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Abstract 

Background:  During the COVID-19 pandemic, maintenance of essential healthcare systems became very challeng‑
ing. We describe the triage system of our institute, and assess the quality of care provided to critically ill non-COVID-19 
patients requiring continuous renal replacement therapy (CRRT) during the pandemic.

Methods:  We introduced an emergency triage pathway early in the pandemic. We retrospectively reviewed the 
medical records of patients who received CRRT in our hospital from January 2016 to March 2021. We excluded end-
stage kidney disease patients on maintenance dialysis. Patients were stratified as medical and surgical patients. The 
time from hospital arrival to intensive care unit (ICU) admission, the time from hospital arrival to intervention/opera‑
tion, and the in-hospital mortality rate were compared before (January 2016 to December 2019) and during (January 
2021 to March 2021) the pandemic.

Results:  The mean number of critically ill patients who received CRRT annually in the surgical department signifi‑
cantly decreased during the pandemic in (2016–2019: 76.5 ± 3.1; 2020: 56; p < 0.010). Age, sex, and the severity of 
disease at admission did not change, whereas the proportions of medical patients with diabetes (before: 44.4%; 
after: 56.5; p < 0.005) and cancer (before: 19.4%; after: 32.3%; p < 0.001) increased during the pandemic. The time from 
hospital arrival to ICU admission and the time from hospital arrival to intervention/operation did not change. During 
the pandemic, 59.6% of surgical patients received interventions/operations within 6 hours of hospital arrival. In Cox’s 
proportional hazard modeling, the hazard ratio associated with the pandemic was 1.002 (0.778–1.292) for medical 
patients and 1.178 (0.783–1.772) for surgical patients.

Conclusion:  Our triage system maintained the care required by critically ill non-COVID-19 patients undergoing CRRT 
at our institution.

Keywords:  COVID-19 pandemic, Critical care, Health care system, Continuous renal replacement therapy, Essential 
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Background
Since declaration of the COVID-19 pandemic by the 
World Health Organization (WHO) on March 11th, 2020, 
there have been 149,359,111 reported cases and 3,149,381 
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reported deaths globally by April 28th, 2021 [1]. In South 
Korea, the first case of COVID-19 was reported on Janu-
ary 20, and up to April 28th, 2021, there have been 12,673 
reported cases and 1821 (1.5%) reported deaths [2].

The Korean government actively responded to the pan-
demic, focusing on the treatment of COVID-19-infected 
patients by reorganizing existing health care resources 
[3]. They dedicated 67 hospitals to infectious diseases 
until March 2020 and further designated 2468 hospitals 
nationwide to have adequate health facilities dedicated to 
COVID-19 treatment by November 2020 [3, 4].

Reorganizing existing health care resources to cope 
with the COVID-19 pandemic may negatively affect 
essential health care services for non-COVID 19 patients 
due to the unprepared/underprepared medical health 
infrastructure, inadequate health workforce, shortage 
of personal protective equipment for health care work-
ers, and lack of ventilators for critical care [5]. During 
the Ebola outbreak in West Africa in 2014–15, increased 
morbidity and mortality in other diseases were seen due 
to the reduction in access to and utilization of healthcare 
services, and death from these diseases outnumbered 
deaths from Ebola [6].

The critical care system is one of the most important 
components of essential health care services, and main-
tenance of this system in the absence of nosocomial 
infection has been an important challenge during the 
pandemic. Nevertheless, nation-level or institution-level 
outcomes on this issue have rarely been reported.

In this report, we describe the institution-level strategies 
that we used to manage critically ill patients visiting the 
emergency room and their outcomes during the pandemic.

Methods
Patient population
We retrospectively reviewed the medical charts of 
patients admitted to the intensive care unit (ICU) and 
receiving continuous renal replacement therapy (CRRT) 
from January 2016 to March 2021 without SARS-CoV-2 
infections. We excluded end stage kidney disease (ESKD) 
patients who were on maintenance hemodialysis prior 
to admission, as well as patients admitted to the emer-
gency department. We classified patients into two groups 
according to time period: Before (January 1, 2016 to 
December 31, 2019) and during the pandemic (January 1, 
2021 to March 31, 2021). We stratified patients by major 
departments during hospital admissions. The surgical 
department included general surgery, trauma surgery, 
thoracic surgery, neurosurgery, and urology. The medical 
department included internal medicine, neurology, and 
rehabilitation medicine.

The triage system used to manage critically ill patients 
visiting the emergency room during the COVID‑19 
pandemic
Figure  1 shows the strategies that we employed during 
the COVID-19 pandemic. We focused on both timely 
provision of emergency interventions and prevention 
of nosocomial infection during both intensive care unit 
(ICU) stays and emergent surgery/interventions. Briefly, 
a screening center that preceded the emergency room 
triaged all patients in the contexts of respiratory symp-
toms or fever. If a patient lacked any clinical evidence 
of infection, we referred that patient to the emergency 
room. If an infection was evident, we performed com-
puted tomography (CT) to exclude pneumonia. If CT 
revealed evidence of viral pneumonia, we performed a 
COVID-19 PCR test [7]. That test requires 6 hours. If 
the patient was unstable, and thus required an emer-
gency intervention (bleeding control or a coronary pro-
cedure), that was provided; all medical staff wore Level 
D personal protection equipment (PPE) [8] regarding 
them as positive until a negative PCR test is obtained. 
Regardless of the CT findings, all patients requiring 
ICU admission or an emergency operation underwent 
a COVID-19 PCR test. This strategy was applied in all 
ICUs (Supplemental Table 1) and all emergency opera-
tion rooms of our institute.

Variables of interest
We collected demographic data including age, sex, 
height, and body weight at ICU admission. Information 
regarding comorbidities, including diabetes, hyperten-
sion, cardiovascular disease, chronic kidney disease, liver 
disease, lung disease, and cancer were obtained based 
on the admission notes. The first hospital visit time and 
route of hospital admission (emergency department 
(ED), transfers from another hospital, and outpatient 
department (OPD)) were reviewed. For patients admit-
ted to the surgical department, the time from hospital 
arrival to intervention/operation was calculated. Typi-
cal procedures performed in emergency care, such as 
vascular access, intubation, and temporary dialysis cath-
eter insertion, were excluded from the intervention. 
Disease severity was assessed based on the organ failure 
status. We defined circulatory failure as vasopressor or 
inotropic medication requirement, respiratory failure 
as ventilator requirement, and kidney failure as dialy-
sis requirement. Organ failure was assessed at the time 
of hospital arrival (within 24 hours) and at the time of 
CRRT initiation. Laboratory parameters were deter-
mined at the time of CRRT initiation. We assessed ICU 
and in-hospital mortality.
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Statistical analysis
Continuous variables are presented as the mean ± SD or 
median (interquartile range: IQR). Data normality was 
verified using the Kolmogorov-Smirnov test. Differences 
in the annual number of patients requiring CRRT before 
and during the pandemic were compared using a one-
sample t-test. Differences in the continuous variables 
were compared using the Student’s t-test or the Kruskal-
Wallis test, as appropriate. The categorical variables are 
summarized as numbers and percentages and compared 
using a chi-squared test. Univariable and multivariable 
analyses were performed via a Cox proportional hazard 
model. All statistical tests were two-sided, and we con-
sidered p < 0.05 to be significant. We analyzed the data 
with IBM SPSS (v.26.0, SPSS Inc., Chicago, IL, USA).

Results
Changes in the numbers, and the processes of ICU admission 
in critically ill patients requiring CRRT during the pandemic
From January 2016 to March 2021, a total of 25,965 
patients were admitted to the ICU and 1706 (6.6%) 

received CRRT at our hospital. By excluding 346 patients 
with ESKD who were on maintenance dialysis and 101 
patients who admitted to the emergency department, 
1259 patients were included in this study (Fig. 2). Among 
them, 886 (70.4%) were admitted to the medical depart-
ment and 373 (29.6%) were admitted to the surgical 
department.

Between Jan 2020 and Dec 2020, the total number 
of patients admitted to the ICU was not different from 
the annual number of ICU patients between Jan 2016 
and Dec 2019 (Supplemental Table 2A). However, a sig-
nificant decrease was seen in both the number (2020: 
56, 2016–2019: 76.5 ± 3.1, p = 0.010) and proportion 
(2020: 2.0%, 2016–2019:2.7 ± 0.2%, p = 0.022) of CRRT-
receiving patients in the surgical department, whereas 
no change was seen in the medical department (Sup-
plemental Table 2B). Monthly changes in the number of 
patients receiving CRRT by period stratified by depart-
ment are plotted in Fig. 3A.

Changes in the route of ICU access were evaluated 
in 1258 out of 1259 patients. In medical patients, 386 

Fig. 1  Flow chart showing our management of new, critically ill patients during the COVID-19 pandemic: ER, emergency room; ICU, intensive care 
unit; CT, computed tomography; PPE, personal protection equipment
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(43.6%) of 886 patients were admitted via the ED, 387 
(43.7%) patients were transferred from other hospi-
tals, and 113 (34.9%) patients were admitted via the 
OPD. During the pandemic, the proportion of patients 
transferred from other hospitals decreased (before: 327 
patients (45.1%); during: 60 patients (37.1%); p < 0.070). 
In the surgical ICU, 150 (40.3%) of 372 patients were 
admitted via the ED, 160 (43.0%) patients were trans-
ferred from other hospitals, and 62 (16.7%) patients 
were admitted via the OPD. There was no change in the 
route of surgical ICU admission during the pandemic 
(Fig. 3B, Supplemental Table 3).

Medical ICU
The mean patient age was 67 ± 13.9 years old and 59% 
were male. Table  1 shows changes in baseline patient 
characteristics admitted to the ICU before and during 
the pandemic. There was no change in patient demo-
graphics, whereas the proportion of patients with diabe-
tes (before: 44.4%; during: 56.5%; p = 0.005) and cancer 
(before: 19.4%; during: 32.3%; p < 0.001) increased dur-
ing the pandemic. Disease severity upon hospital arrival 
was not changed, with 50.1% showing circulatory failure, 
33.8% showing respiratory failure, and 34.9% with kidney 

failure. There was no change in disease severity or labora-
tory results at the time of CRRT initiation in the ICU.

Table  2 shows changes in the time sequence in the 
process of care by period. During the pandemic, the 
median time from hospital arrival to ICU admission 
was 0 (0, 5) days and the median time from ICU admis-
sion to CRRT was 1 (0, 2) days, which were not delayed 
compared to before the pandemic. A total of 147 out 
of 161 patients (95.5%) received an adequate dose of 
CRRT, with a median duration of 3(2, 5) days, as before 
the pandemic.

Patient outcomes during the pandemic were compared 
in Table 3. During the pandemic, median days of hospi-
tal admission was 20 (8.3, 37.5) days, and there was no 
change in ICU (before: 47.9%; during: 43.4%, p = 0.318) 
or in-hospital mortality rate (before: 52.7%; during: 
48.7%, p = 0.371). In the univariable and multivariable 
analyses, the pandemic had no impact on in-hospital 
mortality in medical ICU patients (Table 4). Cancer (HR: 
1.509 (1.212–1.879]), low serum albumin at CRRT (HR: 
0.733 [9.628–0.855]), respiratory (HR: 1.277 [1.002–
1.627]), and circulatory (HR: 1.504 [1.183–1.912]) failure 
upon hospital arrival were associated with increased in-
hospital mortality (Supplemental Table 4).

Fig. 2  A consort diagram of the included patients
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Surgical ICU
Compared to medical patients, surgical patients were 
younger (medical: 64.7; surgical: 61.2, p < 0.05), had 
higher proportions of males (medical: 59%; surgical: 
73.5%, p < 0.05), and had a lower proportion of diabetes 
(medical: 46.7; surgical: 30.95%, p < 0.05), hypertension 
(medical: 52.2%; surgical: 38.8%, p < 0.05), cardiovascu-
lar disease (medical: 31.8%; surgical: 19.6%, p < 0.05), and 
cancer (medical: 21.7%; surgical: 13.4%, p < 0.05). There 
were no changes in demographics or comorbidities due 
to the pandemic, except for the decrease in the propor-
tion of CKD during the pandemic. Circulatory and res-
piratory failure was more common in surgical patients 
compared to medical patients at both hospital arrival and 
CRRT initiation. There was no change in disease severity 
due to the pandemic in surgical patients (Table 1).

There was no delay in the process of care during 
the pandemic (Table  2). Median time from hospi-
tal arrival to ICU was 0 (0, 2 days), and ICU arrival to 

CRRT initiation was 1 (0, 3) days. A total of 66 out of 
67 (98.5%) patients received an adequate dose of CRRT 
with a median duration of 5 (3, 10) days, which was not 
different compared with before the pandemic. Infor-
mation on the time from hospital arrival to interven-
tion/operation was available in 334 (89.5%) out of 373 
patients. During the pandemic, the time from hospi-
tal arrival to intervention/operation was 4 (1, 63.5) 
hours, which was similar to before the pandemic (5 (1, 
65) hours) (Table 2). When categorized by time, 35.1% 
of interventions/operations were performed within 
1 hour of hospital arrival, 47.4% were performed within 
3 hours of hospital arrival, and 59.7% were performed 
within 6 hours of hospital arrival (Fig.  4) during the 
pandemic.

Compared to before the pandemic, admission dura-
tion was decreased (before: 30 (13, 68) days; during: 
21 (7, 43) days, p = 0.021) in surgical patients. How-
ever, there was no change in the proportion of ICU or 

Fig. 3  A The average monthly numbers of patients receiving continuous renal replacement therapy before and during the pandemic, stratified 
by the department of care. Blue line: before the pandemic; red line: during the pandemic. B The intensive care unit admission routes before and 
during the pandemic, stratified by the department of care. Navy line: admitted via the emergency department; orange line: transferred from other 
hospitals; green line: admitted via our outpatient department
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in-hospital mortality during the pandemic (Table  3). 
In the cox-regression univariable analysis, the haz-
ard ratio of the pandemic on in-hospital mortality was 
1.478 (1.020, 2.143), whereas in the multivariable anal-
yses adjusted for age, sex, and respiratory failure upon 
hospital arrival, the pandemic had no effect on mortal-
ity (1.178 [0.783, 1.772]) (Table  4). Old age (HR: 1.025 
[1.013–1.037]), female sex (HR: 0.620 [0.441–0.873]), 
and respiratory failure upon hospital arrival (HR: 1.834 
[1.298–2.601]) were associated with increased in-hospi-
tal mortality in surgical patients (Supplemental Table 4).

Discussion
During the COVID-19 pandemic, non-COVID 19 hospi-
tal visits significantly decreased globally. In Spain [9], 40% 
fewer patients with ST-elevation myocardial infarction (MI) 
were observed during the early phase of the pandemic. In 
the USA [10], the weekly rates of hospitalization for acute 
MI decreased by up to 48%. In South Korea, a significant 
decrease in the number of outpatient clinic visits in the 
spine department was reported in March 2020 compared 
to those from 2017 to 2019 [11]. Kim et  al. [12] reported 
an increase in the proportion of no-show appointments in 
the rheumatology department during the early phase of the 
pandemic. From a nationwide population-based study by 
Sung et al. [13], the number of ED visits in AMI patients 
was reduced by approximately 10% compared with that in 
2018 and 2019. Explanations for the decrease in hospital 
visits may be the climate of COVID-19-related fears, the 
desire to maintain social distancing, and the desire to avoid 
contact with infected individuals [13, 14].

Reduced hospital access of non-COVID 19 patients, 
especially critically ill patients, may result in worse 
patient outcomes and indirectly increase overall mor-
tality during the pandemic. After the early phase of the 

pandemic, the WHO recommended nation and sub-
nation level authorities to implement strategies to main-
tain essential health care services during the pandemic 
[15].

Hospital reorganization [16] is one of the solutions 
for the maintenance of health care services during the 
pandemic. Institutional-level reorganization model 
was suggested by Deana et  al. [16]. They said that the 
space, human resources, and technology needed to be 
diverted from standard departments to those dedicated 
to COVID-19 patients.

When the situation is under control, the original dispo-
sitions can be restored. National-level hospital reorgani-
zation can be conducted by the government, by dividing 
national hospitals into “COVID-19 specific hospitals” 
which is focusing on the treatment of COVID-19 infected 
patients, and “non-COVID-19-specific hospitals” which 
hands all other patients.

The Korean government designated a national safe hospi-
tal, where it operates dedicated areas for respiratory disease, 
screening, and triage in suspected COVID-19 patients to 
prevent cross infection from respiratory to non-respiratory 
cases [3]. Our institute was designated as a national-safe 
hospital from February 25, 2020, and took part in the con-
tinuation of essential health care services for non-COVID 19 
patients. As a national safe hospital, institutional level chal-
lenges in treating critically ill patients during the pandemic 
involved preventing nosocomial COVID-19 infections and 
implementing time-sensitive interventions/operations in 
COVID-19 undetermined patients. As symptom presen-
tation of COVID-19 varies, and some COVID-19 infected 
patients are asymptomatic [17–19], (only) symptomatic 
screening for COVID-19 infections misses some infected 
patients. Moreover, transmission from patient to ICU health 
care workers can result in fatal outcomes. To prevent noso-
comial infections, we performed COVID-19 PCR tests on 
patients prior to ICU admission or intervention/operation. 
During the early phase of the pandemic, when COVID-
19 positive cases were sporadic, we selectively performed 
COVID-19 PCR tests based on the presence of respiratory 
symptoms, fever, and history of contacting COVID-19 con-
firmed individuals. With the increasing case numbers in our 
community over time, we tested all patients receiving inter-
ventions/operations or being admitted to the ICU. How-
ever, PCR tests require 6 h [7], and some patients require 
immediate care. In these cases, we performed intervention/
surgery wearing a level D protection suit [8]. For patients 
requiring urgent ICU admission, we placed the patient in an 
isolated room located in the ICU, and then relocated them 
to the open ICU ward after confirmation of being negative 
for COVID-19.

Our model is similar one implemented by Piani et  al. 
[20] in Italy. The hospital was divided into green and 

Table 4  Uni- and Multi-variable analyses predicting the effects 
of Covid-19 pandemic on the in-hospital mortality of critically ill 
patients without Covid-19 infection

a Full model included Age, Sex, CKD, Cancer, Serum albumin level at CRRT 
initiation, Circulatory, and Respiratory failure upon hospital arrival
b Final model included Age, Cancer, Serum albumin level at CRRT initiation, 
Circulatory, and Respiratory failure at admission in Medical department. In 
Surgical department, Age, Sex, and Respiratory failure upon hospital arrival was 
adjusted

Medical Department Surgical Department

HR 95% CI HR 95% CI

Univariable 0.991 0.769–1.276 1.478 1.020–2.143

Full Modela 0.916 0.704–1.191 1.130 0.740–1.725

Final Modelb 1.002 0.778–1.292 1.178 0.783–1.772
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blue zones. The green zone admitted only COVID-
19-negative patients; the blue zone cared for those with 
suspected or confirmed COVID-19 infections. The 
cited authors stressed that possible COVID-19-positive 
patients should be regarded as positive until a negative 
PCR test is obtained. This applied to all patients (thus 
those requiring operation or ICU admission). Our strat-
egy mirrors that triage system; personnel performing 
time-sensitive interventions or surgeries wore Level-D 
protective equipment.

Our results show that time sequences in the process of 
care were maintained during the pandemic. The median 
time from hospital arrival to ICU admission was 0 days, 
and the median time from ICU admission to CRRT initi-
ation was 1 day. Among the 67 surgical patients, 35.1% of 
patients received interventions/operations within 1 hour 
and 59.7% of the patients received interventions/opera-
tions within 6 hours, which did not differ from the times 
before the pandemic. Until April 30, 2021, there was no 
COVID-19 transmission from patient to ICU or inter-
vention/surgical health care workers, and there were no 
cases of nosocomial infections from health care workers 
to patients during the ICU stay.

Some limitations of our study include that we could 
not evaluate hospital accessibility since we only counted 
patients admitted to the ICU, and patients who required 
ICU care but were unable to access the ICU were not 
counted. Statistically, the annual number of patients 
admitted to the medical ICU did not change; however, 
it was expected to increase as one ICU near our institute 
was closed from the very early phase of the pandemic 

after being designated a COVID-19 hospital. We sus-
pect ICU accessibility for critically ill, non-COVID 19 
infected patients was reduced around our area during 
the pandemic in both surgical and medical patients. A 
larger epidemiologic study is required to address this 
issue.

Second, we did not count ICU patients without CRRT. 
Since only a limited proportion (6.6%) of ICU admitted 
patients received CRRT during the course of the dis-
ease, the results cannot be interpreted as a reflection 
of the whole critical care system during the pandemic. 
Nevertheless, our data are valuable because patients 
requiring CRRT are the most severely ill group [21–23], 
having the highest mortality rate among ICU admit-
ted patients [24, 25]. Therefore, successful maintenance 
of critical care in this group is directly associated with 
reducing non-COVID-19 associated mortality during 
the pandemic.

Conclusions
In conclusion, during the pandemic, the critical care 
system for non-COVID 19, critically ill patients requir-
ing CRRT was well maintained in our institute. Further 
nationwide studies testing the continuity of the mainte-
nance of essential health care systems are required.

Abbreviations
WHO: World Health Organization; ICU: Intensive care unit; CRRT​: Continu‑
ous renal replacement therapy; PPE: Personal protection equipment; CT: 
Computed tomography; ED: Emergency department; OPD: Outpatient depart‑
ment; MI: Myocardial infarction.

Fig. 4  The numbers of interventions/surgeries implemented over time before and during the pandemic. Black: within 1 h of hospital arrival; dark 
gray: within 1 to 3 h; mid-gray: within 3 to 6 h; light gray: within 6 to 24 h; olive green: after 24 h
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