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Introduction

Infections occurring after gynecologic surgery are a major source of morbidity and mortality.
Some common infections include urinary tract infections, endometritis, wound infection, vaginal
cuff cellulitis, perineal infection and sepsis.(1) These infections can lead to prolonged hospital
stays and increased health care cost. A study conducted by Roy et al. found that readmission
rates for gynecologic surgery are tripled due to surgical site infections, cost is doubled, and
length of stay is tripled compared to patients who did not have surgical site infections.(2)
Reducing the incidence of postoperative infections would not only translate to better patient
outcomes, but also to significant cost savings.

It is accepted that massive intraoperative blood loss (MIBL) is a risk factor for post-operative
infection with little evidence supporting this association. The few studies conducted have found
an association between MIBL and post-operative febrile morbidity specifically in liver
transplantation and radical hysterectomy and pelvic lymphadenectomy.(3,4) The only study
investigating gynecology oncology patients found that MIBL was the only significant predictor for
postoperative febrile morbidity, however this study was limited to patients with FIGO stage IB-
IIA cervical cancers undergoing radical hysterectomy and pelvic lymphadenectomy.(4)

The predisposition to infection due to massive intraoperative blood loss has many proposed
mechanisms including diminished delivery of oxygen to end organs resulting in end-organ
dysfunction(5), diminished delivery of oxygen to the wound, dilution effects of fluid and blood
loss on antibiotics given prophylactically and diminished delivery of essential factors and cells
involved in wound healing and repair.(6)

The current guidelines from the Society of Obstetrics and Gynaecology of Canada recommend
giving an additional dose of prophylactic antibiotics if the procedure is >3 hours long or if the
estimated blood loss is greater than 1,500ml.(1) This is a IlIC recommendation indicating that it
is based on a poor level of evidence and emphasizes the need for further research into the
association between MIBL and post-operative febrile morbidity, especially in gynecologic
oncology procedures. There is also no literature on the effects of age(7,8), BMI(9—-12) and
diabetes(9,10,13) on postoperative febrile morbidity.

Our group previously investigated rates of MIBL and post-operative febrile morbidity at our
institution and reported the first baseline rates of MIBL for open gynecologic surgeries (13.5%)
and subsequent postoperative febrile morbidity (26%).(6) In this study, we reviewed cases of
gynecologic oncology patients, between the ages of 18-90, who have undergone gynecologic
laparotomies to determine whether MIBL is independently associated with increased risk of
post-operative infectious morbidity.

Methods

We performed a retrospective cohort study of all gynecologic laparotomies at the Health
Sciences Center, Winnipeg, Manitoba, between 2012 and 2016. Only patients who had a
laparotomy for gynecologic oncology indications were included in this study.

Criteria for cases of MIBL (n=169) were: > 1 liter of blood loss operatively, > 40 g/L drop in
hemoglobin by postoperative day one, or perioperative blood transfusion. Every third chart that
did not meet criteria for MIBL (non-MIBL) was selected as a comparison (n=226) (Figure 1).

Once a case of MIBL or non-MIBL was identified, a full chart review was conducted. We
collected data on type of procedure, age, BMI, medications used, comorbidities, lifestyle factors,
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indications for surgery, urgency of surgery, length of procedure, booking temperature, lowest
intra-operative temperature, prophylactic antibiotic therapy (time of administration, type, dose,
other antibiotics used intraoperatively), skin prep, type of incision, intraoperative fluids used
(type and amount), surgical complications, drains left in situ, blood transfusion required and our
primary and secondary outcomes. These potential pre-operative and intraoperative covariates
are listed in Table 1 and Table 2.

The primary outcome was defined as a positive wound swab culture, positive urine culture or
criteria for systemic inflammatory response syndrome (temperature >38°C or <36°C, heart rate
>90 beats/minute, respiratory rate >20 breaths/minute or arterial carbon dioxide tension [PCOZ2]
<32 mmHg, abnormal white blood cell count [>12 000/uL or <4000/uL]). The secondary
outcomes were: readmission, reoperation, clinical description of a wound infection,
postoperative antibiotic prescription or isolated fever.

Pairwise relationships between the primary and secondary outcomes and MIBL, and between
MIBL and the potential covariates were tested using the chi-square tests between two
categorical variables and the Wilcoxon rank tests between one categorical variable and one
continuous variable. The covariates were selected using a stepwise method. Logistic regression
was used for the relationships between MIBL and the composite primary outcome with the
adjustments for the covariates. Statistical analysis was performed using SAS (v9.3).

Results

The incidence rate of the primary outcome (febrile morbidity) was 46.8% for MIBL and13.3% for
non-MIBL (p<0.0001) (Figure 1).

Table 1 and Table 2 indicate all of the potential pre-operative and intraoperative covariates. Of
those variables, bowel injury, drains left in situ, vascular injury, surgical complications (Any) and
mean BMI were found to be statistically significantly associated with MIBL. The mean age for
cases of MIBL was 58.9 years £ 13.1 (Range 22-90) while the mean age for controls was 59.5 +
12.5 (Range 20-83) (p=0.5475). The mean BMI for cases was 28.2 kg/m? + 7.2 while the mean
BMI for controls was 33.4 kg/m? + 9.4 (p<0.0001). The remaining variables are comparable
between the MIBL and non-MIBL groups. The statistically significant covariates associated with
the exposure were incorporated into the statistical analysis.

Figure 2 shows the pairwise comparisons of the frequencies of the primary and secondary
outcomes by MIBL status. All primary and secondary outcomes are statistically significantly
higher in the MIBL group than in the non-MIBL group except for reoperation and post-operative
febrile morbidity.

The odds ratio for risk of primary outcome for cases of MIBL versus non-MIBL is 5.40 (95% ClI
3.25-8.99, p<0.0001) when controlling for the covariates (i.e. surgical complications to the
bowel) after stepwise selection. This means oncology patients who meet criteria for MIBL are
5.4 times more likely to have febrile or infectious morbidity than the non-MIBL group.

Discussion

Massive intraoperative blood loss is independently associated with an increased risk of post-
operative febrile or infectious morbidity in gynecologic oncology laparotomies. This means that
gynecology oncology patients with massive intraoperative blood loss, defined as > 1 liter of
blood loss operatively, > 40 g/L drop in hemoglobin by postoperative day one, or perioperative
blood transfusion, are more likely to suffer from infectious morbidity.
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Our results support the findings from the study conducted by Kietpeerakool et al. (2004) looking
at patients with FIGO stage IB-IIA cervical cancers and radical hysterectomy and pelvic
lymphadenectomy. They performed a logistic regression test adjusting for three significant
covariates including preoperative anemia, operative time and estimated blood loss. They found
that MIBL (>1500mL) was the only significant predictor for postoperative febrile morbidity with
an odds ratio of 2.7 (95% CI 1.1-6.6, p=0.028).(4) A study conducted by Kaido et al. (2012)
looking at liver transplantation patients found MIBL (>10L) to be one of the three independent
risk factors for postoperative infectious complications with an odds ratio of 2.983 (95% CI 1.229-
7.541, p=0.018)(3). Among out population of gynecologic oncology patients, we saw a strong
association even when arguably lower threshold for MIBL was used (1000mL).

Limitations of this study include that it is a retrospective study. This means that other
confounding factors may not have been documented or controlled for in the final model (for
instance, exact preoperative hemoglobin levels). Further

- Composite outcome - under-powered to look at specific outcomes like wound infection
independently

- Only looked for outcomes that occurred in the hospital — did not consider differences for
outcomes that may have occurred in the outpatient setting (e.g. superficial/minor wound
infections)

Our study provides further evidence for the independent association between MIBL and
postoperative febrile morbidity in gynecology oncology patients, and further informs the current
recommendation to prescribe an additional dose of antibiotics to patients experiencing MIBL.
While adding a second dose of prophylactic antibiotics may reduce the postoperative infection
risk for individuals with MIBL, there is currently no available evidence to demonstrate the
efficacy of this management strategy.

Further avenues to explore include how much the risk of febrile morbidity is reduced after
adding an additional dose of prophylactic antibiotics to patients who meet criteria for MIBL and
what other interventions can reduce the risk of febrile morbidity in MIBL patients. Our group is
planning to investigate this research question using a prospective study design that would allow
further exploration into the mechanism behind this association.

Infectious morbidity has a large impact on patient morbidity, mortality and health care costs (6).
Identifying strategies to reduce infectious morbidity will allow us to improve patient care and
reduce health care costs. This study provides evidence that massive intraoperative blood loss is
an independent predictor of postoperative febrile or infectious morbidity among a broad group of
gynecologic oncology patients. This opens the door to further research into this topic in hopes to
provide information for appropriate prophylaxis strategies and to improve patient outcomes.
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Tables and Figures

Figure 1. Bird’s eye view of the individuals used in this study
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Figure 2. Pairwise comparisons of the frequencies of the primary and secondary outcomes by
the MIBL status. *p value 0.01-0.05, **p value 0.001-0.01, *** p value<0.001, NS: not significant.
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Table 1: Potential preoperative covariates and their relationships with MIBL
MIBL (n=169)

Variable

Non-MIBL (n=226)
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Diabetes

Immunosuppression

Smoking

Mean BMI

Mean Age

Z2< Z2<<

Z <

30 (17.8%)
139 (82.3%)

26 (15.4%)
143 (84.6%)

34 (20.1%)
135 (79.9%)

28.2 kg/m? £ 7.2

58.9 + 13.1 years

45 (19.9%)
181 (80.1%)

26 (11.5%)
200 (88.5%

34 (15.0%)
192 (85%)

33.4 kg/m? £ 9.4

59.5 + 12.5 years

0.5881

0.2591

0.1863

<0.0001

0.5475



Table 2: Potential intra-operative covariates and their relationships with MIBL
MIBL (n=169)

Variable

Non-MIBL (n=226)
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Bowel Injury

Y

N
Vascular Injury

Y

N
Bladder Injury

Y

N

Surgical Complications
(Any)

Y
N
Urgency of the OR
Elective
Urgent
Emergent
Incision Type
Midline
Pfannensteil
Drains left in situ
Y
N

20 (11.8%)
149 (88.2%)

8 (4.7%)
161 (95.3%)

2 (1.2%)
167 (98.8%)

33(19.5%)
136 (80.5%)

167 (98.8%)
2 (1.2%)
0 (0%)

142 (87.1%)
21 (12.9%)

25 (14.8%)
144 (85.2%)

8 (3.5%)
218 (96.5%)

3 (1.3%)
223 (98.7%)

2 (0.9%)
224 (99.1%)

14 (6.2%)
212 (93.8%)

223 (98.7%)
2 (0.9%)
1 (0.4%

196 (87.1%)
29 (12.9%)

12 (5.3%)
214 (94.7%)

0.0015

0.0418

0.7694

<0.0001

0.6593

0.9987

0.0014



