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ABSTRACT

Purpose: Describe the differences in characteristics and outcomes between COVID-19 and other viral pneumonia
patients admitted to Dutch ICUs.
Materials and methods: Data from the National-Intensive-Care-Evaluation-registry of COVID-19 patients admit-
ted between February 15th and January 1th 2021 and other viral pneumonia patients admitted between January
1st 2017 and January 1st 2020 were used. Patients' characteristics, the unadjusted, and adjusted in-hospital
mortality were compared.
Results: 6343 COVID-19 and 2256 other viral pneumonia patients from 79 ICUs were included. The COVID-19
patients included more male (71.3 vs 49.8%), had a higher Body-Mass-Index (28.1 vs 25.5), less comorbidities
(42.2 vs 72.7%), and a prolonged hospital length of stay (19 vs 9 days). The COVID-19 patients had a significantly
higher crude in-hospital mortality rate (Odds ratio (OR) = 1.80), after adjustment for patient characteristics and
ICU occupancy rate the OR was respectively 3.62 and 3.58.
Conclusion: Higher mortality among COVID-19 patients could not be explained by patient characteristics and
higher ICU occupancy rates, indicating that COVID-19 is more severe compared to other viral pneumonia. Our
findings confirm earlier warnings of a high need of ICU capacity and high mortality rates among relatively healthy
COVID-19 patients as this may lead to a higher mental workload for the staff.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

* Corresponding author at: Amsterdam UMC, University of Amsterdam, Department of Medical Informatics, Amsterdam Public Health Research Institute, Meibergdreef 9, 1105 AZ

Amsterdam, the Netherlands.

E-mail address: s.brinkman@amsterdamumc.nl (S. Brinkman).

https://doi.org/10.1016/j.jcrc.2021.12.007

0883-9441/© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2021.12.007&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jcrc.2021.12.007
mailto:s.brinkman@amsterdamumc.nl
https://doi.org/10.1016/j.jcrc.2021.12.007
http://creativecommons.org/licenses/by/4.0/
http://www.sciencedirect.com/science/journal/
www.journals.elsevier.com/journal-of-critical-care

S. Brinkman, F. Termorshuizen, D.A. Dongelmans et al.
1. Introduction

Since the outbreak of the COVID-19 pandemic, healthcare profes-
sionals warned for the rapid spread and severity of this disease. Their
main concerns included the higher need of hospital and ICU capacity
and excess mortality rates [1,2]. During the pandemic we saw that the
COVID-19 patients share symptoms with other viral pneumonia pa-
tients occurring in seasonal influenza [3]. Higgins TL et al. showed that
the severity-adjusted mortality and length of stay are higher for corona-
virus disease 2019 patients than for viral pneumonia patients admitted
to ICUs in the USA [4]. Richards-Belle et al. described the COVID-19 pa-
tients across England, Wales and Northern Ireland and showed that the
mortality of COVID-19 patients was 43.0%, which exceeded the mortal-
ity of other viral pneumonia patients (24.7%) [5]. Similarly, a German
study of Ludwig et al. reported a higher in-hospital mortality and
worse clinical outcomes among COVID-19 patients compared to those
admitted due to influenza. This difference was not attributable to demo-
graphic characteristics and pre-existing comorbidities. They also stated
that this difference was not attributable to patient triage due to lack of
ICU capacity since the German healthcare system had not reached its
limits in the pandemic [6]. Wilde et al. showed that an increasing occu-
pancy of beds compatible with mechanical ventilation is associated with
a higher mortality risk for individuals admitted to ICU [7], thus the
higher bed utilization during the COVID-19 pandemic and associated
higher workload for the medical staff may have an unfavorable influ-
ence on the outcome. It is hard to compare international studies due
to the considerably differences in sample size, included patient popula-
tion, and follow-up period. Furthermore, there is no standardized
reporting across countries; some experiencing stress on available
(ICU) beds, others do not. As a consequence, different mortality rates
ranging from 24% to 67% among COVID-19 patients admitted to the
ICU were reported [2,4-6,8-10].

Since the first confirmed case in the Netherlands on February 15th
2020 the National Intensive Care Evaluation (NICE) registry collected
data on all COVID-19 cases admitted to Dutch ICUs. This made it possible
to analyze all COVID-19 patients admitted to the ICU from an entire
healthcare system including its stress on bed occupancy, which would
make international comparisons more meaningful. The aim of this
study is to describe and compare the clinical characteristics and out-
comes between COVID-19 patients and patients with other
community-acquired viral pneumonias admitted to Dutch ICUs. As
COVID-19 also shares symptoms with non-COVID-19 acute respiratory
distress syndrome (ARDS) [11,12] and pulmonary sepsis [13], an addi-
tional analysis compared the clinical characteristics and outcomes of
COVID-19 patients with those of ARDS and pulmonary sepsis patients.

2. Methods
2.1. Study design

This study uses prospectively collected data from the Dutch National
Intensive Care Evaluation (NICE) registry which contains, among others,
demographic, physiological, clinical, ICU-, and in-hospital mortality data
of all consecutive patients admitted to all Dutch ICUs [14]. ICUs extract
routinely collected data from their electronic health records (EHR) on
a monthly basis and upload this to the NICE database (NICE-DB). During
the COVID-19 pandemic all COVID-19 patients admitted to the ICU were
online registered in the COVID-Database (COVID-DB) of NICE on a daily
basis to monitor the course of the outbreak in real-time [15]. Patients
were considered to have COVID-19 when the RT-PCR of their respira-
tory secretions was positive for SARS-CoV-2 or when their CT-scan
was consistent with COVID-19 (i.e. a COVID-19 Reporting and Data Sys-
tem (CO-RADS) score of >4 indicating a high suspicion on COVID-19 in
combination with the absence of an alternative diagnosis) [16,17]. To
enrich the COVID-DB with more comprehensive clinical data this
COVID-DB was linked to the NICE-DB, to enable analyses of all Dutch
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critically ill COVID-19 patients. In this study we used the linked data
of the patients with confirmed COVID-19 admitted to the ICU between
February 15th 2020 and January 1st 2021. All these COVID-19 patients
were followed until hospital discharge. COVID-19 patients who were
transferred between hospitals were followed across the different hospi-
tals and the information of the consecutive ICU admissions in all hospi-
tals were combined leading to one record with the in-hospital mortality
of the last hospital in which the patient was admitted.

The patient characteristics and outcomes of the linked COVID-19 pa-
tients admitted to the ICU were compared with other community-
acquired viral pneumonia patients admitted to the ICU between January
1st 2017 and January 1st 2020. To select these patients from the NICE-
DB, we used the Acute Physiology and Chronic Health Evaluation
(APACHE)-IV diagnosis category “viral pneumonia” [18]. This reason
for ICU admission includes patients with influenza, other respiratory vi-
ruses but also patients with opportunistic viral infections (e.g. CMV
pneumonitis in neutropenic patients). In order to exclude these oppor-
tunistic or hospital acquired viral pneumonias we restricted the control
group to patients with a maximum length of stay in the hospital of three
calendar days prior to ICU admission. For readability reasons we call this
group ‘other viral pneumonia patients’. In additional analyses the pa-
tient characteristics and outcome of COVID-19 patients were also com-
pared with pulmonary sepsis (APACHE-IV diagnosis: “pulmonary
sepsis”) and acute respiratory distress syndrome (ARDS, APACHE-IV di-
agnosis: “non-cardiogenic pulmonary edema ARDS-adult respiratory
distress syndrome”) patients admitted to the ICU between January 1st
2017 and January 1st 2020.

The Institutional Research Board of the Amsterdam University Med-
ical Centre reviewed the research proposal and waived the need for in-
formed consent (IRB protocol W20_260 # 20-295). The full study
protocol has been published on the NICE website on forehand [19].

2.2. Statistical analyses

The COVID-19 patients from the COVID-DB that could be linked to
the NICE-DB and those who could not be linked were compared regard-
ing hospital characteristics (university, teaching, or non-teaching), age,
and mortality rates to evaluate the possibility of biased results. Thereaf-
ter, patient characteristics of the linked COVID-19 patients and of the
other viral pneumonia patients admitted to the ICU were compared. Dif-
ferences between the cohorts were tested with a Chi-square test for cat-
egorical variables, and a non-parametric Wilcoxon test for continuous
variables.

The crude in-hospital mortality among COVID-19 patients was com-
pared to the in-hospital mortality among other viral pneumonia pa-
tients using the odds ratio estimated in a logistic regression model. To
correct for important clinical differences between the two cohorts that
may confound the association between the cohort and observed in-
hospital mortality, the logistic regression model was expanded with ad-
justment for important patient characteristics: age (categorized in 11
age groups), gender, Body Mass Index (BMI) (categorized in the six in-
ternationally defined BMI groups), comorbidities present before hospi-
talization (immunological insufficiency, chronic renal failure, chronic
respirator insufficiency or COPD, chronic cardiovascular insufficiency,
cirrhosis, malignancy, and diabetes), the acute physiology score of the
APACHE-III prognostic model (APACHE Il APS) to describe the severity
of physiological disturbance in the first 24 h of ICU admission (catego-
rized in five groups based on quintiles of the APACHE III APS), and me-
chanical ventilation in the first 24 h of ICU admission). During
adjustment for these patient characteristics, a separate category was
made for patients with missing information on the particular character-
istic. In additional exploratory analysis the model with adjustment for
patient characteristics was extended with adjustment for ICU occu-
pancy rate, first by using the occupancy rate at the day of ICU admission
(categorized in five groups based on quintiles) and second by using the
mean occupancy rate during all days of ICU admission (categorized in
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five groups based on quintiles). To estimate the ICU occupancy rate on a
daily basis we first calculated a reference level for each ICU per calendar
year (2017, 2018, and 2019) based on the average daily ICU occupancy
rate during that year. For the year 2020 the average daily ICU occupation
during 2019 was used as reference. For each ICU the number of patients
present per day was calculated and this number was compared with the
reference level of that ICU and expressed as percentage for that particu-
lar day. For example, an ICU with a yearly average ICU occupancy rate of
12 patients per day that had 15 patients present at a certain day had an
ICU occupancy rate of 125% on that specific day. To better understand
the differences in characteristics between the two cohorts and their ef-
fect on outcome, case-mix adjustment was performed in steps. The odds
ratio (OR) for in-hospital mortality among COVID-19 patients compared
to other viral pneumonia patients and associated 95%-confidence inter-
val are presented at first without adjustment, second with adjustment
for patient characteristics and third with additional adjustment for ICU
occupancy. A P value of <0.05 is regarded as statistically significant.
All analyses were performed using the R statistical environment (ver-
sion 3.6.1) (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

From February 15th, 2020 to January 1st 2021, 6624 COVID-19 pa-
tients were admitted to all 81 ICUs in the Netherlands. Seventy-nine
of these Dutch ICUs uploaded the data for the (NICE-DB), therewith
the 6343 (95.8%) COVID-19 patients of these 79 ICUs could be linked
to the NICE-DB and were included in the analyses. The non-linked
COVID-19 patients were comparable to the linked COVID-19 patients
except that non-linked patients were admitted less frequently in a
teaching hospital (32.4 vs. 53.8%, see Table 1).

Of the 6343 linked COVID-19 patients, 1831 (28.9%) patients were
admitted directly to the ICU from home or the emergency department.
The other 4512 (71.1%) were admitted from a general ward of the same
or other hospital and had a mean length of hospital stay of 2.6 calendar
days prior to ICU admission. Among the COVID-19 patient, only infor-
mation on the BMI and age was missing for respectively 2.6% and 1.6%
of the patients. Among the other viral pneumonia patients only infor-
mation on the BMI was missing for 6.4% of the patients Table 2 shows
the patient characteristics and ICU occupancy rate of the included
COVID-19 and other viral pneumonia patients. The COVID-19 patients
were more often men (71.3% versus 49.8%), were slightly younger (me-
dian age 65 versus 67 year), had an higher BMI (median BMI 28.1 versus
25.5), had less often one or more comorbidities (42.2% versus 72.7%),
and had a prolonged hospital length of stay (19 versus 9 days) com-
pared to the patients with other viral pneumonia. In Fig. 1 the occu-
pancy rate at ICU admission of COVID-19 and pneumonia patients
during the year is shown. The ICU occupancy rate at ICU admission of
COVID-19 patients was significant higher compared to the other viral

Table 1
Patient characteristics of linked and non-linked COVID-19 patients.
Linked COVID-19  Non-linked
patients COVID-19
(N = 6343) patients
(N = 281)
Type of hospital
University hospitals N (%)/number of ~ 788 (12.4)/8 50(17.8)/7
ICUs
Teaching hospitals N (%)/number of 3415 (53.8)/32 91 (32.4)/20
ICUs
Non-teaching hospitals N (%)/number 2140 (33.7)/39 140 (49.8)/21
of ICUs
Mean age (SD) 63.8 (11.6) 65.0 (11.1)
In-hospital mortality N (%) 1960 (30.9) 92 (32.7)
Confirmation method
Lab confirmation N (%) 6235 (98.3) 279 (99.3)
CT confirmation N (%) 108 (1.7) 2(0.7)
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Table 2
Patient characteristics of COVID-19 and viral pneumonia patients.
COVID-19 Other viral
pneumonia
Number of admissions 6343 2256
Median age (IQR) 65 (57-72) 67 (58-75)
Number of patient with unknown age 4] 37
Number of males (%) 4524 (71.3) 1123 (49.8)
Median BMI (IQR) 28.1 (25.5-31.7) 25.5 (22.5-29.7)
Number of patient with unknown BMI 162 145
Comorbidities”
Malignancy 187 (2.9) 133 (5.9)
Immunological insufficiency 574 (9) 359 (15.9)
COPD 614 (9.7) 1069 (47.4)
Chronic respiratory insufficiency 270 (4.3) 417 (18.5)
Chronic renal failure 285 (4.5) 157 (7)
Chronic cardiovascular insufficiency 103 (1.6) 85(3.8)
Cirrhosis 22 (0.3) 10 (04)
Diabetes 1506 (23.7) 451 (20)
Vasoactive medication in first 24 h of ICU 3584 (56.5) 908 (40.2)
admission
Mechanical ventilation at ICU admission 2205 (34.8) 1201 (53.2)
Mechanical ventilation in first 24 h of ICU 4243 (66.9) 1542 (68.4)
admission
Median APACHE IIT APS (IQR) 47 (38-59) 48 (37-61)
Median APACHE III score (IQR) 60 (48-73) 62 (49-77)
Median LOS ICU in days (IQR) 13 (6-25) 3.6 (1.7-7.6)
Median LOS hospital in days (IQR) 19 (11-34) 9 (5-16)

Median ICU occupancy rate at ICU admission 150 (120—200) 120 (100—130)

(IQR)
Median ICU occupancy during ICU treatment 160 (130—200) 120 (100-130)
(IQR)
ICU mortality N(%) 1709 (26.9) 336 (14.9)
Hospital mortality N(%) 1960 (30.9) 444 (19.7)

*Malignancy: Encompasses malignant lymphoma, acute leukaemia, multiple myeloma,
metastases which have been diagnosed by clinical examination or confirmed by a pathol-
ogy report OR if there is Stage IV cancer.

Immunological insufficiency: HIV-positive with clinical complications, long-term immuno-
suppressive therapy, corticosteroid use, active chemotherapy, radiotherapy in the past
year, chemotherapy or radiotherapy for Hodgkin's or non-Hodgkins lymphoma at any
time for IC admission OR documented humoral/cellular deficiencies.

COPD: chronic condition in which pulmonary function swiftly deteriorates.

Chronic respiratory insufficiency: Chronic restrictive, obstructive or vascular conditions in
the lungs resulting in very severe restriction of mobility (GOLD IV), registered chronic
hypoxia, secondary polycythaemia, severe pulmonary hypertension (PAPsys > 40 mmHg)
OR respiratory dependence.

Chronic renal failure: evidence of raised serum creatinine > 177 umol/L (2.0 mg/dl) and
renal insufficiency in the medical history OR long-term haemodialysis/peritoneal dialysis
prior to the current hospital admission.

Chronic cardiovascular insufficiency: Angina or symptoms at rest or during minimal effort
(New York Heart Association class IV).

Cirrhosis: positive biopsy and documented portal hypertension, previous periods of high
gastrointestinal bleeding as a result of portal hypertension, previous periods of hepatic
failure, coma OR encephalopathy.

Diabetes: medication-dependent form of diabetes diagnosed before the current IC
admission.

pneumonia patients (median occupancy rate at ICU admission 150%
versus 120%).

Of the 6343 COVID-19 patients, 1709 (26.9%) patients died in the ICU
and another 251 (4.0%) died in the hospital after ICU discharge, result-
ing in a total of 1960 (30.9%) in-hospital deaths at the end of the
study period. All other COVID-19 patient were discharged alive from
the hospital. The in-hospital mortality rate among the other viral pneu-
monia patients was 19.7%. In Fig. 2 the unadjusted and adjusted odds ra-
tios for COVID-19 patients compared to the other viral pneumonia
patients are presented. This figure shows that without case-mix adjust-
ment, the COVID-19 patients have a significantly higher mortality rate
compared to other viral pneumonia patients (OR = 1.80 (1.61-2.02)).
After adjustment for gender and age the odds ratio increased to 2.06
(1.82-2.34), and after adjustment for all available patient characteristics
the odds ratio even increased up to 3.62 (3.10-4.23). The exploratory
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Fig. 1. Mean occupancy rate at ICU admission of COVID-19 (2020) and other viral pneumonia (2017-2019) patients.

analysis with further adjustment for ICU occupancy rate showed similar
OR's; 3.58 (3.05-4.20) when ICU occupancy at ICU admission was used
and 3.75 (3.17-4.45) when the mean ICU occupancy during ICU treat-
ment was used. Table 3 shows that a higher age, higher APACHE III
APS and the presence of a comorbidity contributed to a significantly
higher in-hospital mortality. The supplementary analyses in which the
COVID-19 patients were compared with pulmonary sepsis and ARDS
patients showed similar results, see supplementary tables.

4. Discussion

In the beginning of the COVID-19 pandemic it was suggested that
COVID-19 might be just another influenza-like illness or pneumonia.
However, in our study we showed that the crude in-hospital mortality
rate in COVID-19 patients admitted to the ICU in the Netherlands was

COVID vs Pneumonia without adjustment
COVID vs Pneumonia adjusted for gender and age
COVID vs Pneumonia adjusted for gender, age, and BMI

COVID vs Pneumonia adjusted for gender, age, BMI,and comorbidities

COVID vs Pneumonia adjusted for gender, age, BMI,comorbidities,
and APACHE Il APS

COVID vs Pneumonia adjusted for gender, age, BMI, comorbidities,
APACHE Il APS, and mechanical ventilation in first 24 hrs

COVID vs Pneumonia adjusted for gender, age, BMI, comorbidities,

significantly higher compared to other viral pneumonia patients
(OR = 1.80). After adjustment for age, gender, BMI, comorbidities,
APACHE III APS, mechanical ventilation in the first 24 h this odds ratio
became even higher (OR = 3.62). The effect of adjustment is in accor-
dance with our expectation as COVID-19 patients admitted to the ICU
are younger and have less comorbidities compared to other viral pneu-
monia patients. Further adjustment for occupancy rate at ICU admission
and during the entire ICU treatment showed an OR of respectively 3.58
and 3.75, indicating that the higher ICU occupancy rate during the
COVID-19 pandemic could not explain the higher mortality rate
among the COVID-19 patients compared to other viral pneumonia pa-
tients in former years. Our exploratory analysis with further adjustment
for occupancy rate gives an important first impression of the effect of oc-
cupancy rate on quality of care and associated mortality risk, at least for
the patient groups included in our analysis. No important and statistical

APACHE Il APS, mechanical ventilation in first 24 hrs, and occupancy rate at ICU admission

COVID vs Pneumonia adjusted for gender, age, BMI, comorbidities,

APACHE Il APS, mechanical ventilation in first 24 hrs, and mean occupancy rate during ICU admission

I T T T T T T 1

1 15 2 25 3 35 4 45
Odds ratio

Fig. 2. Odds ratio COVID-19 compared to other viral pneumonia patients.



S. Brinkman, F. Termorshuizen, D.A. Dongelmans et al.

Table 3
Multivariable logistic regression model with adjustment for age, BMI, gender, comorbidi-
ties, APACHE-III APS, and occupancy rate at ICU admission.

0Odds ratio (95% CI)
3.58 (3.05-4.20)

COVID-19 vs other viral pneumonia

Age

40-45 vs <40 0.95 (0.43-2.10)
45-50 vs <40 1.97 (1.12-3.47)
50-55 vs <40 2.21(1.30-3.74)
55-60 vs <40 2.46 (1.48-4.08)
60-65 vs <40 3.74 (2.28-6.12)
65-70 vs <40 5.63 (3.45-9.19)
70-75 vs <40 8.28 (5.09-13.47)
75-80 vs <40 12.01 (7.34-19.65)
80-85 vs <40 15.35 (9.14-25.76)
>85 vs <40 17.09 (9.35-31.22)

Unknown vs <40
Gender: Female vs Male
Body Mass Index

0.46 (0.06-3.62)
0.84 (0.75-0.95)

<18-5vs 18-5-25 0.66 (0.43-1.01)
25-30 vs 18-5-25 0.59 (0.38-0.90)
30-35vs 18-5-25 0.59 (0.38-0.91)
35-40vs 18-5-25 0.60 (0.38-0.96)
240 vs 18-5-25 0.70 (0.42-1.16)
Unknown vs 18-5-25 0.76 (0.45-1.27)
Immunological insufficiency 1.57 (1.33-1.86)
Chronic renal failure 1.53 (1.22-1.91)
COPD 1.57 (1.35-1.82)
Chronic respiratory insufficiency 2.09 (1.72-2.54)
Chronic cardiovascular insufficiency 1.69 (1.22-2.35)
Cirrhosis 2.39 (1.06-5.36)
Malignancy 2.13 (1.63-2.78)
Diabetes 1.14 (1.00-1.28)
Acute Physiology Score (APACHE III APS score)
34-43 vs <34 1.20 (1.01-1.42)
43-52 vs <34 1.49 (1.27-1.75)
52-64 vs <34 2.45 (2.08-2.90
>64 vs <34 4.53 (3.73-5.51)
Mechanical ventilation in first 24 h of ICU admission 1.73 (1.53-1.95)

Occupancy rate at ICU admission (based on quintiles)

105-125 vs <105 0.99 (0.84-1.18)
125-150 vs <105 0.95 (0.80-1.13)
150-195 vs <105 1.01 (0.85-1.19)
2195 vs <105 1.02 (0.86-1.21)

significant differences in mortality between the quintiles for occupancy
rate were found, indicating that serious threats for the quality of care as-
sociated with overcrowding during the COVID-19 pandemic were ade-
quately dealt with. Future research should focus on the examination
of the effect of occupancy rate on the quality of care for ICU patients in
general, other ICU subgroups like trauma and other non-COVID-19 pa-
tients, but especially for the patients that were denied admission to
the ICU during the COVID-19 pandemic.

The COVID-19 patients in this study had a prolonged ICU length of
stay and received more often mechanical ventilation during the first
24 h of ICU admission compared to other viral pneumonia patients,
leading to a higher need of ICU capacity during the COVID-19 outbreak.
The impending shortage of ICU capacity gave rise to a stricter selection
for hospital and ICU admission by care-givers [20,21], which lead to a
lower percentage of older patients with known comorbidity and frailty
admitted to the Dutch ICUs. This could have led to a lower in-hospital
mortality among the COVID-19 patients that were admitted, which re-
inforces our conclusion that the mortality among COVID-19 patient is
high compared to pneumonia patients. Differences in available ICU ca-
pacity across counties and in cultural aspects such as the estimated ben-
efit and burden of an ICU admission for very old and frail people
probably have influenced the ICU admission and discharge policies be-
tween countries. For instance, the number of patients with one or
more comorbidities in Italy was higher compared to the Netherlands
(60.5% versus 42.2%) [2]. The differences in case-mix characteristics of
the included patients between studies can partially explain the differ-
ences in mortality rates among studies. The crude in-hospital mortality
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of 30.9% for the COVID-19 patients in our study is lower than the mor-
tality rates reported in some of the studies published in the beginning
of the COVID-19 pandemic (i.e. mortality rates of 37.4 to 67.0%)
[2,5,6,8-10]. Besides the differences in ICU admission policies, another
explanation for the variation in reported mortality rates could be the
small sample size of some of these studies [8,9]. For example, Arentz
et al. reported an in-hospital mortality rate of 67% among the only 21 in-
cluded COVID-19 ICU patients, with an average age of 70 years of whom
86% had one or more comorbidities [8]. However, Richards-Belle et al.
had a large sample size (n = 10,834) and also found a higher mortality
rate (42.0%) among COVID-19 patients which were slightly younger
(mean age of 60 versus 65) and had less comorbidities (patient with
at least one comorbidity was 8.2% versus 35.7%) than the patients in
our study population [5]. A possible explanation for the large difference
in the number of COVID-19 patients with at least one comorbidity could
be the difference in the included comorbidities and/or in the definition
of the included comorbidities. We showed a 11.2% significantly higher
crude in-hospital mortality rate in COVID-19 patients compared to
other viral pneumonia patients (30.9% versus 19.7%), in the UK this dif-
ference was 17.3% (42.0% versus 24.7%) mainly because of the higher
crude in-hospital mortality among the COVID-19 patients [5], in the
US this difference was higher namely 13.4% (24.3% versus 10.9%) mainly
because of the lower crude in-hospital mortality among the viral pneu-
monia patients [4]. Future research could help us to identify possible ex-
planations for these differences.

A strength of this study is that it includes almost all COVID-19 pa-
tients (91.6%) admitted to the ICU from an entire country. As the NICE
registry contains clinical information on the admitted ICU patients we
were able to correct for important differences in patients characteristics
between COVID-19 and other viral pneumonia patients. We also ad-
justed for bed occupancy rate taking the average daily ICU occupancy
rate during 2019 as a reference for 2020. As limitation of this study it
should be mentioned that we could not adjust for the number of avail-
able (ICU certified) health workers and the perceived workload of the
health workers during the COVID-19 pandemic which could have had
a negative influence on the outcome of patients. However, as episodes
of high stress, sickness leave and other unfavorable organizational fac-
tors coincide with episodes of high occupancy rate, our somewhat sim-
plistic estimate is probably a valid indicator of these potential threats for
the quality of care. As we found no association between occupancy rate
and mortality risk, the episodes of high occupancy rate during the
COVID-19 pandemic waves in the Netherlands were probably not asso-
ciated with serious shortage of personal and medical equipment or that
this shortage was adequately managed. As a large part of non-urgent
care was postponed, in many instances non-ICU personal co-operated
with ICU nurses to deliver care and to overcome potential shortage of
ICU nurses.

Our data add to disease understanding and disease management on
different levels. From an organizational point of view, we were able to
show that the time course and mortality risk of COVID-19 differs from
other viral pneumonias requiring ICU admission. In governmental, re-
gional, and local planning it has to be recognized that in terms of re-
source use (e.g. ICU and hospital length of stay and necessity for
mechanical ventilation) COVID-19 patients surpass other viral pneumo-
nia patients. When ICUs get overwhelmed (again) by a new outbreaks
of COVID-19 they should be warned for the high mortality risk which
also might affect the mental workload of care-givers [22,23].

5. Conclusion

Compared to other viral pneumonia patients, the COVID-19 patients
were more often male, had a higher BMI, less comorbidities, a prolonged
hospital length of stay, and received more often mechanical ventilation.
Almost one third of COVID-19 patients admitted to the Dutch ICUs died
in the hospital. The in-hospital mortality was higher compared to ICU
patients with other viral pneumonias, irrespective of adjustment for
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important clinical characteristics. The higher ICU occupancy rate during
the COVID-19 pandemic did not explain the higher mortality among
COVID-19 patients compared to viral pneumonia patients in former
years. Based on these results, we may conclude that COVID-19 and
other viral pneumonia at the ICU are not similar. These findings confirm
earlier warnings of a high need of hospital and ICU capacity and high
mortality rates among previously relatively healthy and younger pa-
tients with COVID-19 infections as this may lead to a higher physical
and mental workload for the staff. ICUs and policy makers should be
aware of the high need of care capacity to manage the prolonged hospi-
tal length of stay and high need for mechanical ventilation in case of a
new COVID-19 outbreak. Future research should focus on long-term
outcome (i.e. 6 or 12 months after COVID-19) in terms of mortality
and quality of life.
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