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Abstract

Background: Identifying risk factors for surgical site infection (SSI) after appendectomies could be useful in focusing
prevention programs.

Objective: The current study aimed to identify the risk factors associated with SSI in a cohort of patients from a single center
in Western Qatar.

Methods: This cross-sectional study was carried out at The Cuban Hospital (Dukhan, Qatar) on patients who had undergone
an appendectomy from January 2013 through September 2016. Data extracted from the patient files included demographics,
comorbidities and toxic habits, surgery type, procedure duration, wound type, appendicitis-type, American Anesthesiology
Score, body mass index, selected laboratory tests, and compliance with antibiotic prophylaxis.

Results: The study variables, type of surgery performed, procedure duration, wound and appendicitis type, serum albumin,
and timing of antibiotic prophylaxis, were found to be related to the occurrence of SSI in univariate analysis (P = 0.000).
Logistic regression showed that open appendectomies (odds ratio [OR] = 22.90, 95% Cl; 8.04-65.21), low serum albumin
(OR = 0.92, 95% Cl; 0.85-0.99), and improper timing of antibiotic prophylaxis (OR = 44.92, 95% Cl; 3.39-594.91) were
independently associated with the occurrence of SSI.

Conclusion: Cases of complex appendicitis, open procedure, low serum albumin level, and improper timing of antibiotic
prophylaxis constituted the risk factors for SSI in the setting of this study. The infection control program should focus on
improving the quality of antibiotic prophylaxis and closely monitoring patients who undergo open surgical procedures.
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1. Background
Acute appendicitis is the most common cause of emergency
surgical procedures in general hospitals, and most
procedures are performed laparoscopically. The incidence
of surgical site infection in appendectomies is variable in
different settings. Lower infection rates have been reported
by the National Healthcare Safety Network (Center for
Disease Control and Prevention/United States) and the
International Nosocomial Infection Control Consortium
(1.4% and 2.9%, respectively).!

The risk of acquiring a surgical site infection (SSI)
depends on patient-related factors (e.g., age, the presence

of comorbidities) and procedure factors (e.g., procedure
duration, wound type, compliance with antibiotic
prophylaxis).? In appendectomies, others factors have also
been reported, including pre-existing diabetes mellitus,**
obesity, and nutritional factors.” Complicated appendicitis,
especially gangrenous and perforated types, is related to
greater risk of SSI regardless of the operative procedure.®

In appendectomies, laparoscopy provides several
advantages, among which a reduced SSI rate is the most
valuable.”® Nevertheless, even though a wide spectrum of
appendicitis is managed with this technique, the risk of
postoperative intra-abdominal abscess and SSI in complex
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appendicitis should be considered.®’

2. Objective

This prospective study was conducted on a cohort of
consecutive patients who underwent appendectomy for
acute appendicitis in a single center in Western Qatar with
the objective of identifying the risk factors associated with
SSL

3. Methods

This cross-sectional study was carried out at The Cuban
Hospital (TCH) (Dukhan, Qatar) on patients who had
undergone an appendectomy from January 2013 through
September 2016. TCH is a 75-bed community hospital that
provides healthcare services for patients from neighboring
communities in Western Qatar and transfers from other
facilities.

All patients who had been diagnosed with acute
appendicitis and undergone an appendectomy were
included in the study. Diagnoses of appendicitis were
confirmed by considering the clinical picture, laboratory
and radiological findings suggestive of acute inflammation
of the appendix.

Demographic data (age, gender), history of active
smoking or diabetes mellitus at admission, surgery type
(open or laparoscopic appendectomies), procedure
duration, wound type (clean-contaminated, contaminated,
dirty), appendicitis-type according to surgical findings
(flemonous, suppurative, gangrenous, perforated), and
American Anesthesiology Score were extracted from
patient files. The body mass index was considered to be low
at <19 kg/m?, normal at 19-30 kg/m?, and high at >30 kg/
m?” The results of selected laboratory tests (hemoglobin,
creatinine, the absolute count of lymphocytes, serum
protein total, serum albumin) performed during the
preoperative evaluation were collected. Compliance with
antibiotic prophylaxis was monitored by an infection-
control practitioner on an ongoing basis and according
to the corporate policy recommending a single dose of
cefuroxime plus metronidazole within 1 hour before the
surgical incision for all appendectomies or the maximum
of up to 24 hours, if required. In appendectomies for
gangrenous and perforated appendicitis, a full course of
antimicrobial treatment is recommended. Compliance
with antibiotic prophylaxis was calculated for the timing
of administration, selection, dose, and discontinuation;
in all cases, the number of compliant prescriptions was
divided by the number of procedures (per 100 procedures).
The procedures for surveillance of SSIs have previously
published.!

All statistical analyses were performed using SPSS®
version 22.0 (IBM, Armonk, NY, USA). Continuous
data was presented as mean and standard deviation and
analyzed wusing the non-parametric Wilcoxon-Man-
Whitney test. A homogeneity test was performed on
categorical data. After univariate analysis, type of surgery,
duration of surgical procedure, wound type, type of

appendicitis, serum albumin, and timing of antibiotic
prophylaxis were selected for multivariable analysis and
entered into a logistic regression model. Prior to analysis,
the existence of collinearity between these independent
variables was tested. After that, using stepwise backward
elimination, the best model was selected. A factor was
considered independently associated with the occurrence
of SSI if the 95% CI for the calculated odds ratio (OR) did
not include the unity. For all hypothesis tests performed, a
significance level of P=0.05 was set.

4. Results

SSI was reported in 29 patients (2.82%). Table 1 shows the
univariate analysis of the possible factors associated with SSI
in appendectomies. As can be observed, the type of surgery
performed, procedure duration, wound and appendicitis
type, serum albumin, and timing of antibiotic prophylaxis
were variables found to be related to the occurrence of this
complication (P = 0.000). It can be noted that the frequency
of SSIis much greater when the type of surgery performed is
open (20.8%) compared with laparoscopic surgery (1.5%).
In patients who had SSI, the mean procedure duration was
72.7 minutes, in contrast with patients who did not, for
whom the procedure duration was lower (39.5 minutes).
The lower frequency of SSI was also observed in patients
with clean-contaminated wound (1.2%), and the highest
frequency was seen in patients with dirty wound (8.8%).
Contaminated wound was found to have an intermediate
frequency (4.5%). Cases of non-complicated appendicitis
and cases of flemonous and suppurative appendicitis had
relatively low SSI rates (0.9% and 1.7%, respectively), while
the frequency of infection was 4.7% in cases of gangrenous
appendicitis and 11.5% in cases of perforated appendicitis.
Mean serum albumin levels were higher in patients
without infection (40.9 g/L) when compared with patients
who had the complication (35.7 g/L). Also, the improper
timing of antibiotic prophylaxis was related with a higher
infection rate (23.1%) compared with those with correct
timing (2.6%). For the other variables, no association with
the occurrence of SSI was found.

Multivariate analysis (Table 2) found that the variables
type of surgery, serum albumin, and timing were
independently associated with the occurrence of SSI. The
probability of occurrence of SSI is almost 23 times greater
when the type of surgery is open (OR = 22.90, 95% CI,
8.04-65.21) than when it is laparoscopic. As for serum
albumin, it can be seen that for each gram of increase, the
risk of SSI decreases by 8% (OR = 0.92, 95% CI, 0.85-0.99),
and with improper timing of prophylactic antibiotics, the
probability of occurrence of SSI is 44.92 times greater than
when it is correct (OR = 44.92, 95% CI, 3.39-594.91).

5. Discussion

The current study showed that SSI occurs in 2.8% of
patients who undergo appendectomy, and the incidence
of SSI is related mainly to non-modifiable risk factors,
including open procedures, complex appendicitis, and
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Table 1. Univariate Analysis of Possible Factors Associated With Surgical Site
Infection in Appendectomies

Surgical Site Infections

Variable P Value
Yes No
Age (y) 31.8 (8.9)* 30.6 (8.1)* 0.506
Gender
Male 29 (3.0 950 (97.0) 0.435
Female 0 49 (100)
Smoking
Yes 9 (4.4) 195 (95.6) 0.125
No 20 (2.4) 804 (97.6)
Diabetes mellitus
Yes 2(6.9) 27 (93.1) 0.179
No 27 (2.7) 972 (97.3)
Surgery type
Open 15 (20.8) 97 (79.2) 0.000
Laparoscopic 14 (1.5) 942 (98.5)
Procedure duration (min) 72.7 (35.00*  39.5 (22.1)* 0.000
Wound type
Clean contaminated 9(1.2) 727 (98.8) 0.000
Contaminated 6 (4.5) 126 (95.5)
Dirty 14 (8.8) 146 (91.3)
Appendicitis type
Flemonous 4(0.9) 436 (99.1) 0.000
Suppurative 6 (1.7) 341 (98.3)
Gangrenous 6 (4.7) 121 (95.3)
Perforated 13 (11.5) 100 (88.5)
ASA
1 17 (2.8) 592 (97.2) 0.743
2 11 (2.7) 397 (97.3)
3 1(10.0) 9 (90.0)
4 0 1 (100)
Laboratory tests
Hemoglobin (g/L) 15.0 (1.2)* 15.0 (1.3)* 0.440
Creatinine, serum (mmol/l) 85.2 (3.2)* 82.7 (17.2)* 0.847
Lymphocytes, absolute count 1575 (141)* 1570 (23)* 0.237
Protein total, serum (g/L) 60.4 (10.0)* 72.4 (7.6)* 0.683
Albumin serum (g/L) 35.7 (7.8)* 40.9 (5.2)* 1.000
Body mass index 26.0 (4.5) 24.2 (4.3) 0.439
Low 1(1.2) 84 (98.8)
Normal 24 (2.9) 818 (97.1)
High 4 (4.4) 87 (95.6)
Compliance with prophylactic antibiotics
Timing
Correct 26 (2.6) 989 (97.4) 0.000
Incorrect 3(23.1) 10 (76.9)
Selection and dose
Correct 29 (2.8) 997 (97.2) 0.809
Incorrect 0 (0.0) 2 (100)
Discontinuation
Correct 27 (2.7) 962 (97.3) 0.375
Incorrect 2(5.1) 37 (94.9)

Data is presented as No. (%) unless specified. *Mean (standard deviation).

Table 2. Odds Ratio, Cl 95%, of Surgical Site Infection in Appendectomies,
Estimated by Logistic Regression

Variable OR 95% CI
Surgery type
Open 22.90 8.04-65.21
Laparoscopic* 1 -
Procedure duration (min) 1.00 0.98 -1.02
Wound type
Contaminated 0.21 0.02 -2.38
Dirty 0.47 0.09 -2.50

Clean contaminated* 1 -

Appendicitis type

Gangrenous 2.1 0.46 -9.57

Perforated 1.97 0.58 -6.78

Flemonous-suppurative* 1 -
Albumin serum (g/L) 0.92 0.85-0.99
Timing

Incorrect 44.92 3.39-594.91

Correct* 1 ---

low serum albumin. The improper timing of prophylactic
antibiotics was the modifiable risk factor identified in
relation with SSL

The incidence of SSI in the studied cases was similar
to previous reports.!”! This finding is related to the
performance of the local infection control program that
included surveillance of SSIs and monitoring of compliance
with surgical bundles (antibiotic prophylaxis, perioperative
glucose control, postoperative normothermia, and hair
removal practices).

The literature on appendectomies is consistent regarding
thehigherincidence of SSIin complex appendicitisand open
procedures, while laparoscopic procedures are related to a
reduction of this adverse outcome.”® An important finding
to consider is the frequency of complex appendicitis in the
setting of the current study (40% of cases). Studies have
described lower frequencies of complicated appendicitis,
ranging from 11.8% to 26.5% of patients.”*!? The frequency
of complicated appendicitis constitutes an important
factor related to the risk of infection but primarily is not
a modifiable risk factor. Nevertheless, the possibilities of
the best strategies and procedures for local contamination
control could contribute to the prevention of infection.
Although the frequency of complicated appendicitis is not
a primary objective of the current study, the findings could
be related to patient factors related to healthcare seeking
behavior that will require further study.

Nutritional factors have been related to the incidence
of SSI in many surgical procedures, among which are
underweight, obesity, and low serum albumin.®*"*'* The
majority of the patients studied had a normal body mass
index with a relatively low frequency of obesity (8.9%). The
diversity of the nutritional habits and the socioeconomic
characteristics (mainly expatriate population with low
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What Is Already Known?

Appendectomy is the most common emergency operation
performed worldwide. Surgical site infections considered
as a frequent adverse event of surgical procedures and
incidence of surgical site infection is related with risk
factors including patient and procedure factors.

What This Study Adds?

The risk of surgical site infection is related with complex
appendicitis, open procedures, low serum albumin and
inadequate timing of prophylactic antibiotics in the study
population. Quality improvement process are required to
increase antibiotic prophylaxis compliance.

income) of the population could explain this finding.

In general, the antibiotic prophylaxis constituted a
preventive practice for SSI with special reference to the
timing of administration.'® Sdnchez-Santana et al, Berrios-
Torres et al, and Wu et al did not demonstrate a relation
between the timing of antibiotic and the incidence of
SSI. Nevertheless, the proper timing of administration
in order to achieve the bactericidal concentration of
the prophylactic agents in the serum and tissues when
the incision is made is a well-accepted practice.'*'® The
prolongation of antibiotic treatment more than 24 hours
post-procedure is indicated in cases of contaminated
and dirty appendicitis, but a few studies did not show its
preventive effect for an intra-abdominal abscess."

Importantlimitations of this study should be emphasized.
First, the study variables include well-known risk factors
for SSIs, but other patient or procedure factors could be
considered. Population behaviors could be important to
consider in addition to nutritional markers and the quality
of postoperative wound care. Second, this was a single-
center study, which limits data comparison, especially
when taking into account the patients’ profiles.

6. Conclusion

The results of the current study show that complex
appendicitis, open procedures, low serum albumin, and
improper timing of antibiotic prophylaxis constituted the
risk factors for SSI in the setting of the study. The infection
control program should focus on improving the quality of
antibiotic prophylaxis and the close monitoring of patients
who undergo open surgical procedures.
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