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Comparison of early vs. routine
removal of abdominal drainage
tube after laparoscopic
appendectomy for perforated
appendicitis: a retrospective
cohort study

Jun He, Gang Qian, Yefei Mao and Lei Gao*

Department of General Surgery, Zhangjiagang Third People’s Hospital, Zhangjiagang, China

Background: The utility of abdominal drainage is common in laparoscopic

appendectomy (LA) for acute appendicitis with perforation to prevent

postoperative complications, such as intraabdominal abscess (IAA) and stump

fistula. Nevertheless, the drain tube placement is considered to be associated

with postoperative IAA formation in cases of complicated appendicitis. Our

study aims to determine whether early removal of abdominal drainage tube

after LA can improve prognosis for patients with perforated appendicitis.

Methods: A total of 182 patients who underwent abdominal drainage tube

placement during LA due to acute appendicitis with perforation were divided

into experimental group and control group by random number table method,

including 87 patients in the experimental group and 95 patients in the control

group. Patients in the experimental group had their abdominal drainage tube

removed within 48 h after surgery. Patients in the control group removed the

drainage tube after 48 h routinely. Variables of demographic and clinical

characteristics of these patients between the two groups were analyzed.

Postoperative outcomes, including overall complications, IAA, superficial

surgical site infection (SSI), stump fistula, ileus, bleeding, postoperative length

of stay (LOS), hospitalization costs and readmission to hospital, were compared.

Results: These two groups were similar regarding demographic and perioperative

clinical characteristics like age, sex, duration of symptoms and hematological

examination indicators (P > 0.05). Although there was no significant difference in

superficial SSI and ileus between the two groups (P > 0.05), patients in the

experimental group was associated with a lower rate of overall complications

(3.4% vs. 17.9%, P=0.002), declined incidence of IAA (3.4% vs. 11.6%, P=0.040),

a shorter LOS [4 (4,4) vs. 6 (5,6) days, P < 0.001] and less hospitalization costs

[9,705 (8,621−10,402) vs. 10,851 (9,704−11,752) CNY, P < 0.001] compared with

patients in the control group. No stump fistula and intraabdominal bleeding

occurred in both groups. There was no significant difference in readmission rate

within 30 days after surgery between the two groups (P=0.684).

Conclusions: It is safe and effective to remove abdominal drainage tube within

48 h after LA for patients with perforated appendicitis. This approach can

accelerate the recovery time, decline the incidence of IAA and reduce

hospitalization costs.
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Introduction

Acute appendicitis is the most common abdominal surgical

emergency in the world (1). Most studies have divided acute

appendicitis into uncomplicated and complicated appendicitis based

on the severity of inflammation (2, 3). Perforated appendicitis

belongs to complicated appendicitis. Laparoscopic appendectomy

(LA) is the preferred treatment for both uncomplicated and

complicated appendicitis with a shorter length of stay (LOS) and a

lower incidence of postoperative complications (4–7).

Complicated appendicitis is considered to be a risk factor for

postoperative complications, prolonged LOS and readmissions

(8). For decades, the abdominal drainage placement is thought to

be an effective approach to prevent the accumulation of

inflammatory exudate, resulting in a declined incidence of

intraabdominal abscess (IAA). However, both the 2020 WSES

guideline and the 2024 SAGES guideline recommend no use of

drains following appendectomy for complicated appendicitis in

adult patients and children, with a low quality of evidence (5, 7).

Recent studies have reported similar results that abdominal

drainage fails to prevent overall complications and specific

complications such as IAA formation, and the placement of

drainage tube is associated with prolonged LOS (9–11).

There are around 33% to 44% patients with complicated

appendicitis reported to receive abdominal drainage during

surgery in previous retrospective studies (10, 12). Due to the

severe inflammation of perforated appendicitis, the drain

placement is more frequently utilized to monitor postoperative

abdominal bleeding, appendix stump fistula and prevent abscess

formation. For those patients who undergo abdominal drainage

management, they are at a higher risk of postoperative

complications and longer LOS. The aim of this study is to

determine whether early removal of abdominal drainage tube

within 48 h after surgery can improve prognosis for those patients.

Methods

Patients

Inclusion criteria were as follows: age over 18 years; American

society of Anesthesiologists (ASA) score I and II; diagnosis of

complicated appendicitis with perforation; abdominal drainage

tube placement during LA.

Exclusion criteria were as follows: perforated appendicitis with

abscess formation or diffuse peritonitis; moderate or severe

immunocompromised patients; Intensive Care Unit stay; history

of abdominal surgery; conversion to open appendectomy.

With the approval of the Ethics Committee of the Zhangjiagang

Third People’s Hospital (ZJGSY-2022-13), a total of 182 patients

who met the inclusion criteria were included in this study between

April 2022 and March 2025. All patients provided written

informed consents. The diagnosis of perforated appendicitis was

based on medical history, clinical symptoms, computed

tomography (CT) images and observation during laparoscopy.

Abscess formation or diffuse peritonitis was diagnosed by clinical

symptoms, preoperative CT images and laparoscopic findings. The

diagnosis and severity of immunocompromised patients referred to

Coccolini’s guidelines (13).

Perioperative management

All patients underwent similar preoperative preparation and

anesthesia methods. All surgeries were conducted by surgeons

with experience of at least 50 LA cases. Intracorporeal suture was

used to close stump. After disconnecting the appendiceal at the

root, the cecal wall around the appendiceal base was

intermittently sutured under laparoscopy, and then the

surrounding tissue was used for suturing and embedding. Suction

alone without abdominal lavage was utilized to prevent the

bacteria growth with the existence of peritoneal effusion.

Abdominal drainage tube was then placed during surgery and

surgeons could estimate whether there was bleeding or fistula

based on the characteristics of fluid in the drainage tube

postoperatively. Early mobilization and liquid intake (2 h after

surgery) were encouraged. Patients were advanced to a soft diet

6 h later and a normal diet within 48 h if possible. All patients

were randomly divided into an experiment group and a control

group using a random number table method. Patients in the

experiment group removed abdominal drainage tube within 48 h

after LA if intraabdominal bleeding or fistula were not detected

according to the characteristics of fluid in the drain tube.

Ultrasound examination would be performed to determine

whether there was fluid accumulation around the appendix

stump if necessary. Whereas, the criterion for routine drain

removal in the control group was serosanguinous fluid <40 ml/

day for at least two consecutive days. All patients received a two-

day intravenous antibiotic treatment after LA, and then switched

to oral antibiotics. Intravenous antibiotic treatment would

continue to be adopted if the IAA was diagnosed. The main

antibiotic used in our center was ceftriaxone. If patients were

allergic to cephalosporin drugs, levofloxacin was chosen. Patients

were discharged home if they had no complications.

Outcomes

The demographics and perioperative clinical characteristics of

the patients are collected, including age, sex, duration of

symptoms, preoperative fever with body temperature over 38.5°C,

white blood cell count, neutrophil percentage, C-reactive protein

and appendiceal diameter.

The primary outcomes measured were postoperative

complications, including IAA, superficial surgical site infection

(SSI), stump fistula, intraabdominal bleeding and ileus, within 30

days after surgery. IAA, stump fistula and ileus were diagnosed

by clinical symptoms and ultrasound or CT findings. Superficial

SSI was defined as clinical pus formation or erythematous

change of the wound.

Secondary outcomes included postoperative LOS, hospitalization

costs and readmission to hospital within 30 days after surgery.
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Statistical analysis

Statistical analysis was performed via SPSS statistical software

(version 25.0, IBM Corporation, New York, USA). The measured

data are expressed as the mean (SD) or median (IQR) and were

analyzed by the t-test or the Mann Whitney test. The

enumeration data were analyzed by the χ
2 test. A P-value <0.05

indicated a statistically significant difference.

Results

A total of 182 patients who underwent abdominal drainage

tube during LA for perforated appendicitis were eligible for this

study. Eighty-seven patients were included in the experimental

group, and 95 patients were included in the control group.

The baseline demographics and characteristics of the two

groups are shown in Table 1. In the experimental group, 58.6%

(51 in 87) of the patients were male and the mean (SD) age was

46.94 (14.84) years. The median (IQR) duration of symptoms

was 18 (9–31) h. Eight patients had experienced a fever with

body temperature over 38.5°C at their admissions. The mean

(SD) preoperative white blood cell count was 13.03 (3.76) *109/L

and the mean (SD) C-reactive protein was 57.8 (24.5) mg/L. The

median (IQR) neutrophil percentage was 85.5 (79.6–89.6) % and

the median (IQR) appendiceal diameter measured in CT images

was 1.0 (1.0–1.5) cm. In the control group, 52.6% (50 in 95) of

the patients were male and the mean (SD) age was 50.44 (14.29)

years. The median (IQR) duration of symptoms was 24 (8–34) h.

Thirteen patients had experienced a fever with body temperature

over 38.5°C at their admissions. The mean (SD) preoperative

white blood cell count was 12.67 (3.95) *109/L and the mean

(SD) C-reactive protein was 64.0 (32.0) mg/L. The median (IQR)

neutrophil percentage was 86.7 (80.9–90.7) % and the median

(IQR) appendiceal diameter measured in CT images was 1.4

(1.0–1.5) cm. No significant differences were found in age

(P = 0.417), sex (P = 0.107), duration of symptoms (P = 0.475),

preoperative fever (P = 0.344), white blood cell count (P = 0.536),

neutrophil percentage (P = 0.111), C-reactive protein (P = 0.148)

and appendiceal diameter (P = 0.135) between the two groups.

As shown in Table 2, there were no significant differences in

superficial SSI (0 vs. 2, P = 0.498), and ileus (0 vs. 4, P = 0.122)

between the two groups. No case of stump fistula or

intraabdominal bleeding was found in both groups. However, the

incidence of IAA in the experimental group was lower than that

in the control group (3 vs. 11, P = 0.040). The incidence of

overall complications in the experimental group was much lower

than that in the control group (3 vs. 17, P = 0.002). The median

(IQR) postoperative LOS was 4 (4−4) days in the experimental

group and 6 (5–6) days in the control group. The median (IQR)

hospitalization costs was 9,705 (8,621–10,402) CNY in the

experimental group and 10,851 (9,704–11,752) CNY in the

control group. There were significant differences in postoperative

LOS (P < 0.001)and hospitalization costs (P < 0.001) between the

groups. Two patients in the experimental group and three

patients in the control group were admitted because of IAA. The

other one patient in the control group was admitted to hospital

TABLE 1 Baseline demographics and characteristics of patients undergoing drainage tube placement during laparoscopic appendectomy for perforated
appendicitis.

Group Experimental group (n= 87) Control group (n = 95) P value

Sex (male/female) 51/36 50/45 0.417

Age (y) 46.94 (14.84) 50.44 (14.29) 0.107

Duration of symptoms (h) 18 (9–31) 24 (8–34) 0.475

Fever (yes/no) 8/79 13/82 0.344

White blood cell count (*109/L) 13.03 (3.76) 12.67 (3.95) 0.536

Neutrophil percentage (%) 85.5 (79.6–89.6) 86.7 (80.9–90.7) 0.111

C-reactive protein (mg/L) 57.8 (24.5) 64.0 (32.0) 0.148

Appendiceal diameter (cm) 1.0 (1.0–1.5) 1.4 (1.0–1.5) 0.135

Values are presented as mean (SD), median (IQR) or number.

TABLE 2 Outcomes of patients between the two groups within 30 days after surgery.

Group Experimental group (n= 87) Control group (n = 95) P value

Overall complications (n) 3 17 0.002

Superficial SSI (n) 0 2 0.498

IAA (n) 3 11 0.040

Appendiceal stump fistula (n) 0 0 NA

Intraabdominal bleeding (n) 0 0 NA

Ileus (n) 0 4 0.122

Postoperative length of stay (d) 4 (4–4) 6 (5–6) <0.001

Hospitalization costs (CNY, ￥) 9,705 (8,621–10,402) 10,851 (9,704–11,752) <0.001

Readmission to hospital (n) 2 4 0.684

Values are presented as median (IQR) or number.

SSI, surgical site infection; IAA, intraabdominal abscess.

The P values <0.05 were highlighted in the bold values.
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due to severe diarrhea within 30 days after surgery. No significant

difference was found in readmission rate between the two groups

(P = 0.684).

Discussion

Recent studies reported an adverse effect of postoperative

abdominal drainage after LA, such as higher incidence of

complications and prolonged LOS (9–12). However, there were

few studies reporting the influence of the timing of drainage tube

removal on prognosis after LA. Former studies had demonstrated

that early drain removal had shown better outcomes after

hepatectomy and pancreatectomy (14, 15). Our study

demonstrated that early removal of abdominal drainage tube

after LA for perforated appendicitis could decline postoperative

LOS, hospitalization costs and the incidence of complications like

IAA, with the benefits of monitoring postoperative

intraabdominal bleeding and appendix stump fistula directly.

Mulita reported that the incidence of IAA in patients with

complicated appendicitis after LA was 5.19% and that after open

appendectomy was 7.07% (16). Mao reported 5.4% patients

developed post-operative IAA following appendectomy (17).

Postoperative abdominal drainage tube was a controversial topic

for complicated appendicitis to decrease the incidence of IAA for

decades. Pakula reported that the use of drainage in patients with

perforated or gangrenous appendicitis during LA had decreased

rates of pelvic abscess (6% vs. 20%), comparing to no use of

drainage (18). On the contrary, in Human’s randomized

controlled trial, the postoperative drain made no significant

difference in outcomes for complicated appendicitis, and overall

complications rate reported in their study was 26% (9 in 34)

(19). Liao also reported that the abdominal drainage increased

the risk of overall complications and failed to decrease the risk of

IAA (9). The similar adverse prognosis of drain placement after

appendectomy were both reported in Alabbad’s and Fujishiro’s

studies (11, 20). In the latest update of a Cochrane review,

approximately 113 (57–221 participants) out of 1,000

participants in the drainage group developed intraperitoneal

abscess, compared with 104 out of 1,000 participants in the no-

drainage group (21). Our study showed the similar results with

an overall complications rate of 17.9% (17 in 95) and an IAA

rate of 11.6% (11 in 95) when the drain tube was placed and

removed routinely.

Timing of drainage removal was not mentioned in the previous

studies, and there was no worldwide consensus on when to remove

the drain tube after LA. In practice, the decision of drainage tube

placement and removal was at the discretion of the surgeons. Up

to 60.1% patients with perforated appendicitis underwent

intraperitoneal drain placement during LA in Alabbad’s

retrospective study (11). During the period of abdominal

drainage tube placement, problems such as erosion, obstruction,

drain entrapment or loss due to displacement, kinking or

migration, could be existent, leading to the postoperative

collections and abscess formation. Early removal of drainage tube

was performed after confirming no bleeding or stump fistula in

our study, reducing the issues of the routine placement of

drainage tube. This may explain the lower incidence of overall

complications and IAA formation in patients accepting early

removal of drainage tube. To some extent, early removal of

drainage tube may have similar outcomes to no drain placement

in the literature reported. Compared to no drain placement, early

removal of drainage tube had an advantage in that it allowed for

intuitive observation of intraabdominal bleeding and fistula,

although these complications did not occur in our study.

Therefore, if a drainage tube must be placed during LA, early

drain removal is recommended after confirming no existence of

bleeding or stump leakage.

Early removal of drainage tube was associated with shorter LOS

and less hospitalization costs in our study, mainly because patients

in our study were discharged from hospital only if there were no

complications, and patients who underwent early removal of

drainage had a lower incidence of complications, especially the

IAA formation. Meanwhile, due to the complexity and

inconvenience of drainage tube management, patients and

surgeons were more accepting of patients being discharged after

drain removal, which also led to prolonged LOS and higher

hospitalization costs for patients in our control group. In patients

undergoing routine removal of drainage tube, the LOS and costs

were both higher, which is similar to the results of previous

studies on outcomes of drain vs. no drain. Li reported that

abdominal drainage may increase the LOS by 2.17 days

compared to no drainage (22). Another meta-analysis reported a

longer postoperative LOS and higher overall incidence of

postoperative complications as well (23). Voglion also reported

that the use of abdominal drains after LA was associated with

longer hospitalization in their single-center retrospective study

(24). We also found that the readmission rate of patients

undergoing early drainage tube removal was similar with those

patients undergoing routine drainage management, indicating

that it was safe to remove the drainage tube within 48 h after LA

for perforated appendicitis.

This study had several limitations. Firstly, this was a single-

center retrospective study with a small sample size, which

introduced some biases. Randomized controlled trials with large

sample sizes are need to be conducted to help eliminate these

biases in future. Secondly, the standard for routine removal of

drainage tube in our control group is determined based on our

single-center’s experience, and different surgeons and centers

have different extraction standards. For example, the criterion for

drain removal was serosanguinous fluid <50 ml/day in Liao’s

study (9). And in Alabbad’s study, drains were removed when

the output reached a minimal amount (11). The different

management of postoperative drain may result in different

outcomes. In the future, it is essential to establish worldwide

standards for the removal of drainage tubes after LA to help

improve the prognosis. Thirdly, the severity of appendicitis,

preoperative and postoperative antibiotic therapy varied among

patients. These factors may have varying impacts on prognosis

and timing of drainage tube removal. This retrospective study

failed to discover the connection between these factors and

outcomes after LA. A well-designed randomized control trial

He et al. 10.3389/fsurg.2025.1617312

Frontiers in Surgery 04 frontiersin.org

https://doi.org/10.3389/fsurg.2025.1617312
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


could compensate for the inadequacies of this retrospective study.

Finally, all patients included in this study were ASA score I and

II, and their physical condition was relatively healthy. This

meant that the conclusions obtained from our study were only

applicable to some selected patients, and it was unknown

whether patients who met our exclusion criteria could benefit

from early drain tube removal after LA. For example,

immunocompromised patients may have an adverse impact on

the surgical outcomes. In a series of cancer patients with

appendicitis, many of whom were neutropenic at presentation,

the majority (62.5%) were treated with antibiotics alone, 25%

went straight to appendectomy (25). Another study on frail

geriatric patients reported that these immunocompromised

patients had more complications and higher mortality and

appendectomy should be managed for a better outcome (26).

Mulita also reported successful management of appendectomy

for a patient with leukemia and acute appendicitis (27). Different

drainage tube removal strategies in these patients may result in

different surgical outcomes. Further research is needed to find

out the optimal timing of drain tube removal from these

excluded patients.

Conclusions

It is safe and effective to remove abdominal drainage tube

within 48 h after LA in some selected individuals with perforated

appendicitis, and early removal of the drainage tube is associated

with a lower rate of postoperative complications, shorter LOS

and less hospitalization costs.
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