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Abstract

Purpose Anastomotic leak (AL) remains the most important complication after left-sided colic anastomoses and technical
complications during anastomotic construction are responsible of higher leakage incidence. Powered circular stapler (PCS)
in colorectal surgery has been introduced in order to reduce technical errors and post-operative complications due to the
manual circular stapler (MCS).

Methods A systematic review and meta-analysis were performed. An electronic systematic search was performed using Web
of Science, PubMed, and Embase of studies comparing PCS and MCS. The incidence of AL, anastomotic bleeding (AB),
conversion, and reoperation were assessed. PROSPERO Registration Number: CRD42024512644.

Results Five observational studies were eligible for inclusion reporting on 2379 patients. The estimated pooled Risk Ratios
for AL and AB rates following PCS were significantly lower than those observed with MCS (0.44 and 0.23, respectively; both
with p <0.01). Conversion and reoperation rate did not show any significant difference: 0.41 (95% CI 0.09-1.88; p=0.25)
and 0.78 (95% C1 0.33-1.84; p=0.57); respectively.

Conclusion The use of PCS demonstrates a lower incidence of AL and AB compared to MCS but does not exhibit a discern-
ible influence on reintervention or conversion rates. The call for future randomized clinical trials aims to definitively clarify
these issues and contribute to further advancements in refining surgical strategies for left-sided colonic resection.

Keywords Powered circular stapler - Colorectal surgery - Anastomotic leak - Left-sided colonic resection - Left-sided
anastomosis

Introduction

Colorectal cancer (CRC) is the most prevalent tumor of the
gastroenteric system worldwide with an incidence of one
million new cases annually [1-3]. Specifically, about 35%
of CRC manifest in the rectum. The management of rectal
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and is currently based on the concept of multimodal therapy.
This comprehensive approach includes neoadjuvant radio-
chemotherapy (RCT), surgery and adjuvant chemotherapy
that resulted in a notable decrease in the rate of local tumor
recurrence [4]. Concurrently, diagnostic modalities have
experienced a profound transformation, leading to earlier
and more accurate disease detection. In this context, it is
fundamental to precisely determine the loco-regional exten-
sion of the tumor throughout a magnetic resonance imaging
and endorectal ultrasound in order to allocate the patients to
the most appropriate treatment.

Notably, rectal surgery is burdened by a remarkable risk
of anastomotic leak (AL), ranging from 5 to 20%, and affects
morbidity, mortality and long-term oncological outcomes
[5-7]. Some studies investigated the risk factors for AL and
found that additionally to intraoperative causes (i.e., dura-
tion of surgery, intraoperative contaminations, tension at
the anastomotic site, blood supply and number of cartridges
used to close the rectal stump) [3, 8], some variables were
non-adjustable (i.e., sex, age, history of RT, ASA score,
patient’s co-morbidities and tumor location) and others
potentially adjustable (i.e., malnutrition, smoking, obesity)
[9]. Typically, colorectal anastomoses are performed in a
double stapling technique (DST) which was developed by
Knight-Griffen in 1980 [10] and standardized by Cohen in
1984 [11]. The conventional approach to colorectal anasto-
moses involves the use of manual circular staplers (MCS),
which are considered the standard of care for surgical
reconstruction. However, the effectiveness of these staplers
depends on the consistent and stable application by surgeons
and all manual circular staplers were fired under manual
grip force, with high incidence of technical complications
[12]. In 2019, the first powered circular stapler (PCS), the
Ethicon® Circular Powered Stapler, was released to reduce
technical errors and post-operative complications [13]. The
practical application of the PCS has been associated with
improved clinical outcomes and fewer technical issues in the
creation of left-sided anastomoses [14—19]. The aim of this
systematic review and meta-analysis was to quantitatively
investigate and compared the short-term outcomes of PCS
versus MCS.

Materials and methods

Search strategy

This systematic review aimed to evaluate studies on colo-
rectal anastomosis performed with a powered circular sta-
pler (PCS). The Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) checklist [20] and
MOOSE guidelines [21] ensured adherence to rigorous
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reporting standards. Since the review analyzed existing data,
ethical approval was not required.

Two independent reviewers (CGR and ER) conducted
a comprehensive literature search across Web of Science,
PubMed, and Embase. They searched for English-language
publications by combining the following terms: “powered
circular stapler”, “circular stapler”, “Knight-Griffen”,
“double stapling technique”, “colorectal surgery”, “colo-
rectal disease,” “rectal resection,” “left-sided anastomosis”,
“left-sided colorectal resections”, “low anterior resection”,
“rectal anastomosis” and “colorectal cancer” using “AND”
and “OR”. Additionally, reference lists of identified articles
were reviewed for further relevant studies. The study pro-
tocol was registered on PROSPERO (Registration Number:
CRD42024512644).

Inclusion and exclusion criteria

Inclusion criteria: (a) articles comparing surgical outcomes
for left-sided anastomoses performed with PCS and MCS;
(b) English written; (c) papers with the longest follow-up or
the largest sample size in case of articles published based on
the same data set. Exclusion criteria: (a) not English-written;
(b) no clear methodology; (c) articles not reporting any of
the a priori defined primary outcomes; (d) articles with less
than 10 patients. Given the potential biases and inconsisten-
cies inherent in gray literature, we prioritized peer-reviewed
sources for our research.

Data extraction

Two authors (AS and CGR) independently extracted data
from eligible studies. Data extracted included study char-
acteristics (first author name, year, and journal of publica-
tion), number of patients included in the series, time frame,
clinical and demographic characteristics of patients’ popula-
tion, type of surgical procedure, and postoperative outcomes.
Disagreements between authors were resolved by consensus;
if no agreement could be reached, a third senior author (ER)
made the decision.

Quality assessment

Two investigators (AS and CGR) independently assessed
the methodological quality of the enrolled papers using the
Risk of Bias In Non-randomized Studies — of Interventions
(ROBINS-I) tool [22], which categorizes risk of bias as low,
moderate, serious, critical and unclear, with the risk of bias
category for each study being reported. If a study’s risk of
bias was categorized as serious, critical or unclear, the effect
of removing this study was tested and the relevant outcomes
reported (Table 1).
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Table 1 Quality assessment of the included studies

Confounding Selection bias Classification Intervention

Missing data Measurement Reporting

Author bias bias bias bias bias bias Bias
Pla-Marti et al n y n pn n n pn Moderate
Sylla et al n y n py n pn pn Moderate
Nanishi et al n y n n pn pn pn Moderate
Shibutani et al n y n n n n pn Moderate
Vignali et al n y n n n n pn Moderate

Each domain is evaluated with one of the following: y “yes”, py “probably yes”, pn “probably no”, and n “no”. The categories of judgement for

each study are low, moderate, serious, and critical risk of bias.

The quality of observational studies was performed using ROBINS-I tool.

Outcomes of interest

The primary outcome was the rate of the AL. The secondary
outcomes were the anastomotic bleeding (AB), reoperation
and conversion rate.

Statistical analysis

The findings of this study were synthesized using frequentist
random-effect meta-analysis, aggregating risk ratios (RR).
The DerSimonian—Laird estimator was employed to determine
the variance of the true effect size (t2), alongside an inverse-
variance method [23, 24]. Heterogeneity across studies was
assessed through the 12 index and Cochran’s Q test [25]. Lev-
els of statistical heterogeneity were categorized as low, mod-
erate, and high for 12 values of 25, 50, and 75%, respectively,
with significance set at p <0.10 [26, 27]. Confidence intervals
(CI) at 95% were computed using the Wald-type method for
pooled measurements, while the Clopper-Pearson method
was applied for individual intervals. The 95% CI for the 12
index followed Higgins and Thompson’s approach [28]. Pre-
diction intervals for the treatment effect of new studies were
calculated based on Borenstein et al. [25]. Sensitivity analysis
was conducted by iteratively excluding one study at a time to
ensure the robustness of the overall results, considering vary-
ing sample sizes across studies. Statistical significance was
defined as a two-sided p value of less than 0.05. All analyses
and visualizations were performed using R software version
3.2.2 [29]. Consistent with Cochrane guidelines, publication
bias assessment was not conducted due to the inclusion of
fewer than 10 studies per data comparison in our search.

Results
Literature search and study characteristics

The electronic search yielded a total of 942 publications
that met the specified criteria outlined above. Following the
removal of duplicate entries, 52 publications were subjected
to a thorough examination. Subsequent screening revealed
that only 5 articles satisfied the predetermined inclusion cri-
teria [14, 15, 17-19], as depicted in Fig. 1.

Patient characteristics

A total of 2379 patients were included in this analysis, of
whom 580 (24.4%) underwent to anastomosis with PCS and
1799 patients (75.6%) with MCS. Gender breakdown was
55.7% male (n=1326) and 44.3% female (n=1053). Median
age, specified in 3 studies, ranged from 66 to 69. Preopera-
tive BMI, reported in 2 studies, ranged from 21.2 to 26.7
(Table 2a).

A total of 1458 patients (61.3%) had surgery for malig-
nancy and 3 studies outlined that 59 patients (8.6%) received
neoadjuvant chemotherapy. Stratifying the population for
staging was not doable because these data in enrolled studies
are lacking. The location of the anastomosis was defined in
3 studies: the anastomoses were performed above 5 cm from
the anal verge in 409 patients (55.3%) and below 5 cm from
the anal verge in 248 (44.2%). Diverting stoma was per-
formed in 327 patients (16.9%). The colonic resection was
carried out laparoscopically in 1158 cases (48.7%), roboti-
cally in 971 (40.9%) and open in 187 (7.9%) (Table 2b).

@ Springer



152 Page4of8

International Journal of Colorectal Disease (2024) 39:152

[ INCLUDING ] [ ELEGIBILITY J [SCREENING ][ IDENTIFICATIONJ

Records identified through database
searching
(PubMed, Embase, Cochrane)
N= 942

Records screened after duplicates
removed
N= 52

Records excluded

Full text article assessed for eligibilty
N= 26

N= 26

)

Full-text articles excluded

N=21
Studies included in qualitive and
quantitative synthesis
N=5
Fig. 1 Flowchart of studies retrieved from literature search
Table 2 List of included studies with (a) demographic and (b) clinical characteristics of patients

a Author Year Study Am Patients, no. Male, no. Age, Median. Age, Mean (SD)  Age Range  BMI, Median ~ BMI, Mean SD Range

Pla-Marti et al 2020 Retrospective MCS 19 76 67 NR 60 26.7 NR NR 23.89

PaMated 200 Rewpaive  EPCS “ n “ - 2 264 ™ - 36

Sylla et al 2022 Retrospective MCS 1348 31 NR 60.2 (13.6) NR NR NR NR NR

Sinen W2 Rewpee  ECS s 5 w022 W - R - "

Nanishi et al 2023 Retrospective MCS 124 7 NR NR NR NR NR NR NR

Nasbigsl 223 Rewspedive  EPCS w % - e - - e - -

Shibutani et al 2023 Retrospective MCS 6 2 68 NR 4-87 22 NR NR 15.3-322
Shnicsl 223 Rempedive  EPCS o M ® ~ 2. na ™ M sedos
Vignali et al 2023 Retrospective MCS 145 81 67 NR 56-75 NR 24.9 3.09 NR
Vialisl 3 Rempeve  ERCS s 0 o e 56-745 e us s e
b e W i o Tt Tarieaton 2?’%".;“?1.’..: 2"..1’2';%"’;'.2.: Spmoitosomy N DL e Opm  Rabete  OPuedme Operuiveme Avvomae  AMOOUC g nen  Convnion

Pla-Marti et al 9 NR NR NR NR NR 66 NR NR NR 76 o 0 165 435 14 NR 7 5
Pla-Marti et al 38 NR NR NR NR NR 30 NR NR NR 40 o 0 165 2 1 NR 0 ‘
Sylla et al 603 4an 64 NR NR NR NR NR NR 228 594 155 599 NR NR 93 124 NR 138
Sylnetal " 2 . NR e i~ - - e 3 n 0 " - - s s - .
Namihiaal 128 e e N ™ " “ e 0 s 0 0 124 e e " ) e R
Nuihiesl 147 ™ ™ N e ® o - ) 2 0 0 1 e e 5 ) e R
Shibummiasl 119 - - . 9 e - - 2 s “ 5 . 2 130- 666 5 0 s ™
Shibutani et al 68 NR NR 6 57 NR NR NR 1 : 3 39 3 21 228 1n7-1129 2 0 0 NR
Vignali et al 95 NR NR NR NR 46 22 7 28 33 145 o 0 NR NR 13 8 12 s
Vigmtias 110 - - R - “ 0 " n n a5 0 0 - ~ s ) 0 :

Definitions of AL across the enrolled studies

Pla-Marti, Nanishi and Vignali et al. defined AL accord-
ing to the International Study Group definition of rectal
cancer [30]. Shibutani et al. assessed AL as the extrava-
sation observed on radiologic examinations. Sylla et al.

@ Springer

codified postoperative complications according with
the corresponding International Classification of Dis-
eases, 10th Revision, Clinical Modification and Proce-
dure Classification System (ICD-10-CM/ICD-10-PCS)
diagnosis and procedure codes. As no specific diagnosis
code is available for AL in the ICD-10-CM taxonomy, AL
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diagnoses were defined following the coding conventions
of Kang et al. [31].

Anastomotic leakage rate

All included studies involving 2379 patients were ana-
lyzed using a random-effects model. The analysis
revealed that PCS treatment significantly reduced the AL
rate compared to the MCS. The estimated pooled Risk
Ratio is 0.44 (95% CI 0.26-0.74; p <0.01). The combi-
nation of data from all studies results in low heterogene-
ity 12=11%, 95% CI1 0.0-81%; p=0.34) and 12 =0.034
(Fig. 2a).

Anastomotic bleeding rate

Four included studies involving a total of 2200 patients,
reported AB and were included for this meta-analysis.
Considering random effect model, the estimated pooled
Risk Ratio of AB is 0.23 (95% CI 0.09-0.57; p<0.01).
The prediction interval is 0.03—1.70. The heterogeneity is
not significant (I12=0%, 95% CI 0.0-85%; p=0.62) and
2 =0 (Fig. 2b).

Reoperation rate

Three studies which include a total of 595 patients,
reported reoperation rate (RR) and were included for
this meta-analysis. Considering random effect models,
the estimated pooled Risk Ratio of RR is 0.41 (95%
CI 0.09-1.88; p=0.25). The prediction interval is
0.0-1030542.92. The heterogeneity is low (I12=26%, 95%
CI10.0-92%; p=0.26) and T2 =0.74 (Fig. 2c).

Powered Stapler Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Pla-Marti et al, 2020 1 60 14 119 0.14 [0.02; 1.05) 59% 6.5%
Sylla etal, 2022 3 165 93 1348 — 0.26 [0.08,082] 182%  189%
Nanishi et al, 2023 9 147 1 124 - 069 [0.30,161) 328% 31.7%
Shibutani et al , 2023 2 63 9 63 022 [0.05,099) 10.6% 11.4%
Vignali et al, 2023 8 145 13 145 =T 062 [0.26;1.44) 326% 315%
Common effect model 580 1799 <> 0.45 [0.28; 0.73]  100.0% -
Random effects model = 0.44 [0.26; 0.74) -~ 100.0%
Prediction interval Sm— [0.16; 1.23)
» G B [ |
01 0512 10 a

Powered Stapler Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Pla-Marti etal, 2020 0 60 7 119 j 009 (000, 272 49% 15.5%
Shibutani et al, 2023 0 63 3 63 014 001 27) 6.7% 19.8%
Vignali etal,, 2023 10 145 12 145 . 083 [0.37, 187) 885%  64.7%
Common effect model 268 327 9 0.66 [0.31; 142] 100.0% -
Random effects model < 041 [0.09; 1.88] -~ 100.0%
Prediction interval [0.00; 1030542.92)

Tt
0.0010.11 10 1000 c

Conversion rate

Three studies which include a total of 1982 patients,
reported conversion rate (CR) and were included for this
meta-analysis. Considering random effect models, the esti-
mated pooled Risk Ratio of CR, is 0.78 (95% CI 0.33-1.84;
p=0.57). The prediction interval is 0.0-5090.79. The heter-
ogeneity is moderate (12=49%, 95% CI1 0.0-85%; p=0.14)
and t2=0.28 (Fig. 2d).

Discussion

This study revealed that the use of PCS was associated with
a reduced occurrence of AL and AB when compared to
MCS. However, the choice between PCS and MCS did not
exhibit any discernible impact on the rates of reoperation
or conversion. The multimodal treatment strategy (MTS)
employed for low rectal cancer introduces both technical
and oncological challenges, as the goal is to enhance onco-
logical outcomes while minimizing both short and long-
term surgical consequences through minimally invasive
techniques. Particularly, the adoption of a MTS for rectal
cancer, including neoadjuvant chemoradiotherapy allows for
tumor down-staging, with potential complete response rates
of approximately 18% and a possible increasing in sphincter
preservation rate [32-34].

Traditionally, abdominoperineal resection (APR) served
as the primary surgical approach for both low rectal cancer
and anal cancer [35]. However, contemporary surgical man-
agement, influenced by the evolution of anterior resection
techniques such as mechanical staplers, updates in anasto-
motic techniques, and transanal total mesorectal excision
(TaTME), has led to a shift, relegating APR predominantly
to cases of anal cancer [36, 37]. Regarding updates in rectal
surgery, the introduction of the DST has enabled safe and

Powered Stapler Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (common) (random)
Sylla etal, 2022 3 165 124 1348 — 0.20 [0.06; 061) 644% 64.4%
Nanishi etal , 2023 1147 1 124 0.84 [0.05; 13.35) 108% 108%
Shibutani et al, 2023 0 63 0 63 1.00 (0.02, 49.62] 54% 5.4%
Vignali et al, 2023 1 145 8 145 0.12 [0.02; 0.99] 194%  194%
Common effect model 520 1680 - 0.23 [0.09; 0.57] 100.0% -
Random effects model - 0.23 [0.09; 0.57] - 100.0%
Prediction in _ [0.03; 1.70]

i Tt
01 0512 10 b

Powered Stapler Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-CI (common) (random)
Pla-Marti etal, 2020 3 60 5 119 —— 119 (029, 481) 164% 241%
Sylla etal , 2023 7 165 138 1348 - 041 [020; 087] 582%  447%
Vignali etal, 2023 7 145 5 145 = 140 (045 431]  254% 312%
Common effect model 370 1612 < 067 [0.38; 1.18] 100.0% -
Random effects model < 078 [0.33; 1.84] -~ 100.0%
Prediction interval [0.00; 5090.79)

0001 011 10 1000 d

Fig.2 Forest plots of the meta-analysis estimates the risk ratio for (a) anastomotic leak (AL) rate; (b) anastomotic bleeding (AB) rate; (c) reop-

eration rate; (d) conversion rate
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rapid anastomosis. However, multiple uses of the cartridge
of a linear stapler for rectal transection remain a risk factor
for AL. The single stapling technique has gained attention as
an alternative, with other modified techniques like “planned”
DST, suprapubic port for staple firing, and lateral invagina-
tion technique for “dog ear” prevention [38]. A prospec-
tive multicenter observational study to evaluate the efficacy
and safety of the reinforcement cartridge for AL (trial ID:
UMIN000029543) is also underway in Japan, and the results
of this study are awaited [39]. Moreover, the TaTME has
emerged to address challenges in difficult pelvic dissections
associated with rectal cancer [36-38]. Notably, it facilitates
various anastomotic techniques without the necessity for
trans-abdominal rectal transection.

Concerning intraoperative setting, surgeons have devel-
oped various AL tests to promptly detect defects and reduce
the incidence. Air leak testing, endoscopic examination and
indocyanine green (ICG) have been validated; recent net-
work meta-analysis demonstrating the potential of ICG to
significantly reduce postoperative AL rates [40].

Despite advancements in operative and postoperative
care, AL still represents a substantial postoperative issue,
occurring in approximately 20% of patients following rec-
tal resection. This complication heightens mortality and has
a negative impact on survival. Moreover, the majority of
patients experiencing symptomatic AL ultimately require a
permanent stoma; which consistently diminishes quality of
life. The clinical presentation of AL varies widely, ranging
from concealed AL to severe sepsis, and the extent to which
this correlates with spectrum of treatment strategies which
vary from conservative management and reintervention [41,
42]. In our analysis, a diverting stoma was performed in 372
patients (15.4%) at primary surgery. These data reinforce
the hypothesis that diverting stoma does not reduce leak
rate [43]. A recent study indicated that diverting stomas is
unnecessary in approximately 80 to 95% of patients and may
uniquely mitigate the severe repercussions induced by AL
[44]. As the matter of the fact, these evidences challenge the
conventional belief that diverting stomas reduce AL rates,
emphasizing their potential unnecessary use in a significant
percentage of patients without AL. Additionally, diverting
stomas increase the risk of stoma-related complications and
the need for a second operation.

The novel PCS introduces design improvements in cir-
cular stapling technology, addressing potential issues with
manual circular staplers, such as the force required for anas-
tomosis leading to unwanted movements and microvascular
trauma. Powered firing, 3D stapler configuration, and Grip-
ping Surface Technology contribute to improved stability,
ergonomic design, and precise compression, promoting opti-
mal conditions for anastomotic healing [13, 45].

A potential limitation of the study arises from the fact that
the majority of the selected articles fail to specify whether

@ Springer

two- or three-staple line circular staplers were employed.
These specific data were only outlined in the study by Nani-
shi et al., where 111 out of 147 patients underwent surgery
using a two-row manual circular stapler [15]. On the other
side, the recent findings of Wang et al. showed no significant
difference in anastomotic complications between two-row
and three-row manual circular staplers [46].

In terms of anastomotic bleeding outcomes, the meta-
analysis indicates that the use of PCS reduces the risk of
suture bleeding by over 20% compared to MCS for left-sided
anastomoses. It can be speculated the distribution of com-
pression throughout the anastomosis may be a contributing
factor to this result, promoting greater reproducibility of the
procedure, maintaining a stable position, and employing a
gentler approach to the tissue.

Regarding reoperation and conversion rates, the meta-
analysis did not demonstrate significant superiority of PCS
over MCS, attributing this to moderate heterogeneity and a
wide range of prediction intervals. The study emphasizes
the increasing conservative management in subclinical AL,
negating the need for reintervention. Rottoli et al. showed the
association between favorable postoperative and pathologi-
cal outcomes and colorectal surgery in high-volume centers.
Specifically, the conservative management has implemented
the spectrum of non-operative possibilities passing by the
antibiotics to percutaneous or transanal drainage [47].

The clinically impactful surgical complications examined,
specifically AL and AB, have substantial economic conse-
quences in terms of costs, length of stay, and the risk of hos-
pital readmission [48]. Acknowledging the limitations of the
meta-analysis, including the lack of high-quality evidence
due to the predominance of cohort studies, the research rep-
resents a considerable sample size of 2379 surgical patients
from different continents. Moreover, the study was planned
in agreements with PRISMA 2020 guidelines, and followed
a pre-defined methodology that was expressed in PROS-
PERO. This included comprehensive outcome measures and
the evaluation of quality at study level (risk of bias).

Last, the AL was not objectively defined or graded using
an international score across the enrolled studies. Present
literature indicates various definitions of AL, which can vary
based on patients’ clinical symptoms, as well as endoscopic
or radiological findings. This diversity impedes straightfor-
ward comparison of study results and consequently com-
plicates drawing definitive conclusions regarding preferred
operative and perioperative management strategies in routine
clinical practice. However, the selection criteria appear to
have led to a homogeneous study population, as evidenced
by low heterogeneity. These strengths position this study as
a relevant resource for planning future randomized clinical
trials that directly compare PCS to MCS.

In conclusion, the use of PCS demonstrates a lower inci-
dence of AL and AB compared to MCS but does not exhibit
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a discernible influence on reintervention or conversion rates.
The call for future randomized clinical trials aims to defini-
tively clarify these issues and contribute to further advance-
ments in refining surgical strategies for left-sided colonic
resections.
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