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Background: Surgical site infections (SSIs) are a leading cause of morbidity and

mortality worldwide. Particularly, in low- and middle-income countries (LMICs), they

are the most prevalent kind of healthcare-associated infection (HAI), and they play a

role in the emergence of antibiotic resistance, which can result in serious illnesses.

Therefore, this study aims to ascertain the burden and association of surgical site

infection among patients on the surgical ward in resource-limited surgical setups.

Method: An institutional-based cross-sectional study was conducted in Wolaita

Sodo University Comprehensive Specialized Hospital from March 1, 2022 to July

30, 2023. A systematic random sampling method was employed. Data

management and statistical analysis were performed using SPSS version 25.

An adjusted odds ratio (AOR) with 95% confidence interval was used to

measure the association between dependent and independent variables.

A p-value < 0.05 was used to determine the level of significance.

Result: This study included a total of 309 patients, of whom 198 (64.1%) were

males. The average age of the participants was 42, and participants more than

42 years’ old totaled 156 (50.5%); the type of residence was found to be rural for

236 patients (84.6%). The magnitude of surgical site infection was calculated to

be 29.1%. Predisposing factors for surgical site infection included male sex (AOR

−4.9; 95%; 2.0–11.3), drainage use (AOR −4.46; 95%; 1.9–10.3), and abdominal

surgery (AOR−4.3; 95%; 1.3–14.1), whereas protective factors included younger

female sex, elective surgery, and a surgery duration of less than 2 h.
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Background

Surgical site infections (SSIs) are a preventable consequence of surgery that pose a

serious risk to public health, affecting not only patients but also the financial and

human resources of the medical field (1). It’ is one of the growing concerns in

nosocomial infections. This issue is made worse by the steady rise in antibiotic

resistance, the growing number of therapies, and the increasingly complex type of

patients as a result of their comorbidities (2). The World Health Organization (WHO)
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states that there are 1.2–23.6 SSIs for every 100 surgical procedures

worldwide (3), and its cumulative incidence ranged from 2.5% to

30.9% in Africa (4). According to reports, SSIs account for

almost one-third of postoperative fatalities globally (5), and it

annually endangers the lives of millions of people and fuels the

development of antibiotic resistance (6).

An SSI is characterized by a surgical wound that exhibits localized

infection symptoms and, in more severe cases, systemic symptoms

such as fever or leukocytosis (7). It can develop within 30 days

following a surgical procedure (or within 90 days for surgeries

involving the implantation of prosthetic material) at the incision site

and/or deeper underlying tissue spaces and organs. SSIs make up

roughly 38% of all surgically related nosocomial infections (8).

According to a comprehensive assessment conducted in 2020,

SSIs have a significant impact on LMICs, accounting for 38% of

all deaths. LMICs saw a greater rate of SSIs than HICs in

Europe, with the patient bearing the majority of the costs when

medical expenses incurred as a result of the incident surpassed

10% of the household’s yearly income (9–11). The SSI rate

covered between 2% and 5% European countries (12), while the

pooled prevalence rate in LMICs was 11.2% (13). In Sub-Saharan

Africa, the rate of impact of SSIs ranged from 6.8% to 26% with

a predominance in general surgery (14), and other studies

showed that its rate of prevalence was about 2.5–30.9% (4,

15–17). In Tanzania, 22% of patients developed SSIs after open

urologic surgery (18), and studies reported SSI rates of 19.4%

and 24% in the district and tertiary hospitals of Tanzania,

respectively (19). The rate was 16.4% in Uganda (20) and 13.0–

22.05% in Nigeria (21). In Ethiopia, the pooled prevalence rate of

SSIs was 12.3% (1) as reported in one study and 25.22% (22) as

reported in another study.

An SSI is associated with a number of risk factors, including

identifiable intrinsic and extrinsic factors. Modifiable inherent

risk factors include diabetes, respiratory conditions and other

preexisting illness (19, 23, 24), smoking, steroid use, alcoholism,

obesity, immunocompromised individuals, albumin levels

<3.5 mg/dl, and anemia and bilirubin levels >1.0 mg/dl. Age, type

of surgery, and recent radiation therapy (25, 26) are non–

modifiable risk factors. Clean wounds are usually closed, are free

of infection, and show no symptoms of inflammation. Clean-

contaminated wounds are wounds that have a low level of

contamination, while contaminated wounds have a high level of

contamination and typically result from a breach in sterile

techniques or leakage from the gastrointestinal tract. Dirty

wounds are grossly infected and usually occur because of an

inadequate treatment of traumatic wounds, gross purulence, and

evident infections (1, 20, 27, 28). An American Society of

Anesthesiologists (ASA) Score III or IV (27, 29), non-use of

prophylactic antibiotics, (30) presence of hypovolemia (19, 31),

longer duration of operation (19, 23, 30), and longer preoperative

(23, 30) and postoperative hospital stay (23, 28) are common

determinants of SSIs across studies. SSIs continue to be a

significant contributor to hospital-acquired infections even with

advances in operating room procedures, equipment sterilization

techniques, and surgical techniques and varies from setup to

setup. Therefore, this study aims to ascertain the burden and

associated factors of SSIs in peripheral teaching hospitals in

resource-limited settings.

Method

A retrospective institutional-based cross-sectional study was

conducted between August 1 and 30, 2023, at Wolaita Sodo

University Comprehensive Specialized Hospital (WSUCSH) located

in Wolaita Zone, Ethiopia, among patients who were operated

upon and admitted to the surgical ward March 01, 2022 to July 30,

2023. The hospital serves as a teaching institution for health

science students and surgical residents and provides 24-hour

comprehensive services for more than 6 million people with

different demographic and socioeconomic backgrounds from in and

around the southern part of the country. It offers general surgery,

internal medicine, neurology, orthopedics, neurosurgery, obstetrics

and gynecology, pediatrics, radiology, dermatology, pathology,

oncology, anesthesiology, and neonatal care specialty services in the

respective departments for the entire population of southern Ethiopia.

Source and study population

All patients were operated upon and admitted to the WSUCSH

surgery department during the period of the study in both private

and public wards.

Inclusion criteria

Adult patients who were operated upon and admitted to the

surgery department and had a complete medical record.

Exclusion criteria

Patients with lost or incomplete charts or those who underwent

obstetric or gynecological surgery.

Sample size determination and sampling
technique

The sample size for the first objective was calculated using a

single population proportion formula considering p 24.6% taken

from a study done in Hawassa, with 95% CI and a margin of

error of 5%. This gave a sample size of 285. Then, if a 10% non-

response rate was added, the final sample size became 314.

n ¼

Za

2

� �2

�p�(1� p)

d2
n ¼ (1:96)2(0:246)(0:754)=(0:05)2

n = 285
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where

n = desired sample sizes

Zα/2 == critical value at 95% CI, which equals to 1.96

P = proportion of SSI at Hawasa 0.246,.

d = margin of error (0.05).

The sample size for the second objective was calculated with

Open Epi using an assumption of power of 80%, 95% CI, and an

exposed/unexposed ratio of 1:1. Therefore, for the maximum

sample size is the sample size required for the first objective.

Then the final sample size becomes 314. A systematic random

sampling method was employed to select the study subjects.

Dependent variable: surgical site infection

Data collection tools and methods
Data were collected using a validated, pretested, and structured

data extraction checklist adopted from relevant literature and

modified to the study variables. First, the operation theatre and

admission records were reviewed to prepare lists of patients

operated upon and admitted to the surgical ward between August

1, 2023 and August 30, 2023. Then, data were extracted from the

medical registrations of patients taken from the examination room

on arrival, operating room records, postsurgical evaluation and

monitoring sheets, and intensive care and discharge records. Data

were collected by trained data collectors and supervisors through a

review of the medical records of the patients.

Data quality management

A pretested validated structured data collection tool prepared

in simple English after a review of related literature was used to

ensure data quality. One day of training was given to data

collectors and supervisors on the purpose of the study, the

contents of the data collection tool, where to find the records,

and how to extract the required data from the medical records

and record data appropriately. A pretest was conducted on 5% of

the sample size before the actual data collection period to check

for the reliability and validity of the data collection tool. The

questionnaires were reviewed and checked for completeness,

accuracy, and consistency by the principal investigator and

amended accordingly based on the pretest results. Supervisors

and the principal investigator carefully checked the collected data

for completeness, accuracy, and consistency daily. Two

individuals performed double data entry to minimize errors.

Data processing and analysis
The collected data were validated for completeness and

accuracy and categorized, coded, and analyzed using Statistical

Package for Social Sciences (SPSS) software version 25.0.

Descriptive statistics were used for frequency, mean/median,

standard deviation, and percentage. The results were summarized

using graphs, charts, and tables. The interpretations of data using

summaries were done according to the main finding in the study

objective. Thus, variables having a P-value < 0.25 at a 95%

confidence interval (CI) became the candidates for the final

multivariate logistic regression. Hence, the features included in

the final model were age, sex, hemodynamic status, preoperative

sepsis, residence, GI contamination, surgical site infection,

postoperative cough and/or vomiting, and duration of surgery.

Logistic regression analyses were utilized, and a P-value < 0.05

was considered statistically significant with a confidence interval

(CI) of 95%.

Ethical considerations

The Institutional Health Research and Ethics Review

Committee (IHRERC) at Wolaita Sodo University’s College of

Health and Medical Sciences granted ethical approval for the

study. To obtain administrative approval, a formal letter of

collaboration was presented in writing to the WSUCSH before

the start of data collection. The hospital and department chiefs

gave their informed, voluntary consent after being made aware of

the goals, objectives, and advantages of the study. Throughout

the process of gathering data and disseminating information,

confidentiality of information was upheld.

Result

This study included a total of 309 patients. Out of these, 198

(64.1%) were male patients and 35.9% female. The age of the

participants was >42 years old for 156 patients (50.5%), and the

type of residence was found to be rural for 236 (84.6%) patients

among the subjects and/or participants incorporated in the study.

Moreover, the evidence indicates that 31 (10%) patients had a

history of hospitalization, and 249 (80.6%) patients were

managed in public wards, which contrasts with an individual

private room per patient with a single bed, as shown in Table 1.

TABLE 1 Socio-demographic and preoperative-related features.

Variables Categories Frequencies Percentages

Age of the patient <42 years 153 49.5

>42 Years Old 156 50.5

Sex Male

Female

198

111

64.1

35.9

Residence Town 69 22.3

Rural 240 77.7

History of

hospitalization

Yes 31 10.0

No 278 90.0

Ward type 60 19.4

Public 249 80.6

<7 7 2.3

Preoperative HGB 7–10 40 12.9

>10 262 84.8

Comorbidities 24 7.8

No 285 92.2

DM 7 29.2

Type of comorbidities HTN 6 25.0

HIV 3 12.5

Cancer 8

1.00 68 22.0

ASA score 2.00 232 75.1

3.00 9 2.9
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An SSI affected a total of 90 (29.1%) patients incorporated in

the study. For these patients, an SSI developed from a clean

wound affected 30/180 (16.6%), from a clean-contaminated

wound affected 26/83 (31.3%), a contaminated wound affected

20/30 (66.6%), and a dirty wound affected 14/16 (87.5%). Based

on the type of SSI, 80/90 (88.8%) were superficial incisional SSIs,

8/90 (8.8%) deep incisional SSIs, and 2/90 (2.22%) organ/space

SSIs. This study incorporated 184 (59.5%) patients from elective

surgery and the operation site was abdominal for 219 (70.5%),

neck 31 (10%), extremities 20 (6.5%), and the remaining 12.6%

was thoracic and other procedures. The type of anesthesia given

was spinal for 156 (51.7%) patients, and for the remaining it was

general anesthesia, while prophylaxis antibiotics was given for

300 (97.1%) patients; prophylactic antibiotics was given at the

induction stage for 200 (67%) patients Table 2). Furthermore,

wound class was clean for 180 (58.3%) patients; the total

duration of hospital stay was less than or equal to 8 days for 193

(62.4%) patients, and the time of SSI diagnosis was ≤7 days for

60 (66.7%) patients (Table 2).

A bivariate logistic regression was carried out to identify

candidate-independent features in this study. Bivariate logistic

regression variables with a P-value of less than 0.25 were

considered candidate features for a final multivariate logistic

regression. Thus, the candidate features for the multivariate

logistic regression were age, sex, type of surgery, preoperative

hemoglobin level, drainage usage, operation site, wound type,

presence of comorbidities, history of hospital admission, and

duration of surgery and were used to determine the factors for

SSI at our study setup. Then, after controlling for confounders, a

multivariate logistic regression analysis was done. Belonging to

the male sex with an AOR of −4.9; 95% (2.0–11.3), drainage

usage with an AOR of −4.46; 95% (1.9–10.3), and abdominal

surgery with an AOR of −4.3; 95% (1.3–14.1) were predisposing

factors for SSI, while younger female sex, elective surgery, and a

duration of surgery of less than 2hr were protective factors for

SSI. See Table 3 for associated factors for SSI in our study area.

Discussion

This study included a total of 309 patients, of whom 198

(64.1%) were male patients and 39.5% were females. The age of

the participants was >42 years old in 156 (50.5%) patients, and

the type of residence was found to be rural for 236 (84.6%)

patients. In our study group, 24 (7.8%) patients had

comorbidities and the commonest of these were malignancy in 8

(33.3%), DM in 7 (29.2%), hypertension in 6 (25%), and others

made up the remaining share. Prophylactic antibiotics was given

to 300 (97.1%) patients, out of whom 200 (66.6%) consumed

them during the induction of anesthesia and 98 (32.6%) took

them 30 min before operation. Based on carefully thought-out

prospective clinical investigations, the selection of parenteral

prophylactic antibiotic medicines, as well as the timing and

method of administration, has been standardized. It is typically

advised that anesthesia staff give a single intravenous dose of

cephalosporin shortly before incision in clean, elective surgical

operations involving a foreign body and in clean-contaminated

surgeries (2).

The common patient factors that predispose for SSIs found in

the study are older age, presence of comorbidities, and existing

infection, which are consistent with those of other literature (32).

The physiologic factors that predispose for SSIs found in our

study are that the preoperative hemoglobin level is less than

10 mg/dl (which was the case for 47(15.2%) patients) and

surgical risk factors like prolonged procedure time also had a

higher association with SSIs. Independent risk factors like

abdominal surgery (219/309 (70.9%) patients, of whom 83/209

TABLE 2 Surgery and postoperative related features.

Variables Categories Frequencies Percentages

Type of surgery Elective 184 59.5

Emergency 125 40.5

Valid Abdominal 219 70.9

Extremities 20 6.5

Thorax 13 4.2

Neck 31 10.0

Other 26 8.4

Duration of surgery <1 h 35 11.3

1–2 h 157 50.8

3–4 h 101 32.7

>4 h 16 5.2

Anesthesia General 130 43.0

Spinal 156 51.7

Regional 7 2.3

General & spinal 9 3.0

Prophylactic

antibiotics given

Yes 300 97.1

No 9 2.9

Timing of

prophylactic

antibiotics

at induction 200 66.6

30 min before

surgery

98 32.6

30–60 min before

surgery

2 0.65

Wound class Clean 180 58.3

Clean

Contaminated

83 26.9

Contaminated 30 9.7

Dirty 16 5.2

Wound care given Yes 216 69.9

No 93 30.1

Wound care

frequency

Daily 200 92.5

Twice a day 16 7.5

Drain used Yes 137 45.4

No 165 54.6

Hospital stay ≤8 Days 193 62.4

>8 Days 116 37.6

Surgical site infection Yes 90 29.1

No 219 70.9

Type of surgical site

infection

Superficial 80 88.8

Deep 8 8.8

Organ space 2 2.22

Time of surgical site

infection diagnosed

≤7 Days 60 66.7

>7 Days 30 33.3

Amount of blood loss <500ml 303 98.1

During surgery 500–1500ml 9 2.9

Drain used Yes 113 36.6

No 196 63.4
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(39.7%) developed SSI) and wound class are found to predictors in

our study, which is consistent with the literature (32, 33).

The magnitude of SSIs in this study was found to be 29.1It is

within the upper range reported in studies conducted in different

parts of Sub-Saharan Africa, which varies from 6.8% to 26%. (3).

Our study finding is relatively higher than the reports from

Rwanda 10.9% (34), Nigeria 27.6% (35), Tanzania 10%–26%

(36, 37) and the pooled prevalence of Ethiopia 12.3–25.22%

(1, 22). It is also lower than in studies done for Niger 74.9% (38)

and Nepal 80% (39) and a rural tertiary hospital in Nigeria

70.1% (40) and Tigrai (75%) (41). These differences may be due

to differences in setup and SSI prevention strategies used,

method of diagnosis, types of wound class, and inclusion of

obstetric procedures.

Our study found that being male is associated with an

approximate five times higher likelihood of developing an SSI,

with an AOR of 4.9; 95% CI (2.13–11.3), although male sex is

seen as a controversial risk factor for SSI. This is consistent

with a study done in Germany, where the occurrence of SSI

was significantly lower in women, with a rate of 2.92/100, while

men developed SSIs in 4.37/100 of cases (42). Another study

from Korea showed that being male is an independent risk

factor for SSIs, with an AOR 1.67; 95%(1.09–2.58) (43). But

there are also other multiple other studies that have reported

no correlation between SSIs and gender (13, 44). Drainage tube

usage is also associated with SSIs in our study, with an AOR

4.46; 95% CI (1.9–10.3), and this is consistent with studies

done in Korea (45), India (46), and Switzerland (47), which

stated that the presence of drainage tubes is related to a higher

risk for developing SSIs. The presence of drains can serve as a

conduit for bacteria, facilitating the entry of microbes into the

surgical site (48).

In our study, abdominal surgery was associated with a fourfold

higher risk of developing SSI, with an AOR of 4.3 (95% CI:

1.3–14.1). Many studies have shown that abdominal operations

involve higher risk in terms of developing an SSI compared with

other surgical site locations (49–51). Because of the intricate

gastrointestinal tract microbiota, microbial variables play a crucial

role in abdominal surgery. Surgery can cause dysbiosis, or an

imbalance of microbial communities, which can result in an

overabundance of harmful bacteria like Proteobacteria, which

includes E. coli, a common culprit in surgical site infections (52).

Patients who had surgery for less than two hours had an 81.4%

(p-value = 0.00) lower chance of developing SSI than those who

had surgery for more than two hours. This is consistent with

multiple studies (50, 53, 54). This is due to increased microbial

exposure in the operating field: longer surgical times would

increase the risk of surgical wound contamination (55) and,

because of the prolonged surgical process and significant blood

loss that leads to tissue hypoxia, it also increases the extent of

tissue trauma. An estimate would be that infection rate nearly

doubles with each hour of surgery. Moreover, guidelines advised

reducing the duration of surgical procedures because, the longer

the incision is left open, the greater the chance is that bacteria

may enter the surgical site (56).

Our findings showed a 68.7% (p-value _0.01) lower risk of

surgical site infection for those who underwent elective surgery.

This is consistent with most studies (57–59). This is due to

inadequate preoperative preparation, lack of proper control of

other medical comorbidities, and higher risks for contamination

TABLE 3 Determinants of surgical site infection in the study area.

Variable Category B
(Coefficient)

Std.
Error

Wald df Sig.
(p-value)

Exp(B) [Odds
Ratio]

95% CI for Exp
(B)

Intercept - −0.570 0.837 0.464 1 0.496 - -

Wound class 1.00 (Clean) −1.941 0.517 14.092 1 <0.001 0.144 0.052–0.395

2.00 (Clean-Cont.) −1.521 0.525 8.388 1 0.004 0.219 0.078–0.612

3.00

(Contaminated)

Reference - - 0 - 1.000 -

Duration of Surgery 1.00 (Prolonged) −1.684 0.395 18.194 1 <0.001 0.186 0.086–0.402

2.00 (Normal) Reference - - 0 - 1.000 -

Site of Operation 1.00 (High-risk) 1.460 0.607 5.790 1 0.016 4.307 1.311–14.149

2.00 (Low-risk) Reference - - 0 - 1.000 -

Preoperative

Hemoglobin

1.00 (Low) 0.868 0.445 3.806 1 0.051 2.381 0.996–5.694

2.00 (Normal) Reference - - 0 - 1.000 -

Age Group 1 (Older) −0.567 0.427 1.759 1 0.185 0.567 0.246–1.311

2 (Younger) Reference - - 0 - 1.000 -

Sex of Patient 1 (Male) 1.589 0.425 13.960 1 <0.001 4.901 2.129–11.281

2 (Female) Reference - - 0 - 1.000 -

Residence 1 (Rural) −0.495 0.460 1.161 1 0.281 0.609 0.248–1.500

2 (Urban) Reference - - 0 - 1.000 -

Comorbidity 1 (Present) 0.518 0.586 0.783 1 0.376 1.679 0.533–5.292

2 (Absent) Reference - - 0 - 1.000 -

Type of Surgery 1 (Emergency) −1.163 0.453 6.585 1 0.010 0.313 0.129–0.760

2 (Elective) Reference - - 0 - 1.000 -

Drain Used 1 (Yes) 1.496 0.430 12.113 1 0.001 4.466 1.923–10.373

2 (No) Reference - - 0 - 1.000

*Statistical significance with p-value <0.05, and bolded one are less than 0.05 and showing significant association.

Zewdu et al. 10.3389/fsurg.2025.1571033

Frontiers in Surgery 05 frontiersin.org

https://doi.org/10.3389/fsurg.2025.1571033
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


in emergency surgeries. In our study, compared to clean wounds,

which were considered protective, contaminated/dirty wounds

were 78.1% less likely (p-value: 0.04) and clean-contaminated

wounds were 85.6% less likely (p-value: 0.00) to acquire SSI. The

risk of surgical site infection increases as the percentage of

contamination rises. This is consistent with literature from

different studies all over the world (35, 60–62). A trend toward

higher rates of postoperative SSIs was observed when progressing

from clean to dirty wound procedures. Greater contamination

during surgery is indicated by a higher wound class, which

means that there are more bacteria in the wound area, the

surgeons are more likely to use drainage, and a stoma is likely if

abdominal surgery is being carried out. This greatly increases the

risk of surgical site infection.

The presence of comorbidity had no significant association

with SSIs in our study finding. But studies conducted in

Tanzania (19), East and West Gojjam hospitals (24), and

systemic reviews and meta-analyses done at the national level in

Ethiopia (1) have shown significant associations with SSIs. For

example, uncontrolled hyperglycemia impairs leukocyte function

and lowers immunity, rendering them unable to fight off invasive

microbes. Even innocuous bacteria have the ability to spread

swiftly and cause major health problems (63, 64). Hyperglycemia,

especially from stress, has been linked to an increased risk of SSI,

according to studies. Therefore, research suggested that

perioperative blood sugar levels should be less than 200 mg/dl

and HbA1C < 8% in order to maximize treatment for patients

with diabetes mellitus and lower the risk of complications

(3, 56). Patients with preoperative HGB ≤10 mg/dl had no

significant association with surgical site infection in our study,

although studies conducted in Uganda (20) and Nepal (65)

showed that low hemoglobin predisposes a patient for SSIs. This

is because low hemoglobin concentrations hinder tissue repair

and cause tissue hypoxia, which increases the risk of SSIs.

Previous history of hospitalization was not significantly

associated with surgical site infection in our study. But other

studies, such as reports from and meta-analyses done in

Ethiopia, showed patients with previous hospitalization were

significantly associated with SSIs (1, 66). This could be because

the probability of infection is increased by previous exposure to

resistant germs (57, 58). These differences may be due to sample

differences, set up, or statistical issues.

Conclusions and recommendations

The magnitude of SSIs in this study was found to be 29.1%,

which is very high. Overall drainage usage, abdominal surgery,

and male sex are significantly associated with surgical site

infection. While drains can be beneficial in certain contexts, their

use should be carefully considered, weighing the potential

benefits against the increased risk of SSIs. The decision to use

drains should be individualized based on the patient’s risk factors

and the specific surgical context, as it has high association with

surgical site infection. Optimization of patient, anticipating

infection and acting accordingly either by prophylaxis or

therapeutic antibiotics for wounds based on classes, and taking

measures which reduce surgical site infection for abdominal

surgery is recommended.

Limitations of the study

This study had some limitations. First, a retrospective

document review was used, which may miss some variables and

lacks detailed explanations. Also, due to the nature of the

retrospective study design used, it was not easy to establish the

cause-effect relationship between the study variables and to make

other statistical inferences. The type of drainage used, the

number of drainage tubes, and the duration of drainage in situ

was not detailed in our study due to a lack of full documentations.
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