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Aim: This study aimed to evaluate the impact of the coronavirus disease (COVID-19)
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(LDG), and laparoscopic low anterior resection (LLAR) and compared the monthly
numbers of each procedure performed in 2020 with those in 2018 and 2019. The
degree of infection in prefectures was classified into low and high groups.

Results: In 2020, the number of LCs (except for acute cholecystitis) was 76 079 (93.0%
of that in 2019), the number of LDGs was 14271 (85.9% of that in 2019), and the
number of LLARs was 19570 (88.1% of that in 2019). Although the number of robot-
assisted LDG and LLAR cases increased in 2020, the growth rate was mild compared
with that in 2019. There was little difference in the number of cases in the degree of
infection in the prefectures. The numbers of LC, LDG, and LLAR cases decreased from
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1 | INTRODUCTION

Coronavirus disease (COVID-19) was reported as a mass infection
of pneumonia in Wuhan, China, in December 2019 and spread
worldwide.! A pandemic was declared on March 11, 2020, by the
World Health Organization (WHO). The first positive patients were
reported in Japan on January 15, 2020, and the infection spread rap-
idIy.2 The Japanese government announced an emergency declara-
tion from April 2020 through May 2020. The COVID-19 pandemic
had a major influence on not only normal medical treatment but also
surgical treatment.

Endoscopic surgery, such as laparoscopic surgery, causes aerosol
development through the pneumoperitoneum and an energy device;
therefore, many surgical societies do not recommend endoscopic
surgery. The American College of Surgeons recommended that we
consider avoiding laparoscopic surgery.3 In the Society of American
Gastrointestinal and Endoscopic Surgery and European Association
for Endoscopic Surgery joint recommendation for minimally invasive
surgeries, the use of devices in filtering the released CO, for aerosol-
ized particles should be strongly considered.* Units have cautiously
re-established laparoscopy when all criteria are met, as recom-
mended by the Royal College of Surgeons.5 According to the Japan
Surgical Society guidelines, we should recognize that laparoscopic
surgery causes aerosol development, and we should only perform it
after confirming the conditions, such as having a highly precise filter
and effluent gas device.

During the COVID-19 pandemic, medical materials and surgical
instruments necessary for endoscopic surgery were insufficient due
to the challenges in transportation. Furthermore, owing to the move-
ment restrictions that exceeded prefecture and entrance restrictions
to hospitals, proctors and specialized suppliers could not enter the
operating room. Therefore, the introduction and enforcement of new
endoscopic surgeries, such as robot-assisted surgery, were difficult.

Considered together, the COVID-19 pandemic was believed to
have an influence on endoscopic surgeries. In particular, 2020 was
the early stage of spreading the unknown virus, severe acute re-
spiratory syndrome coronavirus 2; no vaccine had been developed
against COVID-19, and an emergency was announced for the first
time. In addition, movement restrictions were in place, and the dis-
tribution of medical supplies was also affected; thus, it was thought
that the impact would be large. However, the influence and nature of
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May to June and recovered gradually. In late 2020, the proportion of T4 and N2 cases
of gastric cancer and the number of T4 cases of rectal cancer increased compared
with those in 2019. There was little difference between the proportions of postopera-
tive complications and mortality in the three procedures between 2019 and 2020.

Conclusion: The number of endoscopic surgeries decreased in 2020 as a result of the

COVID-19 pandemic. However, the procedures were performed safely in Japan.

COVID-19, endoscopic surgery, gastric cancer, National Clinical Database, rectal cancer

the influence of COVID-19 pandemic on endoscopic surgery remain
unclear. Therefore, this study aimed to investigate the impact of the
COVID-19 pandemic on elective endoscopic surgeries in Japan using
the National Clinical Database (NCD).

2 | METHODS

This study was performed by analyzing essential data extracted from
the NCD, a nationwide registry system in Japan that has been linked
with the surgical board certification system since 2011. Details on
data registration in the Japanese NCD system were described previ-
ously.” As of 2018, over 5000 institutions had participated in this
system, with approximately 1.5 million surgical cases registered an-
nually. All surgical cases are registered in the NCD, and details, in-
cluding morbidities, comorbidities, postoperative complications, and
mortalities, are added to the system.

Cholecystectomy, distal gastrectomy (DG), and low anterior
resection (LAR) were selected. The most common endoscopic sur-
geries in Japan are for the gallbladder, colorectum, and stomach.®
Cholecystectomy is a typical operation for benign disease of the
gallbladder. DG and LAR were selected as surgical operations for
malignant disease. Cholecystectomy was divided into two groups:
cholecystectomy for acute cholecystitis and cholecystectomy for
reasons other than acute cholecystitis (except acute cholecystitis).
In total, 321131 cases of cholecystectomy, 94208 cases of DG,
and 61869 cases of LAR were registered in the NCD between 2018
and 2020. Among them, patients aged <18 years and patients who
underwent emergent surgeries were excluded from this study.
Furthermore, in DG and LAR, benign disease, malignant disease of
organs other than the stomach, and diseases in which tumor depth
(T) or node metastasis (N) were not clear were excluded from this
study. Incomplete data on 48 cases of cholecystectomy, 35 cases
of DG, and 18 cases of LAR were also excluded (Figure 1).

2.1 | Classification of prefectures according to the
degree of infection

The degree of infection was indicated by the cumulative number of
infected people per population of prefectures at the end of 2020.”
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FIGURE 1 Flowchart detailing the patient's selection process. (A) Laparoscopic cholecystectomy. (B) Laparoscopic distal gastrectomy.
(C) Laparoscopic low anterior resection.

TABLE 1 Numbers of surgeries.

Number of Number of Number of
operations operations operations Vs. 2018 Vs. 2019
(2018) (2019) (2020) (%) (%)
Cholecystectomy for acute cholecystitis
Open 195 188 168 86.2 89.4
Laparoscopic 11800 11744 12131 102.8 103.3
Cholecystectomy except for acute cholecystitis
Open 1177 1149 834 70.8 72.6
Laparoscopic 80177 81811 76079 949 93.0
Distal gastrectomy
Open 13531 12085 10012 74.0 82.8
Laparoscopic 16895 16610 14271 84.5 85.9
Robot assisted 1159 2102 2553 220.2 121.5
Low anterior resection
Open 3732 3159 2544 68.2 80.5
Laparoscopic 14308 13977 12316 86.1 88.1
Robot assisted 1012 2448 3460 341.9 141.3

Based on this value, the degree of infection in prefectures was clas-
sified into two groups: high and low groups. The high group con-
sisted of 12 prefectures, namely Aichi, Chiba, Fukuoka, Hokkaido,
Hyogo, Kanagawa, Kyoto, Nara, Okinawa, Osaka, Saitama, and

Tokyo, whereas the low group comprised all other prefectures.

2.2 | Study endpoint

The primary outcome measure of this study was the impact of the
COVID-19 pandemic on endoscopic surgery. The total number
of each procedure performed in 2020 was analyzed monthly and

compared with those in 2018 and 2019. The secondary outcome
was the impact of the COVID-19 pandemic on overall postoperative
complications (more than grade-lll, according to the Clavien-Dindo

classification in cholecystectomy).

2.3 | Clinical factors

The clinical factors included age at surgery (<65, 65-75, and
>75years); sex (male or female); occurrence of preoperative chem-
otherapy, American Society of Anesthesiologists physical status
(ASA-PS: 1, 2, and 3-5); and clinical T, N, and distant metastasis (M)
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stages. The 7th edition of the American Joint Committee on Cancer
TNM classification was used to extract representative T, N, and M.
A comparative analysis was conducted between groups in terms of
the duration of surgery, intraoperative blood loss, overall complica-
tion, postoperative hospital stays, and operative mortality.

The study protocol was approved by the institutional review
board of Oita University (approval number: 2147). This study was
conducted in accordance with the ethical standards of the 1964

Declaration of Helsinki and its later amendments.

3 | RESULTS

3.1 | The annual number of each procedure

Table 1 summarizes the number of occurrences of each procedure.
The number of open cholecystectomies (OCs) for acute cholecystitis
in 2020 was 168 (86.2% of that in 2018 and 89.4% of that in 2019), and
the number of laparoscopic cholecystectomies (LCs) for acute chole-
cystitis in 2020 was 12131 (102.8% of that in 2018 and 103.3% of that
in 2019). Further, the number of OCs (except acute cholecystitis) in
2020 was 834 (70.8% of that in 2018 and 72.6% of that in 2019), and
the number of LCs (except for acute cholecystitis) in 2020 was 76079
(94.8% of that in 2018 and 92.6% of that in 2019). Regarding DG, the
number of open surgeries (ODGs) in 2020 was 10012 (74.0% of that
in 2019 and 82.8% of that in 2019). The number of LDGs in 2020 was
14271 (84.5% of that in 2018 and 85.9% of that in 2019). In addition,
the number of robot-assisted distal gastrectomies (RDGs) in 2020 was
2553(220.2% of thatin 2018 and 121.5% of that in 2019). The number
of open low anterior resections (OLARs) in 2020 was 2544 (68.2% of
that in 2018 and 80.5% of that in 2019), and the number of LLARs in
2020 was 12316 (86.1% of that in 2018 and 88.1% of that in 2019).
The number of robot-assisted low anterior resections (RLARs) in 2020
was 3460 (341.9% of that in 2018 and 141.3% of that in 2019).

3.2 | Comparison of each prefecture according
to the degree of infection

Table 2 summarizes the number of each procedure by the degree
of infection in the prefectures. In cholecystectomy for acute chol-
ecystitis, cholecystectomy (except acute cholecystitis), distal gas-
trectomy, and low anterior resection, there was little difference
in the number of cases according to the degree of infection in the

prefecture.

3.3 | Trends in the monthly volume of each
procedure (2018-2020)

The number of OCs for acute cholecystitis decreased in May 2020
and recovered in the following August. The number of LCs for acute
cholecystitis did not change (Figure 2).

The number of OCs, except acute cholecystitis, decreased after
May 2020, while the number of LCs (except acute cholecystitis) de-
creased in May 2020 and recovered in July 2020.

The number of LDGs decreased from May to July and gradually
recovered. In addition, the number of RDGs in 2020 was greater
than that in 2019 until April but reached the same number as that
in 2019 after May. The number of ODGs slightly decreased in May
2020.

The number of LLARs decreased in May 2020 and gradually
recovered, while the number of RLARs increased each year, but
the growth rate decreased between May and August 2020. We
also observed that the number of OLARs slightly decreased in May
2020.

3.4 | Trends in the monthly proportions of
clinicopathological features (2018-2020)

Considering LC for acute cholecystitis, LC (except for acute chol-
ecystitis), and LDG, the proportion of elderly patients and ASA3-5
patients increased in 2020. Each surgery type increased in stages,
and the proportion of the increase was the same as that in the previ-
ous year. In patients who underwent LLAR, the proportion of elderly
patients and ASA3-5 patients did not change in 2020 (Figure 3;
Table S1).

The proportion of patients who underwent LDG with preoper-
ative chemotherapy increased after June 2020. The proportion of
those who underwent LLAR with preoperative chemotherapy in-
creased after July 2020 (Figure 3).

Further, the proportion of T4a, T4b, or N3b patients who under-
went LDG increased in the second half of 2020 (Figure 4).

In patients who underwent LLAR, the proportion of T4b patients
increased in the second half of 2020.

3.5 | Trends in the monthly
proportions of postoperative complications and
mortality (2018-2020)

The proportion of complications after undergoing LC, postoperative
complications and mortality of LDG, and postoperative complica-
tions and mortality of patients who underwent LLAR did not differ
in 2019 and 2020 (Table S2).

4 | DISCUSSION

Our study showed the impact of the COVID-19 pandemic on endo-
scopic surgery in Japan using the NCD database. We evaluated the
number of endoscopic surgeries, such as LC, LDG, and LLAR, and the
postoperative complications of these procedures in 2020, compared
with those in 2018 and 2019. In 2020, the number of COVID-19
cases was milder than in 2021, but it seems significant that in the
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Number of Number of Number of
operations operations operations
(2018) (2019) (2020)
High group
Cholecystectomy for acute cholecystitis
Open 111 117 94
Laparoscopic 6546 6668 6801
Cholecystectomy except for acute cholecystitis
Open 648 648 472
Laparoscopic 46864 47837 43858
Distal gastrectomy
Open 6928 6176 5055
Laparoscopic 9844 9585 7931
Robot assisted 708 1306 1609
Low anterior resection
Open 1905 1546 1227
Laparoscopic 8599 8450 7254
Robot assisted 640 1612 2283
Low group
Cholecystectomy for acute cholecystitis
Open 94 84 71
Laparoscopic 6801 5254 5058
Cholecystectomy except for cholecystolithiasis
Open 529 501 362
Laparoscopic 33313 33974 32221
Distal gastrectomy
Open 6603 5909 4957
Laparoscopic 7051 7025 6340
Robot assisted 451 796 944
Low anterior resection
Open 1827 1613 1317
Laparoscopic 5709 5527 5062
Robot assisted 372 836 1177

early days of the COVID-19 pandemic, we had to deal with a lack
of knowledge about COVID-19 and vaccines. In the present study,
we focused on cholecystectomy, DG, and LAR. In the gastrointes-
tinal surgery subset of the NCD, detailed data are entered for the
following eight surgeries: esophagectomy, distal gastrectomy, total
gastrectomy, right hemicolectomy, low anterior resection, hepatec-
tomy, pancreaticoduodenectomy, and surgery for acute diffuse peri-
tonitis.®* DG is a typical procedure in gastric surgery and one of the
eight surgeries. The colorectal area includes several typical surgical
procedures. Endoscopic surgery is performed more often for rectal
cancer than for colon cancer, and robot-assisted surgery for rectal
cancer was covered by insurance since 2018.8 LAR was selected for
the colorectal area, as it is one of the eight surgeries, and there was a
need to consider the impact of COVID-19 on robot-assisted surgery.

We found that the number of LCs (except for acute cholecysti-
tis), LDGs, and LLARs decreased in the early stage of the COVID-19

TABLE 2 Numbers of surgeries
according to degree of infection.

Vs.2018  Vs. 2019
(%) (%)
84.7 80.3
103.9 102.0
72.8 72.8
93.6 91.7
73.0 81.8
80.6 82.7
227.3 123.2
64.4 79.4
84.4 85.8
356.7 141.6
75.5 84.5
74.4 96.3
68.4 72.3
96.7 94.8
75.1 83.9
89.9 90.2
142.8 118.6
721 81.6
88.7 91.6
316.4 140.8

pandemic and gradually recovered, although with no difference in
the degree of infection in the prefecture. In late 2020, the pro-
portion of T4 and N2 cases of gastric cancer increased, and the
number of T4 cases of rectal cancer increased. Moreover, postop-
erative complications and mortality did not differ.

During the first wave of the COVID-19 pandemic, non-critical
surgeries showed declines in the number of cases, except for on-
cological and critical surgeries.11 In the analysis from the NCD, the
numbers of most oncological procedures decreased in 2020, except
for pancreatoduodenectomy.’ During the COVID-19 pandemic, can-
cer screening using upper gastrointestinal endoscopy and colonos-
copy was reported to decrease!? and was considered to be a reason
for the decrease in the number of gastrectomies or anterior resec-
tions of the rectum.' Moreover, surgery for early gastric cancer
and rectal cancer decreased due to the detection of early cancer
by screening,*®** but the possibility that cancer deaths increased
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due to a delay in diagnosis during the COVID-19 pandemic has been
described.!>1¢

Although the number of LCs (except for acute cholecystitis),
LDG, and LLAR decreased in 2020, the number of LCs for acute cho-
lecystitis did not decrease. Regarding cholecystectomy, its number
decreased in many countries.” One of the reasons for this decrease
was considered to be the increase in non-surgical treatment options
for acute cholecystitis.ig'19 On the other hand, LC remains the treat-
ment of choice for acute cholecystitis, even during the COVID-19
pandemic.20 In this study, although the number of LCs (except for
acute cholecystitis) decreased, the number of LCs for acute cholecys-
titis did not decrease. For acute cholecystitis, laparoscopic surgery
is widely considered after non-surgical treatment. The number of
robot-assisted surgeries slightly increased, but the growth rate was
low compared with that of the previous year. In Japan, robot-assisted
surgery for gastric cancer and rectal cancer was covered by insurance
in 2018. Until 2019, robotic surgery for both gastrectomy and rectal
resection was on the rise, while open surgery was on the decline. In
DG, ODG and LDG decreased, and RDG increased less. In LAR, OLAR
was highly reduced, LLAR was slightly reduced, and RLAR was in-
creased, but the rate of increase was low. In LAR, the transition from
OLAR to LLAR and RLAR was more advanced than in DG.

The number of LCs (except for acute cholecystitis), LDGs, and
LLARs decreased between May and June 2020. In May 2020, a state
of emergency was declared in Japan, the supply of medical materials
was affected, and movement restrictions and triage were developed
according to the recommendations of an academic society; these
were all regarded as major causes of the decrease in the number of
surgical procedures. In DG, LDG gradually recovered from May, but
RDG showed the same trend as the previous year. It is possible that
few new facilities were introduced due to restrictions on the move-
ment of proctors. In LAR, OLAR and LLAR gradually recovered after
decreasing, and although RLAR was slightly low from May to August,
the number of cases remained higher than in the previous year, pos-
sibly because the shift to RLAR was progressing. To deal with this
situation, emergency preparedness, such as strategic reserves of
personal protective equipment and surgical devices, is considered
important. A remote operation supporting system should also be
established.

There were slight differences in the degrees of infection in the
prefectures. In the early stage of the COVID-19 pandemic, the decla-
ration of a state of emergency, relative shortage of medical supplies,
and surgical triage also seemed to be major causes of the increase
in the number of infected patients. In the analysis of data from the
NCD, the reduction in low anterior resection during the early stage
of the COVID-19 pandemic was greater in the high group than in the
low group.!! The reason for this finding may be the division into high,
medium, and low groups in the study.

Regarding patient characteristics, in LC and DG, the proportion
of elderly patients and high-risk patients (ASA3-5) slightly increased
in 2020. However, the proportion increased each year, and whether
the COVID-19 pandemic affected these ratios remains unknown.
Patients who underwent preoperative chemotherapy for gastric and

rectal cancers increased between June and July 2020. The reason
for the increase in preoperative chemotherapy may have been at-
tributed to surgeons abiding by COVID-19 guidelines.21

In late 2020, the proportion of T4 and N2 cases of gastric cancer
in our study increased, and the number of T4 cases of rectal cancer
increased; these cases may have increased because patients did not
undergo cancer screening or consultation at a hospital during this
time period. There were more patients with gastric and rectal cancer
who underwent preoperative chemotherapy in 2020 compared with
those in 2019.

In Japan, based on the announcement by each surgical society,
infection prevention measures and the proper use of medical re-
sources were observed, and surgical triage for the prevention of out-
come exacerbation was performed in many hospitals.*™® As a result,
although the number of elective laparoscopic surgeries decreased,
there was no exacerbation of surgical outcomes.

The proportion of postoperative complications and mortality
of patients who underwent laparoscopic surgery ultimately did not
differ in 2019 and 2020. Patients with perioperative COVID-19 are
at an increased risk of adverse events, including postoperative pul-
monary complications and mortality.22 The preoperative screening
revealed only a few patients with COVID-19.

This study has some limitations. First, the number of included
patients with COVID-19 was unknown; thus, we cannot evaluate the
effect of COVID-19 on postoperative complications. In addition, it
is unknown whether the healthcare providers were infected, and
hence the effect of the aerosol is unknown. However, there seem
to be fewer cases of elective surgery in patients with COVID-19 be-
cause preoperative screening is typically performed frequently in
Japan. Second, all emergency surgeries were excluded, and these
data can only be applied to elective surgeries. For locally advanced
cancer associated with bleeding or stenosis, emergency surgery may
be required. Therefore, surgical outcomes for all locally advanced
cancer were not evaluated. Finally, the long-term outcome was not
investigated in this study. It is considered that the delay of treat-
ment by a triage of surgery will appear as a prognosis after several
years. Thus, further investigation is necessary to precisely evaluate
the impact of the COVID-19 pandemic on the outcome of surgeries
for gastric and rectal cancer.

In conclusion, the number of endoscopic surgeries decreased in
the early stage of the COVID-19 pandemic and gradually recovered,
with little difference in the degrees of infection in the prefectures.
Furthermore, the shift to robotic surgery is gradually progressing
during the COVID-19 pandemic. Patients who underwent preopera-
tive chemotherapy for gastric and rectal cancers increased, and pa-
tients with advanced gastric and rectal cancers increased. However,
postoperative complications and mortality did not differ.
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