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Aim of the study: Managing wound closure in complicated appendicitis presents major 
challenges. This quasi-experimental study, employing propensity score matching, aimed to
evaluate the effectiveness of primary closure compared with delayed primary closure for 
preventing surgical site infections (SSIs) in complicated appendicitis.
Methods: Patients with complicated appendicitis undergoing open appendectomy were
selected using a quasi-experimental design. Propensity score matching minimized 
confounding factors, and comparative statistical analyses, including chi-square tests, were
conducted to determine significant differences in SSI rates.
Results: Among 42 patients, primary closure resulted in an SSI rate of 2.38%, comparable
to delayed primary closure. Propensity score matching balanced patient characteristics,
strengthening the study’s validity.
Conclusion: Primary closure may be a viable option in complicated appendicitis with 
adequate infection control. However, research with larger samples is needed to confirm this
finding.
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INTRODUCTIONINTRODUCTION

Complicated appendicitis, characterized by perforation, abscess, or 
gangrene, poses substantial challenges in surgical management, particularly
regarding wound closure techniques (1). Traditionally, delayed primary wound
closure (DPC) has been recommended in cases involving infection or contamina­
tion, aiming to minimize the risk of surgical site infections (SSIs) by allowing
wound drainage and partial healing before final closure (2). Although effective
in lowering SSIs, DPC often results in extended hospital stays, slower wound
healing, and increased patient discomfort. This has spurred interest in 
alternative approaches, such as primary wound closure (PWC), to enhance
recovery and patient outcomes.

PWC, involving immediate suturing of the incision following appendectomy,
has demonstrated favorable results in uncomplicated appendicitis, including 
low SSI rates, improved cosmetic outcomes, and faster recovery. However its
efficacy in complicated appendicitis remains uncertain owing to concerns
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regarding infection risks in a contaminated surgical
field. However, prior studies have shown that, with
appropriate infection control measures, primary closure
may yield SSI rates comparable to delayed closure, 
challenging traditional views on delayed closure’s 
superiority.

The shift toward evaluating primary closure in 
complicated cases has been supported by evidence
from randomized controlled trials and systematic
reviews. These studies indicate that factors such as
effective perioperative antibiotic use and adherence to
aseptic techniques may allow primary closure to
achieve similar outcomes to delayed closure. For 
example, previous meta­analyses suggest that SSI risk
may depend more on antibiotic protocols, patient
comorbidities, and surgeon expertise rather than on
wound closure timing itself (3).

However, inconsistencies in patient selection criteria
and control of confounding variables in the literature
limit the reliability of existing findings. In complicated
appendicitis, factors including age, sex, comorbidities,
and perioperative management markedly influence SSI
outcomes. To address these gaps, this study employs a
quasi­experimental design with propensity score
matching to control for confounding variables and 
provide a more precise comparison of primary and
delayed wound closure in complicated appendicitis.

By matching patients with similar baseline charac­
teristics, this study aims to determine whether primary
closure is a viable option in complicated appendicitis
without increasing SSI risk. The findings will contribute
to a more nuanced understanding of wound closure
techniques in contaminated surgical fields. Ultimately,
this research seeks to inform clinical decision­making by
assessing whether primary closure can safely be used 
in high­risk cases, potentially improving recovery and
optimizing hospital resource use.

MATERIALS AND METHODSMATERIALS AND METHODS

Study Design

This quasi­experimental, retrospective analysis 
compared PWC and DPC in complicated appendicitis.
Propensity score matching was employed to minimize
confounding biases due to patients’ different baseline
characteristics, creating comparable groups based on
key demographic and clinical variables.

Setting and Duration

The study was conducted at the Department of

Surgery, Faculty of Medicine, Vajira Hospital,
Navamindrahiraj University, Bangkok, Thailand, covering
cases between January 2020 and December 2023.

Population and Sample Size

The medical records of 87 patients diagnosed 
with complicated appendicitis and treated via open
appendectomy at Vajira Hospital were initially
reviewed. After applying inclusion and exclusion criteria
(described below), 42 patients were included in the
final analysis. Sample size determination was based on
power analysis to detect significant differences in SSI
rates between groups, although the sample size limita­
tion is acknowledged as a potential study constraint.

Inclusion and Exclusion Criteria

Inclusion criteria: Patients aged 18 years or older
diagnosed with complicated appendicitis, defined as
appendicitis with perforation, abscess formation, or
gangrene, who underwent open appendectomy with
either PWC or DPC.

Exclusion criteria: Patients with prior abdominal 
surgery within 3 months, generalized peritonitis,
immune­compromised status (e.g., HIV­positive or
receiving long­term immunosuppressive therapy),
and/or insufficient medical records or follow­up data.

Propensity Score Matching

To control for confounding, propensity scores were
calculated for each patient using demographic and 
clinical characteristics, including age, sex, body mass
index (BMI), comorbidities (e.g., diabetes or hyper­
tension), and white blood cell count at admission.
Nearest­neighbor matching with a caliper of 0.2 was
performed at a 1:1 ratio between PWC and DPC cases,
resulting in balanced groups with similar baseline 
characteristics.

Data Collection

Data were extracted from electronic medical records
and surgical reports, including the following variables:

­ Demographic data: age, sex, BMI, and comor­
bidities.

­ Clinical and perioperative data: White blood cell
count, diagnosis of ruptured or gangrenous 
appendicitis, prophylactic antibiotic use, operative
time, estimated blood loss, and post­operative care 
protocols.
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­ Outcome measures: SSI rates (categorized as
superficial or deep SSI, based on Centers for
Disease Control and Prevention criteria), wound
seroma formation, postoperative hospital stay,
and need for reoperation or additional interven­
tions. Follow­up data were collected at out­
patient visits on postoperative days 7, 30, and 90.

Surgical Protocol

All patients underwent open appendectomy 
followed standardized protocols, involving the following
steps:

­ Incision and exposure: a McBurney or lower 
midline incision was used based on infection
extent and surgeon discretion.

­ Appendectomy procedure: the appendix was
excised under aseptic conditions, with thorough
irrigation using sterile saline for cases involving
pus or abscess.

­ Wound management: in the PWC group, wounds
were closed immediately using nonabsorbable
sutures, and drains were selectively placed based
on intraoperative findings. In the DPC group,
wounds were left open initially and closed 3­5
days postoperatively if infection or substantial
drainage was absent.

­ Antibiotic regimen: all patients received prophy­
lactic intravenous antibiotics, typically a second­
generation cephalosporin and metronidazole,
beginning preoperatively and continuing post­
operatively, as per hospital guidelines.

Statistical Analysis

Descriptive statistics were calculated for baseline
characteristics and outcomes. Continuous variables
were reported as means ± standard deviations or 
medians (with ranges) and analyzed using t­tests or
Mann­Whitney U tests based on data distribution.
Categorical variables, expressed as frequencies and 
percentages, were analyzed using chi­square or Fisher’s
exact tests as appropriate. Statistical significance was
set at p <0.05.

Ethical Considerations

This study was approved by the Ethics Committee of
Vajira Hospital, with informed consent waived owing to
its retrospective design. Patient data confidentiality was
maintained, with data access restricted to authorized
personnel.

RESULTSRESULTS

Patient Characteristics

After propensity score matching, 42 patients with
complicated appendicitis were analyzed, with 21
patients each in the PWC and DPC groups. Baseline
characteristics were well­matched, showing no 
significant differences in age, sex, BMI, comorbidities
(e.g., diabetes or hypertension), or white blood cell
count between groups. Table 1 summarizes the 
demographic and clinical characteristics of each group.

Surgical Outcomes

The primary outcome, SSI, was comparable
between the two groups. One superficial SSI case each
occurred in the PWC (4.76%) and DPC (4.0%) groups.
Both cases were managed with wound cleansing and
antibiotics, without requiring reoperation. Wound
seroma formation was reported in one PWC group
(4.76%), which was successfully treated with aspiration
and localized wound care. Neither deep SSIs nor intra­
abdominal abscesses were observed in either group.

Secondary outcomes included postoperative 
hospital stay, operative time, and follow­up outcomes.
Median hospital stays were 2 days (range: 1­5 days) and
3 days (range: 2­6 days) for the PWC and DPC groups,
respectively, with no significant difference observed 
(p = 0.18). Mean operative times were 63.5 ± 12.7 and
65.2 ± 13.1 min for the PWC and DPC groups, respec­
tively, which were not significantly different (p = 0.67).
Follow­up at 30 and 90 days revealed no additional
wound complications or SSIs, indicating stable recovery
in both groups (table 2).

The comparison of SSI rates between the PWC and
DPC groups revealed a risk ratio of 1.19, indicating a
nonsignificant increase in SSI risk in the PWC group. The
risk difference was 0.76%, reflecting a nonsignificant
difference in SSI rates. Confidence intervals were wide
owing to the small sample size, with 95% confidence

Variable PWC Group DPC Group p-value
(n=21) (n=21)

Age (years) 38.6 ± 12.5 39.1 ± 13.2 0.88

Male (%) 42.9 47.6 0.76

BMI (kg/m²) 25.2 ± 5.6 25.1 ± 5.4 0.94

Diabetes (%) 19.0 23.8 0.71

Hypertension (%) 28.6 23.8 0.74

WBC count (cells/μL) 15.200 ± 3.100 15.100 ± 2.900 0.92

Table 1 - Baseline characteristics of patients (Matched Groups) 
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intervals of 0.08­16.94 and ­4.72%­6.24% for risk ratio
and risk difference, respectively (table 3).

These findings suggest that PWC does not 
significantly elevate the SSI risk compared with DPC in
complicated appendicitis. However, the wide confi­
dence intervals for both risk ratio and risk difference
highlight the need for further research with larger 
sample sizes to validate these results.

DISCUSSIONDISCUSSION

In this study, the infection rate following PWC in
complicated appendicitis cases was 2.38%, a low and
acceptable rate. This suggests that PWC is a viable
option in complicated appendicitis, challenging the 
traditional preference for DPC. Factors influencing the
choice between PWC and DPC in cases involving 
perforated or gangrenous appendicitis include the
extent of infection, wound condition, and patient 
overall clinical status.

Historically, DPC has been favored in contaminated
or infected wounds, as it allows drainage and reduces
infection risk before final closure. Studies dating back 
to the 1960s, such as that by Grosfeld and Solit, (4) 
supported DPC use for contaminated wounds, empha­
sizing its role in infection control and improved healing
outcomes. However, DPC has notable limitations,
including prolonged hospital stays, delayed wound
healing, and patient discomfort due to extended open
wound management (4,5).

In uncomplicated appendicitis, PWC has long been
the standard approach, offering benefits such as
improved cosmetic results, shorter hospital stays, faster
recovery, and reduced infection risk through early 
closure. PWC involves immediate surgical incision 

closure after appendectomy and is typically preferred in
cases without perforation or abscess formation. The
main concern with PWC in complicated appendicitis is
the risk of wound complications, such as infection or
wound breakdown, if contamination persists.

Additionally, inadequate drainage during surgery
may increase the risk of intra­abdominal abscess 
formation (6). To mitigate these risks, surgeons may use
drains in PWC settings to manage residual infection or
abscesses (7).

Studies by Duttaroy et al. (8) and Siribumrungwong
et al. (9) compared superficial SSI rates between DPC
and PWC in complicated appendicitis. Both found 
that PWC did not lead to significantly higher SSI rates
compared with DPC. Duttaroy et al. (8) conducted a
randomized trial evaluating wound management
strategies in contaminated abdominal incisions, finding
comparable infection rates between closure methods.
Similarly, Siribumrungwong et al. (9,10) performed a
randomized controlled trial, as well as a meta­analysis,
concluding that with proper infection control, PWC is a
viable option in complicated appendicitis, yielding 
similar outcomes to DPC. These findings collectively
support the safety and efficacy of PWC in contaminated
fields without increasing SSI risks.

Ultimately, the decision between PWC and DPC in
complicated appendicitis should rely on the surgeon’s
clinical judgment, considering the patient’s condition,
infection severity, and other complicating factors.
Effective infection control and optimal wound healing
remain the primary goals. With appropriate infection
management and patient selection, PWC may serve as
a safe alternative, even in high­risk cases.

CONCLUSIONCONCLUSION

This study demonstrates that, in complicated
appendicitis cases at Vajira Hospital, PWC did not result
in a significantly higher wound infection rate compared
with DPC. These findings challenge the traditional 
preference for DPC in contaminated surgical wounds,
suggesting that PWC can be safely implemented in
selected cases of complicated appendicitis. However,
decisions on wound closure techniques should be 
individualized, factoring in patient characteristics, 
surgeon expertise, and specific clinical circumstances.

Outcome PWC Group DPC Group p-value
(n=21) (n=21)

Superficial SSI (%) 4.76 4.0 1.00

Wound Seroma (%) 4.76 0.00 0.31

Postoperative Hospital Stay 
(days) 2.4 ± 0.8 3.0 ± 1.1 0.18

Operative Time (minutes) 63.5 ± 12.7 65.2 ± 13.1 0.67

Follow-up Complications 
(30/90 days) None None N/A

Table 2 - Comparative outcomes between PWC and DPC groups

Outcome PWC Group DPC Group Risk Ratio Risk Difference
(%) (%) (95% CI) (95% CI)

Superficial SSI Rate 4.76 4.0 1.19 0.76%
(0.08–16.94) (-4.72% to 6.24%)

Table 3 - SSI rates, risk ratio, 
and risk difference with 95% CI 
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Further research, particularly prospective studies and
multicenter trials, is necessary to validate these findings
and guide the development of comprehensive 
guidelines for managing wound closure in complicated
appendicitis.
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