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Aims: Surgery is the primary treatment option for patients with gastric cancer, however the
rate of postoperative complications are still high. The implementation of surgical safety
checklists (SSCs) has been shown to reduce morbidity and mortality. This study aimed to
evaluate the effect of SSCs on the clinical outcomes of gastric cancer.

Methods: A total of 881 gastric cancer patients who underwent D2 gastrectomy from May
2009 to April 2011 in a large teaching hospital in China were included in this retrospective
study. Patients were matched and divided into the control group (SSC nonimplementation)
and intervention group (SSC implementation). The outcomes including intraoperative con-
dition, postoperative complications, and prognosis were then compared between the groups.
Results: The control group comprised 414 patients (47.0%), and the intervention group
included 467 patients (53.0%). Patients in the intervention group had a significantly shorter
length of postoperative stay (P < 0.001). Operation time, blood loss, blood transfusion, and
hospital charges were comparable between the two groups (all P > 0.05). SSC was not
associated with postoperative complications (all P > 0.05). Overall survival was also compar-
able between patients in the two groups (P > 0.05).

Conclusion: The implementation of an SSC was associated with a decreased length of
postoperative stay in gastric cancer patients following D2 gastrectomy but did not signifi-
cantly affect the other outcomes.

Keywords: gastric cancer, surgical safety checklist, prognosis, medical quality

Introduction
Gastric cancer is the fifth most frequently diagnosed cancer and the third leading
cause of cancer-related death around the globe.' China currently has the highest
number of newly diagnosed gastric adenocarcinoma patients in the world.” Surgery
is the primary treatment option for patients with gastric cancer and more than
100,000 gastric cancer surgeries are performed each year in China alone.’ The
rate of postoperative complications for gastric cancer surgeries has been estimated
at 15.2%." Therefore, postsurgical care and attendant complications represent a
substantial burden that is deserving of attention from the public health community.
Hospitals around the world use surgical safety checklists (SSCs) for various opera-
tions. The implementation of a 19-item SSC designed by the World Health Organization
(WHO) has been shown to reduce the numbers of deaths and complications.’ Research
on the value of SSCs has gradually been increasing. However, there is debate about their
role in reducing postoperative complication rates, with some studies reporting that SSCs
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have no effect on postoperative complication rates,®’
whereas others report an increase on postoperative complica-
tion rates.®” The associations between SSC and the clinical
outcomes of several specific surgeries have been investigated,
including podiatric surgery'® and neurosurgery.'' However,
the association between SSCs and gastric cancer surgeries has
not yet been reported. Thus, the present study aimed to
evaluate the effect of SSCs on the clinical outcomes of gastric

cancer.

Materials And Methods

This retrospective observational study was performed in a
large teaching hospital in China. All patients provided writ-
ten informed consent for review of their medical records, in
accordance with the Declaration of Helsinki. The Ethics
Committee of Xijing Hospital approved all protocols.

A consecutive series of gastric cancer patients under-
going D2 gastrectomy were screened from May 2009 to
April 2011; the exclusion criteria included any preoperative
neoadjuvant therapy, treatment with other viscera resection,
distant metastasis, and confirmation of nonadenocarcinoma
after the operation. Figure 1 shows the flow chart of patient
enrolment. The surgeries included total, proximal, and distal
D2 gastrectomy. Surgical procedures and postoperative che-
motherapy were performed according to the recommenda-
tions of the Japanese Gastric Cancer Treatment Guidelines'?
and the NCCN guidelines for gastric cancer.

An SSC was implemented at the hospital starting from
May 1, 2010. Patients were divided into two groups: a control

Screen gastric cancer patients

treated with D2 gastrectomy
from May 2009 to April 2011

Exclusion:

1) received preoperative neoadjuvant
therapy(n=24)

2) Treated with other viscera
resection(n=56)

3) Patients with distant
metastasis(n=13)

Included patients

n=881 )

Included patients after
propensity score matching

o J

Control group Intervention group

(Before SSC) (After SSC)

Figure | Study flow chart.

group that underwent surgery before SSC implementation
and an intervention group that underwent surgery after SSC
implementation.

All patient data were anonymized for this study.
Clinicopathological data including gender, age, body
mass index (BMI), smoking, comorbidities (including
hypertension, coronary heart disease, and diabetes melli-
tus), ASA classification, operative approach, type of gas-
trectomy, tumor location, tumor size, differentiation grade,
tumor depth, lymph node metastasis (LNM), and tumor
stage were collected. Surgery-related data including blood
loss, operation time, blood transfusion, length of post-
operative stay, and hospital charges were recorded.
Postoperative complications within 30 days, including
pneumonia, ileus, anastomosis leakage, abdominal bleed-
ing, postoperative abdominal infection, wound complica-
tion (e.g., wound disruption and wound infection),
unplanned reoperation, and mortality were recorded via
telephone calls and outpatient follow-up. Patients were
followed up every 3 months until May 2016.

To reduce bias, propensity score matching (PSM) was
performed using the following parameters: gender, age,
BMI, smoking, comorbidities, ASA classification, opera-
tive approach, type of gastrectomy, tumor location, tumor
size, differentiation grade, tumor depth, LNM, and tumor
stage. We estimated the PSM models using one-to-one
nearest-neighbour matching techniques without replace-
ment and with a 0.01 caliper level. Each participant with
SSC implementation was matched to another participant
without SSC implementation in this cohort and the pro-
pensity scores for the two could be no farther than 0.01
apart. If the matching procedure was successful, there
would be no differences on the covariates between the
two groups (achieving covariate balance).

After matching procedure, we assessed whether there
was an association between surgery-related parameters,
postoperative complication and SSC implementation, and
we also did the univariate analysis of risk factors for
postoperative complications of gastric cancer. In the last
step of the analysis, we assessed overall survival of gastric
cancer patients stratified by SSC before and after matching
procedure.

Data were processed using SPSS 22.0 for Windows
(SPSS Inc., Chicago, IL, USA), the statistical software
packages R (http://www.R-project.org, The R Foundation)

and EmpowerStats (http:/www.empowerstats.com, X&Y

Solutions, Inc., Boston,MA). Continuous variables were
expressed as median = SD and analyzed using nonparametric
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tests. Age, BMI, and tumor size were translated into catego-
rical data. Categorical data were cross-tabulated, and differ-
ences in proportions were tested using chi-squared (X2) or
Fisher’s exact tests. Significant prognostic risk factors were
assessed by univariate analysis, and overall survival was
analyzed by the Kaplan—-Meier method. A P value was con-
sidered statistically significant at or below the 5% level.

Results

A total of 1046 gastric cancer patients were screened.
Among these patients, 165 patients were excluded, includ-
ing 24 patients who received preoperative neoadjuvant
therapy, 56 patients treated with other viscera resection,
13 patients with distant metastasis, and 72 patients con-
firmed as nonadenocarcinoma after operation. Therefore, a
total of 881 patients served as the study population.

The study population included 694 male patients (78.8%)
and 187 female patients (21.2%), with 414 patients (47.0%)
in the control group and 467 patients (53.0%) in the inter-
vention group. The median age was 57.2+11.5years old. The
median follow-up durations of the control and intervention
groups were 41.9 (0-85) and 34.8 (0-85) months, respec-
tively. There were no differences with regard to gender, age,
BMI, smoking, comorbidities, tumor location, or tumor size
in the two groups (all P > 0.05). There were significant
differences in ASA classification, operative approach, type
of gastrectomy, differentiation grade, tumor depth, LNM, and
tumor stage (all P < 0.05). Thus, propensity score matching
was used to match patients in the two groups to reduce bias.
After matching, there were 325 patients each in the two
groups. After matching, the clinicopathological features
were comparable among the two groups after matching (all
P > 0.05). Table 1 shows the associations between clinico-
pathological characteristics and SSC implementation or non-
implementation before and after matching.

Table 2 shows the association between SSC implementa-
tion or nonimplementation and surgery-related parameters.
The results showed that patients in the intervention group
were associated with decreased length of postoperative stay
(9.64 + 2.67 vs 11.02 £+ 3.30, P < 0.001). Operation time,
blood loss, blood transfusion, and hospital charges were
comparable between the two groups (all P > 0.05).

Table 3 shows the association between SSC implementa-
tion or nonimplementation and postoperative complications.
The results showed that SSC implementation or nonimplemen-
tation was not associated with complications (all P > 0.05).

The risk factors for postoperative complications of
gastric cancer were analyzed using univariate analysis

(Table 4). Hypertension, LNM, and tumor stage were
significantly associated with postoperative complications
of gastric cancer.

Figure 2A shows the overall survival of gastric cancer
patients stratified by SSC before propensity score match-
ing. The overall survival was comparable between patients
in two groups (P = 0.239). After matching (Figure 2B), the
overall survival was still comparable between the two
groups (P = 0.453).

Discussion
Surgical complications represent a significant cause of
morbidity and mortality, with the rate of major complica-
tions after inpatient surgery estimated at 3—17% in indus-
trialized countries.'>'* SSCs may prevent errors, deaths,
and complications during surgery or perioperatively. A
variety of interventions have shown promise for improving
patient safety and shortening the length of hospital stay.
However, opposition still exists. The present study was the
first study to investigate the effect of SSC on the clinical
outcomes of gastric cancer after radical gastrectomy. We
found that SSC implementation was associated with a
decreased length of postoperative stay but had no effect
on operation time, blood loss, blood transfusion, hospital
charges, or postoperative complications and had no rela-
tion to the overall survival of gastric cancer patients.

Differences did exist before and after SSC implemen-
tation in ASA classification, operative approach, type of
gastrectomy, differentiation grade, tumor depth, LNM, and
tumor stage. However, given that it is only a safeguard for
surgical safety, SSC has no logical relationship with these
indexes. Nevertheless, to reduce bias, propensity score
matching was performed in this study.

There are several previous reports on the associations
between SSC and intraoperative condition. Papaconstantinou

115

et al ” reported that the implementation of a SSC did not

negatively affect the operation time. Lacassie et al'®

reported
that the median length of stay for adult surgery patients
decreased after the implementation of the WHO SSC.
Similar to the present study, they also found no association
between SSC and blood loss, transfusion, or hospital charges.
To date, there is no evidence that SSC can help reduce hospital
charges.

Previous studies have shown that SSCs can reduce
postoperative complications. However, previous works
did not assess the postoperative complications of gastric
cancer. In the current study, we did not find any evidence
that SSC decreased the rate of postoperative complications
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Table | Correlations Between Clinicopathological Characteristics And SSC Implementation Or Nonimplementation Before And
After Matching

Before Matching (n=881) After Matching (n=650)
Control Intervention P Control Intervention P
Group Group Group Group
(n=414) (n = 467) (n = 325) (n = 325)
Gender, n, % Male 333 (80.4) 361 (77.3) 0.256 259 (79.7) 250 (76.9) 0.446
Female 81 (19.6) 106 (22.7) 66 (20.3) 75 (23.1)
Age, n, % =60year 242 (58.5) 293 (62.7) 0.193 195 (60.0) 186 (57.2) 0.524
>60year 172 (41.5) 174 (37.3) 130 (40.0) 139 (42.8)
BMI, n, kg/m <185 38 (9.2) 41 (8.8) 0.732 33 (10.2) 30 (9.2) 0.794
18.5-25 279 (67.4) 326 (69.8) 218 (67.1) 226 (69.5)
=25 97 (23.4) 100 (21.4) 74 (22.8) 69 (21.2)
Smoking, n, % Yes 109 (26.3) 147 (31.5) 0.093 93 (28.6) 97 (29.8) 0.796
No 305 (73.7) 320 (68.5) 232 (71.4) 228 (70.2)
Hypertension, n, % Yes 47 (11.4) 68 (14.6) 0.158 39 (12.0) 40 (12.3) 1.000
No 367 (88.6) 399 (85.4) 286 (88.0) 285 (87.7)
Diabetes mellitus, n, % Yes 20 (4.8) 27 (5.8) 0.531 19 (5.8) 17 (5.2) 0.864
No 394 (95.2) 440 (94.2) 306 (94.2) 308 (94.8)
Coronary heart disease, n, % | Yes 15 (3.6) 18 (3.9) 0.857 12 (3.7) 12 (3.7) 1.000
No 399 (96.4) 449 (96.1) 313 (96.3) 313 (96.3)
ASA classification, n, % Class | 9(22) 43 (9.2) <0.001 | 9 (2.8) 17 (5.2) 0.228
Class 2 301 (72.7) 336 (71.9) 252 (77.5) 232 (71.4)
Class 3 103 (24.9) 87 (18.6) 63 (19.4) 75 (23.1)
Class 4 I (0.2) I (0.2) 1 (0.3) 1 (0.3)
Operative approach, n, % Open surgery 315 (76.1) 283 (60.6) <0.001 | 229 (70.5) 228 (70.2) 1.000
Laparoscopic 99 (23.9) 184 (39.4) 96 (29.5) 97 (29.8)
surgery
Type of gastrectomy, n, % Proximal 85 (20.5) 71 (15.2) 0.010 56 (17.2) 56 (17.2) 0.967
Distal 180 (43.5) 184 (39.4) 136 (41.8) 133 (40.9)
Total 149 (36.0) 212 (45.4) 133 (40.9) 136 (41.8)
Tumor location, n, % Upper third 131 (31.6) 129 (27.6) 0.512 102 (31.4) 89 (27.4) 0.603
Middle third 100 (24.2) 127 (27.2) 79 (24.3) 90 (27.7)
Lower third 140 (33.8) 166 (35.5) 111 (34.2) 116 (35.7)
Entire 43 (10.4) 45 (9.6) 33 (10.2) 90 (9.2)
Tumor size(cm), n, % =5cm 289 (69.8) 331 (70.9) 0.728 229 (70.5) 234 (72) 0.729
>5em 125 (30.2) 136 (29.1) 96 (29.5) 91 (28)
(Continued)
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Table | (Continued).

Before Matching (n=881) After Matching (n=650)
Control Intervention P Control Intervention P
Group Group Group Group
(n =414) (n = 467) (n = 325) (n = 325)
Differentiated grade, n, % Well&moderately 189 (45.7) 177 (37.9) 0.020 133 (40.9) 136 (41.8) 0.874
Poor 225 (54.3) 290 (62.1) 192 (59.1) 189 (58.2)
Tumor depth, n, % TI 74 (17.9) 70 (15.0) 0.016 49 (15.1) 57 (17.5) 0.688
T2 99 (23.9) 82 (17.6) 71 (21.8) 61 (18.8)
T3 232 (56.0) 291 (62.3) 196 (60.3) 194 (59.7)
T4a 7 (1.7) 20 (4.3) 7(22) 11 (3.4)
T4b 2 (0.5) 4 (0.9) 2 (0.6) 2 (0.6)
LNM, n, % NO 168 (40.6) 159 (34.0) 0.040 117 (36.0) 121 (37.2) 0.738
NI 105 (25.4) 110 (23.6) 85 (26.2) 80 (24.6)
N2 64 (15.5) 76 (16.3) 53 (16.3) 49 (15.1)
N3a 59 (14.3) 83 (17.8) 53 (16.3) 50 (15.4)
N3b 18 (4.3) 39 (84) 17 (5.2) 25 (7.7)
Tumor stage, n, % la 62 (15.0) 56 (12.0) 0.025 42 (12.9) 47 (14.5) 0.713
Ib 2 (0.5) 1 (0.2) 1 (0.3) 1 (0.3)
lla 138 (33.3) 134 (28.7) 97 (29.8) 99 (30.5)
1) 89 (21.5) 93 (19.9) 74 (22.8) 63 (19.4)
Illb 69 (16.7) 107 (22.9) 62 (19.1) 69 (21.2)
Il 3(0.7) 15 (3.2) 3 (0.9) 7(22)

within 30 days, including pneumonia, ileus, anastomosis
leakage, abdominal bleeding, postoperative abdominal
infection, wound complication, unplanned reoperation,
and mortality.

The detailed mechanism of action of SSCs on post-
operative complications remains unclear. It may be caused
by the Hawthorne effect owing to the inability to conduct
randomized and double-blind controlled trials in clinical

studies on SSCs, i.e., patients and medical staff who
implement SSC will have better job performance because
of the effect of being observed.” Alternatively, it may be
related to safety culture and the atmosphere among the
surgical team (surgeons, anesthesiologists, nurses, etc.)

17719 a5 well as communication

after SSC implementation,
among team members.”’ However, these reasons cannot

logically explain how SSCs help improve the quality of

Table 2 Comparison Of Surgery-Related Parameters After Matching

Control Group (n = 325) Intervention Group (n = 325) P value
Operation time, min, mean * SD 224.70 + 106.58 218.98 + 74.05 0.427
Blood loss, mL, mean *+ SD 226.03 + 159.41 248.58 + 201.55 0.114
Transfusion, yes, n, % 59 (18.2) 73 (22.5) 0.205
Length of postoperative stay, day, mean *+ SD 11.02 + 3.30 9.64 + 2.67 <0.001
Hospital charges, 10K RMB, mean + SD 3.74 £ 098 3.84 +0.79 0.153
Cancer Management and Research 2019:1 | submit your manuscript 8849
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Table 3 Comparison Of Postoperative Complications After Matching

Control Group (n = 325) Intervention Group (n = 325) P value
Postoperative complications, n, % 32 (9.8) 32 (9.8) 1.000
Pneumonia, n, % 13 (4.0) 13 (4.0) 1.000
lleus, n, % 3 (0.9) 6 (1.8) 0.502
Anastomosis leakage, n, % 4 (1.2) 5 (1.5 1.000
Abdominal bleeding, n, % 8 (2.5) 6 (1.8) 0.787
Postoperative abdominal infection, n,% 4(1.2) 2 (0.6) 0.682
Wound complication, n, % 7(22) 6 (1.8) 1.000
Unplanned reoperation, n, % 5 (1.5) 5 (1.5) 1.000
Mortality, n, % 4 (1.2) 8 (2.5) 0.382
Table 4 Univariate Analysis Of Risk Factors For Prognosis Of Gastric Cancer After Matching
Prognostic Factors B, 95% CI (Low To High) P value
Gender Male Reference
female 1.10 (0.58, 2.08) 0.7780
Age =60 year Reference
>60 year 0.63 (0.38, 1.06) 0.0836
BMI <185 Reference
18.5-25 0.90 (0.34, 2.36) 0.8232
=25 0.53 (0.19, 1.48) 0.2266
Smoking Yes Reference
No 1.21 (0.69, 2.09) 0.5075
Hypertension Yes Reference
No 2.01 (1.04, 3.89) 0.0386
Diabetes mellitus Yes Reference
No 1.15 (0.39, 3.37) 0.7934
Coronary heart disease, Yes Reference
No 1.89 (0.62, 5.70) 0.2606
ASA classification Class | Reference
Class 2 1.34 (0.39, 4.64) 0.6464
Class 3 0.87 (0.24, 3.19) 0.8333
Class 4 276284.34 (0.00, Inf) 0.9840
Operative approach Open surgery Reference
Laparoscopic surgery 1.19 (0.66, 2.12) 0.5642
Type of gastrectomy Proximal Reference
Distal 0.68 (0.28, 1.63) 0.3873
Total 0.48 (0.20, 1.11) 0.0867
Tumor location Upper third Reference
(Continued)
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Table 4 (Continued).
Prognostic Factors B, 95% CI (Low To High) P value
Middle third 0.74 (0.38, 1.42) 0.3614
Lower third 1.46(0.73, 2.92) 0.2886
Entire 0.88(0.35, 2.21) 0.7919
Tumor size =5cm Reference
>5cm 1.04(0.58, 1.84) 0.9046
Differentiated grade Well & moderately Reference
Poor 1.19(0.71, 2.01) 0.5020
Tumor depth Tl Reference
T2 1.40(0.61, 3.21) 0.4290
T3 1.37(0.70, 2.70) 0.3550
T4a 0.70(0.18, 2.75) 0.6080
T4b 804855.56(0.00, Inf) 0.9851
LNM NO Reference
NI 1.74(0.90, 3.36) 0.1011
N2 2.58(1.04, 6.35) 0.0400
N3a 1.68(0.77, 3.65) 0.1897
N3b 3.22(0.74, 13.96) 0.1182
Tumor stage la Reference
Ib 2677206.45 (0.00, Inf) 0.9930
lla 1.43(0.68, 2.99) 0.3493
Ilb 1.50(0.67, 3.37) 0.3227
lla 3.46(1.08, 11.09) 0.0364
lib 1.70(0.74, 3.91) 0.2152
lllc 2677206.45(0.00, Inf) 0.9844
SSC Before Reference
After 1.00(0.60,1.68) 1.000

gastric cancer surgery. SSC implementation may help
reduce human errors, such as patient errors, site errors,
etc. However, the incidence of such errors in gastric cancer
surgery is extremely low; there are no patient errors or
surgical resection site errors during gastric cancer surgery
in the history of our center. Given this perspective, a new
checklist covering the entire perioperative period may be
needed to reduce surgical complications for gastric cancer.

The negative findings of our study may be due to the
compliance of implementation. In 2017, a prospective

study by Yu et al*' showed a clear relationship between
a reduction in postoperative complications and the extent
to which SSC was followed after its implementation by the
hospital, i.e., a higher compliance with the SSC leads to a
more significant reduction in postoperative complications
and vice versa. Considering that SSC implementation can
be affected by many factors, the rate of implementation
varies significantly.”> Thus, some researchers have sug-
gested increasing the actual implementation rate by using
an electronic SSC* or other method. At the same time, it
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Figure 2 Overall survival of gastric cancer patients stratified by SSC. (A) Overall
survival of gastric cancer patients before matching(p=0.239). (B) Overall survival of
gastric cancer patients after matching (p=0.453).

is important to strengthen training®* and supervision®> for
the use of SSCs.

Although previous research has shown that the imple-
mentation of SSCs may help reduce postoperative compli-
cations, there is no positive correlation between SSC and
surgical prognosis. Similarly, no study has suggested that
SSCs can improve the prognosis of gastric cancer surgery.
The implementation of an SSC as a safety improvement
measure is expected to reduce the complications of the
operation. However, a high-quality operation does not
necessarily mean lead to a good prognosis, which is
more closely related to the patient’s physical condition
and staging. Our study showed that SSC had no effect on

the prognosis of gastric cancer surgery. Nevertheless,
SSCs have practical value.

This study is subject to several limitations. First, this
study was a single-center study with a limited sample size,
which may result in bias during analysis. A multicenter study
with a larger sample size is needed to confirm our results.
Second, our research design lacked data on SSC compliance.
Although our center has very high SSC implementation rate,
the effect of SSC compliance on the negative results of this
study cannot be completely excluded. Third, as a retrospec-
tive analysis, our study lacked complete statistical data on all
postoperative complications, including mild to moderate
postoperative complications. More specific prospective stu-
dies are needed on the effect of SSC on varying degrees of
complications, and more accurate subgroup analysis for post-
operative complications should be performed on the basis of
the Clavien—Dindo scoring system. Fourth, unfortunately the
quality of postoperative follow-up is not good enough, that’s
a problem in the process of database construction in the early
years. Some cases were lack of follow-up records and even
lost follow-up. In the data collection process, the follow-up
data was collected by electronic medical record system to
minimize the data deviation as much as possible.

Conclusion

SSC implementation was associated with a decreased length
of postoperative stay in gastric cancer patients but did not
affect operation time, blood loss, blood transfusion, hospital
charges, postoperative complications, or overall survival.
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