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ABSTRACT

Background: This study was carried out to evaluate the preoperative and intraoperative risk factors associated with
surgical site infection amongst gynecology patients and its impact on postoperative recovery.

Methods: A prospective, observational study was conducted among 285 patients

Who underwent surgery over a period of two years. Diagnosis of SSI was made as per CDC criteria. Various risk
factors and impact of SSI on postoperative recovery were analysed. Statistical analysis was carried out with SPSS
version 16.0. Range and mean was calculated for continuous variables and overall incidence rate of SSI is also
calculated. Pearson Chi-square test was used to test risk factor association with SSI. Odds ratios and 95% confidence
intervals (CI) was calculated. Significance was assumed at a p value of less than 0.05.

Results: The incidence of SSI was found to be 52 out of 285 women (46%). Majority of SSI, i.e. 49 out of 52 (94%)
were superficial in nature. Deep SSI was seen in 3 patients (6%). No organ/space infection was noted in any patient.
Women who were over 50 years had higher risk of developing SSI than women between 36 to 50 years (OR 0.519 Vs
0.214). The risk of SSI was 4 times in case of clean contaminated wounds as compared to clean wounds (OR 3.877).
The risk further increased to 7 times in case of dirty wounds (OR 6.753). Other risk factors which are significantly
associated with SSI were BMI (p value <0.001), midline incisions (p <0.001) and Mattress suture (p <0.001).
Presence of previous scar had intraoperative adhesions, weaker scar and poor healing which predispose to
development of SSI. Comorbidities which influence SSI’s in the present study are diabetes mellitus (OR 5.49, 95% CI
2.506-12.066, P <0.001), anaemia (OR 4.63, Cl 2.458-8.756) and hypertension (OR 2.46, Cl 0.994-6.117). Wound
swab was sterile in 33(63%) cases and 18(35%) cases showed growth of the organism. Most common organism noted
was E. coli 9 (50%) followed by Klebsiella and Staph aureus.

Conclusions: SSls are increasing in the current scenario due to increase in the number of surgeries, however they can
be prevented by early identification and optimization of medical comorbidities and BMI. Meticulous preoperative
workup and intraoperative surgical steps are important in reducing the risk of developing SSI. A decrease in infection
rate can lead to substantial reduction in the burden of disease.
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INTRODUCTION surgeries has an impact on the post-operative recovery

and life style. One of the major effects of surgery is on
In the current scenario many women are subjected to the incision and wound healing. The Centres for Disease
surgery for various reasons which includes Control and Prevention (CDC), defines Surgical site
gynaecological and obstetric causes. The effect of major infection (SSI) as an infection occurring within thirty

March 2018 - Volume 7 - Issue 3 Page 966



Bharatnur S et al. Int J Reprod Contracept Obstet Gynecol. 2018 Mar;7(3):966-972

days of surgery, in one of the three locations: superficial,
deep and or in organs or spaces opened or manipulated
during an operation.*? Surgical site infection (SSI) is an
important cause of healthcare associated infection.®

SSI development depends on peri operative factors, some
of which can be modified like Diabetes mellitus,
hypertension, BMI, smoking. Intra operative risk factors
also have an influence on SSI like surgical scrub
technique and duration. Pre-operative  antibiotic
prophylaxis skin preparation, duration of surgery,
technique of surgery, minimizing blood loss during
surgery. The post-operative risk factors like correction of
anaemia, blood sugar control, minimizing hospital stay
also has a positive impact on outcome of SSI.

Women undergoing pelvic surgery in reproductive age
group, are susceptible to risk factors impacting
postoperative recovery and by recognizing these risk
factors help in reducing post post-operative complication.
The aim of this study is to assess risk factors associated
with SSI in women of reproductive age group undergoing
surgical procedure and its effect on post-operative
recovery.

METHODS

The study was done over a two year period (September
2015 to Awugust 2017) with the study population
comprising of 285 women (46%) who underwent
gynaecology surgeries.  Subjects were sampled by
random sampling. Postoperative follow up and incision
site evaluation for SSI based on CDC guidelines was
done for each patient.

Inclusion criteria

Women undergoing elective or emergency surgery in
obstetrics and gynaecology were included in the study.

Exclusion criteria

Women who had undergone surgery in another hospital
and referred to the hospital under study for further
management were excluded.

Statistical analysis

Statistical analysis was carried out using SPSS version
16.0. Range and mean was calculated for continuous
variables and overall incidence rate of SSI is also
calculated. Pearson Chi-square test was used to test risk
factor association with SSI. Odds ratios and 95%
confidence intervals (Cl) was calculated. Significance
was assumed at a p value of less than 0.05.

RESULTS

Figure 1 above shows that, majority of SSI, i.e. 49 out of
52 (94%) were superficial in nature. Deep SSI was seen
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in 3 patients (6%). No organ/space infection was noted in
any patient.

= Superficial Deep

3(6

Figure 1: Type of surgical site infection (N=52).

As the age advances risk of SSI increases (Table 1).
However, in this study it was seen that the women in the
age group of 20 to 35 years had higher risk of acquiring
SSI than between 36 to 50 years (OR 1.37 Vs 0.519).
This could be probably due to the presence of more
number of patients in the age group of 36 to 50 years as
hysterectomy which was the most common gynaecology
surgery performed was mainly done in the age group of
36 to 50 years.

Table 1: Association of age with SSI (N=285).

2035 9 42 0.609-
(n=51) (17.6) (824) 373 3003
3650 35 119 ., 0106 005
(n=154) (227) (77.3) 92 2019
>50 72 0.186-
m=80) 810 (g0 0519 ;g

It was seen that women who were over 50 years had
higher risk of developing SSI than women between 36 to
50 years (OR 0.519 Vs 0.214).

Table 2: Association of type of gynaecologic surgery

with SSI.
Abdominal 30
hysterectomy (n=142) (21.1) 112 (78.9)
Exploratory 21
laparotomy (n=53) (396)  52(604)  <0.001

Others
(Laparoscopy/Vaginal 1 (1.1)
hysterectomy) (n=90)

89 (98.9)

Table 2, depicts that the incidence of SSI was highest in
case of women who underwent exploratory laparotomies
than abdominal/vaginal hysterectomy and laparoscopic
surgeries. The exploratory laparotomies were mainly
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done for ovarian tumors and adnexal pathologies.
Exploratory laparotomy involves predominantly the use
of midline skin incision, greater intraoperative blood loss

and longer duration of surgery amongst other associated
predisposing risk factors for development of SSI.

Table 3: Association of class of wound with SSI (N=285).

Clean (n=24) 0 (0)
Clean contaminated (n=260) 51 (19.6)
Dirty (n=1) 1 (100)

Table 3 shows a strong correlation between wound class
and development of SSI. The risk of SSI was about 4
times more in case of clean contaminated wounds as
compared to clean wounds (OR 3.877). The risk further
increased to about 7 times in case of dirty wounds (OR
6.753).

Table 4: Association of Body mass index with SSI

(N=285).
Underweight
(n=17) 1(5.9) 16 (94.1)
Normal (n=152) 15 (9.9) 137 (90.1)
Overweight
(n=87) 28 (32.2) 59 (67.8) <0.001
Obese (n=20) 8 (40) 12 (60)
Morbidly obese
(n=9) 0 (0) 9 (100)

The gynaecological surgeries which come under clean
category of wound are myomectomy, ovariectomy and
cystectomies i.e. surgeries where vault is not opened.
Hysterectomy which was the most common surgery is an
example of clean-contaminated wound.

Exploratory laparotomy done in view of pyosalphinx
/sepsis comes under the category of dirty wound. As the
wound class increases from clean to dirty, risk of
exposure to pathogenic microbes increases, thereby
increasing the risk of development of surgical site
infection.

As the BMI increases SSI also increases Table 4.

Table 5: Association of presence of previous surgeries
with SSI (N=285).

Yes 28 101 15p 0834
(=129)  (21.7)  (78.3) -2.788
No 24 132 0.21

(n=156)  (154)  (84.6)
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24 (100) - -
209 (80.4) 3.877 0.000 0.003
0 (0) 6.753 0.000

Table 5 shows that the risk of acquiring SSI was 1.5
times higher in patients who had undergone a major
surgery previously (OR 1.52, C.1:0.834-2.788). History of
previous surgeries leads to presence of intraoperative
adhesions, weaker scar and poor healing which
predispose to development of SSI.

Table 6: Association of type of incision with SSI
(N=285).

Pfannenstiel (n=138) 28 (20.3) 110 (79.7)

Midline (n= 56) 21(37.5) 35(62.5)

Others <0.001
(laparoscopy/vaginal 3 (3.3) 88 (96.7)

hysterectomy) (n=91)

As seen in Table 6, midline incisions were associated
with higher risk for developing SSI than pfannenstiel and
laparoscopic incision (p value <0.001).

Table 7: Association of methods of skin closure with
SSI (N= 285).

Mattress (n=162) 44 (27.2) (17128 8)

Subcuticular (n=79) 5(6.3) 74 (93.7)
Staples (n=11) 2(18.2) 9(81.8)

Others (VH repair)
(n=33) 1(3) 32(97)

<0.001

Table 7 depicts that the incidence of SSI was maximum
with mattress suture (27.2%) as compared to subcuticular
stitch and staples (p value <0.001). Subcuticular stitch
leads to better tissue approximation as compared to
mattress stitch, thereby decreasing the risk of SSI.

Comorbidities which influence SSI’s in the present study
are diabetes mellitus (OR 5.49, 95% CI 2.506 —-12.066, P
<0.001), anaemia (OR 4.63, Cl 2.458-8.756) and
hypertension (OR 2.46, Cl 0.994-6.117) (Table 8).
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Table 8: Association of co-morbidities with SSI (N=285).

. Yes 15 (48.4) 16 (51.6)
ISR No 37 (14.6) 217 (85.4)
TN Yes 8(333) 16 (66.7)
No 44 (16.9) 217 (83.1)
. Yes 27 (38) 44 (62)
AuEEnlE No  25(11.7) 189 (88.3)

Table 9: Organisms isolated on wound swab culture

(N=18).
E. coli 9 (50)
E. coli + Klebsiella 3(17)
Staph aureus 2 (11)
Pseudomonas 2 (11)
Enterococcus faecium 2 (11)

Table 9 and Figure 2 show that majority of the wound
swab culture were sterile. Growth was seen in 18 out of
the 52 patients i.e. 35% of the patients with SSI. The
most frequent organism cultured was E. coli (50%),
followed by Klebsiella and Staphylococcus aureus.

—_

1(2%)

= Sterile

18 (35%0)
= Growth present

33(63%)

Test not done

Figure 2: Wound swab culture report (N=52).
DISCUSSION

Assessment of surgical site infection is an important
factor to determine the functioning of the health care
system in the country. The incidence of SSI in low and
middle-income countries is 11% and 2% high income
countries.2

In  high-income countries, the SSI rates for
gynaecological surgeries are similar to that of other
surgical procedures.? Hysterectomy for gynaecological
causes is reported to have a SSI rate of 1.7%.% A study
conducted by Varsha et al reported an overall incidence
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5.49 2.506 -12.066 “tied
2.46 0.994-6.117 0.04
4.63 2.458-8.756 “tied

of 6%, while Vidyadhar B et al reported an incidence of
2.8% amongst gynaecology patients.*®

Variation in incidence rate is attributable to the fact that
SSls are multifactorial and vary from hospital to hospital
depending on the patient load, type of hospital
(primary/secondary/tertiary) and the patient population
(high risk / low risk).

In present study, a total of 285 patients were studied and
the incidence was 18.2%.

Higher incidence of SSI was noted in the present study,
reason being multifactorial nature of SSIs. Moreover, this
study was conducted in a tertiary care, teaching hospital
which is a main referral centre for the management of
high risk patients and oncology cases.

A study conducted by Shrestha et al where 648 women
were studied, incidence of SSI was observed to be 12.6%
which matches with our findings in the present study.®
According to a study conducted by Pathak A et al, 1173
patients were studied and the overall incidence of SSI
was 7.84%.” This finding is similar to the present study
where slightly higher incidence was noted amongst
gynaecology patients (18.2 %).

Similar finding was noted by Gregor M et al where the
incidence of SSI doubled among gynaecologic patients
compared to pregnant women (1.31% vs 0.60%
respectively).®

According to a cross-sectional analysis of the 2005-2009
American College of Surgeons National Surgical Quality
Improvement Program participant use data files to
analyse hysterectomies, different routes of hysterectomy
were compared.

A total of 13,822 women were included, incidence of SSI
after hysterectomy was 1.6% (n=221 women). It is much
lower than the present study SSI rate in gynaecology
patients. The probable reason being presence of multiple
comorbidities like anaemia and diabetes in addition to
poor socioeconomic status evidenced in our study
population.

Majority of SSIs become apparent within 30 days of an
operative procedure and most often between the 5th and
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10th postoperative days. They presents with erythema,
discharge, and induration of the incision.® In present
study, the median postoperative day when SSI became
apparent in gynaecology cases was postoperative day 7.

SSI is multifactorial in nature, some of the risk factors are
modifiable and some are not. The various risk factors
have been analysed below:

Age

In this study, women between 36 to 50 years had 1.3
times higher risk of acquiring SSI than the ones who were
in the age group of 10 to 35 years. (OR 1.353, 95% CI
0.860 — 2.128). Likewise, those above 50 years had
higher risk of SSI (OR 0.554, 95% CI 0.253 — 1.209).
This is in concordance with what was found in a study
done by Neumayer L et al where it was observed that
patients aged over 40 years had a statistically significant
increased risk of developing SSI than those under 40
years (OR 1.24, 95% CI 1.07 to 1.44).1° According to
Pathak A et al, women older than 40 years were more
likely to have SSI than those between 25 and 40 years of
age (OR 2.95 vs. 2.19).7

Diabetes

Studies report a two to three fold increase in risk of
developing an SSI in patients with diabetes. This is
related to altered cellular immune function as a result of
hyperglycaemia and advanced glycation end products
which result in impaired healing.

In the present study, a strong correlation was noted
between diabetes and risk of development of SSI (p
<0.001). As age advances, glycaemic control worsens.
Hence this difference in the age group could be one of the
probable reasons as to why diabetic patients had a higher
incidence of SSI.

Body mass index (BMI)

The effect of obesity on SSI has been investigated and
studies report ORs between 2 and 7 for SSI in patients
with BMI of 35 kg/m? or more.** In the present study,
BMI of more than 30 was identified as a very strong risk
factor for SSI (p <0.001).

According to Shah DK et al, women with BMIs 40 or
higher had five times the odds of wound infection (8.9%
compared with 1.4%, OR 5.34, Cl 3.85-7.41).? The
magnitude of SSI was smaller after vaginal hysterectomy
and no increased odds of wound complications were
noted with a laparoscopic approach despite longer
operative times.

According to Blikkendaal MD et al compared to
abdominal hysterectomy, both laparoscopic and vaginal
hysterectomy are associated with fewer postoperative
complications and shorter length of hospital stay.'®
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Therefore, the feasibility of Laparoscopic and Vaginal
Hysterectomy should be considered prior to the
abdominal approach to hysterectomy in very obese and
morbidly obese patients.

Wound classification

In a retrospective analysis of a large infection
surveillance data set, the SSI incidence rate per 100
operations was 2.1, 3.3, 6.4 and 7.1 for clean, clean-
contaminated, contaminated and dirty wound classes,
respectively.'4

Another study reported that wound class was an
independent predictor of SSI (ORs for clean-
contaminated, contaminated and dirty wound classes
were 1.04, 1.7 and 1.5, respectively, P < 0.0001).1° A
prospective study found that SSI was significantly
increased in contaminated and dirty wounds (OR 2.3,
95% CI 2.0 t0 2.7).%5

In the present study, similar observation was made. As
the wound class increased, risk of SSI increased (overall
p value 0.003). The ORs for clean-contaminated and dirty
wound classes were 3.87 and 6.75, respectively, i.e.
clean-contaminated wounds had almost 4-fold higher risk
of developing SSI and dirty wounds had about 7 times
higher risk for developing SSI.

Type of incision

In the present study, risk of SSI was higher when midline
skin incision was used than pfannenstiel or laparoscopy
ports (P value 0.05). Similar finding was noted by
Shrestha et al where incidence of SSI was noted to be
more in women who had vertical skin incision (p=0.001)
than horizontal incision.®

Wound closure technique

According to Shrestha et al, incidence of SSI was noted
to be more in women when mattress suture was used as
compared to subcuticular stitch (P value 0.001).% In the
present study, similar finding was noted. Risk of
developing SSI was about 3.5 times higher, when
mattress suture was used (OR 3.61, 95% CI 1.952 —
6.700).

Tuuli et al reported a meta-analysis of 6 studies and
showed an increased risk of wound infection with staples
(n = 803) compared with suture skin closure (n = 684)
(OR 2.06; 95% CI 1.43, 2.98).16

A 2012 Cochrane Review of 18 trials by Mackeen et al
showed no increased risk of wound infection with staple
skin closure.r” Subsequently in 2014, a randomized
controlled study of 746 women by the same group
showed a lower risk of SSI with suture skin closure
compared with staples (OR 0.43; 95% CI 0.23, 0.78).%8
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Nature of surgery (emergency vs elective)

In present study, higher incidence of SSI was noted in
emergency surgeries as compared to elective procedures
(OR 1.26). According to a study by Karthika et al
incidence of SSI was higher in emergency surgeries
(19.6% vs 3. 06%) with significant p value.!® It was
concordant with higher SSI rate among the emergency
case 16.01% followed by elective cases 3.67% reported
by Amirta et al.2° Similar finding was reported according
to a study by Shrestha et al.® There is also increased risk
of bacterial contamination, breaks in sterile technique and
lack of timely antibiotic prophylaxis.

Type of surgery

According to Miroslav et al the incidence of SSI was
0.13% after laparoscopic surgery and 3.73% after major
surgery.® According to Lake AG, who conducted a cross-
sectional analysis of the 2005-2009 American College of
Surgeons National Surgical Quality Improvement
Program participant use data files to analyse
hysterectomies.? Different routes of hysterectomy were
compared. A total of 13,822 women were included in the
final analysis. The occurrence of SSI after hysterectomy
was 1.6% (n=221 women). The occurrence of deep and
organ-space SSI was 1.1% (n=54 women) after
hysterectomy and one of the risk factors that was
associated with SSI was the route of hysterectomy with
an OR of 3.74 (95% CIl 2.26 to 6.22) for laparotomy
compared to vaginal approach.?? Similar finding was
noted in present study i.e. the risk of SSI was more in
exploratory laparotomy and abdominal hysterectomy as
compared to laparoscopic surgeries (P <0.001).

Wound classification

In the present study, it was observed that as the class of
surgical wound increased, the incidence of SSI increased.
The incidence of SSI was significantly higher in clean-
contaminated and dirty wounds as compared to clean
wound (p <0.05). According to Shrestha et al SSI rate
was 0.0% for clean wounds, 2.9%, 15.3% and 18.7% for
clean-contaminated, contaminated and dirty wounds
respectively.’® Increased incidence of surgical site
infections was associated with higher grades of wound.

Table 10: Comparison of BMI with SSl-present study
versus other study.

2009 Olsen MA 5.70
2013 Lake AG 2.65
2017 Tetsuya et al 2.40
2017 Present study 3.84

Table 10 shows that high BMI is significantly associated
with development of SSI and the results found in this
study were similar to other studies.32%23
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Table 11: Comparison of Risk factors with SSI-
present study versus other study.

Comorbidities
2017 Ashishetal 5.76
2017 Presentstudy 3.84

Diabetes
2007 Neumyar 3.00
2013 Lakeetal 1.54
2017 Ashishet al 7.86
2017 Presentstudy  5.49
HTN

2014 Blacketal 2.90

2017 Ashishetal 3.07

2017 Presentstudy  2.46
Blood transfusion

2009 Olsen MA 2.40

2017 Ashishetal 3.78

2017 Presentstudy  4.03
Previous surgeries

2014 Tetsuyaet al 1.50

2017 Ashishetal 1.30

2017 Present study

Table 11 shows that a strong association was noted
between presence of medical comorbidities and previous
surgeries with SS1.237.10182L2 Diabetic women were
especially prone to develop SSI (OR 5.49). Likewise,
hypertension and severe anemia requiring blood
transfusion led to increased risk of developing SSI
according to the present study and various other studies
as seen above.

Wound culture

Wound culture was positive in 22 out of 106 patients i.e.
27 %, followed by Klebsiella and Staphylococcus aureus.
Similar finding was observed in a study done by Shrestha
et al where the most common pathogen isolated was E.
coli (5 isolates, 29.4 %).1°

According to a study done by Karthika et al, out of 62
cases the predominant isolate was Staphylococcus aureus
(35 isolates, 56.45%) followed by Pseudomonas
aeruginosa, Proteus vulgaris, E. coli, Klebsiella and
Enterococcus.*®

CONCLUSION

Surgical site infections can be minimized by early
identification and optimization of medical comorbidities
like diabetes, anaemia and hypertension and foster BMI.
Surgical site infections cannot be completely eradicated;
however, it can be curtailed by proper evaluation of the
patient so that the burden of the disease, both for patients
and the healthcare service providers can be reduced in
terms of the morbidity and mortality. It can also bring
down the hospitalization days and its cost.
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