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Abstract

In this unprecedented COVID-19 pandemic, several key issues must be addressed to ensure safe treatment and prevent rapid
spread of the virus and a consequential medical crisis. Careful evaluation of a patient’s condition is crucial for deciding the
triage plan, based on the status of the disease and comorbidities. As functionality of the medical care system is greatly affected
by the environmental situation, the treatment may differ according to the medical and infectious disease circumstances of the
institution. Importantly, all medical staff must prevent nosocomial COVID-19 by minimizing the effects of aerosol spread
and developing diagnostic and surgical procedures. Polymerase chain reaction (PCR) screening for COVID-19 infection,
particularly in asymptomatic patients, should be encouraged as these patients are prone to postoperative respiratory failure.
In this article, the Japan Surgical Society addresses the general principles of surgical treatment in relation to COVID-19
infection and advocates preventive measures against viral transmission during this unimaginable COVID-19 pandemic.
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Introduction

The rapid spread of the novel coronavirus disease 2019
(COVID-19), which appeared first in Wuhan, China, has
caused a worldwide pandemic that has reached Japan [1-3].
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Facing the COVID-19 pandemic outbreak, the medical envi-
ronment for Japanese surgeons has changed dramatically,
presenting unprecedented challenges to our routine clinical
practice. Our most important task is to prevent the medical
care breakdown until the COVID-19 pandemic subsides.
Dealing with the COVID-19 pandemic has placed a great
burden on health care capacity, and breakdown of medi-
cal care will occur if this burden overwhelms the existing
health capacity. In the event of breakdown of medical care,
the hospital system will stop functioning normally, resulting
in more COVID-19-related deaths. In this situation, other
patients needing care, such as those with chronic disease,
cancer, or trauma, are also confronted by a lack of medical
resources. This secondary outcome of the pandemic could
result in a further increase in deaths of these patients.

Elective surgery during the COVID-19
pandemic

In this critical situation, the surgeon faces two issues:
Appropriate triage of surgery and prevention of nosoco-
mial infection. To resolve these two issues, “Proposal for
surgical-related procedure for novel coronavirus disease
2019 positive or suspected patients” was issued in April
Ist, 2020 at the suggestion of the committee for COVID-
19 of the Japanese Surgical Society, and with the approval
of 12 other surgical societies [4].

Performing triage of surgery during the COVID-19
pandemic is necessary for two reasons. First, there is a
high risk of deterioration of COVID-19 during the post-
or intraoperative period for patients undergoing surgery
during the incubation period of COVID-19. A report from
Wuhan, China analyzing the clinical data of 34 patients
who underwent elective surgery during the incubation
period of COVID-19 revealed that COVID-19 pneumonia
developed in all 34 (100%), with accompanying abnormal
findings on computed tomography studies, shortly after
the surgery. Fifteen of these patients (44.1%) required
intensive care unit (ICU) management for worsening
COVID-19 symptoms and seven (20.5%) died in ICU [5].
The second reason is the system-wide shortage of medi-
cal resources during the COVID-19 pandemic. Mainly
by respiratory failure, almost 30% of COVID-19 patients
become severely unwell, mainly because of respiratory
failure, necessitating invasive mechanical ventilation or
assistance with extracorporeal membrane oxygenation
(ECMO) [6]. Vast medical resources including specialist
staff, ICU beds, and personal protective equipment (PPE)
are consumed in the ICU setting, even during normal
operations, and this amount is accentuated in the setting
of the COVID-19 pandemic, because of the increased risk
of nosocomial infection. The ability of hospital system

to manage both COVID-19 patients and general clinical
patients, including those with organ failure or cancer,
simultaneously, must be maintained. Thus, careful utiliza-
tion of these limited medical resources is required to bal-
ance the needs of routine clinical situations and COVID-
19 patients, to prevent breakdown of the medical system.
Proficient surgical triage is required for the surgeon to uti-
lize the medical resources more efficiently and effectively.

Table 1 outlines the “Guideline for performing surgical
triage during the COVID-19 pandemic”. In this guideline,
status of the medical care system is classified into a stable
period and a restricted period, separating patients with and
those without novel coronavirus infection, and disease for
surgery into three levels: A, disease that is nonfatal or does
not require urgent medical intervention; B, disease that is
not immediately fatal but may potentially be fatal or at risk
of becoming severe; and C, disease that may be fatal within
days—months without surgical intervention. The decision
for surgical planning about whether to perform or postpone
surgery is made in each category separated by the classi-
fications described above. In performing triage of surgery
during the real clinical practice, this proposal should be
implemented with some flexibility since all patients have
variations of pathophysiology, progression of illness, and
environmental situations, and the correct clinical deci-
sions can only be made after assessing these variations.
For instance, even for the same stage of the same disease,
the clinical decision to perform or postpone surgery differs
when variations in comorbidity, age, and other factors are
considered. We should never forget that the attending sur-
geon, who is usually well informed about the clinical infor-
mation of each patient, is the one who should be responsible
for making the correct decision in surgical triage.

The present proposal also outlines the prevention of
nosocomial COVID-19 infection, including via aerosol-
generating procedures (AGPs) and PPE. Aerosols are
generated through medical procedures such as intubation,
extubation, tracheotomy, mask ventilation, bronchoscopy,
chest drainage, gastrointestinal endoscopy, electrosurgi-
cal procedures for digestive organs, and laparoscopic
abdominal surgery. All medical personnel, especially sur-
geons and anesthesiologists, who are involved in surgery,
should be aware of the higher risk of COVID-19 infection
from contaminated aerosols generated by these AGPs and
implement optimal protection against exposure to aerosols
[7, 8]. When surgery or other procedures are performed
in patients with confirmed or suspected COVID-19, the
medical personnel must protect themselves by wearing
PPE. While performing high-risk AGPs, higher-level
protection is recommended by wearing respirator masks
such as an N95 mask, face shields, and gowns [9]. Medi-
cal resources including sophisticated PPE are expected
to be short in supply during the COVID-19 pandemic;
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so, medical facilities are advised to use these resources
efficiently by securing stock or considering re-use of the
resources where practicable and safe.

To address the COVID-19 pandemic, every surgeon must
be informed about the pathology of COVID-19 to be opti-
mally protected against the infection and carry out appropri-
ate treatment for every patient, depending on the specifics of
their disease. In this article, we address specific proposals
for gastrointestinal surgery, hepatobiliary and pancreatic sur-
gery, cardiovascular surgery, respiratory surgery, pediatric
surgery, breast and endocrine surgery, and transplantation
surgery, outlining the clinical tasks and treatment guidance
for each field during the COVID-19 pandemic.

Gastrointestinal surgery

Severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2) enters cells via the angiotensin-converting enzyme 2
(ACE2) receptor, which is widely expressed not only in pul-
monary alveolar cells but also in the enterocytes of the intes-
tinal mucosa [10, 11]. Viral RNA can be found in the stools
of infected patients [12] and extrapulmonary symptoms
arising from the gastrointestinal tract are common [13-15].
Because of the potential risk of virus transmission, special
considerations are required for gastrointestinal surgeons.

Postponement of surgical treatment

In the era of the COVID-19 pandemic, clinicians should
consider whether postponement of surgical treatment is
possible to prevent nosocomial transmission and main-
tain health care capacity [16]. Surgery would be delayed
for up to 6 months in patients with large or suspicious pol-
yps, hereditary syndromes, dysplasia/carcinoma in situ in
biopsy specimens, and incomplete, questionable margins on
polypectomy. Deferring surgery should be considered for
patients with early cancer in a resected polyp and stage I
and II colorectal cancer, if intensive care unit (ICU) beds/
ventilator and resources could be needed. However, curative
resection should be performed if delaying surgery by more
than 3 months will adversely impact tumor and oncologic
outcomes. Neoadjuvant chemotherapy or chemoradiation
is recommended for high-risk colorectal cancer to delay
surgery until the peak of COVID-19 abates and resources
return. Emergency surgery is mandatory for patients with
cancers causing bleeding requiring transfusion, obstruc-
tion, and impending perforation [16, 17]. For patients with
colorectal cancer, alternative treatment approaches includ-
ing neoadjuvant chemotherapy or chemoradiation to delay
surgery could be considered. For patients with inflamma-
tory bowel disease, multiple medical options such as ster-
oids, immunomodulators, and biologics, which provide

multi-disciplinary non-surgical care, might be the beneficial
alternatives to surgery during this pandemic [18].

Preoperative polymerase chain reaction (PCR)
testing

Patients with symptoms suggestive of COVID-19 should be
screened by telephone interview 24—48 h prior to admission
for surgery, and delaying surgery until 2 weeks after the reso-
lution of symptoms should be considered. However, because
of the relatively long incubation period [19] and evidence
suggesting that asymptomatic patients can spread COVID-
19 [20, 21], it is now important to clarify the COVID-19 sta-
tus of patients undergoing surgery [17, 22]. Because of the
relatively limited availability of SARS-COV-2 PCR testing
in Japan, routine screening by PCR would be preferentially
conducted at surgery, which increases the risk of generating
SARS-COV-2 aerosols. In patients found to be positive for
SARS-COV-2 by PCR, elective surgery should be deferred
until SARS-COV-2 clearance [17]. Cancer surgery should
be reserved for life-threatening situations only. Patients
with acute abdomen such as gastrointestinal perforation,
ileus causing intestinal ischemia, and complicated appendi-
citis, do require urgent surgical intervention [23]. For these
patients, PCR results would be obtained after surgery; while,
chest computed tomography (CT) can be used as a screening
tool prior to surgery [17].

Surgery for patients with COVID-19

COVID-19 complicates the postoperative course with diag-
nostic challenges and a potentially high mortality. Amin-
ian et al. [24] reported the development of acute respiratory
distress syndrome (ARDS) after surgery in two of the four
patients, and three patients died during the perioperative
period. In contrast, Cai et al. [25] reported that eight patients
underwent abdominal surgery, and postoperative recovery
was affected only in one critically ill COVID-19 patient.
There are three possible situations in which surgeons need
to be prepared to encounter COVID-19. First, some patients
admitted to hospital for treatment of COVID-19 infection
will suffer additional problems that require surgical interven-
tion. Second, patients admitted to a surgical department with
any gastrointestinal symptoms, including abdominal pain
and diarrhea, may have concomitant COVID-19 infection.
Third, postoperative patients may suffer respiratory symp-
toms, indicating possible hidden or mild disease before sur-
gery or nosocomial transmission. In these cases, appropriate
differential diagnosis is important to improve the patient’s
outcome and to prevent further transmission. Lymphocyto-
penia, elevated C-reactive protein (normal for procalcitonin),
increased troponin, increased D-dimer, and mild increases
of aspartate aminotransferase and alanine aminotransferase
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levels have been reported in patients with COVID-19 infec-
tion [19, 26, 27] and CT examination is essential for a dif-
ferential diagnosis [28].

If surgical treatment is required for patients with con-
firmed or suspected COVID-19 infection, several factors
should be considered to prevent the infection of medical
staff [29]. The hospital should designate a negative-pres-
sure operating room for patients with COVID-19. The scrub
team should be equipped with full personal protective equip-
ment (PPE) including N95 respirators, double gloves, face
shields, shoe covers, caps, and body protection coveralls/
gowns. Staff must take care not to avoid contamination while
removing PPE. All personnel other than the anesthesiologist
and assistant nurse should leave the room during intuba-
tion and extubation, which are high-risk aerosol-generating
procedures [30].

Selection of surgical procedures for patients
with COVID 19

Cancer treatment for patients who are COVID-19 positive
should be as conservative as possible, using stent place-
ment for stenosing cancer and performing surgery after the
resolution of infection. Hartmann’s procedure should be
considered for left-sided occlusion or perforation [17, 29].
Although there are concerns regarding SARS-COV-2 release
into CO, during laparoscopic or robotic surgery, there is
no clear evidence to support open surgery over minimally
invasive surgery [16, 17, 29, 31, 32]. However, all efforts
should be made to eliminate the risk of staff exposure to
aerosolized particles. This can be achieved by minimizing
the creation of a plume (reduce power setting) through the
use of electrocautery or ultrasonic scalpels, limiting CO,
release into the operating room by lowering the pneumop-
eritoneum pressure, reducing the Trendelenburg position, or
deflating the abdomen before retrieving a specimen or before
removing the trocars [29, 31, 32].

Postoperative complications in surgical patients
with COVID-19

Surgeons should be prepared to manage a range of complica-
tions in patients with COVID-19. Deep vein thrombosis is
the major complication after colorectal surgery. Several stud-
ies have presented evidence of COVID-19 associated coag-
ulopathy [33-35] and one described a marked increase in
D-dimer levels in patients with COVID-19 [36]. The cumu-
lative incidence of thrombotic complications was 31% in
critically ill ICU patients with COVID-19, with pulmonary
embolism being the most frequent thrombotic complication
[37]. In an autopsy study of patients who died of COVID-19,
there was a high incidence of deep venous thrombosis (58%)

@ Springer

and one-third of the patients had a pulmonary embolism
[38]. Thus, anticoagulant prophylaxis should be considered
for COVID-19 patients undergoing colorectal surgery [34].
Severe cardiovascular damage has been identified in some
COVID-19 patients [39—41] and patients with underlying
cardiovascular diseases seem to have an increased risk of
succumbing to the disease [36]. Elevated cardiac troponin
was reported in COVID-19 patients [39], implicating myo-
cardial injury as a potential pathogenic mechanism contrib-
uting to severe illness and mortality. Particular attention
should be given to cardiovascular complications in surgical
patients with COVID-19.

Summary

In the era of the COVID-19 pandemic, elective case triage
is essential and for patients whose surgical treatment cannot
be postponed, several dedicated measures must be imple-
mented to control disease transmission and prevent compli-
cations. Because of the relatively long intubation period and
potential of asymptomatic carriers, the COVID-19 status of
patients should be confirmed before surgery. Appropriate use
of PPE is mandatory. Minimizing aerosolization of particles
with smoke evacuation should be considered during laparo-
scopic procedures. After surgery, special attention must be
given to preventing thromboembolism and cardiovascular
complications developing in patients with COVID-19.

This article reviewed strategies based on the personal
experience of medical staff treating patients undergoing gas-
trointestinal surgery during the peak period of the COVID-
19 pandemic. Currently, the peak of COVID-19 appears to
have passed and more elective surgery is being resumed.
Therefore, it is important to discuss how to move forward
while learning from the immediate past to prepare for the
next wave of COVID-19.

Hepato-pancreatico-biliary surgery

The outbreak of coronavirus disease 2019 (COVID-19)
caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has had a major impact on the practice
of hepato-pancreatico-biliary (HPB) surgery. While HPB
surgery is used to treat benign diseases such as acute chol-
ecystitis, it is mainly performed for the removal of malignant
tumors and other cancers. However, cancer patients are at
a higher risk of severe events than the healthy population if
they contract COVID-19 [42]. In general, the prognosis of
malignant disease in the HPB surgical field is poor because
of the biological aggressiveness of these types of tumor,
and the morbidity and mortality rates following HPB sur-
gery are high [43, 44]. The mortality rate is even higher for
such patients infected with COVID-19 [45]. Patients with
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advanced liver disease also represent a vulnerable cohort
in relation to COVID-19 as they have an increased risk of
infection and/or a severe disease course [46]. The cumula-
tive evidence, thus, indicates that the decision to perform
any type of surgery, including HPB surgery, must be made
carefully in situations where COVID-19 is widespread.

During the COVID-19 pandemic, the decision to perform
HPB surgery should be made in the same way as other sur-
gery. The recommendation of the Society of Surgical Oncol-
ogy (SSO) in the United States for managing HPB cancers
during this pandemic is that surgery should be considered
for all patients with aggressive HPB malignancies, including
pancreatic adenocarcinoma, gastric cancer, cholangiocarci-
noma, duodenal cancer, ampullary cancer, or liver metastasis
of colorectal cancer [47]. When systemic chemotherapy is
indicated in addition to surgery, neoadjuvant chemotherapy
should be considered as a means of delaying surgery if the
patient responds to this treatment and can tolerate it. Sur-
geries for asymptomatic pancreatic NETs, duodenal and
ampullary adenomas, GISTs, and high-risk intraductal pap-
illary mucinous neoplasms should also be delayed unless
this will affect the resectability of the lesion. Neoadjuvant
chemotherapy, ablation, or stereotactic radiosurgery should
be used in the place of surgical resection for liver metastases
where possible. Ablation or embolization should be consid-
ered as an alternative to surgical resection for hepatocellular
carcinoma. The American College of Surgeons (ACS) has
provided guidance on the management of non-emergency
surgical procedures and recommends that surgery for low-
risk cancer should be postponed if possible but that it should
not be postponed for most other cancers [48]. The ACS has
also provided guidelines for the triage and management of
patients with pancreatic and periampullary cancer, highlight-
ing the rates of adverse events, prolonged hospitalization,
and readmission following surgery as a result of the techni-
cal complexity of the required operations, tumor-related fac-
tors such as cachexia and malnutrition, and patient-related
factors such as age and comorbidities [49]. These adverse
events may be associated with especially high rates of perio-
perative morbidity and mortality when performed in asymp-
tomatic COVID-19-positive patients. Hence, the ACS argues
that the need for surgery should be carefully evaluated for
each patient during the pandemic in view of the low cure
rates of surgery for these malignancies.

An Italian research group has modified the management
algorithm for hepatocellular carcinoma (HCC) during the
COVID-19 crisis by preferencing locoregional treatments
such as ablation therapy over surgical resection to reduce
both postoperative stays in the ICU and hospitalization
times. This new approach leaves surgery as a salvage option
only for cases not achieving a complete radiological response
or that are not appropriate for locoregional treatment [50].
The International Liver Cancer Association (ILCA) has

also provided guidance on the management of HCC dur-
ing the pandemic [51]. The ILCA recommendations for the
treatment of HCC provide that surgical resections should
be limited to patients with a lower risk of decompensation
and those without the comorbidities that would increase
the risk of severe outcomes from a COVID-19 infection. A
French group has proposed new strategies for the practice
of digestive and oncological surgery during the pandemic,
given the high rate of morbidity and mortality associated
with a pancreatectomy [52]. They recommend that interim
chemotherapy be considered for pancreatic adenocarcinomas
requiring pancreaticoduodenectomy. For pancreatic adeno-
carcinomas requiring left splenopancreatectomy, they sug-
gest that surgery can be proposed for patients at low opera-
tive risk, but must otherwise be deferred with consideration
of interim chemotherapy.

In Japan, the target cases for HPB surgery differ slightly
from those in the United States or Europe. An example is
that hepatectomy is performed commonly for HCC in Japan
unlike in Western countries; hence, HPB surgery in Japan
during the COVID-19 pandemic should be considered in
accordance with the situation on the ground, but should
adhere to the aforementioned guidelines. In general, sur-
gery for benign disease and low-risk malignancies should be
postponed if possible. For malignant tumors, surgery should
be performed according to the oncological needs of each
individual patient, with consideration of possible alternative
treatments. Surgical procedures with a high risk of compli-
cations should be avoided as their management will typically
require multiple interventions across different departments,
thus expending hospital resources. It should also be recog-
nized that any new policy can be changed depending on the
progression of the pandemic and the capacity of the hospital
and its staff.

The main complication of COVID-19 is acute respira-
tory syndrome caused by lung injury, but organs in the HPB
regions may also be damaged by this virus. Angiotensin-
converting enzyme 2 (ACE2), which acts as a functional
receptor for the SARS coronavirus, is present in the biliary
and liver epithelial cells and therefore, the liver is a potential
target for COVID-19 infection [53]. The incidence of ele-
vated serum liver biochemistry in hospitalized patients with
COVID-19 is reported to range from 14 to 53% and liver
injury occurs more commonly in those with severe COVID-
19 [53, 54]. It remains uncertain whether COVID-19-related
liver damage/dysfunction is caused mainly by the viral infec-
tion or by coexisting conditions such as the use of potentially
hepatotoxic drugs and the presence of a systemic inflam-
matory response, respiratory distress syndrome-induced
hypoxia, and/or multiple organ dysfunction [55]. Whether
pancreatic damage is also caused by COVID-19 is not yet
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clear but has been suggested by some reports [S6-58]. The
possibility of pancreatic damage by SARS-CoV-2 is further
supported by positive ACE2 expression in the pancreas and
the high proportion of COVID-19 patients with pancreatic
injury [59]. Taken together, HPB surgeons recognize that the
organ damage caused by this virus puts infected patients at
a higher risk of poor surgical outcomes.

Triage for HPB surgery

We propose that triage for HPB surgery be done by follow-
ing the guidelines of the American Hepato-Pancreato-Bil-
iary Association (AHPBA). In this proposal, the status of the
medical care system is classified into a stable period and a
restricted period (Table 1).

1. Hepatocellular carcinoma

Resection, ablation, and transplantation should be consid-
ered in the stable period, as appropriate, and TACE, abla-
tion, or postponing treatment should be considered in the
restricted period. For advanced cases including patients with
distant metastasis or multiple lobular lesions, TACE, medi-
cal therapy, or best supportive care should be considered.

2. Colorectal liver metastasis

Resection or chemotherapy should be considered in the
stable period and chemotherapy should be considered in the
restricted period.
3. Intrahepatic cholangiocarcinoma

Resection or chemotherapy should be considered in the
stable period and chemotherapy should be considered in the
restricted period.
4. Perihilar cholangiocarcinoma

Resection should be considered in the stable period and
chemotherapy should be considered in the restricted period.
Stenting can be considered in both the stable and restricted
periods.

5. Distal cholangiocarcinoma

Resection should be considered in the stable period and
chemotherapy should be considered in the restricted period.

6. Pancreatic cancer

For resectable pancreatic cancer, resection should be con-
sidered in the stable period and neoadjuvant chemotherapy

@ Springer

should be considered in the restricted period. For borderline
pancreatic cancer, neoadjuvant chemotherapy should be con-
sidered in both the stable and restricted periods.

7. Pancreatic IPMN, cysts, and NETs

Postponing treatment should be considered in both
stable and restricted periods. Targeted therapy should be
considered if NETs present metastatic or progressing
characteristics.

Cardiovascular surgery

The SARS-CoV-2 pandemic has impacted the cardiovascu-
lar surgery community worldwide. The rapidly increasing
demand to treat COVID-19 patients has forced the health-
care sector to rearrange the prioritization of those who need
surgery for cardiovascular surgery. ICU beds are occupied by
COIVD-19 patients who require mechanical ventilation or
ECMO support in the most affected regions in United States,
Europe, and Japan. Some cardiovascular surgeons, fellows,
and residents have joined the ICU care team and face the
risk of contracting the disease. To share basic knowledge
of measures to prevent the transmission of COVID-19 and
experiences with its treatment, an international teleconfer-
ence convened among the Asian Society for Cardiovascular
and Thoracic Surgery, the American Association for Tho-
racic Surgery, European Society for Cardiothoracic Surgery,
and the Society of Thoracic Surgeons (STS). Cardiovascu-
lar surgery is considered essential because an inadvertent
delay may lead to worsening of the disease condition or even
death. In this unprecedented pandemic, an individual hospi-
tal or surgeon must make a tough decision about deferring
or performing scheduled surgery, depending on whether the
hospital and human resources are available, and the degree
of risk of deferring the surgery.

The American College of Surgeons (ACS) issued
“COVID-19: Elective Case Triage Guidelines for Surgical
Care” on March 24, 2020, which outlined the general prin-
ciples for cardiac surgery [60]. In response to the ACS tri-
age guidelines, the COVID-19 Taskforce at STS published
a patient triage guideline statement for cardiac surgery in
adult [61] and pediatric [62] patients, in early April. The
level of triage is stratified into four tiers for adult patients
according to inpatient COVID-19 load and the reduction of
operative capacity. The same triage recommendations are
applied to transcatheter intervention. Alternative percutane-
ous therapies should be considered if treatment safety and
efficacy are thought to be comparable. A follow-up system to
monitor symptoms and progression of the disease is manda-
tory to provide a patient in need with proper treatment in a
timely manner.
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e Tier I Asymptomatic outpatients and elective interven-
tions are deferred when there is 0-30% inpatient COVID-
19 load and mid-range reduction in operative capacity.

e Tier 2 Asymptomatic outpatients and patients with
anatomy and physiology suggesting that delay will have
reasonable safety are judged to be deferrable when there
is 30-60% inpatient COVID-19 load and moderate reduc-
tion in operative capacity.

e Tier 3 In-patients who cannot be discharged safely with-
out surgical intervention/correction including emergency
services are indicated to need essential surgery when
there is 60-80% inpatient COVID-19 load and severe
reduction in operative capacity.

e Tier 4 Only emergency services (based on resource avail-
ability) are considered to be essential when there is more
than 80% inpatient COVID-19 load and minimal opera-
tive capacity [61].

The general triage guideline for congenital cardiac sur-
gery is tabulated according to the timing of intervention for
various diagnoses, depending on clinical status and other
factors [62]. Timing of surgery is divided into emergency,
which must be done within 24-48 h of diagnosis when there
are adequate resources; urgent, which should be done within
1-2 weeks when there are adequate resources; and high pri-
ority elective, which can be done > 2 weeks later when there
are adequate resources, with prerequisite that timing for cat-
egories is dependent on the resources available, institutional
protocols, and other pending cases. A guidance statement on
the triage of cardiac surgery patients was published by the
Canadian Society of Cardiac Surgeons, who categorized the
triage levels into three stages based on the reduction of hos-
pital services available [63]. The elective case triage guide-
lines for vascular surgery appeared on the ACS homepage
on March 24, 2020 [64]. Each disease category is stratified
according to the disease conditions (symptomatic/asympto-
matic, acute/chronic, critical/stable, size of aneurysm and so
on) into four tiers: 1, postpone; 2a, consider postponing; 2b,
postpone if possible; and 3, do not postpone.

Cardiovascular surgery programs started to be impacted
by the COVID-19 spread from early April in hospitals
of densely populated cities in Japan. Elective cases were
deferred in some hospitals, and there was a 25-75% reduc-
tion in elective surgery in hospitals where a significant num-
ber of COVID-19 patients are being treated in ICU and/or
where nosocomial infection has been identified. The Japa-
nese Society for Cardiovascular Surgery issued a Statement
on SARS-CoV-2 Infection Measures (in Japanese) on the
homepage on April 6, 2020, recommending delay of surgery
for stable patients when there are insufficient hospital and
human resources and transfer of a patient to near-by hospital

for surgery that is needed if the resources are not available
[65].

A remarkable reduction in blood donations is another
concern because some cardiovascular surgery is difficult to
perform without transfusion. The Japan Red Cross reported
a 30% reduction in blood donations during the period from
late March to early April in Japan [66].

General thoracic surgery

COVID-19 is a highly infectious disease that primarily
affects the lungs. The relative risk of smokers suffering
severe COVID-19 symptoms is 1.4 (95% CI 0.98-2.00) and
their risk of needing intensive care, controlled ventilation,
and of death is 2.4 (95% CI 1.43-4.04) compared with non-
smokers [67, 68]. The case fatality rate, being the number
of deaths of COVID-19-positive patients/the number of
COVID-19-positive patients, is significantly higher among
patients with advanced age, cardiovascular disease, diabetes,
chronic respiratory disease, and hypertension [68, 69]. Lung
cancer patients are at a higher risk because of their history
of smoking and co-existing diseases. As operative proce-
dures can impair lung function, particular attention should
be given to surgery for lung cancer patients.

COVID-19 can be spread in aerosol-generating events
during clinical procedures. For thoracic disease patients,
double-lumen endotracheal tube placement, and lung and
airway surgery are required. Resulting parenchymal lung
leaks have great potential to disseminate infection, making
lung cancer surgery a high risk for infection. Preoperative
examinations such as pulmonary function test, bronchos-
copy, and endobronchial ultrasonography, are also aerosol
generating.

Three important points must be considered for general
thoracic surgery practice during this COVID-19 pandemic.

1. Screening of asymptomatic COVID-19-positive patients

With the global COVID-19 spread, asymptomatic carriers
are estimated to comprise 17.9-33.3% of all cases of infec-
tion [70, 71]. Nodular or large ground-glass opacity (GGO)
and irregular alveolar consolidation on chest CT are typical
COVID-19 pneumonitis images [72].

Cases have been reported of patients undergoing lung
cancer surgery, who tested PCR-positive for COVID-19
when their symptoms worsened postoperatively [73]. To
avoid this, routine preoperative PCR screening is advised to
identify asymptomatic patients. Otherwise, serious postop-
erative complications and COVID-19 transmission to health-
care workers and other patients may ensue.
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2. Bronchoscopy

Considering the exposure risk of clinical staff from bron-
choscopy, a noninvasive diagnostic procedure can be pri-
oritized. If the pulmonary lesion is strongly suspicious of
cancer, surgical resection with intraoperative diagnosis is
recommended. However, bronchoscopy is required for sus-
pected invasive cancer because treatment is based on accu-
rate staging and molecular analysis of the biopsy specimen.

3. Triage of operations for thoracic disease

Only those patients who would be compromised by surgi-
cal delay should be triaged for surgery; however, it is neces-
sary to minimize disease transmission and preserve human
and medical resources. The management approach should be
chosen based on tumor histology, stage, biological behavior
and the patient’s condition, by multidisciplinary experts,
who must decide if surgery should be performed as soon as
feasible, if it should be deferred, or if alternative treatment
should be considered [74, 75]. Surgeons should also evaluate
the possibility of postoperative ICU treatment or mechanical
ventilation during COVID-19 prevalence.

During lung surgery, air-leakage prevention is important,
and a tissue sealant may be necessary for pleural tears and
the staple line to prevent aerosol viral transmission. Rako-
vich explained detailed procedures for minimizing the risk
of aerosol transmission in lung surgery [76].

Outline of the general triage plan by experts:

e Surgery should be performed as soon as feasible for the
following conditions:

Lung cancer with solid or solid-dominant appear-
ance>2 cm

Node-positive lung cancer

Post-induction treatment lung cancer

Mediastinal tumor invading the surrounding organs
Pneumothorax (ineffective drainage)

Severe stenosis of the large airway

e Surgery should be deferred for the following conditions:

Lung cancer with GGO-dominant appearance.

Lung cancer with solid or solid-dominant appear-
ance <2 cm.

Low-grade malignant tumors such as carcinoid.
Mediastinal tumors without invasion.

Benign tumors.
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e Alternative treatment should be considered for the fol-
lowing conditions:

Marginally resectable lung cancer.
Poor PS and/or cardiopulmonary function needing ICU.

Breast surgery

Healthcare systems, especially hospital resources and staff,
are weighted against the COVID-19 pandemic. Although
there are differences among regions and each hospital, we
cannot provide the usual standard of care to breast cancer
patients. Physicians must prioritize treatments and make
appropriate medical decisions for breast cancer patients.

The American Society of Breast Surgeons and an inter-
national group recommended guidelines for the treatment
of breast cancer during the COVID-19 pandemic [77-79].
Priority categories were defined based on the severity of an
individual patient’s condition, including comorbidities, and
the potential efficacy of treatments. Patients with an immedi-
ately life-threatening and unstable condition, or whose prog-
nosis might be altered by treatment delay in the short term,
should be categorized as high priority. Patients for whom
certain treatment or services can be indefinitely deferred
until the pandemic is over without adversely impacting out-
comes can be categorized as low priority. The remaining
patients are categorized as middle priority, which accounts
for the majority of these patients.

1. Surgical procedures

To minimize using operating room resources, we must
consider the time required for recovery and reducing the
risk of complications. Patients should be triaged for initial
alternative therapy such as primary systematic therapy,
whenever possible. Neoadjuvant chemotherapy could be
considered for triple negative and HER2-positive patients
and preoperative endocrine therapy could be considered for
ER-positive patients. For patients in the high priority group,
surgery would be recommended without delay, as in normal
circumstances; for patients in the middle priority group,
procedures that would not be considered invasive would be
performed if resources are available; and for lower priority
patients, operations would be postponed for 3—6 months.

e High priority

Drainage of a breast abscess and evacuation of a hema-
toma.

Completion of neoadjuvant chemotherapy.

Early isolated loco-regional recurrence.
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e Middle priority

Surgery upfront is recommended by a multidiscipli-
nary tumor board.
Discordant biopsies are likely to be malignant.

e Low priority

DCIS.

Positive margin after partial mastectomy for invasive
cancer.

Excision for a benign tumor.

Breast reconstruction.

Prophylactic mastectomy.

In some hospitals, patients who have surgery planned are
routinely tested for COVID-19 infection a few days before
admission. If patient is COVID-19 positive, the operation
would be delayed for a few weeks.

2. Systemic therapy

When adjuvant/neoadjuvant chemotherapy is recom-
mended, the appropriate drugs should be available as in
normal circumstances. During the COVID-19 pandemic, the
number of hospital visits is limited because of the immu-
nosuppression caused by the therapy. Granulocyte colony-
stimulating factor should be used routinely as prophylaxis
after anthracycline and taxanes in the adjuvant/neoadjuvant
setting. Adjuvant endocrine therapy should be continued, but
to decrease the number of visits, physicians consult via tel-
emedicine as much as possible. For metastatic breast cancer,
therapy should be continued, but physicians must proceed
carefully.

3. Diagnostic imaging

Diagnostic imaging and core needle biopsy should be
done for patients with a lesion that is strongly suspected to
be malignant (BI-RADS category 4 or 5) or local recurrence.
(high priority) Metastasis should be evaluated before pri-
mary therapy if resources allow. (middle priority) Screening
mammography and ultrasound, annual check after surgery
for breast cancer, and restaging for asymptomatic metastatic
breast cancer should be postponed until after COVID-19.

Breast cancer is a relatively slower growing than other
cancers, treatment should be multidisciplinary, and the
patient’s preference should be considered as much as
possible.

Pediatric surgery

In the middle of March, 2020, about 2 months after COVID-
19 was initially identified in Japan, the second wave of
COVID-19 hit Japan. In the midst of this crisis, we sum-
marize, from the pediatric surgeon’s standpoint, the current
available data on COVID-19 in the pediatric population and
share our experience of clinical practice in Tokyo, Japan, as
of April 2020.

How COVID-19 affects the general pediatric
population

Evidence has been accumulating on how COVID-19 affects
the pediatric population. Reports based on relatively large-
scale data from China (2135 cases, including presumed
cases) [80], the US (2572 confirmed cases) [81] and Japan,
demonstrate that children under 18 years of age accounted
for 1-3% of all COVID-19 cases and that their prognosis is
generally good. However, some pediatric patients became
critically ill. In particular, infants under 1 year of age seem
to be more susceptible to COVID-19, and had a higher rate
of ICU admission than children over 1 year of age. Other
epidemiological differences between pediatric patients and
adult patients include a higher rate of familial infection, a
longer incubation period (6.5 days vs. 5.4 days in adult) and
a higher rate of detection of the virus in feces [82].

Specific issues relevant to pediatric surgery

On April 23, 2020, the Japanese Society of Pediatric Sur-
geons posted guidelines and COVID-19 news in relation to
pediatric surgery. Striking data published on April 5 from
Wuhan stated that the COVID-19-related mortality rate
of adult patients undergoing major surgeries was as high
as 20.5%, subsequent to the postoperative development of
ARDS. Although the majority of children with COVID-19
are asymptomatic, as the virulence is still largely unknown,
it would be wise to perform a preoperative PCR test, not
only to protect healthcare professionals but also to safeguard
the patient from postoperative COVID-19-related mortality
[83].

As the community-acquired infections rate increases,
we will encounter more COVID-19-positive patients with
common disease entities such as appendicitis. It would be
prudent to simulate the response and prepare for the man-
agement of such patients with acute conditions in advance.
Whether an immediate surgical approach or non-surgical
management should be implemented for patients with
uncomplicated appendicitis depends on the accessibility of
COVID testing, PPE supplies, and the regional prevalence
of COVID-19, and thus remains a matter of debate [84].
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As of April 30, 2020, there were few published articles
clearly demonstrating that children with underlying disease
are more susceptible to COVID-19, despite the published
evidence of its severity in adult patients with underlying
diseases, including oncologic disease [85], cardiac disease
[86] and organ transplantation [87]. A judicious approach
should be taken to avoid mistakes in the standard differential
diagnosis when treating patients with underlying disease,
without being too fearful of COVID-19.

Although vertical transmission seems unlikely [88], once
neonates are infected, COVID-19 RNA can be detected in all
of their clinical specimens, including blood, urine, stool and
saliva along with upper airway tract specimens, suggesting
that extraordinary caution must be taken to prevent transmis-
sion to healthcare professionals if these neonates require sur-
gical intervention. The longer time to detoxification in feces
than in throat swabs in children with COVID-19 (2—4 weeks
vs. 1 week, respectively) [89] should raise awareness among
pediatric surgeons, especially those dealing with anorectal
malformation, Hirschsprung’s disease and other lower gas-
trointestinal diseases.

Impact of the COVID-19 pandemic on pediatric
surgery in Tokyo

As of May 3, 63 cases of children aged < 10 years and 70
cases of children aged < 10-20 years had been identified
in the Tokyo metropolitan area, accounting for 2.97% of
the total 4477 PCR-confirmed COVID-19 cases. In the
Tokyo metropolitan area, there are two designated pediatric

Table 2 Timeline of clinical practice policy for pediatric surgery

hospitals, the National Center of Child Health and Develop-
ment and Tokyo Metropolitan Children’s Medical Center, as
well as 11 university hospitals with certified surgical pro-
grams accommodating a pediatric population of 1.5 million.
Keio University Hospital, a university hospital that initi-
ated major changes for COVD-19, implemented an incident
command structure [90] in mid-March 2020, which facili-
tates rapid communication between hospital leadership and
frontline professionals. We also shared our experience and
information with colleagues in two pediatric hospitals to
develop a collaborative process that adapts to rapid and
ongoing change. Table 2 shows the timeline of changes in
clinical practice policy for pediatric surgery at three major
hospitals. The basic rules for surgical triage proposed by the
American College of Surgeons were extrapolated with cer-
tain modifications. As of April 2020, there were some differ-
ences in screening policies among the centers, but we have
still to identify which strategy represents the best practice.

4. Summary

As COVID-19 affects children differently from adults,
pediatric surgeons must be fully aware of the child-specific
issues relevant to COVID-19, as outlined above. Because we
are facing a nationwide pandemic crisis, the establishment
of a rapid communications system between hospital leader-
ship and frontline professionals is of paramount importance
for optimizing the medical function under limited medical
resources.

Keio Children’s Hospital and
Perinatal Center.

National Center for Child Health
and Development

Tokyo Metropolitan Children’s
Medical Center

All elective cases cancelled since
Apr 1

Surgical Triage Policy (Depart-
ment of Pediatric Surgery)

Actual number of surgical cases
performed between weeks of
Apr 6-Apr 25

Preoperative Surveillance

3 urgent cases

PCR for All + Chest CT if >7 of
age since Apr 6

2All since Apr 8
3 isolated rooms for COVID-19

Surveillance of PCR for admission
Reconfiguration of ward

Rearrangement of surgical team Since Apr 5
Triage Since Mar 28 and Tel-

emedicine since Apr 1

Ambulatory care

Reduction of elective cases since
Mar 31, all elective cases can-
celled since Apr 6

25 cases (8 emergency and urgent
cases only)

PCR only for suspect cases as of
Apr 30

Only suspect cases as of Apr 30

One designated floor for suspect
and confirmed COVID-19

Since Apr 13

Triage and Telemedicine since
Apr 13

Reduction of elective cases 30%
since Apr 2, all elective cases
cancelled since Apr 17

33 cases (4 emergency and mostly
urgent cases)

PCR only for suspect cases as of
Apr 30

Only suspect cases as of Apr 30

28 isolated beds +2 PICU for
COVID-19

Since Apr 6

Triage and Telemedicine since
Mar 6

2All tested subjects stay home until the results are available. If urgent, the subject is isolated in one of three rooms for a single suspect case until

the result is available
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Transplantation

As COVID-19 patients have been encountered in organ
transplantation hospitals, hospital infections are a major
concern, not only because organ transplant recipients, who
are immunosuppressed are highly vulnerable to COVID-19
complications, but also the transmission of COVID-19 from
donors must be prevented. Thus, we must take extreme care
in the transplantation process and in post-transplantation
management of patients. Preventing the infection of medi-
cal staff and those involved in deceased donor transportation
to the donation facility is also of paramount importance.

Before a state of national emergency was declared, The
Japan Society for Transplantation (JST) formed a task force
committee against COVID-19 and published the first for
general awareness and restriction of transplantation, on
March 6, 2020 [91]. Live-saving transplantation such as
heart, lung, and liver transplants could be continued with
informed consent about the risks of COVID-19. However,
it was recommended that kidney, pancreas, and intestinal
transplantation be suspended. SARS-Cov2 nucleic acid
testing (NAT) is performed, and COVID-19 or exposure to
COVID-19-related risk factors is checked in every deceased
donor. Whenever possible, organ recovery should be per-
formed by the local procurement team and the transplant
team should minimize exposure to any COVID-19-related
risk. All living donors and candidates for kidney, lung and
liver transplants are directed to stay home or in hospital
for 14 days prior to the transplantation. In hospitals where
NAT is available, it is recommended on Day-14 and Day-1
for both donors and recipients. Chest CT screening is also
recommended for both donors and recipients before trans-
plantation. The JST recommends reducing the frequency of
outpatient visits and supplying additional medications to
recipients in case of a lockdown in their area of residency.
The JST also recommends telephone consults and delivery
of medications to patients in their homes to reduce the risk
of exposure to COVID-19.

At the beginning of April, the JST started the patient reg-
istry on COVID-10 recipients, not only for epidemiologic
data but also for providing treatment options to save them.
The JST published the second guidelines with Q&A for safe
deceased organ donation, on April 11, 2020, and also pro-
vided a risk evaluation table of COVID-19 for the donor
under brain death and after cardiac death [92].

The JST published the third guidelines with clinical
questions on the treatment of transplantation recipient with
COVID-19 on May 6, 2020 [93, 94]. These were based on
expert opinions and publications current at the time. The
treatments recommended in the guidelines and clinical ques-
tions should be restricted not only to the transplantation and
infection specialists, but also in the hospitals where intensive

care facilities can be on stand-by for rapid deterioration of
COVID-19 recipients.

On May 16, 2020, there were eight transplant recipients
with COVID-19 in Japan (seven kidney transplant recipients
and one heart transplant recipient). Not all their prognoses
are registered yet, but at the time, there had been a report of
one death and three recipients treated early with favipiravir
resulting in rapid improvement of their symptoms. The lim-
ited experience of these cases supports early treatment by
effective anti-viral drugs before the cytokine storm [95, 96].

The homepage of the JST website cites COVID-19-re-
lated new information for transplantation professionals,
which is updated daily [97].
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