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ARTICLE INFO ABSTRACT

Keywords: Background: Despite increasing evidence demonstrated robot-assisted distal gastrectomy (RADG) is safe and
Gastric cancer feasible for the treatment of advanced gastric cancer (AGC), robot-assisted total gastrectomy (RATG) remains a
Robot-assisted distal gastrectomy challenging procedure due to its technical difficulties and possible postoperative complications (POCs). This

Robot-assisted total gastrectomy
Postoperative complications
Clavien-Dindo classification

study aimed to systematically evaluate POCs following RATG.

Methods: Between January 2017 and January 2019, 319 AGC patients with pathological stage T2-4aN0-3MO
who underwent RADG or RATG were enrolled. POCs were stratified using the Clavien-Dindo classification. One-
to-one propensity score matching was performed to reduce confounding differences.

Results: After matching, 266 patients met the criteria for further analysis. Ultimately, 64 patients (24.1%) who
developed POCs had 126 clinical manifestation events. Overall the POCs rate was significantly greater after
RATG in comparison with RADG (29.3% vs. 18.8%; P = 0.045), and more major POCs (Clavien-Dindo
grade = Illa) were observed in the RATG group (14.3% vs. 5.3%; P = 0.013). The POCs were then classified into
local and systemic POCs. The rates of local POCs (35.3% vs. 19.5%; P = 0.004) and systemic POCs (24.8% vs.
15.0%; P = 0.046) were significantly higher in the RATG group than the RADG group. Subgroup analysis
showed that the anastomotic leakage rate was higher after RATG (5.3% vs. 0.8%; P = 0.031), whereas the
remaining POCs were similar between the two groups. Patients with higher POCs significantly had longer
postoperative length of stay (R = 0.895, P = 0.003). Multivariate analysis confirmed age, extent of resection,
and TNM stage were risk factors for all POCs.

Conclusions: These findings demonstrated that RATG is technically feasible and safe for treatment of AGC with
acceptable morbidity and mortality rates. The POCs rate of RATG was higher than RADG, especially for ana-
stomotic leakage. More effective anastomotic techniques are needed in RATG to prevent leakage.

1. Introduction Reportedly, there are approximately 679,100 new cases of gastric
cancer and 498,000 related deaths each year in China [3]. However,

Gastric cancer ranks the fourth most common malignancy and the unfortunately, more than 80% of Chinese patients are diagnosed with
second leading cause of cancer-related mortality worldwide [1,2]. locally advanced gastric cancer (AGC) at the time of initial diagnosis
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[4]. At present, radical gastrectomy with regional lymph node (LN)
dissection remains the mainstay treatment for AGC.

Minimally invasive surgery (MIS) has gradually become a globally
accepted surgical procedure for patients with AGC [5-7]. Since the first
robot-assisted gastrectomy (RAG) case was reported in 2003, it has
been increasingly performed because of its remarkable superiorities
over traditional laparoscopic gastrectomies: three-dimensional visuali-
zation, tremor filtering, less fatigue, and free device movement [8,9].
RAG mainly consists of robot-assisted distal gastrectomy (RADG) and
robot-assisted total gastrectomy (RATG). Accumulating evidence has
revealed RADG is technically feasible and safe for the treatment of AGC
and is associated with benefits such as accelerated recovery, decreased
blood loss, and shorter postoperative stay [9-12]. However, RATG re-
mains a challenging procedure due to its technical difficulties and
possible postoperative complications (POCs).

The POCs are important indicators for assessing the safety and ef-
ficacy of surgical treatment [13-15]. The Clavien-Dindo classification
(CDC) system, initially proposed by Clavien et al. [16] and modified by
Dindo et al. [17], and has been widely used to classify the severity and
incidence of POCs in many surgical fields [18-21]. To date, few reports
have assessed the surgical outcomes and technical feasibility of RATG
for AGC, and have not systematically analyzed POCs.

In doing so, we retrospectively analyzed surgical outcomes and in-
cidence and types of 30-day POCs following RATG at our high-volume
institution to systematically evaluate the safety and feasibility of RATG
for the treatment of AGC.

2. Materials and methods
2.1. Patients and data collection

This study was approved by the Ethics Committee of the 940th
Hospital of Joint Logistics Support Force of Chinese People’s Liberation
Army in accordance with the principles of the Declaration of Helsinki
(2019XYLLO013), and written informed consent was not required for all
patients. The trial was registered at the Chinese Clinical Trial Registry.
This study was carried out in accordance with the Strengthening the
Reporting of Cohort Studies in Surgery (STROCSS) guideline [22].

We retrospectively reviewed patients with AGC after RAG from a
prospective database of Western China Gastric Cancer Collaboration
(WCGCC) group participated by Department of General Surgery, 940th
Hospital of Joint Logistics Support Force of Chinese People’s Liberation
Army, between January 2017 and January 2019. Inclusion criteria were
as follows: (1) patients were pathologically diagnosed with AGC (pT2-
4aN0-3M0); (2) patients who underwent RO resection with systematic
D2 lymphadenectomy; (3) patients without other malignancy; (4) pa-
tients without chemotherapy and/or radiotherapy; and (5) availability
of sufficient clinical information for analysis. Exclusion criteria are
shown in Fig. 1. The classification of pathological stage was based on
the 8th edition of the American Joint Committee on Cancer (AJCC)
Staging Manual for Gastric Cancer [23,24].

2.2. Operative procedures

D2 lymphadenectomy was performed in accordance with the
guidelines of the Japanese Gastric Cancer Association [6]. The extent of
resection (total or distal subtotal gastrectomy) selected depending on
the tumor location. All operations were performed by the same senior
surgeon with the assistance of an assistant using the da Vinci® surgical
system (Intuitive Surgical, Sunnyvale, CA, USA). In the operation, a
linear anastomat was used for intra-corporeal anastomosis. After re-
construction, a single abdominal drainage tube was inserted into the
left subphrenic cavity. The detail procedures of RAG have been de-
scribed previously [11,25].
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2.3. Definition and assessment of complications

The CDC was adopted to grade the severity of POCs from I to V for
each patient (Table S1) [16-18]. POCs that occurred within 30 days
after surgery were assessed retrospectively by three independent sur-
geons, and any divergences on grade were solved by discussion. In this
study, all POCs were graded into overall POCs (OPOCs, Grade I-V),
major POCs (MPOCs, Grade = Illa), and mortality (Grade V). Subse-
quently, POCs were classified largely into local POCs (LPOCs) and
systemic POCs (SPOCs). LPOCs mainly included the following: wound
problem, fluid collection, subcutaneous emphysema, intra-abdominal
bleeding, intra-luminal bleeding, anastomosis stenosis and leakage, and
postoperative ileus etc. SPOCs included fever, atelectasis, pleural effu-
sion, pneumonia, transient elevation of serum creatinine, transient
hepatic function abnormality, pancreatitis, and urinary tract infection
etc. Patients experienced multiple POCs after RAG, and the most serious
POC was used as a reference for calculating OPOCs and MPOCs.
However, all of the POCs events were counted when calculating LPOCs
and SPOCs.

2.4. Propensity score matching analysis

Propensity score matching (PSM) was used to reduce sampling bias
and potential confounding. The individual propensity score was cal-
culated for each of the 319 patients using a logistic regression model
that included all the possible clinicopathological variables. A total of
nine variables used for subsequently matching were as follows: age,
gender (male/female), BMI, ASA (I/II/III), tumor size, previous ab-
dominal operation (PAO, no/yes), histology (well differentiated/mod-
erately differentiated/poorly differentiated/mucinous or signet ring cell
carcinoma), pT stage (T2/T3/T4a), pN stage (NO/N1/N2/N3a/N3b),
and pTNM stage (IB/IIA/IIB/IIIA/IIIB/IIIC). A one-to-one nearest
neighbour matching (NNM) without replacement was applied based on
the propensity score of each patient. In NNM, a caliper width equal to
0.2 of the standard deviation of the logit (propensity score) was used as
the matching criteria [26,27]. After PSM, the balance of variables be-
tween two groups was assessed by calculating the standardized mean
difference (SMD). A SMD < 0.1 of the absolute value was considered to
be a sufficient balance [28]. All statistical analyses were performed
using the Statistical Package for Social Science (SPSS, version 23.0)
software and the SPSS-R plugin developed by felixthoemmes, wliao229
(https://sourceforge.net/proje cts/psmsp ss/files/).

2.5. Statistical analysis

All statistical analyses were conducted using the SPSS version 23.0
software (SPSS Inc., Chicago, IL, USA). Categorical variables are pre-
sented as counts and percentages and were compared using the
Pearson's x> test or Fisher's exact test as appropriate. Continuous
variables normally distributed are expressed as the mean = standard
deviation (SD) and were analyzed using Student's t-test. Non-normally
distributed data are shown as median (inter quartile range, IQR) and
were analyzed using Mann-Whitney test. The one-sample
Kolmogorov-Smirnov test was used to assess normality of distribution
for continuous variables. Multivariate logistic regression analysis was
employed to identify independent risk factors for POCs and odds ratios
(ORs) with 95% confidence intervals (CIs) were calculated. A two-tailed
P value < 0.05 was considered statistically significant.

3. Results
3.1. Demographics and surgical outcomes before matching
The demographics and surgical outcomes of patients are summar-

ized in Table 1. Of these 319 patients, 161 (50.5%) patients were
treated with RADG while 158 (49.5%) were operated by RATG. Patients
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No matched (N=25)

Underwent RATG (N=133)

Fig. 1. Consolidated Standards of Reporting Trials diagram of patient enrollment in the present study. Abbreviations: RADG, robot-assisted distal gastrectomy; RATG,

robot-assisted total gastrectomy.

who underwent RATG tended to have larger tumor size (RATG vs.
RADG: 4.9 = 2.1cmvs. 4.5 = 2.3cm, P = 0.047) and increased PAO
(RATG vs. RADG: 16.5% vs. 8.1%, P = 0.022). No significant difference
was observed in age, gender, body mass index (BMI), American Society
of Anesthesiologist (ASA), histologic type, or pathological stage be-
tween two groups (Table 1). In the RATG group, significantly longer
operative time (P = 0.009), greater intraoperative blood loss
(P = 0.042), larger number of retrieved LNs (P = 0.002), longer post-
operative length of stay (PLOS, P < 0.001), and longer time to am-
bulation and first flatus (P = 0.031 and < 0.001, respectively) were
observed. No significant difference was found in the two groups in the
time to first liquid intake (P = 0.203) and in the time to first soft intake
(P = 0.082).

3.2. Demographics and surgical outcomes after matching

After PSM, 266 patients (each group contained 133 patients)
maintained with 1:1 matching, and the two groups tended to be closely
similar on these variables (P > 0.05, Table 1). Fig. 2 showed a suc-
cessful match between the two groups after matching. Furthermore,
similar difference regarding surgical outcomes was also observed after
matching (Table 1).

3.3. Postoperative morbidity and mortality after matching

Totally, 64 (24.1%) patients experienced OPOCs and 26 (9.8%)
patients exhibited MPOCs (Grade = Illa) within 30 days after RAG.
Detailed POCs data after RAG are presented in Table 2. In the RATG
group, 13 (9.8%) grade I, 7 (5.3%) grade II, 11 (8.3%) grade IIla, 3
(2.3%) grade IIIb, 2 (1.5%) grade IVa, 1 (0.8%) grade IVb and 2 (1.5%)

grade V POCs were observed. The rates of OPOCs after RATG and RADG
were 29.3% (39/133) and 18.8% (25/133), respectively (P = 0.045).
Higher MPOCs occurred after RATG than after RADG (RATG vs. RADG:
14.3% vs. 5.3%; P = 0.013). The incidence of grade Illa was sig-
nificantly higher in the RATG group (RATG vs. RADG: 8.3% vs. 2.3%;
P = 0.028) and no significant difference in the incidence of grade I, II,
IIIb, IVa, IVb, and V between the two groups (all P > 0.05, Table 2).

Subsequently, POCs were classified largely into LPOCs and SPOCs.
The details of LPOCs following RAG are summarized in Table 3. Sixty
four patients who developed POCs had 73 events of local POCs and 53
events of systemic POCs. LPOCs were also rated as overall LPOCs (I-V)
and major LPOCs (Grade = IIla). The RATG group had a higher rate of
overall LPOCs (RATG vs. RADG, 35.3% vs. 19.5%, P = 0.004) and
major LPOCs (RATG vs. RADG, 21.8% vs. 9.8%, P = 0.007). The most
common LPOC was wound problem (6.8%, 18/266), followed by fluid
collection (5.6%, 15/266) and subcutaneous emphysema (3.8%, 10/
266). Anastomotic leakage rate was higher after RATG group compared
to the RADG group (RATG vs. RADG, 5.3% vs. 0.8%, P = 0.031),
whereas the remaining POCs was similar between the two groups. In
terms of SPOCs, the rates of overall SPOCs (I-V) and major SPOCs
(Grade = IIIa) were 19.9% (53/266) and 10.5% (28/266), respectively.
Similarly, there was significant difference in overall SPOCs (RATG vs.
RADG, 24.8% vs. 15.0%, P = 0.046) and major SPOCs (RATG vs.
RADG, 15.0% vs. 6.0%, P = 0.017) between the two groups. The most
frequent SPOC was transient hepatic function abnormality with that
occurring in 4.9% (13/266) of patients. Fever was the second most
common (3.4%, 9/266). Pleural effusion followed as the next most
prevalent SPOCs (3.0%, 8/266). The detailed SPOCs following RAG are
listed in Table 4.
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Table 1
Demographics and surgical outcomes before and after matching.
Variables Entire cohort (n = 319) P value PSM cohort (n = 266) P value
RADG (n = 161) RATG (n = 158) RADG (n = 133) RATG (n = 133)
Age (years) 57.7 + 11.0 56.9 * 11.1 0.517° 56.7 * 10.9 57.3 + 11.0 0.623°
Gender 0.309° 0.662°
Male 127 (78.9) 117 (74.1) 104 (78.2) 101 (75.9)
Female 34 (21.1) 41 (25.9) 29 (21.8) 32 (24.1)
BMI (kg/m?) 222 + 3.7 22.3 + 3.3 0.781° 22.2 + 3.6 22.32 + 3.2 0.764°
ASA 0.480° 0.937¢
1 77 (47.8) 65 (41.1) 69 (51.9) 70 (52.6)
I 56 (34.8) 61 (38.6) 45 (33.8) 46 (34.6)
11T 28 (17.4) 32 (20.3) 19 (14.3) 17 (12.8)
Tumor size (cm) 45 £ 2.3 49 + 21 0.047" 4.5 = 2.3 47 £ 19 0.604°
Previous abdominal operation 0.022° 0.542°¢
No 148 (91.9) 132 (83.5) 121 (91.0) 118 (88.7)
Yes 13 (8.1) 26 (16.5) 12 (9.0) 15 (11.3)
Histologic type 0.327¢ 0.705°
Well differentiated 12 (7.5) 13 (8.2) 11 (8.3) 8 (6.0)
Moderately differentiated 46 (28.6) 44 (27.8) 39 (29.3) 38 (28.6)
Poorly differentiated 89 (55.3) 95 (60.1) 74 (55.6) 81 (60.9)
Mucinous or signet ring cell carcinoma 14 (8.7) 6 (3.8) 9 (6.8) 6 (4.5)
pT stage® 0.659° 0.605°
T2 46 (28.6) 51 (32.3) 41 (30.8) 45 (33.8)
T3 81 (50.3) 79 (50.0) 70 (52.6) 62 (46.6)
T4a 34 (21.1) 28 (17.7) 22 (16.5) 26 (19.5)
PN stage® 0.554¢ 0.960°
NO 65 (40.4) 53 (33.5) 52 (39.1) 48 (36.1)
N1 21 (13.0) 20 (12.7) 17 (12.8) 16 (12.0)
N2 26 (16.1) 33 (20.9) 24 (18.0) 28 (21.1)
N3a 30 (18.6) 27 (17.1) 22 (16.5) 21 (15.8)
N3b 19 (11.8) 25 (15.8) 18 (13.5) 20 (15.0)
pTNM stage” 0.394° 0.867¢
1B 42 (26.1) 36 (22.8) 38 (28.6) 34 (25.6)
JIVN 16 (9.9) 22 (13.9) 15 (11.3) 17 (12.8)
11B 21 (13.0) 15 (9.5) 18 (13.5) 16 (12.0)
1A 23 (14.3) 29 (18.4) 17 (12.8) 23 (17.3)
I11B 31 (19.3) 22 (13.9) 21 (15.8) 17 (12.8)
IIIC 28 (17.4) 34 (21.5) 24 (18.0) 26 (19.5)
Operation time (min) 236.5 + 41.2 248.1 = 37.3 0.009" 237.7 + 37.6 245.7 + 34.0 0.047"”
Intraoperative blood loss (ml) 143.7 = 489 155.2 = 51.5 0.042° 144.3 = 50.5 156.8 = 52.1 0.048"
Number of retrieved LNs 41.3 = 15.4 46.9 = 16.7 0.002" 429 = 155 47.7 = 15.1 0.011°
Time to ambulation (day) 21 =03 22 =05 0.031° 21 * 0.4 23 = 0.7 0.005”
Time to first flatus (day) 2.5 = 0.7 29 = 0.8 < 0.001° 2.5 = 0.7 2.9 = 0.9 < 0.001°
Time to first liquid intake (day) 39 + 1.3 42 + 25 0.203" 3.8 + 1.2 4.0 = 1.8 0.370°
Time to first soft intake (day) 50 = 1.2 53 * 1.8 0.082" 51+ 13 53 =15 0.246"
Postoperative hospital stay (day) 10.9 = 2.8 13.2 £ 59 < 0.001" 10.7 + 2.7 13.1 + 4.8 <0.001"

Abbreviations: RADG, robot-assisted distal gastrectomy; RATG, robot-assisted total gastrectomy; BMI, body mass index; ASA, American Society of Anesthesiologist;

TNM, Tumor-Node-Metastases.
@ Based on the Eighth American Joint Committee on Cancer classification.
P Student's t-test.
© Pearson's  test.

3.4. Correlating PLOS and POCs

Since POCs may lead to prolonged PLOS and increased treatment
costs, we further evaluated the correlation between PLOS and POCs. As
shown in Table 5, patients without POCs had an average PLOS of 11.3
days, and those with varying degrees of POCs had an average PLOS of
12.5-32.5 days. The Pearson analysis showed a significant correlation
between PLOS and CDC grades (R = 0.895, P = 0.003).

3.5. Risk factors associated with POCs following RAG

To identify the factors associated with POCs, univariate and multi-
variate logistic regression analyses were performed. The factors with P
value < 0.05 in the univariate analysis were selected as covariables for
multivariate analysis. In terms of OPOCs, age, ASA, extent of resection,
pT stage, pN stage, pTNM stage, operation time and retrieved LNs were
significantly correlated with OPOCs in univariate analysis (Fig. 3A).
Multivariate analysis demonstrated that age =65 years, ASA class III,
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total gastrectomy, stage T3-T4a, stage N1-N3b, stage II-III, operation
time =250 min and retrieved LNs =30 were independent risk factors
for OPOCs (Fig. 4A). As for MPOCs, except for gender, BMI, tumor size,
PAO, histologic type, and blood loss, the remaining variables were as-
sociated with MPOCs in the univariate analysis (Fig. 3B). Multivariate
analysis proved age =65 years, total gastrectomy, stage T3-T4a, stage
N1-N3b, and stage II-III to be important risk factors that affected
MPOCs (Fig. 4B).

With respect to LPOCs, age, ASA, extent of resection, pT stage, pN
stage, pTNM stage, and operation time were identified as significant
risk factors by univariate analysis (Fig. 3C). Then multivariate analysis
showed age =65 years, total gastrectomy, stage T3-T4a, stage N1-N3b,
and stage II-III were the independent predictors of higher LPOCs
(Fig. 4C). Similarly, univariate analysis showed age, ASA, extent of
resection, pTNM stage, operation time and retrieved LNs were asso-
ciated with SPOCs (Fig. 3D). Multivariate analysis revealed age =65
years, ASA class III, total gastrectomy, stage II-III, and operation time
=250 min were independent risk factors for SPOCs (Fig. 4D).
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Fig. 2. Distribution of covariates balance (A) and propensity scores (B) and density distributions of standardized differences (C) before and after matching in the
present study. Abbreviations: BMI, body mass index; PAO, previous abdominal operation; TNM, Tumor-Node-Metastases.

Table 2

Comparison of POCs following RADG and RATG after matching.
Grades Total (n = 266) RADG (n =133) RATG (n=133) P value
OPOCs (%) 64 (24.1) 25 (18.8) 39 (29.3) 0.045"
MPOCs (%) 26 (9.8) 7 (5.3) 19 (14.3) 0.013"
Grade I (%) 23 (8.6) 10 (7.5) 13 (9.8) 0.513%
Grade II (%) 15 (5.6) 8 (6.0) 7 (5.3) 0.790"
Grade Illa (%) 14 (5.3) 3(2.3) 11 (8.3) 0.028"
Grade IIb (%) 5 (1.8) 2 (1.5) 3(2.3) 1.000°
Grade IVa (%) 3 (1.1) 1(0.8) 2(1.5) 1.000"
Grade IVb (%) 2 (0.8) 1(0.8) 1(0.8) 1.000"
Grade V (%) 2 (0.8) 0 (0.0) 2 (1.5) 0.498°

Abbreviations: POCs, postoperative complications; RADG, robot-assisted distal
gastrectomy; RATG, robot-assisted total gastrectomy; OPOCs, overall post-
operative complications; MPOCs, major postoperative complications.

@ Pearson's > test.

b Fisher's exact test.

4. Discussion

Accumulating evidence demonstrated that RADG is technically
feasible and safe for AGC [29,30]. However, RATG remains a challen-
ging procedure due to its technical difficulties and possible POCs. It is
well known that the incidence of POCs is still the most commonly used
surrogate for evaluating the safety and feasibility of surgical treatment.
The CDC system has been widely accepted as a powerful tool for as-
sessing POCs after surgery in clinical trials because of its simplicity,
repeatability and logical architecture [20,31-33]. Furthermore, it has
increasingly been used to evaluate the severity of POCs following
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gastric cancer [34,35]. Accordingly, we selected it to analyze the in-
cidence and types of 30-day POCs following RATG at our high-volume
institution to systematically evaluate the safety and feasibility of RATG
for the treatment of AGC.

In our cohort, the RATG group had a larger tumor size and increased
PAO in comparison to the RADG group. By comparing the results be-
tween the matched groups with similarly distributed baseline features,
PSM can be effectively used to eliminate the effects of confounding
[36]. Therefore, we conducted PSM analysis to reduce confounding
differences and estimate POCs grades more accurately. Finally, 266
patients maintained with 1:1 matching, and no significant difference
between the two groups was observed in tumor size and PAO.

To the best of our knowledge, the present study for the first time
compared POCs between RATG and RADG in AGC patients. Previous
studies demonstrated that POCs rate after RAG range from 13.5 to
47.3% [37-39]. In our study, the rates of OPOCs and MPOCs were
24.1% and 9.8%, respectively, which was comparable with previously
published results [37-39]. Lee et al. [40] reported that SPOCs following
gastrectomy were associated with the vulnerability of surgical stress.
Therefore, we further classified POCs into LPOCs and SPOCs, and the
rates were 27.4% and 20.3%, respectively. Taken together with the
results of the current study, we found that POCs in various classifica-
tions after RATG were significantly higher than those RADG. To date,
many studies have focused on comparing POCs between total gas-
trectomy and distal gastrectomy at the laparoscopic level, while few
studies have compared them at the robot level [41-44].

The major concern following RATG is anastomotic leakage. In our
study, anastomotic leakage tended to be more frequent after RATG.
Seven cases (5.3%) of anastomotic leakage were observed in the RATG
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Table 3

Comparison of LPOCs following RADG and RATG after matching.
LPOCs Overall LPOCs (I-V) P value Major LPOCs (Illa-V) P value

Total RADG RATG Total RADG RATG

Wound problem* 18 (6.8) 7 (5.3) 11 (8.3) 0.329% 13 (4.9) 5(3.8) 8 (6.0) 0.394"
Fluid collection® 15 (5.6) 8 (6.0) 7 (5.3) 0.790" 10 (3.8) 4 (3.0) 6 (4.5) 0.519°
Subcutaneous emphysema 10 (3.8) 4 (3.0) 6 (4.5) 0.519" 6 (2.3) 2 (1.5) 4 (3.0) 0.684"
Intra-abdominal bleeding 4 (1.5) 1 (0.8) 3(2.3) 0.614" 2 (0.8) 0 (0.0) 2 (1.5) 0.478"
Intra-luminal bleeding 2(0.8) 0 (0.0) 2(1.5) 0.498" 1(0.4) 1 (0.8) 0 (0.0) 1.000°
Anastomosis stenosis 4 (1.5) 1(0.8) 3(2.3) 0.614" 1(0.4) 0 (0.0) 1(0.8) 1.000”
Anastomosis leakage 8 (3.0) 1 (0.8) 7 (5.3) 0.031" 6 (2.3) 0 (0.0) 6 (4.5) 0.030°
Duodenal stump fistula 2(0.8) 1(0.8) 1(0.8) 1.000" 1(0.4) 0 (0.0) 1(0.8) 1.000”
Leakage of lymphatics 1(0.4) 0 (0.0) 1(0.8) 1.000” 1(0.4) 1(0.8) 0 (0.0) 1.000°
Pancreatic leakage 1(0.4) 0 (0.0) 1(0.8) 1.000° 0 (0.0) 0 (0.0) 0 (0.0) -
Postoperative ileus 3(1.1) 1 (0.8) 2 (1.5) 1.000° 0 (0.0) 0 (0.0) 0 (0.0) -
Remnant gastric infarction 1(0.4) 1(0.8) 0 (0.0) 1.000" 0 (0.0) 0 (0.0) 0 (0.0) -
Small-bowel perforation 1(0.4) 0 (0.0) 1(0.8) 1.000" 0 (0.0) 0 (0.0) 0 (0.0) -
Others 3(1.1) 1 (0.8) 2 (1.5) 1.000° 1(0.4) 0 (0.0) 1 (0.8) 1.000"
Total 73 (27.4) 26 (19.5) 47 (35.3) 0.004" 42 (15.8) 13 (9.8) 29 (21.8) 0.007¢

Abbreviations: LPOCs, local postoperative complications; RADG, robot-assisted distal gastrectomy; RATG, robot-assisted total gastrectomy.

@ Pearson's > test.
b Fisher's exact test.

¢ Wound problem was defined as seroma, hematoma, infection, or cracking of the wound. Among them, superficial surgical site infection (SSI), deep SSI and organ

occupying SSI were included in the wound infection.

4 Fluid collection was mainly defined as abdominal and pelvic fluid collection and confirmed by computed tomography scan.

group, whereas one (0.8%) was observed in the RADG group. The dif-
ference in anastomotic leakage between the two groups may be ex-
plained by insufficient blood supply around the anastomosis [45]. The
anastomotic method is the most important issue for surgeons per-
forming RATG. Although various anastomotic methods have been in-
troduced, the method most familiar to surgeons is still the most effec-
tive anastomosis technique. According to our center's experience,
maintaining the integrity of the anastomosis and reducing the tension
of the anastomosis is the key to prevent anastomotic leakage. With
regard to detailed POCs, we found that wound problem (6.8%), fluid
collection (5.6%), and subcutaneous emphysema (3.8%) were the top
three LPOCs. Meanwhile, transient hepatic function abnormality
(4.9%), fever (3.4%), and pleural effusion (3.0%) were identified as the
three most common SPOCs. However, the rate of these POCs was not
statistically different between the two groups. In terms of the rate of
morbidity and mortality, RATG is technically feasible and safe for the

Table 5
Correlating PLOS and frequency of CDC grades after matching.
Grades Total Percentage overall Mean Pearson P value
(%, n = 266) PLOS Correlation
(days)
None 202 75.9 11.3 0.895 0.003
Grade I 23 8.6 12.5
Grade II 15 5.6 14.8
Grade Illa 14 5.3 15.2
GradeIllb 5 1.8 18.6
Grade IVa 3 1.1 29.1
Grade IVb 2 0.8 32.5
Grade V 2 0.8 25.8

Abbreviations: PLOS, postoperative length of stay; CDC, Clavien-Dindo classi-
fication.

Table 4

Comparison of SPOCs following RADG and RATG after matching.
SPOCs Overall SPOCs (I-V) P value Major SPOCs (Illa-V) P value

Total RADG RATG Total RADG RATG

Fever 9 (3.4 4 (3.0) 5(3.8) 1.000" 5(1.9) 2(1.5) 3(2.3) 1.000"
Atelectasis 3(1.1) 2 (1.5) 1(0.8) 1.000° 1(0.4 0 (0.0) 1(0.8) 1.000"
Pleural effusion 8 (3.0) 2 (1.5) 6 (4.5) 0.282" 3(1.1) 1(0.8) 2 (1.5) 1.000"
Pneumonia 5(1.9) 3(2.3) 2(1.5) 1.000" 2(0.8) 0 (0.0) 2(1.5) 0.498"
Transient elevation of serum creatinine 1(0.4) 1(0.8) 0 (0.0) 1.000° 0 (0.0) 0 (0.0) 0 (0.0) -
Transient hepatic function abnormality 13 (4.9) 4 (3.0) 9 (6.8) 0.155" 6 (2.3) 1 (0.8) 5(3.8) 0.213°
Pancreatitis 2(0.8) 0 (0.8) 2(1.5) 0.498" 1(0.4) 0 (0.0) 1(0.8) 1.000"
Urinary tract infection 1(0.4) 1(0.8) 0 (0.0) 1.000° 0 (0.0) 0 (0.0) 0 (0.0) -
Transient ischemic attack 1.9 0 (0.0) 1(0.8) 1.000° 1.9 1(0.8) 0 (0.0) 1.000"
Stroke 1.9 0 (0.0) 1(0.8) 1.000° 1.9 0 (0.0) 1(0.8) 1.000"
Myocardial infarction 1(0.4) 0 (0.0) 1(0.8) 1.000" 1(0.4) 0 (0.0) 1(0.8) 1.000"
Intra-abdominal infection 2 (0.8) 1(0.8) 1(0.8) 1.000" 2 (0.8) 1(0.8) 1 (0.8) 1.000°
Postoperative psychological problem 1(0.4) 0 (0.0) 1(0.8) 1.000° 1(0.4) 0 (0.0) 1(0.8) 1.000"
Others 5(1.9) 2(1.5) 3(2.3) 1.000" 4 (1.5) 2(1.5) 2(1.5) 1.000"
Total 53 (19.9) 20 (15.0) 33 (24.8) 0.046" 28 (10.5) 8 (6.0) 20 (15.0) 0.017¢

Abbreviations: SPOCs, systemic postoperative complications; RADG, robot-assisted distal gastrectomy; RATG, robot-assisted total gastrectomy.

@ Pearson's > test.
b Fisher's exact test.
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Variables Odds Ratios (95 %Cl) P Value Variables Odds Ratios (95 %Cl) P Value
Age = 65 years —— 1.673 (1.191-2.350) 0.003 Age 2 65 years —— 1.429 (1.085-1.882) 0.011
Male L 2 2.034 (0.581-5.568) 0.167 Male + 1.892 (0.589-6.075) 0.284
BMI = 30 kg/m? H— 1.276 (0.971-1.676)  0.080 BMI = 30 kg/m? - 1.217 (0.940-1.576)  0.136
ASAclass Il ————— 2.143 (1.101-4.173) 0.025 ASA class Il —— 1.505 (1.079-2.099) 0.016
Tumor size =2 5 cm L 2 2.154 (0.843-5.505) 0.109 Tumor size = 5 cm L 2 2.250 (0.587-8.628) 0.237
PAO H— 1.329 (0.859-2.055) 0.201 PAO T—— 1.607 (0.868-2.974) 0.131
Total gastrectomy — 2.318 (1.203-4.467) 0.012 Total gastrectomy —_— 2.308 (1.128-4.721) 0.022
Poorly/undifferentiated 1—— 1.628 (0.906-2.925) 0.103 Poorly/undifferentiated —}——p————— 1.890 (0.703-5.080) 0.207
pT stage —— 1.745 (1.101-2.768)  0.018 pT stage —— 1.419 (1.047-1.923)  0.024
pN stage e 1.295 (1.027-1.633) 0.029 pN stage —— 1.523 (1.078-2.152) 0.017
pTNM stage ————— 1.806 (1.025-3.184)  0.041 PTNM stage - 1.592 (1.207-2.100)  0.001
Operating time = 250 min ~ |—@—— 1.628 (1.057-2.508)  0.027 Operating time = 250 minf—@——— 1.720 (1.015-2.916)  0.044
Blood loss = 150 ml -o— 1.375 (0.983-1.924) 0.063 Blood loss 2 150 m| —4+—————m— 1.925 (0.723-5.126) 0.190
Retrieved LNs = 30 —— 1.602 (1.137-2.256) 0.007 Retrieved LNs 2 30 ——— 1.974 (1.108-3.517) 0.021
0.00 1.00 2.00 3.00 4.00 5.0 6.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00
Variables Odds Ratios (95 %Cl) P Value D Variables Odds Ratios (95 %Cl) P Value
Age 2 65 years —— 2.012 (1.036-3.908) 0.039 Age = 65 years —— 1.601 (1.058-2.423) 0.026
Male . 4 2.180 (0.847-5.608) 0.106 Male L g 1.851 (0.617-5.553) 0.272
BMI 2 30 kg/m? ———— 1.831 (0.661-5.076)  0.245 BMI 2 30 kg/m?* L 2 2.148 (0.484-9.544)  0.315
ASA class Il —— 1.652 (1.089-2.505)  0.018 ASA class Il —o— 1.802 (1.077-3.016)  0.025
Tumor size =2 5 cm —— 2.162 (0.889-5.257) 0.089 Tumor size 25 cm L 4 2.218 (0.481-10.227)  0.307
PAO H— 1.056 (0.987-1.129) 0.114 PAO —+o— 1.343 (0.675-2.673) 0.401
Total gastrectomy — 2.153 (1.128-4.108) 0.020 Total gastrectomy ———— 2.321 (1.043-5.163) 0.039
Poorly/undifferentiated —— 1.726 (0.887-3.358) 0.108 Poorly/undifferentiated = —}—p——— 1.718 (0.673-4.388) 0.258
pT stage —— 1.529 (1.063-2.199) 0.022 pT stage +—— 1.636 (0.848-3.156) 0.142
PN stage —— 1.625 (1.087-2.430) 0.018 pN stage +—— 1.715 (0.701-4.201) 0.238
pTNM stage — 2.150 (1.211-3.818) 0.009 pTNM stage —— 1.892 (1.191-3.007) 0.007
Operating time = 250 min ~ |—¢—— 1.571 (1.045-2.362) 0.030 Operating time = 250 min |—¢— 1.409 (1.056-1.881) 0.020
Blood loss 2 150 ml ————————————— 1.925 (0.751-4.938) 0.173 Blood loss 2 150 ml 4 1.812 (0.419-7.831) 0.426
Retrieved LNs 2 30 ——— 1.608 (0.567-4.562) 0.372 Retrieved LNs = 30 —— 1.826 (1.016-3.281) 0.044

0.00

1.00 2.00 3.00 4.00 5.00 6.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Fig. 3. Univariate analysis of risk factors associated with POCs following RAG in the present study. (A). OPOCs. (B). MPOCs. (C). LPOCs. (D). SPOCs. Abbreviations:
POCs, postoperative complications; RAG, robot-assisted gastrectomy; BMI, body mass index; ASA, American Society of Anesthesiologist; PAO, previous abdominal
operation; TNM, Tumor-Node-Metastases; LNs, lymph nodes; OPOCs, overall postoperative complications; MPOCs, major postoperative complications; LPOCs, local
postoperative complications; SPOCs, systemic postoperative complications.

A

B

Variables

Age = 65 years

ASA class Il

Total gastrectomy

pT stage

pN stage

pTNM stage

Operating time = 250 min
Retrieved LNs = 30

Odds Ratios (95 %Cl) P Value

1.981 (1.186-3.309)
1.806 (1.025-3.184)

T

—o—
o—
-o—
_’_

2.462 (1.071-5.663)
1.516 (0.891-2.580)
1.521 (1.028-2.251)
1.408 (1.029-1.925)
1.445 (1.008-2.071)
1.746 (1.125-2.711)

0.009
0.041
0.034
0.125
0.036
0.032
0.045
0.013

Variables Odds Ratios (95 %Cl) P Value
Age = 65 years ————— 2.013 (1.097-3.696)  0.024
ASA class Il ———— 1.742 (0.973-3.120) 0.062
Total gastrectomy 2 g 2.714 (1.134-6.498) 0.025
pT stage ——— 1.728 (1.051-2.841)  0.031
pN stage ——— 1.601 (1.004-2.553) 0.048
pTNM stage — 2.003 (1.151-3.486) 0.014
Operating time = 250 min f———— 1.894 (0.979-3.666) 0.058
Retrieved LNs = 30 —— M8 2.092 (0.889-4.924) 0.091

0.00 1.00 200 3.00 4.00 500 6.00 0.00 1.00 200 3.00 4.00 5.00 6.00

Variables Odds Ratios (95 %Cl) P Value Variables 0dds Ratios (95 %Cl) P Value
Age = 65 years —— 1.938 (1.009-3.723) 0.047 Age > 65 years ———— 1.952 (1.052-3.623) 0.034
ASA class Il — R 1.707 (0.955-3.051)  0.071 ASA class III ————————— 2224 (1.037-4.769)  0.040
Total gastrectomy ¢ 250/ (08 /25+750) R 0051 Total gastrectomy * 2701 (1.037-7.038)  0.042
pT stage —— 1.713 (1.047-2.802)  0.032 TNM stage — @ 2485 (1.121-5508)  0.025
PN stage —— 1.907 (1.012-3.595)  0.046 PTRM stage N - y o~ )
DTNM stage e 2203 (1.099-4.784) 0.027 Operatmg time = 250 minf—¢—— 1.628 (1.011-2.622) 0.045
Operating time = 250 min 44— 1.361 (0.837-2.213)  0.214 Retrioved Lis = 30 ¢ 2013 (0.704-5.758) 0192

0.00 1.00 2.00 3.00 4.00 5.00 6.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00

Fig. 4. Multivariate analysis of risk factors associated with POCs following RAG in the present study. (A). OPOCs. (B). MPOCs. (C). LPOCs. (D). SPOCs. Abbreviations:
POCs, postoperative complications; RAG, robot-assisted gastrectomy; ASA, American Society of Anesthesiologist; TNM, Tumor-Node-Metastases; LNs, lymph nodes;
OPOCs, overall postoperative complications; MPOCs, major postoperative complications; LPOCs, local postoperative complications; SPOCs, systemic postoperative
complications.

treatment of AGC. However, more effective anastomotic techniques
during RATG are needed to prevent leakage.

Understanding the associated risk factors is critical to reducing the
incidence of POCs. By performing multivariate analysis, age =65 years
was identified as one of the independent risk factors for OPOCs, MPOCs,
LPOCs, and SPOCs, which was similar to previously reported studies
[41,46]. The reason for this result may be that elderly patients have
lower ability to withstand surgical stress than younger patients. On the

other hand, the extent of gastrectomy was also identified as an in-
dependent risk factor for POCs. Kim et al. [44] reported that the extent
of gastrectomy was a risk factor for POCs after laparoscopic gas-
trectomy. Our previous data also showed that patients who underwent
laparoscopic total gastrectomy had more POCs than those who under-
went laparoscopic distal gastrectomy [19]. One possible reason is that
total gastrectomy requires more LNs to be resected and more tissue to
be removed. Other possible reason might be that this process causes
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greater trauma to the human body and may damage the blood vessels
around the duodenal stump, thereby increasing the occurrence of
anastomotic leakage. Besides, the present study identified TNM stage
was another significant risk factor for POCs. Previous studies also
showed that patients with TNM high stage are more prone to POCs after
surgery, such as anemia, hypoproteinemia, and malnutrition [46-48].

Reportedly, POCs are frequently associated with prolonged PLOS
and increasing treatment costs [49]. In the present study, patients
without POCs had an average PLOS of 11.3 days, and those with
varying degrees of POCs had an average PLOS of 12.5-32.5 days. In-
creasing CDC scores correlated significantly with PLOS. A possible ex-
planation may be that patients with higher CDC scores have more
complicated POCs, which results in longer PLOS than patients with less
POCs.

Our study has some limitations. First, the present study was influ-
enced by inherent limitations due to the nature of retrospective ob-
servational cohorts. Although we used PSM analysis to reduce selection
bias, doing so did not eliminate all potential confounding differences
between the two groups. Second, this study was performed at a single
institution, which limited the generalizability of our results. Third,
POCs were captured within 30 days after surgery and did not include
long-term POCs such as malnutrition or dumping syndrome in the
present study. Fourth, we did not perform further subgroup analyses
regarding the treatment of fluid collection (conservatively treated, or
percutaneously, or surgically), which could introduce biases into the
study. Therefore, large-scale prospective clinical studies are required to
evaluate long-term POCs in the future. Nonetheless, we believe our
findings could contribute to providing the clinical evidence for RATG
treatment of AGC.

5. Conclusions

In summary, our study provides evidence demonstrating that RATG
is technically feasible and safe for the treatment of AGC with acceptable
rate of morbidity and mortality. However, its POCs rate is higher than
RADG, especially anastomotic leakage. More effective anastomotic
techniques during RATG are needed to prevent leakage. Nevertheless,
further multicenter, prospective and randomized studies are required to
confirm our results.
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