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INTRODUCTION
Despite the steady improvements in minimally invasive 

surgery over the past few decades, anastomotic leakage (AL) 
remains a problem for both patients and physicians [1] as many 
reports show that AL is associated with poor survival [2-4]. 
Surgeons employ various methods to predict and prevent AL 
following rectal excision. Intraoperative air leak tests (ALTs) 
are frequently performed to detect mechanical defects in 

bowel anastomoses. However, the effectiveness of an ALT in 
the prevention of AL is debatable, as few randomized trials or 
heterogeneous studies have been performed regarding this 
subject [5,6].

ALs have multifactorial causes, including mechanical failure, 
inadequate blood supply, and infections [6]. Factors that 
affect bowel anastomotic healing include tissue perfusion, 
nutritional status, intraperitoneal infections, radiation, blood 
transfusion, and mechanical bowel preparation [7,8]. Therefore, 

Received December 5, 2022, Revised February 15, 2023,  
Accepted March 6, 2023

Corresponding Author: Jun Seok Park
Colorectal Cancer Center, Kyungpook National University Chilgok Hospital, 
School of Medicine, Kyungpook National University, 807 Hogukro, Buk-gu, 
Daegu 40414, Korea
Tel: +82-53-200-2772, Fax: +82-53-200-2027
E-mail: parkjs0802@knu.ac.kr
ORCID:  https://orcid.org/0000-0001-5443-6748

Copyright ⓒ 2023, the Korean Surgical Society

cc  Annals of Surgical Treatment and Research is an Open Access Journal. All 
articles are distributed under the terms of the Creative Commons Attribution Non-
Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Purpose: Although its efficacy is uncertain, an intraoperative air leak test (ALT) is commonly used to detect mechanical 
defects following bowel anastomosis. This study aimed to evaluate the efficacy of ALT to detect anastomotic leakage (AL) 
following rectal excision. 
Methods: We reviewed our database for patients with rectal cancers who had undergone curative surgery between January 
2012 and January 2018. Patients were grouped according to whether or not an ALT was performed. Propensity score 
analyses were performed to compare outcomes for groups in a 1:1 case-matched cohort. 
Results: In total, 1,191 patients underwent rectal excision; 438 (219 in each group) formed the case-matched cohort for 
analysis. The protective stoma rate was 16.0% and 14.6% in the ALT and the no-ALT groups, respectively (P = 0.791). In the 
ALT group, 2 patients (0.9%) showed a positive result and were treated with rectal tube drainage, resulting in no leakage. 
There was no significant difference in postoperative AL rate between the groups (ALT group: 4.6% vs. no-ALT group: 4.1%, 
P > 0.999).
Conclusion: ALT played a minimal role in detecting AL following rectal excision. Further studies are warranted to validate 
our results and clarify whether AL can be prevented with ALT or alternative methods.
[Ann Surg Treat Res 2023;104(4):214-221]
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there is concern regarding the efficacy of ALTs, which can only 
identify mechanical defects in anastomoses. Theoretically, 
an ALT could show false-positive results from applying high-
pressure insufflation into the neorectum immediately after an 
anastomosis [9]. Conversely, low-pressure insufflation could 
produce false-negative results. 

Here, we aimed to evaluate the usefulness of ALT in detecting 
AL following rectal excision. We hypothesized that performing 
an ALT would have no significant impact on the prevention of 
postoperative AL following rectal excision. 

METHODS

Patients
This retrospective study included data from consecutive 

patients who had undergone surgery for colorectal cancers. We 
reviewed the database of patients undergoing rectal excision 
for rectal cancers located within 15 cm of the anal verge (n = 
1,191) between January 2012 and January 2018 (Fig. 1). The 
patients were categorized into 1 of 2 groups based on whether 
or not an ALT was performed. Patients with a synchronous or 
metastatic tumor and those who had undergone open surgery 
were excluded. The entire cohort (n = 1,051) was analyzed 
(Supplementary Tables 1, 2), and a propensity score analysis 
was performed; postoperative outcomes were compared for the 
ALT and no-ALT groups in a 1:1 matched cohort. Covariates for 
propensity scores included age, sex, body mass index, tumor 
distance from the anal verge, preoperative chemoradiation 
status, and the numbers of linear staplers used. Patients with 
stage T3–4 N0 or node-positive mid- and low-rectal cancers were 
administered chemoradiotherapy preoperatively. Radiotherapy 
was administered at a dosage of 50 Gy in 25 fractions for 5 
weeks, and the chemotherapy regimens were mainly based 
on 5-fluorouracil and leucovorin. Surgery on these patients 
was typically performed 7–9 weeks after their last round of 

radiotherapy. 
This study was performed in line with the principles of the 

Declaration of Helsinki. All patients provided informed consent, 
and this study was approved by the Institutional Review 
Board of Kyungpook National University Chilgok Hospital (No. 
KNUCH 2020–06-034). 

Surgical procedures
All patients underwent mechanical bowel preparation before 

surgery. They were required to drink 3 L of polyethylene glycol 
solution after consuming a liquid diet the day before surgery. 
An enema was performed at 8 pm the day before and at 6 
am on the day of surgery. All operations were performed by 
4 experienced surgeons. The same principles and steps were 
applied in both the ALT and no-ALT groups: ligation of the 
mesenteric vessels close to their origin, mobilization of the 
sigmoid colon and rectum using sharp dissection with a nerve-
sparing technique, and complete splenic flexure takedown for 
mid- or low-rectal cancers. A rectal division was performed 
using an endoscopic linear stapler, followed by end-to-end 
anastomosis using a circular stapler.

Assessment of the anastomosis 
In the ALT group, after completing the anastomosis, the 

pelvis was filled with sterile normal saline solution, and the 
ALT was performed by inflating air (approximately 50 mL) 
into the rectum with a syringe. If the ALT was positive, the 
patient was treated according to the surgeon’s discretion, 
usually via suture repair, rectal tube drainage, or by creating 
a diverting stoma. Two surgeons (G.S.C. and. H.J.K.) at our 
institution usually performed ALTs on their patients after 
rectal excision. The other 2 (J.S.P. and S.Y.P.) did not do so 
during the study period. Previously, we reported that male 
sex, a low anastomosis, preoperative chemoradiation, and 
multiple firings of linear stapler were risk factors for AL after 
rectal excision [10]. The 2 surgeons who did not perform ALT 
instead considered the creation of a diverting stoma for high-
risk patients with 2 or more risk factors. In the no-ALT group, 
the surgeon mainly employed a digital rectal examination to 
identify the anastomosis site. In particular, an intraoperative 
colonoscopy was performed to evaluate anastomosis in patients 
with anal bleeding after stapled anastomosis. The assistant 
surgeon, who had been trained in colonoscopy for several years, 
stood between the legs of the patient. The laparoscopic and 
colonoscopic monitors were placed side-by-side on the patient’s 
left side (Supplementary Fig. 1), enabling the surgeon to inspect 
both monitors simultaneously. The pelvic cavity was filled 
with sterile normal saline solution and the bowel was clamped 
gently about 15 cm above the anastomosis using a surgical 
grasper. A flexible colonoscope was gently inserted through the 
anus. The anastomosis line was evaluated for defects, bleeding, 
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Fig. 1. Study flow diagram. KNUCH, Kyungpook National 
University Chilgok Hospital; ALT, air leak test. 
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and ischemic change. Air insufflation with low pressure 
within 2 seconds was performed at the anastomosis level 
(Supplementary Video 1). 

Morbidity
AL was defined as a defect in the intestinal wall at the 

anastomosis site along with the manifestation of clinical 
symptoms such as fever or abdominal pain, pelvic abscess, 
peritonitis, and drainage of pus from the pelvic drain. A major 
leakage was defined as when the patient exhibited peritonitis 
and sepsis requiring emergency reoperation. AL was usually 
confirmed by physical examination, abdominal CT, or during 
reoperation. Minor leakages were treated without reoperation. 
Postoperative complications were classified according to the 
Clavien-Dindo scheme [11]. Stoma-free survival time was 
calculated from the initial surgery or closure of an ileostomy 
to the time of stoma creation for any reason, or to the last 
outpatient visit.

Statistical analysis
Continuous variables were first evaluated for normality 

using the Shapiro-Wilk test. Both groups were compared using 
a 2-sample Student t-test or Kruskal-Wallis rank-sum test; 
categorical variables were assessed using a chi-squared test 
or Fisher exact test. Propensity score matching was applied 
to minimize selection bias and reduce differences between 
the 2 groups. A multivariate logistic regression analysis was 
performed to obtain propensity scores. Covariates for the 
propensity scores included age, sex, body mass index, tumor 
distance from the anal verge, preoperative chemoradiation 
status, and the number of linear staplers used. These covariates 
are well-known risk factors for postoperative AL following 
rectal excision. Multivariable analysis was conducted using 
logistic regression to identify independent risk factors for AL. 
Variables with a P-value of <0.2 in the univariate analysis 
and the incidence of ALT were selected for the multivariable 
analysis. In addition, well-known risk factors were selected 
for the multivariable analysis [10]. The Kaplan-Meier method 
was used to compare stoma-free survival among the patients. 
All analyses were conducted using the R Project for Statistical 
Computing, ver. 3.9.1 (R Foundation for Statistical Computing; 
https://www.r-project.org), and the P-value of <0.05 was 
considered statistically significant.

RESULTS
The ALT and no-ALT groups comprised 816 and 235 patients, 

respectively (Supplementary Table 1). Of the 816 patients with 
ALTs, 0.9% showed positive results. AL rates were similar in 
both groups (ALT vs. no-ALT, 3.1% vs. 3.8%). The mean time 
taken to diagnose the AL after surgery was 4.2 days (range, 1–16 

days). In the no-ALT group, the 2-year stoma-free rates during 
the median follow-up period of 57.4 months were 99.3% and 
100% in patients without and with AL, respectively (Fig. 2). One 
patient had a permanent stoma, not because of an anastomotic 
problem with the anastomosis but because of a functional 
problem.

After propensity score matching, 219 patients were allocated 
to each group; there were no considerable differences in any 
of the covariates in the matched cohort (Table 1). Operative 
and postoperative details of the 2 groups are shown in Table 
2. The no-ALT group was associated with a higher degree of 
blood loss than the ALT group (53.5 mL vs. 39.4 mL, P = 0.004). 
The anastomotic level from the anal verge was similar in 
both groups. The no-ALT group showed a significantly longer 
postoperative hospital stay than the ALT group (10.0 days vs. 8.0 
days, P < 0.001). 

The postoperative AL rate was 4.6% and 4.1% in the ALT 
and no-ALT groups, respectively (P > 0.999). There were no 
significant differences in the incidence of other morbidities 
between the groups. The rates of major complications (Clavien-
Dindo complication grade of >III) were similar in both the ALT 
(2.3%) and no-ALT groups (2.7%) (P > 0.999).

In the ALT group, 2 patients (0.9%) showed positive ALT 
results and were treated using rectal tube drainage. These 
patients did not require reoperation during the 30-day post
operative period. In the ALT group, 10 patients had AL; a 
diverting stoma was created in 4 of them. The remaining 6 were 
treated using rectal tube drainage without creating a stoma. In 
the no-ALT group, 9 patients had AL, and a diverting stoma was 
created in 4 of them; the other 5 were treated using rectal tube 
drainage without creating a stoma.

Univariate analyses were performed for potentially associated 
variables to identify the risk factors for AL (Table 3). Male sex 
and multiple firings (>3) of the linear stapler were significantly 

No-ALT
(n = 235)

Leakage
(n = 9)

Postoperative
30 days

No leakage
(n = 226)

Two-year
stoma free rate

Median follow-up 57.4 months

99.3% 100%

Stoma
(n = 0)

No stoma
(n = 5)

Stoma
(n = 4)

Stoma
(n = 0)

100%

Stoma
(n = 1)

Postoperative
2 years

Fig. 2. Diagram showing the categorization of the no air leak 
test group (no-ALT).
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associated with AL. In multivariable analyses, multiple firings 
(>3) of the linear stapler were an independent risk factor for 
AL. Among patients who underwent ALT in the entire cohort, 
24 with a negative ALT eventually developed a leak (false-negative 
rate of 96.0%). The ALT was positive in 0.9% of the patients.

DISCUSSION
This study aimed to examine the usefulness of ALTs in 

detecting AL following rectal excision. The results showed that 
the AL rate was not significantly different between patients 

Table 1. Patients’ characteristics

Characteristic ALT group No-ALT group P-value

No. of patients 219 219
Age (yr) 66.8 ± 10.6 65.7 ± 10.2 0.254
Sex 0.541
   Female 68 (31.1) 75 (34.2)
   Male 151 (68.9) 144 (65.8)
Body mass index (kg/m2) 23.6 ± 3.5 23.6 ± 3.1 0.927
ASA PS classification 0.540
   I 74 (33.8) 70 (32.0)
   II 134 (61.2) 142 (64.8)
   III 11 (5.0) 7 (3.2)
Hypertension 75 (34.2) 71 (32.4) 0.761
Diabetes mellitus 38 (17.4) 32 (14.6) 0.514
Preoperative chemoradiation 29 (13.2) 31 (14.2) 0.889
Tumor height (cm)  11.6 ± 6.6 11.3 ± 6.3 0.573

Values are presented as number only, mean ± standard deviation, or number (%). 
ALT, air leak test; ASA, American Society of Anesthesiologists; PS, physical stuatus.

Table 2. Operative and postoperative details

Variable ALT group (n = 219) No-ALT group (n = 219) P-value

Operative approach 0.028
   Laparoscopic 180 (82.2) 196 (89.5)
   Robotic 39 (17.8) 23 (10.5)
Duration of operation (min) 136.6 ± 58.6 141.1 ± 47.7 0.373
Blood loss (mL) 39.4 ± 37.1 53.5 ± 62.6 0.004
Intraoperative transfusion 1 (0.5) 1 (0.5) >0.999
Anastomotic level from AV (cm) 6.4 ± 4.0 6.5 ± 4.4 0.882
Number of linear staplers 1.5 ± 0.6 1.6 ± 0.5 0.618
Postoperative hospital stay (day) 8.0 ± 3.2 10.0 ± 5.4 <0.001
Protective stoma 35 (16.0) 32 (14.6) 0.791
Morbidity
   Leakage 10 (4.6) 9 (4.1) >0.999
      Minor 6 5
      Major 4 4
   Urinary retention 3 (1.4) 4 (1.8)
   Bleeding, intraluminal 1 (0.5) 0 (0)
   Rectovaginal fistula 0 (0) 1 (0.5)
   Pneumonia 1 (0.5) 0 (0)
   Ischemia 0 (0) 1 (0.5)
   Wound infection 0 (0) 2 (0.9)
Complication, CD grade
   I–II 10 (4.6) 11 (5.0) >0.999
   III–IV 5 (2.3) 6 (2.7) >0.999

Values are presented as number (%), mean ± standard deviation, or number only. 
ALT, air leak test; AV, anal verge; CD, Clavien-Dindo classification. 
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who underwent ALT and those who did not. Furthermore, the 
ALT positive rate was 0.9%, and we observed a false-negative 
rate of 96.0%. These results indicated that ALT was not enough 
to detect AL and reduce the rate of AL following rectal excision. 

Performing an ALT is a popular technique for identifying 
anastomotic line defects during surgery. Although many 
surgeons expect that a negative ALT result indicates zero or 
lower risk of postoperative leaks, it gives a false sense of the 
possibility of an AL. In this study, it is of concern that 96.0% of 
those diagnosed with AL in the ALT group (24 of 25 patients) 
had initially shown negative results with the test. There are 
some potential reasons why the ALTs failed to reduce the 
incidence of AL following rectal excision. The main reason 
could be the lack of association between ALTs and AL, as most 
of the patients with an AL presented a few days or weeks after 
the surgery. In this study, the mean number of days taken 
to detect a leak postsurgery was 4.2 days (range, 1–16 days). 

Daams et al. [12] reported a mean of 8 postoperative days for 
colorectal AL to become clinically apparent. Considering the 
physiology of wound healing, Munireddy et al. [7] reported that 
the anastomosis was at risk of leakage or dehiscence in the first 
3–10 postoperative days because of collagen lysis caused by 
collagenase activity. This explains the high false-negative rate 
of intraoperative ALT.

The second reason could be that an intraoperative ALT is only 
used to detect anastomotic line defects that could result from a 
rare technical error or stapler misfiring. This eventuality is very 
rare in high-volume centers with operations performed by well-
experienced surgeons; however, the rate of stapler misfiring 
is unclear in the literature. Nonetheless, Trencheva et al. [13] 
reported that the rate of intraoperative surgical complications 
was 1.95%, including injury to other organs, bleeding, and 
stapling malfunction. Even in the case of bariatric surgery, an 
intraoperative ALT could not detect mechanical insufficiency, 

Table 3. Univariate and multivariable analysis of risk factors for anastomotic leakage

Variable
Univariate Multivariable

HR (95% CI) P-value HR (95% CI) P-value

Sex
   Male 1.03 (1.01–1.08) 0.043 1.03 (0.99–1.08) 0.100
   Female
Age (yr)
   ≥65 0.98 (0.94–1.02) 0.318
   <65
Body mass index (kg/m2)
   ≥23.5 1.02 (0.99–1.06) 0.188 1.02 (0.99–1.06) 0.210
   <23.5
ASA PS grade
   III 1.01 (0.92–1.12) 0.796
   I, II
Tumor height (cm)
   <5 1.04 (0.96–1.12) 0.198 1.04 (0.96–1.13) 0.290
   ≥5 
Preoperative CRT
   Yes 0.99 (0.93–1.04) 0.187 0.96 (0.91–1.02) 0.160
   No
Blood loss (mL)
   ≥30 0.99 (0.95–1.04) 0.774
   <30 
Operation time (min)
   ≥130 1.01 (0.97–1.05) 0.535
   <130
Linear stapler
   >3 1.21 (1.09–1.36) 0.001 1.23 (1.10–1.38) 0.001
   1 or 2
Air leak test
   No 1.00 (0.96–1.03) 0.815 1.00 (0.97–1.04) 0.890
   Yes

HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists; PS, physical status; CRT, chemoradiation 
therapy.
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even when the surgeon was aware of a stapler misfire and an 
AL developing subsequently [14]. Mizrahi et al. [15] reported 
that an intraoperative leakage was evident in only 1 of 4 
patients with the defect found later by CT. It was speculated 
that symptomatic micro leaks or tissue edema at the leak 
site could be responsible for the negative results obtained in 
intraoperative ALTs. 

There are some concerns regarding intraoperative ALTs, as 
there might be an immediate reduction in anastomotic strength 
after anastomosis. Although there are no published descriptions 
of the incidence of any adverse event following an ALT, there 
are some theoretical concerns involving factors such as the 
physiology of anastomotic healing described by Thompson 
et al. [8]. Anastomotic strength is low during the first few 
postoperative days. Therefore, there is a risk of barotrauma 
immediately following the anastomosis caused by excess 
pressure of the injected air. However, it is difficult to define 
the optimal volume and pressure of injected air in an ALT. In 
an in vitro study, newly constructed colorectal anastomoses 
were observed to burst at pressures of 70–184 mmHg [16]. Due 
to variations in the anatomy and physiology of patients, it is 
difficult to determine the optimal volume or pressure of the 
injected air. Excessive pressure can cause false-positive results, 
whereas lower pressure can produce false-negative results.

In the no-ALT group, the surgeon assessed the anastomosis 
via digital rectal examination. Creating a diverting stoma 
was considered based on a combination of the risk factors 
described in a previous study [10], and rectal tube drainage was 
employed in patients with intermediate risk [17]. Therefore, the 
postoperative hospital stay of this group was longer than in the 
ALT group. Further research is required to investigate the effect 
of rectal tube drainage compared with the creation of a stoma.

This is not the first study evaluating the efficacy of ALT 
following colorectal anastomosis. Schmidt et al. [18] reported 
that intraoperative anastomotic testing failed to improve 
the rate of AL. Wheeler and Gilbert [19] proposed that an 
intact, leakage-tested anastomosis did not guarantee that 
the anastomosis would remain intact postoperatively. Some 
authors have expressed their concerns about the false-negative 
results of ALTs. Pritchard et al. [20] argued that intraoperative 
testing could be misleading because AL was not predicted in 
18% of patients based on intraoperative ALTs. Ricciardi et al. 
[21] reported that an airtight anastomosis did not guarantee 
postoperative anastomotic integrity. A recent meta-analysis 
showed that ALT did not significantly reduce the clinical 
AL rate [6]. Some studies have reported the absence of any 
correlation between the incidence of intraoperative ALTs and 
AL after bariatric surgery [14,22,23]. However, other studies 
have shown that an ALT helps prevent AL. Following those 
reports, Davies et al. [24] proposed that the ALT was simple 
to perform and probably helped reduce postoperative AL. A 

randomized controlled trial demonstrated that an ALT reduced 
the risk of AL [25]. Allaix et al. [26] reported that intraoperative 
ALTs enable the detection of AL defects after laparoscopic 
left-sided colon resection, which could be effectively man
aged intraoperatively, leading to a significantly lower risk 
of postoperative AL. Previous studies have shown higher 
preoperative chemoradiotherapy rates (52.3%–67.4%) than those 
reported in our study [2,13,26,27]. The main reason was that we 
omitted preoperative chemoradiotherapy in higher rectal cancer 
[28]. Moreover, previous studies conducted in Asian countries 
have shown relatively lower preoperative chemoradiotherapy 
rates (12.8%–28.6%) [10,29,30]. Therefore, our results should be 
cautiously interpreted.

Intraoperative endoscopy is an option for assessing an 
anastomosis using direct vision [30]. In a systematic review, 
the positive results of colonoscopy were related to a high risk 
of AL [5]. Surgeons were able to evaluate stapling failure and 
bleeding and identify mucosal ischemia via direct visualization 
[30]. However, there are still concerns that high air pressure 
or abnormal scope of movement might harm the anastomosis. 
Therefore, intraoperative endoscopy should be only performed 
by experienced surgeons.

This study had several limitations. First, there might have 
been a bias in patient and treatment selection because this 
study was retrospective in design. Although an attempt was 
made to create 2 validly comparable groups by propensity score 
matching for well-known AL risk factors, concerns about hidden 
confounding factors remain. Second, individual factors among 
the surgeons might also have influenced the results. This is 
because ALTs were only performed by 2 of the 4 surgeons 
in our institution, although both were experienced and had 
performed more than 200 minimally invasive colorectal cancer 
operations per year. In addition, case matching was performed 
to reduce bias. To our knowledge, this is the first propensity 
score-matched analysis evaluating the efficacy of ALT following 
rectal excision.

In conclusion, the current ALT method might not be useful 
for detecting AL following rectal excision because the positive 
rate of ALT was low, and the false-negative rate of ALT was 
high. Further studies are warranted to clarify whether AL can 
be prevented by ALT or alternative methods.

SUPPLEMENTARY MATERIALS
Supplementary Tables 1, 2, Supplementary Fig. 1, and 

Supplementary Video 1 can be found via https://doi.org/10.4174/
astr.2023.104.4.214.
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