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Background: Preoperative antibiotic prophylaxis and surgical technological advances have greatly reduced,
but not totally eliminated surgical site infection (SSI) posthysterectomy. We aimed to identify risk factors
for SSI posthysterectomy among women with a high prevalence of gynecologic malignancies, in a ter-
tiary care setting where compliance with the Joint Commission’s Surgical Care Improvement Project core
measures is excellent.
Methods: The study was a matched case–control, 2 controls per case, matched on date of surgery. Study
time was January 2, 2012-December 31, 2015. Procedures included abdominal and vaginal hysterecto-
mies (open, laparoscopic, and robotic). SSI (superficial incisional or deep/organ/space) was defined as within
30 days postoperatively, per Centers for Disease Control and Prevention criteria. Statistical analysis in-
cluded bivariate analysis and conditional logistic regression controlling for demographic and clinical variables,
both patient-related and surgery-related, including detailed prophylactic antibiotic exposure.
Results: Of the total 1,531 hysterectomies performed, we identified 52 SSIs (3%), with 60% being deep
incisional or organ/space infections. All case patients received appropriate preoperative antibiotics (timing,
choice, and weight-based dosing). Bivariate analysis showed that higher median weight, higher median
Charlson comorbidity index, immune suppressed state, American Society of Anesthesiologists score ≥ 3,
prior surgery within 60 days, clindamycin/gentamicin prophylaxis, surgery involving the omentum or gas-
trointestinal tract, longer surgery duration, ≥4 surgeons present in the operating room, higher median
blood loss, ≥7 catheters or invasive devices in the operating room, and higher median length of hospital
stay increased SSI risk (P < .05 for all). Cefazolin preoperative prophylaxis, robot-assisted surgery, and lapa-
roscopic surgery were protective (P < .05 for all). Duration of surgery was the only independent risk factor
for SSI identified on multivariate analysis (odds ratio, 3.45; 95% confidence interval, 1.21-9.76; P = .02).
Conclusions: In our population of women with multimorbidity and hysterectomies largely due to un-
derlying gynecologic malignancies, duration of surgery, presumed a marker of surgical complexity, is a
significant SSI risk factor. The choice of preoperative antibiotic did not alter SSI risk in our study.
© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

Surgical site infections (SSIs) are the most frequent health-care
associated infections,1 and are associated with significant morbid-
ity, prolonged hospital stays, and increased health-care costs.2-4

Hysterectomy is a common major surgery in the United States; up
to 4% of the approximately 433,000 hysterectomies performed an-
nually may be complicated by SSI.5

Preventing SSI posthysterectomy is a major focus for quality im-
provement across the hospital setting. Posthysterectomy SSI is a
metric tied to hospitals’ ranking and financial penalties because it
is included in the Centers for Medicare and Medicaid Services cal-
culations for the Hospital-Acquired Condition Reduction Program.
Most institutions have taken considerable steps toward SSI pre-
vention. Compliance with the Joint Commission’s Surgical Care
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Improvement Project core measures, with particular attention to
preoperative antibiotic choice and timing, is high.6 Despite these
efforts, SSIs are not eliminated, and, in fact, the SSI reduction seems
to be more modest than hoped.7-9 Patients undergoing hysterecto-
mies as part of complex surgical and medical treatments for
advanced gynecologic malignancies, for example, might pose ad-
ditional challenges. In this context, we aimed to study a population
of women undergoing hysterectomies at a large, university-affiliated
tertiary care center in an effort to identify additional, potentially
modifiable SSI risk factors.

METHODS

Study design and population

We performed amatched case–control study of women aged ≥18
years undergoing hysterectomy (abdominal, vaginal, laparoscopic,
or robotic-assisted) at University of Wisconsin Hospitals between
January 1, 2012, and December 31, 2015. The study was con-
ducted as part of a larger quality improvement initiative aimed at
reducing posthysterectomy SSI, and thus met criteria for exempt
status by the University of Wisconsin Institutional Review Board.

Definitions

Cases were defined as women diagnosed with SSI within 30 days
posthysterectomy, and were identified through the hospital’s active
surveillance system for nosocomial infections. For each case, 2 con-
trols were chosen from women undergoing hysterectomy on the
same day, or chronologically as close as possible to the same day
of surgery as the cases, who did not develop SSI. For days with more
than 3 hysterectomies per day, procedures were chosen randomly
from various times of the day. We defined SSI within 30 days of
surgery as superficial, deep, or organ space infections according to
the Centers for Disease Control and Prevention criteria.10

Data collection

We collected demographic and clinical variables, both patient-
related and surgery-related, including detailed information on timing,
choice, and weight-based dosing and/or redosing of preoperative
antibiotics. Our institution follows Infectious Disease Society of
America guidelines for weight-based dosing and intraoperative in-
terval redosing of preoperative antimicrobial agents.11

Statistical analysis

For bivariate analyses, we used the χ2 test for categorical vari-
ables, the Student t test for continuous variables, and the Wilcoxon
and Mann-Whitney tests for nonparametric distributions. To iden-
tify independent risk factors for posthysterectomy SSI, we included
variables found to be statistically significant on crude analysis
(P ≤ .05) into a conditional logistic regression model. All analyses
were performed using Stata version 14.1 SE forWindows (StataCorp,
College Station, TX).

RESULTS

Among the 1,531 hysterectomies performed during the study
period, a total of 52 (3.4%) were complicated by an SSI. Of these,
31 (60%) were classified as deep incisional or organ/space infec-
tion. Themajority (40%) were polymicrobial, withmixed aerobic and
anaerobic flora, followed by infection with gram-negative bacilli
(14%). Table 1 presents SSI details related to type of surgery and or-
ganisms recovered in clinical cultures.

All patients (cases and controls) received antimicrobial prophy-
laxis within 60 minutes of incision. The most common antibiotics
received were cefazolin (49%), cefoxitin (30%), and clindamycin plus
gentamicin (17%). All preoperative antibiotics were appropriately
dosed according to the patient’s weight, although the opportunity
for intraoperative redosing wasmissed in 25 of the 68 patients (37%)
where this would have been appropriate. There was no significant
difference between cases and controls in regard to missed antibi-
otic intraoperative redosing opportunities.

Demographic and clinical variables, both patient-related and
surgery-related, that were significantly associated with
posthysterectomy SSI on bivariate analysis are presented in Table 2.
On multivariate analysis, duration of surgery was the only inde-
pendent risk factor associatedwith posthysterectomy SSI in our study
(odds ratio, 3.5; 95% confidence interval, 1.2-9.8; P = .02) (Table 3).
Duration of surgery was significantly higher in patients undergo-
ing hysterectomy due to underlying malignancy (P = .0136), in
surgical procedures involving the bowel (P < .001), in procedures re-
quiring ≥4 surgeons (P < .001), and in patients requiring placement
of ≥7 invasive devices intraoperatively. Laparoscopic surgeries were
associated with a shorter duration of surgery (P < .001).

DISCUSSION

We found that surgical duration was the only independent factor
associated with SSI in our study. Data exploring the association
between hysterectomy duration and postoperative infection risk are
sparse, with 1 previous retrospective, multicenter study finding a
marginal association.12 However, duration of surgery is a well-
recognized risk factor for SSI, and is in fact included in the National
Nosocomial Infection Surveillance risk index, which is widely used
to stratify SSI surveillance data by risk13 and for benchmark com-
parisons of SSI rates.14 Previous studies of surgeries other than
hysterectomies have also identified duration of surgery as an im-
portant risk factor for SSI.15-17 Laparoscopic surgeries in our study
had a shorter duration, and were associated with less SSI risk on
bivariate analysis. Although this association was not maintained in
our multivariate analysis, previous retrospective studies for pa-
tients undergoing hysterectomies have found robot-assisted and
laparoscopic surgeries to have significantly lower SSI risks than open
abdominal approaches.18,19

Table 1
Surgical site infections (SSIs) by type of surgery and organisms recovered in clini-
cal cultures

Type of surgery n (%) SSI incidence n (%)

Open abdominal* 67 (43) 34 (65)
Robot-assisted 9 (13)

Laparoscopic 87 (56) 17 (33)
Robot-assisted 46 (53)

Vaginal 2 (1) 1 (2)
Total 156 (100) 52 (100)
SSI organisms recovered
Mixed aerobes and anaerobes 21 (40)
Escherichia coli 6 (12)
Coagulase negative staphylococcus 4 (8)
Methicillin-resistant Staphylococcus aureus 3 (5)
Anaerobes 2 (4)
Streptococcus agalactiae 1 (2
Pseudomonas spp 1 (2)
No organism recovered† 14 (27)
Total 52 (100)

*Includes 3 laparoscopic and 2 robot-assisted surgeries converted to open abdom-
inal hysterectomies.
†Cultures not obtained, or showed no growth, likely due to previous receipt of broad-
spectrum antibiotics.
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The underlying assumption is that the potential for pathogen con-
tamination increases with the length of exposure during open
incision. In support of this hypothesis comes recent data suggest-
ing that the contamination of surgeons’ gloved hands after 5 hours
of operating time reaches or exceeds prescrub levels.20 In addi-
tion, the effective concentration of the prophylactic antibiotics
decreases over time,21,22 necessitating intraoperative redosing for
prolonged procedures.23 This infection prevention step was missed
in more than one-third of our study patients, and previous studies
have also identified intraoperative redosing of prophylactic anti-
biotics as a significant opportunity for improvement.24-26

Most hysterectomies in our study lasted longer than 120minutes,
which is the 75th percentile T time established by National
Nosocomial Infection Surveillance as the cutoff for SSI risk in
hysterectomies.13 Given the association between surgical duration
and underlying malignancy, bowel involvement, increased number
of surgeons, and increased number of invasive devices needed during
the procedure, we believe that duration of surgery was a surro-
gate marker of surgical complexity and patient risk in our study.
Although a patient’s underlying comorbidities are not modifiable,

further research investigating techniques and modalities to reduce
duration of surgery for very complex procedures may be useful.

Our study did not find a significant association between the type
of prophylactic antibiotic administered and SSI risk, but our sample
size may have been too small to detect a significant difference. Most
of the older hysterectomy literature exploring the effect of differ-
ent antibiotics on SSI risk did not find a clearly superior choice, and
most guidelines recommend a variety of antibiotics as equally ef-
fective for antibiotic prophylaxis in hysterectomy.27,28 However, a
recent large, retrospective multicenter cohort study found β-lactams
preferable to non–β-lactam combinations in SSI prevention for
women undergoing hysterectomy,29 suggesting that further re-
search is needed to study this issue.

Our study has several limitations. Being retrospective in nature,
it is likely to have the inherent biases associated with this study
design. In addition, we did not have data on the maintenance of nor-
mothermia and normoglycemia, which have been found to be
important factors in SSI prevention.30,31 Lastly, our study reflects the
experience of a single university center, and may not be general-
izable to other institutions and settings.

CONCLUSIONS

In an era of excellent compliance with preoperative antibiotic
prophylaxis, duration of surgery remains an important risk factor
for SSI in hysterectomy. We need further research to determine the
extent to which operation time can be reduced for women with gy-
necologic malignancies undergoing complex surgical procedures.

Table 2
Bivariate analysis of cases and controls by patient, surgical, and prophylactic antibiotic characteristics

Characteristic Cases (n=52) Controls (n=104)
Odds ratio

(95% confidence interval) P value

Patient characteristics
Age, y 57.6 (11.8) 58.6 (12.6) .64
Weight 101.4 79.4 .0260
Charlson comorbidity index, median 3 2 .0004
Immunosuppressed state 9 (17) 3 (3) 7.0 (1.6-41.8) .0014
Underlying cancer 42 (81) 69 (66) 2.1 (0.9-5.3) .06
ASA ≥ 3 26 (50) 25 (24) 3.2 (1.5-6.8) .001
Smoking status
Never smoker 24 (47) 58 (57) Reference category
Former smoker 20 (39) 31 (30) 1.6 (0.7-3.5) .3
Current smoker 7 (14) 13 (13) 1.3 (0.4-4.0) .6

Prior procedure within 60 d 18 (35) 13 (13) 3.7 (1.5-9.1) .001
Surgical characteristics
Robotic assisted surgery 11 (21) 44 (42) 0.4 (0.2-0.8) .009
Laparoscopic surgery 17 (33) 71 (68) 0.2 (0.1-0.5) <.001
Omentum or gastrointestinal involvement 31 (60) 23 (22) 5.1 (2.3-11.3) <.001
Preoperative hair clipped 28 (54) 62 (60) 0.8 (0.4-1.6) .5
Intraoperative skin prep*

Chloraprep 38 (73) 72 (63) 1.2 (0.6-2.8) .6
Chlorhexidine 31 (60) 64 (62) 0.9 (0.4-1.9) .8
Povidone-iodine 20 (38) 38 (37) 1.1 (0.5-2.3) .8
DuraPrep 11 (21) 30 (29) 0.7 (0.3-1.5) .3

Surgery duration, h 3.47 2.65 <.001
≥4 Surgeons present 17 (33) 15 (14) 2.9 (1.2-6.9) .008
Estimated blood loss, median 350 150 .0003
≥7 Catheters/invasive devices 17 (33) 10 (9) 4.6 (1.8-12.2) .0003
Length of hospital stay, median 4 2 <.001

Preoperative antibiotic
Cefazolin 20 (38) 57 (55) 0.5 (0.2-1.0) .047
Cefoxitin 16 (31) 30 (29) 1.1 (0.5-2.4) .8
Clindamycin/gentamicin 14 (27) 13 (13) 2.6 (1.0-6.5) .026
Antianaerobic spectrum 30 (58) 46 (45) 1.7 (0.8-3.5) .125

Antibiotic redosing missed‡ 7 (13) 17 (16) 0.8 (0.3-2.2) .6

NOTE. Values are presented as n (%) or median.
ASA, American Society of Anesthesiologists physical status classification.
*Most patients had > 1 product (ie, Chloraprep [Becton Dickinson and Company, Franklin Lakes, NJ] and chlorhexidine). DuraPrep; 3M Company, Maplewood, MN.
‡Redosing interval recommended: 4 hours for cefazolin, 2 hours for cefoxitin, 4 hours for cefuroxime, and 6 hours for clindamycin, if surgery still in process.11

Table 3
Multivariate analysis of cases and controls*

Characteristic
Adjusted odds ratio

(95% confidence intervals) P value

Duration of surgery 3.5 (1.2-9.8) .02

*Adjusted for risk factors found significant (P < .5) on bivariate analysis, which were
entered into conditional logistic regression.
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