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Abstract

Introduction While several patient and operative variables

have been shown to be associated with an increased risk of

postoperative wound events, the association between sur-

gical hat type worn by surgeons and postoperative wound

events remains controversial. The purpose of this study is

to investigate the association between type of surgical hat

worn by surgeons and the incidence of postoperative

wound events following ventral hernia repair using the

Americas Hernia Society Quality Collaborative database.

Methods All surgeons who input at least ten patients with

30-day follow-up into the AHSQC were identified. These

surgeons were sent a survey asking them to identify the

type of surgical hat they wear in the operating room. The

association of the type of surgical hat worn, patient vari-

ables, and operative factors with 30-day wound events was

investigated using multivariate logistic regression.

Results A total of 68 surgeons responded to the survey,

resulting in 6210 cases available for analysis. The type of

surgical hat worn by surgeons was not found to be associated

with an increased risk of 30-day surgical site infections or

surgical site occurrences requiring procedural intervention.

Conclusion Our study is the first study to directly compare

the association of surgical hat type with postoperative wound

events. There is no association between the typeof surgical hat

worn and the incidence of postoperative wound events fol-

lowingventral hernia repair.Our findings suggest that surgical

hate type may be chosen at the discretion of operating room

personnel without fear of detriment to their patients.

Keywords Surgical hat � Surgical site infection � Surgical
site occurrence requiring procedural intervention � Wound

events

Introduction

Surgical site infection (SSI) is a substantial source of post-

operative morbidity and mortality [1, 2]. While the surgical

community has made significant improvements in the inci-

dence and treatment of SSIs, elimination of these events

remains challenging due to their multi-factorial nature.

Despite the fact that there are multiple operating room factors

that contribute to the development ofwound events, including

laminar flow, surgeon and operating room personnel attire,

and break in sterile technique, the Association of Periopera-

tive Registered Nurses (AORN) published recommended

operating room practices in 2012 that addressed surgeon and

operating room staff surgical hat attire only. Specifically, the

AORN suggested that all operating room staff be required to

wear disposable, bouffant-style hats to cover all of their hair

and both ears [3]. This recommendation calls for the elimi-

nation of the surgical skull cap,which has historically been the

headgear of choice for a majority of surgeons [4].
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While these recommended practice guidelines were

released in 2012, it was not until earlier this year that

proper surgical attire received attention from a variety of

invested parties, including both surgeons and perioperative

nursing staff. In a statement released by the American

College of Surgeons (ACS) in August this year, the

wearing of surgical skull caps was identified as symbolic of

the surgical profession and supported by the fact that there

is no current literature that demonstrates an association

between exposed hair or ears and postoperative SSIs [4].

The currently recommended AORN guidelines are based

on two historical studies. The first study was published in

1965 by Summers et al. and demonstrated that hair is a

reservoir for Staphylococci bacteria. The second study was

published in 1973 and demonstrated a correlation between

the strain of bacteria found in the hair of operating room

staff and those found in large outbreaks of postoperative

SSIs [5, 6].

The arguments put forth by both the surgeon community

and the AORN lack a strong scientific foundation. Due to

the lack of high-level evidence, a substantial amount of

debate persists as to the appropriate surgical hat attire, as it

pertains to postoperative wound events. The purpose of this

study is to investigate the association between the type of

surgical hat worn by surgeons and the incidence of post-

operative wound events during hernia repairs, the most

common procedure performed by general surgeons, using

the Americas Hernia Society Quality Collaborative

(AHSQC).

Methods

Surgeon identification

All surgeons who input at least ten patients into the

AHSQC with 30-day follow-up from January 1, 2013

through August 3, 2016 were identified. The statement put

forth by the ACS was released on August 4, 2016. A cut-

point of August 3, 2016 was, therefore, chosen to most

accurately capture the type of surgical hat most commonly

worn by surgeons prior to the implementation of AORN

guidelines.

Online survey

Following Institutional Review Board approval, all iden-

tified surgeons were sent a survey from the AHSQC asking

them about factors cited by the AORN as contributing to

postoperative wound events, including their gender, the

length of their hair, the presence of a beard (if applicable),

and the type of surgical hat worn [3]. The length of hair

was divided into two groups. Short hair was categorized as

less than 4 cm long, while long hair was categorized as

greater than 4 cm long. If the surgeon had a beard, they

were asked if their beard is fully covered by their surgical

hat and/or their surgical mask. The surgeons had the option

of choosing between six different styles of surgical hats. To

better demonstrate these options, the survey contained a

picture of each option (Fig. 1). These options included

disposable skull cap, cloth skull cap, disposable bouffant

with ears exposed, disposable bouffant with ears covered,

cloth bouffant, and headgear with beard coverage. Within

the survey was an explanation to all the surgeons that

completing the survey was voluntary and the decision to

complete it or not would not affect their ability to partic-

ipate in the AHSQC.

Data source

The AHSQC is a nationwide effort designed to improve the

value of hernia care using real-time continuous quality

improvement principles. At the time of this study, the

AHSQC had data available from over 170 surgeons who

practice in a variety of clinical settings, including aca-

demic, community, and academic-affiliated hospitals. The

registry component of the AHSQC is comprised of pre-

determined standardized definitions for data collection in

the preoperative, intraoperative, and 30-day postoperative

phases of hernia care. Details regarding the AHSQC and

registry structure, governance, and data assurance process

have previously been reported [7]. The AHSQC database

was chosen for this study as it contains the largest number

of hernia-specific variables, including variables that we

know contribute to postoperative wound events, such as the

Ventral Hernia Working Group Grade, creation of subcu-

taneous flaps, and history of abdominal wall wound

infection, that could be controlled for in a multivariate

logistic regression model to isolate the association of sur-

gical cap attire and 30-day wound events.

Primary and secondary outcomes of interest

Wound events were divided into surgical site infection

(SSI) and surgical site occurrence requiring procedural

intervention (SSOPI). SSI is further characterized accord-

ing to CDC guidelines as a superficial, deep, or organ space

infection [8]. SSO includes any SSI as well as wound

cellulitis, non-healing incisional wound, fascial disruption,

skin or soft tissue ischemia, skin or soft tissue necrosis,

wound serous or purulent drainage, stitch abscess, seroma,

hematoma, infected or exposed mesh, or development of an

enterocutaneous fistula. SSOPI is defined as any SSO that

requires opening of the wound, wound debridement, suture

excision, percutaneous drainage, or partial or complete

mesh removal [9]. The primary outcome of interest was the
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association of surgical hat type with the incidence of SSI,

while the secondary outcomes of interest was the associa-

tion of surgical hat type with the incidence of SSOPI.

Statistical analysis

Data were described using median and range for continu-

ous variables and counts and percentages for categorical

variables. The association of preoperative patient factors

and hernia characteristics with the incidence of SSI and

SSOPI was initially investigated in univariate analysis

using the Wilcoxon rank sum test for continuous variables

and Chi-square or Fisher’s exact test for categorical vari-

ables. For those factors that were found to have a signifi-

cant association with SSI or SSOPI, multivariate logistic

regression was used to determine the independent associ-

ation of these variables with 30-day wound events. A

concordance index (c statistic) was calculated for each

multivariate logistic regression model. The c statistic is a

reflection of the probability that, for each pair of randomly

chosen patients, the patient with the most risk factors for

developing a postoperative wound infection will, indeed,

have such an outcome [10]. The standard accepted value

for the c index is greater than 0.7 [11]. All statistical

analysis was performed using SAS 9.4 Software (SAS

Institute, Cary, NC) and p\ 0.05 was considered statisti-

cally significant.

Results

A total of 86 surgeons received the surgical cap survey and

68 (79.1%) of the surgeons responded and were available

for analysis. Thirty-one (45.6%) surgeons reported that

they wear a disposable surgical skull cap, six (8.9%)

reported that they wear a cloth skull cap, 20 (29.4%)

reported that they wear a disposable bouffant with their

ears exposed, and 11 (16.1%) reported that they wear a

disposable bouffant with their ears covered. No surgeons

within this analysis reported wearing either a cloth bouffant

or the surgical headgear. While length of hair and the

presence of a beard were collected, these variables were

ultimately removed from the statistical analysis due to their

strong association with surgeon gender and type of surgical

Fig. 1 Surgical hat types. Surgeons were asked to choose the surgical hat type they most often wear. The options included: a disposable skull

cap, b cloth skull cap, c cloth bouffant, d disposable bouffant with ears exposed, e disposable bouffant with ears covered, and f surgical headgear

Hernia (2017) 21:495–503 497

123



hat worn. A total of 6210 ventral hernias were performed

by the 68 surgeons included in this study during the defined

study period. A total of 251 (4.0%) patients experienced a

postoperative SSI, 743 (12.0%) patients experienced a

postoperative SSO, and 361 (5.8%) patients experienced a

postoperative SSOPI.

Table 1 details the association of preoperative patient

variables and hernia characteristics with postoperative

surgical site infections following univariate analysis.

Obesity (p = 0.002), chronic obstructive pulmonary dis-

ease (COPD) (p = 0.001), open surgical approach

(p\ 0.001), larger hernia width (p\ 0.001), higher mod-

ified Ventral Hernia Working Group (VHWG) grade

(p\ 0.001), current abdominal wall wound infection at the

time of VHR (p\ 0.001), history of abdominal wall

wound infection (p\ 0.001), presence of an ostomy

(p\ 0.001), operative time greater than 2 h (p\ 0.001),

performance of a concomitant procedure at the time of

VHR (p\ 0.001), use of drains (p\ 0.001), and entero-

tomy at the time of VHR (p\ 0.001) were factors asso-

ciated with an increased risk of postoperative SSI. Of note,

the type of surgical hat worn was not associated with an

increased incidence of postoperative SSI.

Following multivariate analysis, modified VHWG grade

(p\ 0.001), presence of drains (p = 0.03), and enterotomy

(p = 0.004) remained significantly associated with an

Table 1 Association of

preoperative patient variables

and hernia characteristics with

surgical site infection events

Patient or hernia factor SSI (N = 251) No SSI (N = 5959) p value

Age, years (median, range) 57.0 (48.0, 66.0) 57.0 (47.0, 66.0) 0.63

Patient female gender (N, %) 148 (59.0%) 3050 (51.2%) 0.016

BMI[30 kg/m2 (N, %) 169 (67.3%) 3416 (57.3%) 0.002

Current smoker (N, %) 28 (11.2%) 706 (11.8%) 0.74

HTN (N, %) 137 (54.6%) 2961 (49.7%) 0.13

COPD (N, %) 33 (13.1%) 444 (7.5%) 0.001

DM (N, %) 60 (23.9%) 1118 (18.8%) 0.05

Current steroid use (N, %) 19 (7.6%) 291 (4.9%) 0.06

Surgical approach (N, %)

Open 234 (93.2%) 4348 (73.0%) \0.001

Laparoscopic 10 (4.0%) 1069 (17.9%)

Laparoscopic converted to open 7 (2.8%) 481 (8.1%)

Prophylactic IV antibiotics received (N, %) 248 (98.9%) 5914 (99.2%) 0.44

Hernia width (median, range) 10.0 (6.0, 15.0) 5.0 (2.0, 10.0) \0.001

Modified VHWG grade (N, %)

1 20 (8.0%) 1589 (26.7%) \0.001

2 94 (37.5%) 3396 (57.0%)

3 137 (54.5%) 974 (16.3%)

Current active infection (N, %) 147 (58.6%) 117 (2.0%) \0.001

History of abdominal wall wound infection (N, %) 92 (36.7%) 859 (14.4%) \0.001

Stoma present (N, %) 52 (20.7%) 408 (6.8%) \0.001

OR time[2 h (N, %) 202 (80.5%) 3109 (52.2%) \0.001

Myofascial release performed (N, %) 154 (61.4%) 2372 (39.8%) \0.001

Concomitant procedure performed (N, %) 111 (44.2%) 1553 (26.1%) \0.001

Drains placed (N, %) 195 (77.7%) 2677 (44.9%) \0.001

Enterotomy (N, %) 23 (9.2%) 112 (1.9%) \0.001

Surgical hat type (N, %)

Disposable surgical skull cap 137 (54.6%) 3296 (55.3%) 0.85

Cloth surgical skull cap 24 (9.5%) 591 (9.9%)

Disposable bouffant EE 59 (23.5%) 1270 (21.3%)

Disposable bouffant EC 31 (12.4%) 802 (13.5%)

Surgeon female gender (N, %) 24 (9.6%) 583 (9.8%) 0.91

SSI surgical site infection, N number, SD standard deviation, BMI body mass index, HTN hypertension,

COPD chronic obstructive pulmonary disease, DM diabetes mellitus, IV intravenous; VHWG Ventral

Hernia Working Group, OR operative time
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increased incidence of postoperative SSI (Fig. 2). Within

the multivariate analysis, multiple comparisons were made

between the different types of surgical hats to better

determine if the type of surgical hat worn is associated with

an increased incidence of postoperative SSI. There was no

statistically significant difference in the incidence of

postoperative SSI when all surgical cap types were com-

pared to all surgical bouffant types or when any combi-

nation of surgical caps and surgical bouffants were

compared to one another (Fig. 2). The c statistic for the

multivariate logistic regression model was 0.80.

Table 2 details the association of preoperative patient

variables and hernia characteristics with postoperative

surgical site occurrences requiring procedural intervention

following univariate analysis. Female gender (p = 0.001),

obesity (p\ 0.001), HTN (p\ 0.001), COPD (p\ 0.04),

DM (p = 0.008), chronic steroid use (p = 0.029), open

surgical approach (p\ 0.001), larger hernia width

(p\ 0.001), higher modified VHWG grade (p\ 0.001),

current abdominal wall wound infection at the time of

VHR (p\ 0.001), history of abdominal wall wound

infection (p\ 0.001), presence of an ostomy (p\ 0.001),

prolonged operative time greater than 2 h (p\ 0.001),

myofascial release (p\ 0.001), performance of a con-

comitant procedure at the time of VHR (p\ 0.001), use of

drains (p\ 0.001), and enterotomy at the time of VHR

(p = 0.04) were factors associated with an increased risk

of postoperative SSOPI. The type of surgical hat worn was

not associated with an increased incidence of postoperative

SSOPI.

Following multivariate analysis, female patients

(p = 0.02), obesity (p = 0.04), HTN (p = 0.02), hernia

width (p = 0.03), a higher modified VHWG grade

(p = 0.03), and prolonged operative time greater than 2 h

(p = 0.001) remained significantly associated with an

increased incidence of SSOPI (Fig. 3). Similar to the

multivariate analysis for SSI, multiple comparisons were

made between the different types of surgical hats to better

determine if the type of surgical hat worn is associated with

an increased incidence of postoperative SSOPI. There was

no statistically significant difference in the incidence of

postoperative SSO when all surgical cap types were com-

pared to all surgical bouffant types or when any combi-

nation of surgical caps and surgical bouffants were

Fig. 2 Multivariate logistic

regression model for association

of preoperative patient

variables, operative details, and

surgical hat type with

postoperative surgical site

infection (SSI) events. There is

no association with any type of

surgical hat and postoperative

SSI events
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compared to one another (Fig. 3). The c statistic for the

multivariate logistic regression model was 0.79.

Discussion

This is the first study to investigate the association of the

type of surgical hat worn by surgeons with the incidence of

postoperative wound events. We found that no particular

type of surgical hat was associated with an increased risk of

SSI or SSOPI following ventral hernia repair. Furthermore,

this study shows no association between ear exposure and

the incidence of SSI or SSOPI following ventral hernia

repair. These findings do not support the AORN recom-

mendation that all surgical personnel wear disposable,

bouffant-style surgical hats. This study identified several

other risk factors which have previously been identified in

the other studies to contribute to an increased incidence of

postoperative wound events [12–14]. However, there was

no association between surgical hat types and postoperative

wound events.

While there has been ongoing debate regarding appro-

priate surgical hats worn by operating room personnel, the

most recent recommendations released by the AORN in

2012 are based on fairly low-level evidence published in

1965 and 1973 [5, 6]. The first study, by Summers et al.,

Table 2 Association of preoperative patient variables and hernia characteristics with surgical site occurrence requiring procedural intervention

events

Patient or hernia factor SSOPI (N = 361) No SSOPI (N = 5849) p value

Age, years (median, range) 57.0 (48.0, 66.0) 57.0 (47.0, 66.0) 0.78

Patient female gender (N, %) 216 (59.8%) 2982 (50.6%) 0.001

BMI[30 kg/m2 (N, %) 256 (70.9%) 3329 (56.9%) \0.001

Current smoker (N, %) 46 (12.7%) 688 (11.8%) 0.58

HTN (N, %) 217 (60.1%) 2881 (49.3%) \0.001

COPD (N, %) 41 (11.4%) 436 (7.5%) 0.04

DM (N, %) 176 (48.8%) 1002 (17.1%) 0.008

Current steroid use (N, %) 27 (74.8%) 283 (4.8%) 0.029

Surgical approach (N, %)

Open 330 (91.4%) 4252 (72.7%) \0.001

Laparoscopic 17 (4.7%) 1063 (18.2%)

Laparoscopic converted to open 14 (3.9%) 475 (8.1%)

Prophylactic IV antibiotics received (N, %) 358 (99.2%) 5804 (99.2%) 0.76

Hernia width (median, range) 10.0 (6.0, 15.0) 5.0 (2.0, 10.0) \0.001

Modified VHWG grade (N, %)

1 34 (9.4%) 1575 (26.9%) \0.001

2 167 (46.3%) 3323 (56.8%)

3 160 (44.3%) 951 (16.3%)

Current active infection (N, %) 32 (8.9%) 115 (2.0%) \0.001

History of abdominal wall wound infection (N, %) 120 (33.2%) 831 (14.2%) \0.001

Stoma present (N, %) 58 (16.1%) 402 (6.9%) \0.001

OR time[2 h (N, %) 293 (81.2%) 3018 (51.6%) \0.001

Myofascial release performed (N, %) 222 (61.5%) 2304 (39.4%) \0.001

Concomitant procedure performed (N, %) 160 (44.3%) 1504 (25.7%) \0.001

Drains placed (N, %) 284 (78.7%) 2588 (44.2%) \0.001

Enterotomy (N, %) 24 (6.7%) 111 (1.9%) 0.04

Surgical hat type (N, %)

Disposable surgical skull cap 200 (55.4%) 3233 (55.3%) 0.84

Cloth surgical skull cap 31 (8.5%) 584 (9.9%)

Disposable bouffant EE 80 (22.2%) 1249 (21.4%)

Disposable bouffant EC 50 (13.9%) 783 (13.4%)

Surgeon female gender (N, %) 45 (12.5%) 562 (9.6%) 0.08

SSOPI surgical site occurrence requiring procedural intervention, N number, SD standard deviation, BMI body mass index, HTN hypertension,

COPD chronic obstructive pulmonary disease, DM diabetes mellitus, IV intravenous, VHWG Ventral Hernia Working Group, OR operative time
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was a retrospective study comparing the strains of bacteria

isolated from the nares and hair of ambulatory patients,

hospital employees, and patients admitted to the hospital

following surgery with the strains of bacteria found in

postoperative wound infections [5]. The most commonly

isolated bacteria from all study subjects were Staphylo-

cocci and 13.6% of wound infections had the same strain of

Staphylococci as that found in the hair of the infected

patient [5]. While the authors concluded that hair may be a

potential source of bacterial cross-contamination, they did

not identify any association between the bacteria found in

the hair of operating surgeons and those isolated from

postoperative wounds [5]. Simply put, while this study

identified hair as a reservoir for Staphylococci, it did not

show any relationship between that finding and the

occurrence of postoperative wound events.

In the second study, Dineen et al. investigated the strain

of bacteria isolated from healthcare employees and those

isolated during two separate wound infection outbreaks at a

single institution [6]. The authors did identify the same

bacteria isolate in the hair of one general surgeon and those

within the wounds of all patients affected in one of the

outbreaks [6]. Nevertheless, the authors went on to discuss

additional factors that potentially may have contributed to

the infection outbreaks, including damage to perforating

vessels and tissue dead space, and necrosis related to the

surgical procedures performed [6]. Therefore, while the

same bacteria was isolated from the hair of the operating

surgeon and the wounds of the infected patients in one

outbreak, it is very difficult, based on this type of study, to

determine a causal relationship between the surgeon and

the infectious outbreaks. Another important weakness of

this article is that this study described two relatively small

case series which refer to isolated incidents and, therefore,

should be used cautiously, if at all, to make broad gener-

alizations regarding acceptable surgical hat attire for all

operating room personnel. Finally, the type of surgical

headgear worn by the surgeons mentioned in this article

was not considered as part of the analysis, making the

relevance of their findings unclear at best.

There are two additional studies referenced by the

AORN in online teaching material for operating room

nurses. The first is an investigation by Owers et al. which

was published in 2004 [15, 16]. In this study, the authors

Fig. 3 Multivariate logistic

regression model for association

of preoperative patient

variables, operative details, and

surgical hat type with

postoperative surgical site

occurrence requiring procedural

intervention (SSOPI) events.

There is no association with any

type of surgical hat and

postoperative SSOPI events
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identify an increased rate of postoperative wound events

following the introduction of laminar flow in the operating

room. To determine the source of the bacteria, the authors

cultured the foreheads, eyebrows, and ears of 20 operating

room employees, and found that ears harbored the highest

concentration of bacteria [15]. Notably, there was no

mention in this article of the bacteria isolated from post-

operative wound events, nor did the authors attempt to

determine any association between the bacteria isolated

from the operating room personnel and the bacteria isolated

from infected wounds [16].

The second study, published by Mase et al., revealed

that the bacteria isolated from the hair of hospital

employees are not eradicated by the traditional shampoo

detergent [17]. Again, there was no direct investigation of

the bacteria isolated from the hair and the bacteria found in

postoperative wound infections. Nevertheless, despite the

lack of any evidence to suggest that bacteria isolated from

operating room personnel are the source of postoperative

wound events, both of these studies are still used to support

the recommendation that all operating room personnel

should wear disposable, bouffant-style surgical cap with

both ears covered to minimize the risk of postoperative

wound events [15].

Overall, the current level of evidence to support a

change in surgical headgear due to a purported increase in

postoperative wound events is weak at best. Importantly,

none of the articles cited as evidence to support elimination

of all surgical hat types except for the disposable surgical

bouffant-style cap have included type of surgical headgear

as a factor for analysis. Yet, the current recommendations

to avoid postoperative wound infections are a complete

overhaul of the surgical hats currently available to oper-

ating room personnel. Thus, the cited literature fails

entirely to address the intervention which is currently

suggested in the most recent guidelines put forth by the

AORN.

Despite the surgical skull cap having been identified by

some as a symbol of the profession, the more likely rele-

vant and significant point is that there is no apparent

detriment to patients from surgeons wearing a surgical

skull cap, according to our findings [4]. In general, the

surgical community is expected, by the American College

of Surgeons’ Code of Conduct, to ‘‘participate in self-

regulation by setting, maintaining, and enforcing practice

standards’’ and, furthermore, to ‘‘improve care by evalu-

ating its processes and outcomes [18]’’. To that end,

changes to surgical culture should be considered as quality

improvement efforts and undertaken based on the best

available current evidence. While, admittedly, our study is

not a randomized controlled trial, its strength lies in the

benefits of a registry-based trial, namely, a large number of

cases and postoperative wound events available for

analysis. To the best of our knowledge, our study reflects

the highest quality of evidence, currently available to make

an informed decision regarding the appropriate type of

surgical hat worn by operating room personnel.

Despite our results, this study does have limitations.

Surgeons were asked to fill out the survey based on their

common operating room practices. While we attempted to

limit changes to operating room attire by pulling the cases

prior to stricter adherence to AORN policies, it is possible

that some of the surgeons fell into more than one surgical

hat group. Inherent to the retrospective nature of this study,

we were unable to determine if there was a correlation

between the bacteria isolated from any of the wound

infections and the bacteria on the skin or hair surfaces of

the operating surgeons. Furthermore, this study is limited

to the association between the surgeon’s surgical cap attire

and 30-day wound events, and does not account for the

surgical cap attire of other operating room personnel.

Intrinsic to a survey-based study, we did have some sur-

geons who did not respond to the survey [19]. Future

comparative studies of a prospective nature may help to

further clarify recommendations for surgical hat attire

which are not dependent on survey responses.

Conclusion

Our study is the first study that has directly compared the

association of different types of surgical hats with post-

operative wound events. We have demonstrated that there

is no association between the type of surgical hat worn and

the incidence of postoperative wound events following

ventral hernia repair. Our findings suggest that types of

surgical hats may be chosen at the discretion of operating

room personnel without fear of detriment to their patients.
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