are warranted to determine if allergy testing can be warranted in known or anticipated
contaminated cases.

< Vedra A. Augenstein
Vedra.Augenstein @atriumhealth.org

Division of Gastrointestinal and Minimally Invasive Surgery,
Department of Surgery, Carolinas Medical Center, Charlotte,
NC 28204, USA

2 Carolinas Medical Center, 1025 Morehead Medical Drive,
Suite 300, Charlotte, NC 28204, USA

Published online: 03 February 2020 @ Springer


http://orcid.org/0000-0002-4507-9707
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-019-07183-1&domain=pdf

Surgical Endoscopy

Graphic abstract

The Association of Penicillin Allergy (PA) with
Outcomes After Open Ventral Hernia Repair

BLP: Beta-lactam prophylaxis, 1,178 OVHR, 57.8% female, Age 58.5+12.4, BMI 33.4+7.8

21.6% report PA

1 . | Reop

PA patients 1 contaminated
1 comorbid, 1 MRSA+

Keywords Hernia - Ventral hernia - Penicillin allergy - Allergy

Hernia repair accounts for over 300,000 surgical cases in
the United States of America annually, and complications
after hernia repair are both costly and injurious to patients
[1, 2]. Multiple factors have been demonstrated to impact
the outcomes after repair, including BMI, diabetes, tobacco
use, and wound class, which have all been shown to increase
wound complications, and subsequently increase the rate
of failure of the repair [1, 3]. The 2013 “Clinical Practice
Guidelines for Antimicrobial Prophylaxis in Surgery,” which
has been endorsed and referenced by the American College
of Surgeons, recommends preoperative cefazolin for clean
hernia procedures with mesh placement [4]. This choice of
antibiotic is tailored to the known, or the anticipated skin
or enteric flora. In patients with beta-lactam allergies, clin-
damycin or vancomycin is recommended for prophylaxis.
The use of non-beta-lactam antibiotics, usually for reported
penicillin allergy, has been investigated in multiple patient
populations, and it confers higher cost, drug toxicity, and
risk of postoperative complication after administration when
compared to first line beta-lactam prophylaxis (usually cefa-
zolin) [5-9].

The use of clindamycin or vancomycin instead of cefazo-
lin for hospitalized patients with reported penicillin allergy
(PA), and without the history of VRE, MRSA or C. diff,
has been associated with higher rates of subsequent VRE,
MRSA .and C. diff infections [8, 10]. In patients undergo-
ing free tissue transfer, the use of clindamycin for prophy-
laxis in PA patients is associated with higher rates of surgi-
cal site infections (SSI) [9, 11]. In a large study reviewing
patients undergoing orthopedic, colorectal, gynecologic,
and cardiac surgery, a reported PA was not associated with
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previous history of MRSA or VRE, but was associated with
the administration of non-beta-lactam surgical prophylaxis,
and with higher postoperative rates of SSI [12].

Up to 11% of the United States of America population
endorse a penicillin allergy. On close investigation, only
1-10% of patients with a reported penicillin allergy have
any reactivity to penicillin skin tests [13—17]. This leaves
1-2% of the population with a true IgE mediated penicil-
lin allergy, also known as a type 1 allergic reaction, which
occurs 30—60 min after administration and can include ana-
phylaxis, urticaria, bronchitis, or exfoliative dermatitis [4].
In this less than 1% of the population, cross-reactivity to
cephalosporins is related to the drug side chain, not to the
beta-lactam ring, and is thus dependent on the generation of
cephalosporin [9, 18-20]. There is low cross-reactivity to
first and second generation cephalosporins (0.5-2%), [19]
and almost no cross-reactivity to third and fourth generation
cephalosporins (—0.8 to 0.2%) [9, 13, 18, 19, 21]. Finally,
sensitivity to penicillin can decline over time. An estimated
80% of patients with an historic IgE mediated penicillin
allergy do not sustain sensitivity over 10 years [20, 22]. Mul-
tiple studies have demonstrated the safety of cephalosporin
antibiotics in patients with reported penicillin allergies [17,
23, 24]. Given the low incidence of true penicillin allergy,
the low likelihood of cephalosporin cross-reactivity, and the
potentially significant side effects of alternative prophylactic
antibiotics, careful documentation and work up of penicil-
lin allergy has been advocated when considering surgical
prophylaxis [20].

Given these findings, a study was undertaken to inves-
tigate the previously unstudied impact of patient-reported
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PA on choice of antibiotic prophylaxis and outcomes after
open ventral hernia repair (OVHR), including clean cases
and complex contaminated abdominal wall reconstruction.

Materials and methods

A prospective, institutional, hernia-specific database was
queried for patients undergoing OVHR from 2007 to 2018
with allergy-specific data available. Patients were assessed
for reported allergy to penicillin or any beta-lactam antibi-
otic (PA) and for the type of allergy to beta-lactam antibiotic.
Type of allergy to penicillin or beta-lactam included “rash
or hives,” “anaphylaxis or airway” (including mouth swell-
ing, difficulty breathing, and wheezing), and “other”, which
included no response listed or non-IgE mediated responses
such as nausea, diarrhea, or yeast infection [25]. Charts
were reviewed for perioperative surgical prophylaxis, which
included beta-lactam prophylaxis and/or other prophylaxis.
When more than one antibiotic was administered for prophy-
laxis (for example, cefazolin and metronidazole), both were
noted.

Primary outcomes of interest included wound complica-
tions. Secondary outcomes included reoperation, length of
stay, total charges, hernia recurrence, and readmission. This
study was approved by the Institutional Review Board of
Carolinas Medical Center.

Statistical analysis

Data were analyzed using standard statistical methods utiliz-
ing the SAS® program version 9.4 (SAS, Cary, NC, USA).
Descriptive statistics including means and standard devia-
tions, medians and inter quartile range (IQR) for continuous
variables without normal distribution, or counts and percent-
ages, were used to describe the study subjects. For continu-
ous variables, comparisons were made between groups using
t tests and Wilcoxon—-Mann—Whitney tests. For categorical
variables, x* and Fisher’s exact tests were used to make
comparisons between groups. Comparisons were performed
between patients with and without a reported beta-lactam
allergy (PA) and between patients who received beta-lactam
surgical prophylaxis (BLP) and those who did not. Due to
the retrospective nature of this data set, we are unable to
determine the reason patients with reported PA received
beta-lactam prophylaxis. Based on multiple prior studies
which have established an antibiotic choice (as opposed to
penicillin allergy) as the variable of interest in the context
of penicillin allergy, we decided to perform multivariate
analysis comparing patients who did and did not receive
beta-lactam prophylaxis [9, 11, 12, 26].

When examining patients receiving BLP (considered
“first line”), patients with a history of MRSA were examined

separately due to restricted antibiotic choice, and patients
were examined within the subsets of wound contamination.
Subsets included patients with “clean” cases (CDC wound
class 1), patients with clean contaminated cases (wound
class 2), and patients with frank or gross contamination
(wound class 3—4). Variables used in multivariate logis-
tic regression were selected based on factors identified as
statistically different between groups in univariate analysis
(p <0.05), and factors known to potentially influence opera-
tive outcomes based on prior hernia studies. Multivariate
analysis was performed to control for potential confounding
factors including use of beta-lactam prophylaxis, chronic
steroid use, preoperative defect size, sex, diabetes, history
of COPD, and history of asthma. The level of significance
was set at p <0.05 for all comparisons. In order to control
for the nature and presence of contamination, multivariate
analysis was stratified by the subset of wound contamination,
as discussed above.

Results

A total of 1178 patients with available allergy informa-
tion underwent OHR in the study period. Mean BMI was
34.2 +7.7 kg/m?, mean age was 58.5+12.4 years, 57.8%
were female, 31.1% had a history of diabetes, 14.9% had
a history of smoking, and 8.5% had a history of MRSA. A
total of 66% of hernias had a history of recurrence, with
mean defect area of 150.8 + 136.7 cm?, and 26% of cases
were contaminated (Tables 1, 2).

Allergy to penicillin or beta-lactam (98.2% penicillin,
1.8% other beta-lactam) was endorsed in 21.6% of patients,
of whom 55.5% reported rash or hives, and 15.0% reported
airway compromise (swelling, wheezing, difficulty breath-
ing) or anaphylaxis. A total of 29.5% of patients with
reported PA (6.2% of all patients) had no reaction speci-
fied. When examining antibiotic prophylaxis, it was found
that 76.3% of patients received a BLP, including 22.1%
of patients with a reported PA (38 patients) and 89.9% of
patients without PA. Beta-lactam antibiotics included cefa-
zolin (68.7% of patients), ertapenem (3.8%), and other beta-
lactams (3.8%, Table 2). Other beta-lactams included 2.6%
piperacillin-tazobactam, 0.6% cefepime, 0.2% ceftriaxone,
and 0.4% ampicillin-sulbactam. Patients with PA were more
likely to receive vancomycin for perioperative prophylaxis
(38.3 vs. 10.5%) or clindamycin (36.2 vs. 1.2%) than patients
without PA (Table 2). There were no adverse or allergic
reactions noted with respect to BLP or non-BLP antibiotics
in PA and non-PA groups.

When comparing patients with and without history of
PA, there was no difference in age, BMI, hernia size, history
of smoking, or history of recurrence (p > 0.05 all values,
Table 1). There was also no difference in the performance
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Table 1 Patient characteristics by reported penicillin allergy*

All Penicillin allergy p-value
n=1178 No (78.4%) Yes (21.6%)
BMI (kg/m?) 342+77 342479 340+74 093
(mean, SD)
Age (years) (mean, 58.5+12.4 58.1+12.7 599+11.2 0.12
SD)
Female (%) 57.8 56.0 64.6 0.01
Diabetes (%) 31.0 30.6 322 0.61
Steroids (%) 6.9 5.8 10.6 0.01
h/o smoking (%) 15.0 14.3 17.7 0.18
Asthma (%) 17.7 16.0 23.6 0.005
Sleep apnea (%) 14.8 13.5 19.3 0.02
COPD (%) 8.4 7.5 11.8 0.03
h/o MRSA (%) 8.5 6.3 11.0 0.01
Anxiety (%) 23.90 21.4 33.1 0.0001
Chronic pain (%)  30.5 28.4 38.2 0.00

*Univariate analysis comparing patients with and without penicillin
analysis

of panniculectomy and raising of skin flaps. PA patients
were more commonly female (64.6% PA patients vs. 56%
non-PA, p=0.01), with history of chronic steroids, anxiety,
asthma, COPD, chronic pain, and/or sleep apnea (p <0.03
all values) (Table 1). Patients with reported PA were more
likely to have a history of MRSA (11.0 vs. 6.3%, p=0.01),
and a contaminated operating field (31.9 vs. 24.7% non-PA,
p=0.02), which included higher rates of preexisting mesh
infection (13.0 vs. 7.8%, p=0.01) or fistula at time of sur-
gery (7.1 vs. 3.9%, p=0.03) (Table 2).

After OVHR, patients with reported PA had higher rates
of readmission, percutaneous drain placement for seroma,

and wound complications (27.6 vs. 20.1%, p=0.01; 22.4 vs.
15.8%, p=0.01; 38.9 vs. 31.3%, p=0.02; respectively) when
compared to non-PA patients, at an average follow-up of
30.1 +£35.6 months. There was no difference in mean length
of stay (8.0+6.0 vs. 9.3+10.0 days, p=0.10), or total hospi-
tal charges ($71,598.2 +62,924.5 vs. $83,741.7 +85,407.3,
p=0.14).

Patients with a history of MRSA accounted for 100
OVHR during the time period examined, in whom PA was
reported in 27.8%. Vancomycin was administered in 58.8%
of MRSA positive patients, 15.8% received ertapenem,
6.2% clindamycin, and 30.9% cefazolin, as perioperative
prophylaxis. Wound contamination was present in 36.8%
of patients with a history of MRSA, including 18.6% with
planned gastrointestinal tract entry, 19.6% with active mesh
infection at the time of surgery, and 9.3% with fistula pre-
sent. In patients with a history of MRSA, administration
of BLP was associated with equivalent rates of recurrence
and wound complications (51.4 vs. 46.6%, p=0.6), a higher
30-day readmission rate which neared statistical significance
(31.6 vs. 15.3%, p=0.06), as well as a higher long-term
readmission rate for hernia-related complications (44.7%
vs. 25.4%, p=0.05). This trend persisted on multivariate
analysis, with administration of BLP to MRSA positive
patients associated with increased 30-day readmission rates
(OR 4.31, CI 1.25-14.84) and nearing statistical significance
with increased long-term readmission rates (OR 2.73, CI
1.00-7.47) (Table 3).

Patients without a history of MRSA were split into subsets
by wound contamination and examined by BLP (Table 4).
Clean cases accounted for 73.8% of OHR (n=683), 82.1%
of whom received BLP. Of patients receiving BLP, 4.5% of
patients had reported PA, and 95.7% received cefazolin. Of
the clean cases which did not receive BLP (17.9%), 90.2%

Table 2 Hernia and operative
characteristics by reported
penicillin allergy*

Hernia characteristics All Penicillin allergy p-value
n=1178 No (78.4%) Yes (21.6%)
Recurrent hernia (%) 66.0 66.1 65.8 0.91
Defect size (cm?) 150.8 +136.7 153.0+139.1 143.3+127.8 0.39
Component separation 48.50 48.2 49.6 0.68
Contaminated (%) 26.2 24.7 31.9 0.02
Mesh infection 8.9 7.8 13.0 0.01
Fistula 4.6 39 7.1 0.03
Surgical antibiotic prophylaxis
Beta-lactam antibiotic (%) 76.3 89.9 22.1 <0.0001
Cefazolin (%) 68.7 82.4 16.3 <0.0001
Ertapenem (%) 3.8 3.5 5.0 0.31
Other beta-lactam (%) 3.8 4.0 0.8 0.02
Vancomycin (%) 16.1 10.5 38.3 <0.0001
Clindamycin (%) 8.7 1.2 36.2 <0.0001

*Univariate analysis comparing patients with and without penicillin analysis
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Table 3 Multivariate analysis of MRSA + patients undergoing hernia repair*

Readmission
OR (CI), p-value

Reoperation
OR (CI), p-value

Wound complication
OR (CI), p-value

Recurrence
OR (CI), p-value

BLP 2.73 (1.00-7.47), p=0.51 2.18 (0.80-5.93), p=0.13
Defect 1.00 (0.99-1.00), p=0.63 1.00 (1.00-1.01), p=0.03
Female 2.28 (0.76-6.83), p=0.14 1.39 (0.47-4.14), p=0.55
Diabetes 1.28 (0.46-3.53), p=0.64 0.56 (0.20-1.61), p=0.28
Asthma 0.91 (0.26-3.21), p=0.88 1.44 (0.43-4.84), p=0.56
COPD 4.06 (0.73-22.63), p=0.11 2.09 (0.37-11.66), p=0.40
Steroids 2.16 (0.85-3.05), p=0.51 1.22 (0.51-3.27), p=0.84

1.66 (0.64-4.31), p=0.30
1.00 (1.00-1.01), p=0.11
2.05 (0.75-5.63), p=0.16
1.24 (0.48-3.19), p=0.65
0.71 (0.22-2.34), p=0.57
3.61 (0.61-21.20), p=0.16
0.39 (0.22-1.86), p=0.37

0.56 (0.14-2.25), p=0.41
1.00 (0.99-1.01), p=0.69
1.46 (0.31-7.01), p=0.65
1.08 (0.26-4.52), p=0.91
4.75 (1.07-21.13), p=0.04
2.66 (0.40-17.69), p=0.31
4.01 (0.13-4.20), p=0.67

BLP beta-lactam prophylaxis

*Multivariate analysis controlling for BLP, female sex, diabetes, asthma, COPD, defect size, and steroid use in patients with a history of MRSA

Table 4 Outcomes by beta-lactam antibiotic prophylaxis (BLP, in patients with no history of MRSA)*

All Clean (n=683)

Wound class 2 (n=117) Wound class 34 (n=120)

BLP Non-BLP  p-value

BLP Non-BLP  p-value BLP Non-BLP  p-value

82.1%) (17.9%) (82.9%) (17.1%) (65.8%) (34.2%)
Penicillin allergy (%) 21.6 45 90.2 <0.0001 8.3 90.0 <0.0001 12.6 58.5 <0.0001
Cefazolin (%) 68.7 95.7 0.0 <0.0001 70.1 0.0 <0.0001 77.2 0.0 <0.0001
Vancomycin (%) 16.1 1.3 45.1 <0.0001 3.1 40.0 <0.0001 10.1 63.4 <0.0001
Clindamycin (%) 8.7 0.36 49.2 <0.0001 1.0 35.0 <0.0001 0.0 325 <0.0001
Outcomes
Percutaneous drain (%) 17.2 6.7 13.6 0.01 20.6 15.0 0.57 22.8 26.8 0.62
Wound Complication (%) 32.9 25.1 314 0.16 43.0 50.0 0.57 37.2 60.0 0.02
Readmission (%) 217 152 20.3 0.16 21.5 55.0 0.002 304 342 0.67
Reoperation (%) 20.3 5.1 4.2 0.16 27.8 35.0 0.52 22.8 46.3 0.008
Recurrence (%) 10.7 6.1 34 0.24 21.5 20.0 0.88 13.9 31.7 0.02

*Univariate analysis comparing outcomes by administration of beta-lactam prophylaxis

had reported PA, and the most common antibiotics were
clindamycin (49.2%) and vancomycin (45.1%). Patients
receiving non-BLP had higher rates of wound complications
and readmission. This finding did not persist on multivariate
analysis controlling for multiple confounding factors, and
BLP was not found to be associated with outcomes in this
cohort (Table 5).

A total of 117 patients with no history of MRSA under-
went OHR with clean contaminated cases (Wound Class 2).
Sources of contamination included planned concomitant
GI procedures (colectomy, small bowel resection, ostomy
takedown and/or creation), GU procedures, or hepatobiliary
procedure. Of these clean contaminated cases, 82.9% had
BLP with additional non-BLP when appropriate such as
cefazolin and metronidazole (Table 4). Of patients receiving
BLP, 70.1% received cefazolin as one of their perioperative
antibiotics, and 8.3% reported PA and received BLP. There
were no adverse reactions in PA patients. Of the 17.1% of
patients who did not receive BLP, 40.0% received vancomy-
cin and 35.0% received clindamycin. Patients who received

BLP had equivalent rates of 30-day readmission (15.0 vs.
12.4%, p=0.7), and lower rates of all-time readmission for
hernia-related complications on univariate analysis (21.5 vs.
55.0%, p=0.002). When controlling for confounding factors
with multivariate analysis, BLP was associated with lower
rates of all-time readmission for hernia related complications
(OR 0.27, CI1 0.09-0.83) (Table 6).

Contaminated or grossly contaminated cases (Wound
class 3 or 4) with no history of MRSA accounted for 120
OHR. Sources of contamination included one or more of
the following conditions: existing enterocutaneous fistu-
las (29.9%) with or without mesh involvement (59.0%,
33.3% respectively), infected mesh (57.5%), gross intesti-
nal spillage (23.1%), and/or existing skin or subcutaneous
tissue infection (57.5%). BLP was administered in 65.8%
of cases, of whom 12.6% had reported penicillin allergy,
and 77.2% received cefazolin (Table 4). Of the 34.2%
of patients who had no BLP administered, 58.5% had a
reported penicillin allergy, 63.4% received vancomycin,
and 32.5% received clindamycin. Patients who did not
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receive BLP had significantly worse outcomes with higher
rates of wound complications (60.0 vs. 37.2%, p=0.02),

reoperation (46.3 vs. 22.8%, p=0.008), and recurrence

Table 5 Multivariate analysis of patients undergoing uncontaminated (clean) hernia repair*

(31.7 vs. 13.9%, p=0.02). On multivariate analysis,
administration of BLP was associated with lower rates of

Readmission
OR (CI), p-value

Reoperation
OR (CI), p-value

Wound complication
OR (CI), p-value

Recurrence
OR (CI), p-value

BLP
Defect
Female
Diabetes
Asthma
COPD
Steroids

0.96 (0.56-1.64), p=0.89
1.02 (1.01-1.02), p=0.04
1.69 (1.08-2.66), p=0.02
1.75 (1.12-2.72), p=0.01
1.37 (0.81-2.33), p=0.24
1.57 (0.78-3.17), p=0.21
0.84 (0.29-3.74), p=0.65

1.00 (0.57-1.76), p=0.99
1.00 (0.99-1.01), p=0.57
1.10 (0.70-1.74), p=0.68
1.73 (1.08-2.76), p=0.02
1.44 (0.83-2.51), p=0.19
1.31 (0.62-2.79), p=0.48
1.16 (0.73-1.85), p=0.94

0.82 (0.51-1.33), p=0.42
1.02 (1.01-1.04), p=0.005
1.75 (1.16-2.62), p=0.007
2.04 (1.36-3.06), p=0.0005
1.62 (1.01-2.62), p=0.05
2.33 (1.21-4.46), p=0.01
1.58 (0.64-2.57), p=0.68

2.42 (0.72-8.19), p=0.16
1.00 (0.99-1.03), p=0.89
0.71 (0.35-1.47) p=0.36
0.91 (0.40-2.06), p=0.82
1.95 (0.81-4.67), p=0.14
0.64 (0.14-2.94), p=0.57
2.14 (0.34-2.50), p=0.72

BLP beta-lactam prophylaxis

*Multivariate analysis controlling for BLP, female sex, diabetes, asthma, COPD, defect size, and steroid use in patients without history of
MRSA, undergoing clean (wound class 1) hernia repair

Table 6 Multivariate analysis of clean contaminated cases undergoing hernia repair*

Readmission
OR (CI), p-value

Reoperation
OR (CI), p-value

‘Wound complication
OR (CI), p-value

Recurrence
OR (CI), p-value

BLP
Defect
Female
Diabetes
Asthma
COPD
Steroids

0.28 (0.09-0.89), p=0.03
1.00 (1.00-1.01), p=0.20
4.78 (1.43-15.95), p=0.01
1.67 (0.60-4.68), p=0.33
0.62 (0.13-2.95), p=0.55
4.29 (0.72-25.60), p=0.11
0.98 (0.72-1.34), p=0.75

0.76 (0.23-2.49), p=0.66
1.01 (1.00-1.01), p=0.002
1.25 (0.47-3.35) p=0.65
0.57 (0.20-1.61), p=0.29
0.62 (0.15-2.58), p=0.51
1.36 (0.27-7.00), p=0.71
0.62 (0.21-2.58), p=0.83

1.15 (0.37-3.54), p=0.81

1.00 (1.00-1.06), p=0.046

1.76 (0.70-4.41), p=0.23
1.38 (0.56-3.41), p=0.48
1.12 (0.32-3.87), p=0.86

5.96 (0.64-55.63), p=0.12

1.23 (0.89-1.96), p=0.24

1.06 (0.25-4.41), p=0.94
1.00 (1.00-1.00), p=0.54
0.58 (0.21-1.63), p=0.30
0.50 (0.16-1.61), p=0.25
1.17 (0.29-4.85), p=0.83
0.59 (0.06-5.41), p=0.64
0.73 (0.41-1.58), p=0.72

BLP beta-lactam prophylaxis

*Multivariate analysis controlling for BLP, female sex, diabetes, asthma, COPD, defect size, and steroid use in patients without a history of
MRSA, with clean contaminated cases(wound class 2 operations)

Table 7 Multivariate analysis of contaminated cases undergoing hernia repair*

Readmission
OR (CI), p-value

Reoperation
OR (CI), p-value

‘Wound complication
OR (CI), p-value

Recurrence
OR (CI), p-value

BLP
Defect
Female
Diabetes
Asthma
COPD
Steroids

1.03 (0.42-2.52), p=0.95
1.00 (1.00-1.00), p=0.41
1.14 (0.45-2.87), p=0.79
0.85 (0.34-2.13), p=0.73
1.16 (0.34-3.99), p=0.81
6.62 (1.06-41.38), p=0.04
1.01 (0.21-2.34), p=0.98

0.31 (0.12-0.78), p=0.01
1.00 (1.00-1.00), p=0.30
0.87 (0.33-2.31), p=0.78
1.90 (0.75-4.78), p=0.18
2.64 (0.77-9.09), p=0.12
2.06 (0.35-12.02), p=0.42
0.95 (0.37-1.15), p=0.88

0.52 (0.22-1.23), p=0.13
1.00 (0.99-1.00), p=0.48
2.54 (1.03-6.27), p=0.04
1.07 (0.44-2.58), p=0.88
0.64 (0.20-2.09), p=0.46
5.01 (0.79-32.0), p=0.09
0.62 (0.20-1.43), p=0.70

0.30 (0.11-0.84), 0.02
1.00 (0.99-1.00), p=0.56
1.36 (0.43-4.30), p=0.60
0.72 (0.24-2.20), p=0.57
2.96 (0.80-11.03), p=0.11
0.25 (0.02-2.83), p=0.26
2.01 (0.12-4.39), p=0.67

BLP beta-lactam prophylaxis

*Multivariate analysis controlling for BLP, female sex, diabetes, asthma, COPD, defect size, and steroid use in patients without a history of
MRSA, with contaminated and grossly contaminated cases (wound class 4 and 4 operations)
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reoperation (OR 0.31, CI 0.12-0.76) and recurrence (OR
0.32, CI 0.11-0.86) (Table 7).

Discussion

The safety of cephalosporins, specifically cefazolin, in
patients with non-IgE mediated penicillin allergy has been
well established. However, poor documentation of the
allergy persists, leading to the selection of non-beta-lactam
antibiotic surgical prophylaxis. This retrospective review of
over a thousand patients demonstrates that patients reporting
penicillin allergy are more comorbid at baseline. Reported
penicillin allergy is associated with high rates of non-beta-
lactam surgical prophylaxis, specifically vancomycin and
clindamycin. Administration of BLP was associated with
improved outcomes, particularly in contaminated cases. In
patients with reported PA, administration of BLP was not
associated with any adverse reactions.

The association of reported penicillin allergy with patient
comorbidity is not commonly noted in the literature. In this
study, rates of reported penicillin allergy were higher than
rates in the general population (21.6% vs. 11% general
population) [12, 20]. Reported PA was more common in
female patients and patients with history of MRSA, COPD,
asthma, chronic steroid use, sleep apnea, and chronic pain.
These comorbidities may be multifactorial, with medical and
surgical history contributing to both the likelihood of PA
and of adverse outcomes associated with non-beta-lactam
treatments. More comorbid patients may have higher rates
of hospitalizations and exposure to penicillins, and thus
the higher rates of reported PA. A 2015 study of over 50
thousand patient hospitalizations noted that rates of peni-
cillin allergy were higher in female patients, and higher in
patients with a history of prior hospitalization [27]. Asthma
and COPD are also associated with smoke exposure and
other allergic and immunogenic disease, and thus may mark
“atopic” patients as susceptible to other allergic reactions
[28]. Prior studies have demonstrated a 55% increased risk
of MRSA when PA patients received non-BLP, and this may
account for the higher rate of MRSA in this PA popula-
tion (all patients had a history of prior operations) [8]. This
comorbidity of patients with reported PA may reflect under-
lying disease process, sensitivity to medications, history of
prior hospitalizations, history of surgical intervention, and
history of treatment with non-BLP for surgical and nonsurgi-
cal indications, with adverse outcomes of non-ideal antibi-
otic coverage, such as MRSA infection.

In a 2018 study of 8385 patients undergoing general sur-
gery procedures (hip arthroplasty, knee arthroplasty, hys-
terectomy, colon surgery, and CABG), Blumenthal et al.
noted that penicillin allergy was associated with the admin-
istration of alternate antibiotics, and with an elevated odds

ratio of the surgical site infection (OR 1.51, CI 1.02-2.22)
[12]. Blumenthal et al. do not distinguish between reported
penicillin allergy and administration of non-beta-lactam
antibiotics, and instead only presume non-BLP when PA
is reported. Therefore, adverse outcomes in patients with
reported PA may reflect the increased complexity of penicil-
lin allergic patients, and not the outcomes of surgical proph-
ylaxis. The complexity of PA patients and the impact of
non-BLP was most apparent in patients with contaminated
operations. Patients with wound class 3—4 had the highest
rates of reported PA, as well as the highest rates of non-BLP
antibiotics. Non-BLP was associated with increased rates
of wound complication, reoperation, and recurrence, the
findings which persisted in multivariate analysis. The com-
plexity of these patients, with preexisting fistulas, wound
infections, and mesh infections, may be both the cause and
result of reported PA, with history of hospitalization and
prior antibiotic exposure leading to reported PA, and com-
plications of previous non-BLP leading to complex hernias
requiring high-risk repair.

Patients with reported PA who receive BLP for surgery
have low to absent rates of reaction to BLP, and patients with
unknown or remote PA have similar rates of allergy as the
baseline population (1.7%) [17, 18, 23-25]. Administration
of non-BLP is associated with adverse drug reactions (clin-
damycin 1.5%), and incorrect dosing [7, 17, 25]. In patients
undergoing orthopedic, cardiac, and colonic surgical inter-
vention, patients who receive vancomycin due to reported
PA have higher rates of wound complication [17, 29]. Use of
non-BLP in PA patients has been associated with increased
risk of VRE, MRSA, and c. difficile in hospitalized patients
[8]. Finally, targeted testing for true PA is associated with
increased use of BLP and a decrease in cost of treatment [5].
One study estimated that in a general surgery population,
112-114 patients would need allergy evaluation to prevent
1 SSI [12]. The choice of perioperative antibiotic in this
patient cohort varied significantly between patients with and
without reported penicillin allergy. Most patients without
PA received cefazolin, including 95% of clean cases. How-
ever, 22.1% of patients with reported PA received BLP, with
no recorded adverse reactions. Vancomycin and clindamy-
cin were the most common antibiotics used in PA patients.
These patterns of use and lack of adverse medication events
are consistent with patterns of antibiotic usage in other sur-
gical populations, including orthopedic, pediatric, gyneco-
logic, and colorectal [7, 12, 30].

The present study reveals several important factors in the
understanding of patients with reported penicillin allergy,
and the impact of PA on choice of prophylactic antibiotic
for open ventral hernia repair. Rates of reported penicil-
lin allergy in complex OVHR are higher than the general
population and are associated with a more comorbid patient
population than non-penicillin allergic patients. Reported
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penicillin allergy significantly impacts the choice of sur-
gical antibiotic prophylaxis, as patients with reported PA
more commonly receive clindamycin or vancomycin than
cefazolin. Patients who did not receive first line surgical
prophylaxis had worse outcomes, particularly in contami-
nated cases. It is unclear whether the administration of
non-beta-lactam prophylaxis is an independent driver of
worse outcomes, or the increased complexity of penicillin
allergic patients leads to increased complications. Given the
significant complexity of this patient population undergo-
ing ventral hernia repair, this study may not be sufficiently
powered to detect nuanced difference in patients who did
and did not receive BLP, despite over one thousand patients
included in review. Regardless, the impetus is on the surgeon
to optimize antibiotic coverage, particularly in patients at
higher risk of postoperative complications.

Finally, administration of beta-lactam prophylaxis to
patients with reported penicillin allergy can be safe, and
should be considered particularly in complex, contaminated
open hernia repair. A review and correction of allergy his-
tory is appropriate in all patients undergoing surgical inter-
vention, with careful attention paid to whether a reported
penicillin allergy is potentially IgE mediated, or more con-
sistent with intolerance [20]. Current guidelines include
cefazolin as a first line prophylaxis for patients undergo-
ing clean open ventral hernia repair, with clindamycin or
vancomycin for patients with a penicillin allergy [4, 31].
In patients with known or anticipated contamination of
OVHR, additional prophylaxis is tailored to the source of
the contamination, and often includes metronidazole or gen-
tamicin. In contaminated cases with a reported penicillin
allergy, allergy workup or testing can be strongly considered,
as these patients are demonstrated to be at highest risk of
complications at baseline, and this study demonstrates that
administration of non-BLP is associated with further adverse
outcomes. Finally, this study demonstrates that patients with
a history of MRSA who receive only beta-lactam prophy-
laxis may sustain adverse outcomes. This is in the context of
a higher rate of adverse outcomes in MRSA positive patients
at baseline [32]. However, some studies have supported the
administration of vancomycin with a beta-lactam antibi-
otic for MRSA positive patients as beta-lactam antibiotics
may have a synergistic role with vancomycin in treating
MRSA + infections [33]. In these instances, the ability to
provide adjuvant beta-lactam prophylaxis may significantly
improve outcomes in a comorbid population.
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