Termorshuizen et al. Annals of Intensive Care (2024) 14:11 An nals Of Intensive Ca re
https://doi.org/10.1186/513613-023-01238-2

. ®
Characteristics and outcome of COVID-19 cnet i

patients admitted to the ICU: a nationwide
cohort study on the comparison

between the consecutive stages

of the COVID-19 pandemic in the Netherlands,
an update

Fabian Termorshuizen"?'®, Dave A. Dongelmans'?, Sylvia Brinkman'?, Ferishta Bakhshi-Raiez',
M. Sesmu Arbous'* Dylan W. de Lange'?, Bas C.T. van Bussel"®”, Nicolette F. de Keizer'? and the Dutch
COVID-19 Research Consortium

Abstract

Background Previously, we reported a decreased mortality rate among patients with COVID-19 who were admit-
ted at the ICU during the final upsurge of the second wave (February—June 2021) in the Netherlands. We examined
whether this decrease persisted during the third wave and the phases with decreasing incidence of COVID-19 there-
after and brought up to date the information on patient characteristics.

Methods Data from the National Intensive Care Evaluation (NICE)-registry of all COVID-19 patients admitted

to an ICU in the Netherlands were used. Patient characteristics and rates of in-hospital mortality (the primary out-
come) during the consecutive periods after the first wave (periods 2-9, May 25, 2020-January 31, 2023) were com-
pared with those during the first wave (period 1, February—-May 24, 2020).

Results After adjustment for patient characteristics and ICU occupancy rate, the mortality risk during the ini-

tial upsurge of the third wave (period 6, October 5, 2021-January, 31, 2022) was similar to that of the first wave
(ORadj: 1.01, 95%-CI [0.88-1.16]). The mortality rates thereafter decreased again (e.g., period 9, October 5, 2022-Janu-
ary, 31, 2023: ORadj:O.SZ 95%-Cl [0.41-0.66]). Among the SARS-CoV-2 positive patients, there was a huge drop

in the proportion of patients with COVID-19 as main reason for ICU admission: from 88.2% during the initial upsurge
of the third wave to 51.7%, 37.3%, and 41.9% for the periods thereafter. Restricting the analysis to these patients did
not modify the results on mortality.

Conclusions The results show variation in mortality rates among critically ill COVID-19 patients across the calendar
time periods that is not explained by differences in case-mix and ICU occupancy rates or by varying proportions
of patients with COVID-19 as main reason for ICU admission.
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The consistent increase in mortality during the initial, rising phase of each separate wave might be caused
by the increased virulence of the contemporary virus strain and lacking immunity to the new strain, besides unmeas-
ured patient-, treatment- and healthcare system characteristics.

Keywords COVID-19, Coronavirus, Mortality, Outcome, Intensive Care, Critical Care

Introduction

In the early phases of the COVID-19 pandemic,
healthcare systems worldwide were confronted with
large numbers of critically ill patients with an—at that
time—unknown respiratory infection. During the sub-
sequent epidemic upsurges, various reports on the
characteristics of patients and treatment outcomes
were published, often with preliminary conclusions
[1-6].

Previously, we reported on the characteristics and
outcomes of COVID-19 patients admitted to the ICU
in the Netherlands [7-9]. In accordance with other
studies [10, 11], high mortality rates among critically
ill patients with COVID-19 compared to the rates for
other critically ill patients with viral pneumonia were
found [7, 9]. Fortunately, the data showed a decreased
in-hospital mortality rate during the final upsurge of
the second wave in the Netherlands (February—June
2021) [8]. This was interpreted as a possible effect of
increasingly appropriate treatments, effective logistic
and organizational measures that were taken and more
efficient care. If so, we may expect that this decrease
will have continued or mortality rates will have pla-
teaued during the upsurges of COVID-19 following
the second wave. Alternatively, differences in mortality
rate may be associated with seasonal influences, as was
recently found in a cohort of cardiac surgery patients
admitted at the ICU [12].

In the present study, we updated our previous report,
including patients up to January 2023.

We examined whether the decrease in mortality
rate among ICU patients infected with SARS-CoV-2
persisted during the third wave (October, 2021-May,
2022) and the phases with decreasing incidence of
COVID-19 thereafter (the period in-between: May—
October, 2022, and the ‘endemic phase: October,
2022-January, 2023) and brought up to date the infor-
mation on patient- and treatment characteristics.

The aim was to evaluate whether there is evidence
for an improvement in the quality of care for COVID-
19 patients at the ICU, as indicated by a lower in-hos-
pital mortality (primary outcome), lower relocation
rates, and a shorter duration of ICU stay (secondary
outcomes) in the course of the pandemic waves, the
periods in—between and the endemic phase thereafter.

Methods

Data

Details on the data used are described in our previous
study [8]. In summary, the National Intensive Care Evalu-
ation (NICE) registry is a quality registry in which all
Dutch ICUs participate [13]. This registry includes pro-
spectively collected demographic and clinical data of all
patients admitted to an ICU extracted from the ICU’s
electronic health record (EHR). The purpose of NICE is
to provide feedback on performance indicators to ICUs,
thus enabling ICUs to monitor and improve their qual-
ity of care. From the start of the COVID-19 outbreak in
the Netherlands, the Dutch government requested all
ICUs to record all suspected and confirmed COVID-
19 patients admitted to the ICU. Therefore, the existing
NICE data infrastructure was expanded with a module
allowing daily recording of admission- and discharge
dates, and survival status at ICU- and hospital discharge
of COVID-19 patients that could be linked to the clini-
cal data once these were uploaded from the EHRs. NICE
data infrastructure allowed that COVID-19 patients
could be accurately tracked throughout subsequent hos-
pital admissions. This made it possible to take transfers to
other hospitals during an ongoing treatment episode into
account, thus, enabling the evaluation of the complete
treatment trajectory of an individual COVID-19 patient.

The Medical Ethics Review Committee of the Aca-
demic Medical Center waived the need for informed con-
sent [reference number W21_091 # 21.102].

A confirmed COVID-19 patient was defined as follows:
a positive SARS-CoV-2 Reverse transcription polymerase
chain reaction (RT-PCR) on a nasopharyngeal swab or
a CT-scan consistent with COVID-19 (i.e.,, a CO-RADS
score of >4 in combination with the clinical diagno-
sis viral pneumonia) [14]. Few patients were diagnosed
with COVID-19 on the basis of a CT-scan. During the
first wave and the first period in-between, the number
of patients diagnosed with CT-scan was 56 (2%) and 11
(2.2%). Thereafter, this percentage declined to around
0.2-0.5% (data not shown).

In 2020, 2021, and 2022, three major waves of ICU
admissions due to SARS-CoV-2 infections were observed
in the Netherlands with distinct periods in between
(Fig. 1 and Additional file 1: Figure S1). Calendar time
(which is the exposure variable in the present analysis)
was categorized into the following time periods:
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Fig. 1 Number of COVID-19 patients present at the ICU during the pandemic waves in the Netherlands

1. The first wave (February 1-May 24, 2020, initial vari-
ant predominates),

2. The period between the waves (May 25 — October 4,
2020),

3. The second wave—first and second upsurge (October
5,2020-January 31, 2021),

4. The second wave—final upsurge (February 1, 2021-
May 24, 2021, alfa variant),

5. The period between the waves (May 25, 2021-Octo-
ber 4, 2021),

6. The third wave—initial upsurge (October 5, 2021-
January 31, 2022, delta variant),

7. The third wave—second part (February 1-May 24,
2022, omicron variant),

8. The period after the third wave (May 25, 2022—Octo-
ber 4, 2022), and

9. The period of absence of a fourth wave, which is
called ‘the endemic phase’ (October 5, 2022—January
31, 2023).

Categorization was done on the basis of visual inspec-
tion and with the aim to define periods that were con-
sistently defined in terms of identical months and days
across the subsequent calendar years. This was done to
detect possible seasonal influences.

Statistical analyses

The number of patients, patient- and treatment char-
acteristics, duration of total ICU- and hospital stay
(combining subsequent hospital and ICU stays within
a treatment trajectory of an unique patient), occupancy
rate, and relocation rate were described for the nine time

periods (time periods mentioned above 1-9) separately.
The ICU occupancy rate was calculated as the number of
occupied beds at the day of ICU admission of the patient
at the (first) ICU of admission as proportion of the daily
average in 2019 specific for that ICU. The in-hospital
mortality (primary outcome), that is death at the ICU
or death at the hospital ward after ICU discharge, was
estimated as percentage and analyzed in a multivariable
logistic regression model with time period as the main
independent variable. The Odds ratios (ORs) of in-hos-
pital mortality (the primary outcome) during time peri-
ods 2-9 compared to time period 1 were adjusted for
age, sex, Body Mass Index (BMI), the Acute Physiology
and Chronic Health Evaluation (APACHE) IV mortality
risk [15], and the ICU occupancy rate (the covariates)
at the day of ICU admission. Patients with missing data
on age (N=1), BMI (N=466), APACHE-IV probability
(N=84), occupancy rate (N=89) were excluded from
the logistic regression (N=576, 3.1%). For those included
(N=18,196) the logistic regression was estimated both
with inclusion and with exclusion of those patients who
were still hospitalized at the time of database closure
(July 25, 2023 (N=214). Results were very similar. The
length of ICU stay (the secondary outcome) was analyzed
in a multivariable Cox regression analysis with ICU dis-
charge as outcome event and death at the ICU as censor-
ing event, and with adjustment for the same covariates.
To take the possible influence of clustering of patients
admitted at the same hospital on the results into account,
both the logistic and the Cox regression models were
re-run with an random intercept for hospital of admis-
sion. In case of transfer, the first hospital with a stay of
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at least 24 h was regarded as the hospital of admission
for the estimation of the random intercept. As very simi-
lar results were found, the models without this random
intercept are presented in the Results section. All analy-
ses were performed using the R statistical environment
(version 4.0.3) (R Foundation for Statistical Computing,
Vienna, Austria). We report P-values and effect estimates
with 95% confidence intervals and considered P<0.05
statistically significant. The STROBE guidelines (https://
www.equator-network.org/reporting-guidelines/strobe/)
were followed to write the manuscript and report the
results.

Results

Patient and treatment characteristics

From February 2020 until February 2023 there were
19,517 COVID-19 patients admitted to 78 Dutch ICUs.
Of these, we excluded 745 patients since their clini-
cal data were not (yet) available, leaving 18,772 patients
(96.2%) for the final analyses.

The mean age decreased during period 2, that is the
period between the first and second wave (from 63.2
to 61.9 years) and during period 5, that is, between the
second and third wave (from 61.5 to 55.7 years), and
increased again during the initial upsurge (period 6,
60.4 years) and second part (period 7, 62.6 years) of the
third wave. The mean age increased further during the
two time periods (period 8-9) thereafter (to 63.3 and
66.4 years) (Table 1).

The percentage of patients without comorbidity at the
time of ICU admission fluctuated between 64.3% (period
1, first wave) and 53.5% (period 3) up to and including
the initial upsurge of the third wave (period 6: 62.4%).
After period 6, this percentage decreased substantially to
45.8%, 46.5%, and 41.1% during the periods 7-9. During
the periods 7-9, the prevalence of patients with comor-
bid immune insufficiency was substantially higher com-
pared to the preceding periods, approximately 20% vs
10% and lower. A simultaneous and substantial increase
in prevalence of other comorbid conditions was also
found, especially of renal and respiratory insufficiency.
For the definition of the various comorbidities shown in
the Table, see Supplement Methods. The APACHE-III
score (in which the severity of physiological disturbance,
comorbidity, and age are taken into account, ranging
from 0 to 299) fluctuated around 60.0 points up to and
including the initial upsurge of the third wave (period
6), and, in accordance with the increasing mean age and
prevalence of comorbid conditions, increased from the
second part of the third wave (period 7) onwards to 70.8
during period 8, and 69.9 during period 9 (Table 1).

The percentage of patients with an APACHE-IV main
reason for admission indicative of COVID-19 (that
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is viral pneumonia, ARDS, or Sars-Cov-2 infection)
decreased considerably from values in the range 86.5—
93.0% up to and including the initial upsurge of the third
wave (period 6) to 51.7%, 37.3%, and 41.9% for the peri-
ods 7-9 thereafter (Table 1).

The percentages of patients treated with mechani-
cal ventilation and/ or vasoactive drugs were high dur-
ing the first wave (79.1% and 67.2%, resp.) and deceased
substantially and remained lower for all periods thereaf-
ter (Table 2). The highest mean ICU occupancy rate was
found during the first wave (183%). Lower values were
found for the periods 2-7 thereafter. These values were
larger than 100%, that is, higher than expected on the
basis of the number of patients admitted in 2019 at the
ICU concerned. During the last two periods from May,
2022 onwards (period 8 and 9), the mean occupancy
rates were lower than 100%, that is, lower than expected.
In accordance with these findings, the number of patients
with at least one transfer to another hospital was high
during the first wave (32.2%) and decreased during the
periods thereafter to 5.7% in the last period (Table 2).

Outcome: in-hospital mortality

The comparatively low percentages of in-hospital death
during the final upsurge of the second wave (period
4) (23.9%), as found in our previous study [8], and the
period between the second and third wave (period 5)
(20.6%) were followed by a considerably higher percent-
age during the initial upsurge of the third wave (period
6) (28.6%) (Table 2). During the periods 7-9 thereafter,
the percentage of in-hospital mortality decreased again,
ranging between 23.2 and 26.6%.

After adjustment for age, gender, BMI, APACHE-IV
mortality risk, and occupancy rate, the odds of in-hos-
pital death during the initial upsurge of wave 3 was very
similar to the odds during wave 1 (OR,4;=1.01, 95%-CI
[0.89 -1.16]) and to the odds during the first upsurge
of the second wave (OR,4;=0.98, 95%-CI [0.87 -1.10])
(Table 3). During the second part of wave 3 (period 7),
the in-hospital mortality again decreased (OR,4;=0.70,
95%-CI [0.58-0.84]), comparable to the value found for
the second upsurge of the second wave (OR,4;=0.78,
95%-CI [0.69-0.88]). After wave 3, the adjusted in-hospi-
tal mortality further decreased to comparatively low val-
ues (OR,4;=0.50 [0.39-0.65] and OR,4;=0.52 [0.41-0.66]
for periods 8 and 9, respectively. The parameter esti-
mates related to all variables included in the multivari-
able model are shown in Additional file 1: Table S4. The
parameter estimates for occupancy rate show no unfa-
vorable effect of a high occupancy rate on the hospital
mortality risk.

Albeit the analysis was adjusted for a number
of important clinical characteristics, the varying
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Table 1 Baseline characteristics in group of patients in the COVID-19 registry with MDS record linkage (N=18,772)
1.Wave 1 2.In-between  3.Wave 2.1 4.Wave 2.2 5.In-between  6.Wave 3.1 7.Wave 3.2 8.In-between  9.Endemic
01/02/2020- 25/05/2020- 05/10/2020- 01/02/2021- 25/05/2021- 05/10/2021- 01/02/2022- 25/05/2022- 05/10/2022-
24/05/2020 04/10/2020 31/01/2021 24/05/2021 04/10/2021 31/01/2022 24/05/2022 04/10/2022 31/01/2023
Number (N) 2816 507 4470 4663 1292 3234 1239 606 690
of patients
with MDS link- 2740 (97.3) 490 (96.6) 4300 (96.2) 4602 (98.7) 1272 (98.5) 3074 (95.1) 1141 (92.1) 555(91.6) 598 (86.7)
age: N (%)
Mean age 632(11.3) 61.9(12.8) 64.3(11.3) 61.5(11.7) 55.7 (14.4) 604 (13.2) 62.6 (14.7) 63.3(15.9) 664 (13.8)
(years) (SD)
Gender: Male 1976 (72.1) 334 (68.2) 3068 (71.3) 3082 (67.0) 777 (61.1) 2049 (66.7) 688 (60.3) 338 (60.9) 389 (65.1)
N (%)
Comorbidity N (%):
Immune 208 (7.6) 40 (8.2) 459 (10.7) 416 (9.0) 133(10.5) 325(10.6) 254 (22.3) 125 (22.5) 119(19.9)
insuffi-
ciency
Renal insuf- 73 (2.7) 19(3.9) 252 (5.9) 153(3.3) 44 (3.5) 137 (4.5) 99 (8.7) 48 (8.6) 66 (11)
ficiency
Respiratory 306 (11.2) 50(10.2) 633 (14.7) 561(12.2) 129 (10.1) 331(10.8) 209 (18.3) 106 (19.1) 147 (24.6)
insuffi-
ciency
Cardiovas- 34(1.2) 7(1.4) 84 (2.0) 68 (1.5) 20(1.6) 37(1.2) 42 (3.7) 21 (3.8) 26 (4.3)
cular
Malignancy 66 (2.4) 13(27) 144 (3.3) 88(1.9) 31 (24) 80 (2.6) 104 (9.1) 56 (10.1) 55(9.2)
Liver cir- 3(0.1) 2(04) 22(0.5) 23(0.5) 8(0.6) 20(0.7) 13(1.1) 8(1.4) 7(1.2)
rhosis
Diabetes 522 (19.1) 146 (29.8) 1116 (26) 972 (21.1) 268 (21.1) 631 (20.5) 235 (20.6) 104 (18.7) 129 (21.6)
mellitus
At least 1 977 (35.7) 218 (44.5) 1998 (46.5) 1801 (39.1) 480 (37.8) 1155 (37.6) 618 (54.1) 297 (53.5) 352(58.9)
of these N
(%)
Mean BMI 28.7 (4.99) 29.39 (5.59) 2942 (5.38) 30.05 (5.81) 3031 (6:42) 2936 (5.78) 27.66 (6.26) 264 (5.55) 2712 (6.28)
(kg/m?)
(SD)
BMI>30N 843 (30.8) 180 (36.7) 1651 (38.4) 1974 (42.9) 558 (43.9) 1222 (39.8) 307 (26.9) 105 (18.9) 135(22.6)
(%)
APACHE-IV 1st
diagnosis:
Viral pneu- 2550 (93.0) 424 (86.5) 3940 (91.7) 4337 (94.2) 1179 (92.7) 2710 (88.2) 589 (51.7) 207 (37.3) 251 (41.9)
monia/
ARDS/
Sars-Cov-2 N (%)
Mean 60.21(21.54) 60.14 (23.37) 63.74 (21.36) 60.09 (19.82) 58.16 (2045) 61.52(22.75) 66.27 (27.09) 70.82 (30.55) 69.98 (28.47)
APACHE-III
(SD)
1.ARDS 436 (15.9) 56 (11.4) 445 (10.3) 617 (13.4) 159 (12.5) 425 (13.8) 58(5.1) 8(1.4) 15(2.5)
(APACHE-IV)
N(%)
2.Pa02/Fi02 2379 (86.8) 394 (80.4) 3795 (88.3) 4202 (91.3) 1141 (89.7) 2697 (87.7) 787 (69.0) 351(63.2) 386 (64.5)
ratio< 300
l.and/or2. 2439(890) 403 (822) 3809(886)  4224(918) 1146 (901) 2707 (88.1) 788 (69.1) 352 (634) 387 (64.7)
N (%)

percentage of patients with an APACHE-IV main rea-
son for admission indicative of COVID-19 was not
taken into account. For this reason, the logistic regres-
sion analysis was repeated with a restriction to patients
with an APACHE-IV main reason for admission indica-
tive of COVID-19 (N=16,187). The demographic,
clinical, and treatment characteristics, and the crude

in-hospital mortality rates related to this restricted
group of COVID-19 patients are given in Additional
file 1: Tables S1 and S2. Similar results of the logistic
regression analysis on in-hospital mortality were found
with again decreasing ORs from the second part of the
third wave onwards (periods 7-9) (Table 3 and Addi-
tional file 1: Table S5). The adjusted ORs for the whole
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Table 2 Treatment characteristics and outcomes
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1.Wave 1
01/02/2020-
24/05/2020

3.Wave 2.1
05/10/2020-
31/01/2021

4.Wave 2.2
01/02/2021-
24/05/2021

2.In-between
25/05/2020-
04/10/2020

6.Wave 3.1
05/10/2021-
31/01/2022

7.Wave 3.2
01/02/2022-
24/05/2022

9.Endemic
05/10/2022-
31/01/2023

8.In-between
25/05/2022-
04/10/2022

5.In-between
25/05/2021-
04/10/2021

N with MDS
record
linkage
Mean PaO2
(mmHg)
t=0(SD)
Mech.
ventil. t=0
(N,%)
Mech. ven-
til. t=24h
(N.%)

Vasoactive
drugs (N,%)

Acute renal
failure (N,%)

Mean bed
occupancy
(SD)

Transfer
to other
hospital
(N,%)

Mean
length

of pre ICU
hospital
stay in days
(SD)

Mean
length

of stay

in days ICU
(SD)

Median
length

of stay ICU
(IQR)

Mean
length
of stay
in days
hospital
(SD)M
Hospital
death (N,
%)

2740 490 4300 4602

84.97 (35.83) 786 (28.0) 76.7 (29.76) 76.82(31.16)

1320 (48.2) 100 (20.4) 1063 (24.7) 1118 (24.3)

2167 (79.1) 251(51.2) 2503 (58.2) 2712 (58.9)

1842 (67.2) 213(435) 2083 (48.4) 2159 (46.9)

252(9.2) 34 (6.9) 289 (6.7) 278 (6.0)

1.82(0.62) 1.08 (04) 1.51(0.45) 1.65 (0.44)

883 (32.2) 111 (227) 1206 (28) 1288 (28)

1.7.(29) 1.8 (4.3) 24(10.3) 2132

20.6 (20.5) 16.0 (15.8) 17.2(17.6) 163 (16.7)

15(8-28) 11(5-12) 11(6-23) 11(6-21)

41.6(1308) 41.8(139.0) 36.1(107.9) 36.0(103.9)

822 (30.0) 132 (26.9) 1392 (32.4) 1102 (23.9)

1272 3074 1141 555 598

76.33 (29.06) 77.27 (32.81) 87.55 (46.72) 89.68 (45.22) 86.07 (36.78)

278 (21.9) 831(27.0) 358 (31.4) 202 (36.4) 211(35.3)

698 (54.9) 1791 (58.3) 566 (49.6) 266 (47.9) 282 (47.2)

532 (41.8) 1485 (48.3) 486 (42.6) 259 (46.7) 271(45.3)

47 (3.7) 214.(7.0) 140(12.3) 78 (14.1) 85(14.2)

1.07(032) 1.34(038) 1.01(033) 0.86 (0.28) 0.99 (0.38)

318(25) 797 (25.9) 109 (9.6) 47 (8.5) 34(57)

2134 22(78) 3.8(289) 1.7 (56) 3.8(35.5)

15.8(24.9) 154 (21.1) 94(183) 76(10.2) 7.0(10.7)

10 (5-20) 10 (5-20) 4(2-8)

28.5(70.5) 27.2(58.8) 19.9 (43.2) 183(32.2) 16.0 (25.1)

262 (20.6) 880 (28.6) 304 (26.6) 129(23.2) 154 (25.8)

“1 calculated since data of admission at the ICU

cohort and for the restricted group are shown for the
separate time periods 1-9 in Fig. 2.

Outcome: length of ICU stay

The mean length of stay at the ICU decreased consider-
ably after the first wave from 20.6 days (period 1) to val-
ues in the range of 15.4—17.2 days for the periods 2-6.
From the second part of the third wave onwards (period

7), the mean length of ICU stay further decreased
to values in the range of 7.0-9.4 days (periods 7-9)
(Table 2). This calendar time trend to lower values for
ICU stay, and, thus, higher rates of ICU discharge was
also found in a multivariable Cox regression analysis,
both for the total group of patients (N=18,772) and
for the restricted group of patients with an APACHE-
IV main reason for admission indicative of COVID-19
(N=16,187) (Additional file 1: Table S3).
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Table 3 Odds ratios of Hospital mortality during the consecutive stages of the COVID-19 pandemic (see Additional file 1: Table S4 and
Additional file 1: Table S5 for details of the fully adjusted models and missing data)

1.Wave 1 2.In-between  3.Wave 2.1 4.Wave 2.2 5.In-between  6.Wave 3.1 7.Wave 3.2 8.In-between  9.Endemic
01/02/2020- 25/05/2020- 05/10/2020- 01/02/2021- 25/05/2021- 05/10/2021- 01/02/2022- 25/05/2022- 05/10/2022-
24/05/2020 04/10/2020 31/01/2021 24/05/2021 04/10/2021 31/01/2022 24/05/2022 04/10/2022 31/01/2023
Reference

Total (N=18,772)

1.Crude 1.00 0.83 112 0.74 0.60 0.95 0.86 0.73 0.83
[1.00-1.00] [0.67-1.04] [1.00-1.24] [0.66-0.82] [0.51-0.70] [0.84-1.06] [0.74-1.01] [0.58-0.90] [0.68-1.02]

Wald X2, df, 119.96, 8, <0.001

P-value

2. Adjusted 1.00 091 0.99 0.78 0.83 1.04 0.75 0.54 0.55

for age, sex

BMI, [1.00 - 1.00] [0.71-1.17] [0.88-1.11] [0.70-0.88] [0.70-1.00] [0.91-1.18] [0.63-0.89] [0.43 - 0.69] [0.44-0.70]

and APACHE-

IV risk

Wald X2, df, 7895, 8, <0.001

P-value

3. Adjusted 1.00 0.86 0.98 0.78 0.79 1.01 0.70 0.50 052

for(...),and

ICU occupancy  [1.00 - 1.00] [067-1.11] [0.87-1.1] [0.69-0.88] [0.65-0.95] [0.88-1.16] [0.58-0.84] [0.39-0.65] [0.41-0.66]

rate

Wald X2, df, 81.97,8, <0.001

P-value

Restricted to those with APACHE-IV diagnosis indicative of Covid-19 as main reason for ICU admission (N=16,187)

1. Crude 1.00 0.85 1.13 0.75 0.6 0.96 1.14 0.88 0.87
[1.00-1.00] [067-1.07] [1.01-1.26] [0.67-0.84] [0.5-0.71] [0.85-1.08] [0.94-1.39] [0.63-1.22] [0.64-1.17]

Wald X2, df, 11262, 8, <0.001

P-value

2. Adjusted 1.00 0.89 0.99 0.80 0.86 1.05 0.86 0.52 0.51

for age, sex

BMI, [1.00-1.00] [0.69-1.16] [0.88-1.12] [0.71-0.91] [0.71-1.04] [0.92-1.20] [0.69-1.07] [0.36-0.74] [0.37-0.71]

and APACHE-

IV risk

Wald X2, df, 51.838,8, <0.001

P-value

3. Adjusted 1.00 0.85 0.98 0.80 0.81 1.03 0.81 048 048

for(...),and

ICU occu- [1.00-1.00] [0.65-1.11] [0.87-1.11] [0.71-0.91] [0.67-0.99] [0.89-1.18] [0.64-1.01] [0.33-0.69] [0.34-0.68]

pancy rate

Wald X2, df, 54.59,8, <0.001

P-value

Discussion period in which a next (fourth) wave was anticipated but

Our findings revealed that the adjusted mortality risk
during the initial upsurge of the third wave (October 5,
2021-January 31, 2022) was similar to that of the first
wave, that is, the mortality increased again following the
considerably lower mortality rates found during the final
upsurge of the second wave (February 1, 2021-May 24,
2021) [8]. After the initial upsurge of the third wave (from
February, 2022 onwards), we observed again a decrease
in the adjusted mortality rate, which was not followed
by an increase in mortality rate during the period of low
incidence in October, 2022-January, 2023, that is, the

did not occur. There was a huge drop in the percentage
of patients with an APACHE-IV main reason for admis-
sion indicative of COVID-19 after the initial upsurge of
the third wave. We may assume that this drop was the
reason for the decreasing and comparatively low mor-
tality rates during the later periods. However, restricting
the analysis to those patients in the COVID-19 registry
with an APACHE-IV main reason for admission indica-
tive of COVID-19 yielded similar results. Thus, we found
consistently increased mortality rates during the rising
phases of the consecutive epidemic COVID-19 waves,
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1. Wavel 2. In-between
01/02 - 24/05/2020 25/05-04/10/202005/10/2020-31/01/2021 01/02-24/05/2021

[
[

Oddsratio of hospital death

3. Wave 2-1st upsurge 4. Wave 2 -2ndupsurges. In-between
25/05-04/10/202105/10/2021-31/01/202201/02 - 24/05/2022
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6. Wave 3 -1st upsurge 7. Wave 3 -2ndupsurge 8. In-between 9. Endemic phase
25/05-04/10/202205/10/2022-31/01/2023

|
1

1

1. All patients, adjusted for age, gender, BMI, APACHE-IV risk, and occupancy rate
2. Restriction to patients with APACHE-IV diagnosisofviralpneumonia, ARDS or Sars-Cov-2 infection, same adjustment

Period 1 Period 2 Period 3

Period 4

Period 5

Period & Period 7 Period 8 Period 9

Fig. 2 Odds ratios of Hospital mortality during the consecutive stages of the COVID-19 pandemic

and consistently lower rates during the periods in-
between and the evolving endemic phase thereafter.

Interpretation of findings
The decreasing and low mortality rates (either with or
without adjustment for age, gender, BMI, APACHE-IV
mortality risk, and occupancy rate) during the later peri-
ods 7-9 are remarkable, as the mean age, the percentage
of patients with comorbid conditions (such as immune
deficiency), and the associated APACHE-IV mortality
risk considerably increased. Thus, relatively less healthy
patients were admitted from the second part of the third
wave onwards. However, this did not result in a higher
mortality rate. As the results were hardly influenced by
adjustment for ICU occupancy rate, this finding was
probably not the result of lower occupancy rates, which
potentially led to higher quality of care during these later
episodes. The absence of an increase in mortality rate
during the period of low incidence in October, 2022—Jan-
uary 2023 (period 9) is in itself an important observation,
as it suggests that the high mortality rates consistently
found for the rising phases of the consecutive epidemic
COVID-19 waves were not due to a predictable seasonal
influence [12].

We also found a decrease in the mean length of stay
at the ICU from above 20 days during the first wave to

a range of 15-17 days during the next waves and peri-
ods in-between thereafter. We feel that this reflects the
fact that the discharge of patients to the hospital wards
became less challenging. As no data on individual ther-
apeutic regimes were available we can only cautiously
conclude that this was possibly associated with evolv-
ing treatment management strategies in ICUs as well as
on wards and with the utilization of drugs such as toci-
lizumab [16, 17]. A further decrease in the mean length
of stay for the last three periods 7-9 was observed. This
may indicate that patients were less severely affected by
the virus, in accordance with the decreasing mortality
rates during these episodes. This decrease is important
because it made it possible that with the same amount of
beds more patients could be treated, thus relieving a part
of the strain on the healthcare system.

The fluctuating mortality rates among critically ill
COVID-19 patients across the calendar time periods,
especially the re-emergence of the high mortality rate
during the initial upsurge of the third wave, suggest that
the previously found lower mortality rate for the final
upsurge of the second wave [8] cannot be attributed with-
out question to improved care and more effective logistic
and organizational arrangements following the start of
the pandemic. The increased mortality during the first
upsurge of the third wave coincided with a much lower
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proportion of patients treated with mechanical ventila-
tion and with vasoactive drugs, when compared to the
first wave. This suggests that moving insights and chang-
ing treatment options did not prevent this increased mor-
tality. As the higher mortality rates consistently coincide
with the early, rising phases of the consecutive waves, and
lower rates with the periods in between and the endemic
phase thereafter we may assume an important role for
the virulence of the COVID-19 strains itself. The intro-
duction of the Omicron variant (which is known to have
a much lower virulence) during the first months of 2022
onwards, the staying away of the fourth wave and the
much lower mortality risk of Covid-19 patients admit-
ted at the ICU from the early months of 2022 onwards
support this notion [18]. This high virulence may imply
preferential selection of those people who are more frail
and vulnerable in the early phase of a wave, and, as a con-
sequence, high mortality rates will ensue. In the subse-
quent phases, virulence will get weakened as to prevent
eradication of the host population and, as a consequence,
possibilities for transmission and survival of the virus.
The importance for our findings is that the relevance of a
higher or lower virulence obviously extends to those who
are in urgent need of critical care and, thus, by definition
are at high risk of death.

Comparison with other studies

Our finding of an invariable high mortality among criti-
cally ill patients with COVID-19 is in accordance with a
multicenter retrospective cohort study in Spain, Andorra,
and Ireland [19]. In this study, the second/ third wave
of July 2020-March, 2021 was compared with the first
wave of February, 2020—June, 2020 with a break-down by
month. No significant difference in adjusted ICU mortal-
ity rates between the two waves was found. Furthermore,
there were higher mortality rates during the rising-up
phase of the two subsequent waves, and the authors won-
dered whether this finding was caused by the rapid surge
of patients, overload of the system, and impaired quality
of care. In our analyses, we were able to adjust for ICU
occupancy rate, and, as hardly any effect of this adjust-
ment on the results was found, we may question this
explanation, at least for our cohort. Furthermore, in a
previous analysis of the NICE data we found that trans-
ferring critically ill COVID-19 patients in the Nether-
lands during peaks of high occupancy did not result in
higher mortality rates during the first 180 days after ICU
admission [20]. Our results are also in accordance with
a nationwide register in Denmark [21]. No difference
in adjusted 90-day mortality rates was found between
patients admitted in the first wave (March—May, 2020)
and those admitted thereafter (May 2020-June, 2021).
This study is important, as the Danish healthcare system
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was not overwhelmed and the triage criteria were stable
over the course of the pandemic. The invariable high in-
hospital mortality was also found in a study in Australia,
in which the three subsequent waves in the period Feb-
ruary, 2020—November, 2021 were compared with each
other [22]. The authors wondered whether the compara-
tively high in-hospital mortality during the third wave
(June—November, 2021) may reflect increased overload
of the ICU or the greater virulence of the Delta variant.
An increase in 28-day mortality was found for the peak
of the second wave after the lower mortality during the
post-first-wave period among patients with COVID-19 in
critical care in England [23]. This increase could be estab-
lished after adjustment for both patient characteristics
and occupancy levels. In a study among ICU patients in
France, favorable effects of vaccination against COVID-
19 on use of invasive mechanical ventilation and hospital
death were found, but hospital death remained invari-
ably high during the three surges between March 2020
and June 2021 [24]. The authors wondered whether this
finding was due to the predominance of the high viru-
lent alpha variant during the third surge and/ or the high
strain at the ICUs. A number of smaller studies con-
firmed the invariably high mortality across the subse-
quent waves [2, 25]. A number of studies found favorable
time trends to lower mortality rate among COVID-19
patients admitted at the ICU, but the data were restricted
to the first wave [1, 3-5, 26, 27] or the differences in mor-
tality between the waves were not adjusted for important
patient characteristics [28, 29].

Strengths and limitations

The main strength of our study was the presence of
complete nationwide data of all critically ill COVID-
19 patients admitted to the ICU during the subsequent
waves of the pandemic and the endemic phase thereaf-
ter in the Netherlands, and the record linkage of these
data to the NICE quality registry. We were able to com-
bine multiple hospital stays of the same patient in case
of hospital transfer(s) during an unique treatment tra-
jectory. The calendar time axis was categorized in finely-
meshed episodes to match both the epidemic upsurges
followed by periods of low incidence and the same sea-
sonal months of the successive calendar years. Thus, our
analysis was fit for assessing differences between and
within- waves, as well as for detecting possible seasonal
effects. Our segmentation of time periods did not nec-
essarily coincide with episodes defined by the prevailing
SARS-CoV-2 variants. There was a rough association
with specific strains (see Fig. 1), but there was also a con-
siderable degree in overlap, especially shortly after new
strains were introduced. We were able to adjust the logis-
tic regression analysis on in-hospital mortality for both
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important patient characteristics and ICU occupancy
rate. We analyzed hospital death and treatment duration
as separate endpoints, as this nicely corresponds with the
clinical aim of discharging the patient alive and with the
notion that a longer stay at the ICU or hospital followed
by hospital death does not reflect any clinical or survival
benefit. Thus, putting both endpoints in the framework
of a survival analysis may create an unsolvable contra-
diction. The absence of an unfavorable effect of a high
ICU occupancy rate on the mortality among COVID-19
patients evokes the question whether the high strain on
the health care system may have had harmful effects for
other patients for whom the treatment (for example elec-
tive surgery) was cancelled or postponed. The data made
it possible to make a distinction between those patients
with an APACHE-IV reason for admission indicative of
COVID-19 and those for whom a positive test of SARS-
CoV-2 infection was a secondary finding. A limitation of
the study is the observational nature, which may imply
that unmeasured confounders may have influenced the
results. In addition, no data on used medication, and
details on the treatment protocol, were present. Dexa-
methasone and tocilizumab became standard treatment
on the ICU in the Netherlands in the early months of
2021 after publication of the pertinent trials [30, 31].
Other treatments such as antiviral medication with rem-
desivir were less in use. We may conclude that introduc-
tion of these new treatment modalities did not prevent
the high mortality rate during the third wave. In the
beginning of the pandemic, patients in the Netherlands
were usually intubated at admission, as the spreading of
contagious aerosols by high-flow nasal oxygen was an
issue of discussion [32]. After the initial phase, treatment
with high-flow nasal oxygen increased as associated risks
turned out better than feared.

We used the APACHE-IV for adjustment of sever-
ity of illness but the APACHE-IV prediction model was
developed long before the COVID-19 pandemic, and
does not take infection with SARS-CoV-2 and the differ-
ent variants properly into account. Thus, the results of
our study might suggest the need for regularly updating
the APACHE model. The ICU occupancy rate could be
calculated with high accuracy for each calendar day and
per ICU. However, it was a crude metric when regard-
ing as proxy for (imminent) overload or strain burden,
as data on number of patients per nurse, workload per
nurse, availability of certificated ICU nurses, absence
through illness, the mental status and stress level of the
nurses and doctors, and the number of operational ICU
beds were not available. The outcomes were the short-
term in-hospital mortality and ICU length of stay. Fur-
ther studies are needed to examine the mortality rates
and causes of death of critically ill COVID-19 patients
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after survival of the hospital treatment trajectory and
possible time trends. Especially in the early phases of the
pandemic a few cases were diagnosed with a CT scan
consistent with COVID-19 without confirmation with a
positive PCR test. As there was a high a priori probability
of SARS-CoV-2 infection during the first wave, the risk
of misclassification was probably limited. Our analysis
was restricted to patients in the Netherlands, and thus,
our results may not be extrapolated to other countries.
An important limitation was the lack of information on
vaccination status, which is not registered in the NICE
database. We may argue that for those patients who were
vaccinated prior to ICU admission the vaccine was not
effective (enough), as it obviously did not prevent a clini-
cal course that resulted in admission at the ICU. Thus,
the relevance of information on vaccination among ICU
patients during the three waves may be limited for a
study that aimed to assess mortality risk after ICU admis-
sion, in contrast to vaccine efficacy preventing admis-
sion. Even in the absence of data on vaccination stratus,
we may conclude that despite the increasing vaccination
rates from January 2021 onwards, this did not translate
in decreasing mortality rates among those COVID-19
patients who were in urgent need of critical care, which
was also found by Naouri et al. [24]. Information on vac-
cination status may be important especially for patients
with a comorbid disorder that impairs the vaccine effi-
cacy. The substantially increased prevalence of immune
insufficiency during the last endemic episodes highlights
this point.

Conclusions

We found an increase in the mortality rate during the
initial upsurge of the third wave after the comparatively
low mortality rate during the final upsurge of the second
wave. The variation in mortality rates among critically
ill COVID-19 patients across the calendar time peri-
ods is not explained by differences in case-mix and ICU
occupancy rates or by varying proportions of patients
with COVID-19 as main reason for ICU admission. The
consistent increase in mortality during the initial, ris-
ing phase of the three separate waves might be caused
by the increased virulence of the contemporary virus
strain and lacking immunity to the new strain, next to
unmeasured patient-, treatment- and healthcare system
characteristics.

Abbreviations

ARDS Acute Respiratory Distress Syndrome
COVID-19 Corona Virus Disease 2019

ICU Intensive Care Unit

EHR Electronic Health Record

NICE The National Intensive Care Evaluation
OR Odds Ratio



Termorshuizen et al. Annals of Intensive Care (2024) 14:11

OR, Adjusted Odds Ratio

SARS-CoV-2  Severe Acute Respiratory Syndrome Corona Virus-2
RT-PCR Reverse transcription polymerase chain reaction
CO-RADS COVID-19 Reporting and Data System

BMI Body Mass Index
APACHE-IV Acute Physiology and Chronic Health Evaluation IV

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513613-023-01238-2.

Additional file 1: Figure S1. Mean occupancy rate at the ICU during

the consecutive stages of the COVID-19 pandemic. Table S1. Baseline
characteristics in group of patients in the COVID-19 registry with MDS
record linkage, restricted to those with an APACHE-IV diagnosis indicative
of COVID-19 as main reason for ICU admission (N=16,187). Table S2
Treatment characteristics and outcomes, restricted to those with an
APACHE-IV diagnosis indicative of COVID-19 as main reason for ICU admis-
sion (N=16,187). Table S3. Hazard ratios of ICU discharge during the
consecutive stages of the COVID-19 pandemic. Table S4. All parameter
estimates of the multivariable model on hospital mortality in full sample
(N=18,772, records with missing data on one of the covariates were
excluded, N=576), see Table 3. Table S5. All parameter estimates of the
multivariable model on hospital mortality in sample restricted to those
with APACHE-IV diagnosis indicative of Covid-19 as main reason for ICU
admission (N= 16,187, records with missing data on one of the covariates
data excluded, N=378), see Table 3.

Acknowledgements

We would like to acknowledge the effort of all Dutch hospitals to record their
COVID-19 patients daily and additionally all the ICUs that also collected the
comprehensive clinical data of the COVID-19 patients to NICE-DB. Without
their effort this study would not have been possible. We also like to thank all
employees of NICE Research & Support for the technical development of the
COVID-19 Online Module, processing the data, and support under high work
pressure.

Author contributions

FT: contributed to the conception and the design of the study, performed
the statistical analysis, drafted and wrote the manuscript, contributed to

the interpretation of the results, and approved the version to be submit-

ted; DD: contributed to the acquisition of data, the conception and design

of the study, drafted and wrote parts of the manuscript and contributed to
the interpretation of the results, and approved the version to be submitted;
SB: contributed to the design of the study, the performing of the statistical
analysis and the interpretation of the results, and approved the version to be
submitted; FB-R: contributed to the design of the study, the interpretation of
the results and the writing of the manuscript, and approved the version to be
submitted; SA: contributed to the acquisition of data, the conception of the
study, the interpretation of the results and the writing of the manuscript, and
approved the version to be submitted; DdL: contributed to the acquisition
of data, the conception of the study, the interpretation of the results and

the writing of the manuscript, and approved the version to be submitted;
BvB: contributed to the acquisition of data, the conception of the study, the
interpretation of the results and the writing of the manuscript, and approved
the version to be submitted; NK: contributed to the conception and design of
the study, the interpretation of the results and the writing of the manuscript,
and approved the version to be submitted. The Collaborators of the Dutch
COVID-19 Research Consortium contributed to the acquisition of data, read
and reviewed the manuscript, and approved the version to be submitted.

Funding

This research was funded by The Netherlands Organisation for Health
Research and Development (ZonMw) COVID-19 Programme in the bottom-up
focus area 1 “Predictive diagnostics and treatment”for theme 3 “Risk analysis
and prognostics” (project number 10430 01 201 0011: IRIS). The funder had no
role in the design of the study or in the writing of the manuscript.

Page 11 of 12

Availability of data and materials
De-identified aggregated data used for the study will be made available upon
reasonable request.

Declarations

Ethics approval and consent to participate

The Medical Ethics Review Committee of the Academic Medical Center had
no objection to this study and waived the need for informed consent [refer-
ence number W21_091 # 21.102].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"National Intensive Care Evaluation (NICE) Foundation, Postbus 23640, 1100,
EC, Amsterdam, The Netherlands. 2Amsterdam UMC, Department of Medical
Informatics, University of Amsterdam, Amsterdam Public Health Research
Institute, Meibergdreef 9, 1105, AZ, Amsterdam, The Netherlands. >Amster-
dam UMC, Department of Intensive Care Medicine, University of Amster-
dam, Meibergdreef 9, 1105, AZ, Amsterdam, The Netherlands. “Department
of Intensive Care Medicine, Leiden University Medical Center, Albinusdreef 2,
2333, ZA, Leiden, The Netherlands. >University Medical Center, Department
of Intensive Care Medicine, University of Utrecht, Heidelberglaan 100, 3584,
CX, Utrecht, The Netherlands. ®Department of Intensive Care Medicine, Maas-
tricht University Medical Centre +, P. Debyelaan 25, 6229, HX, Maastricht, The
Netherlands. “Maastricht University, Care and Public Health Research Institute
(CAPHRY), Cardiovascular Research Institute (CARIM), Universiteitssingel 40,
6229, ER, Maastricht, The Netherlands.

Received: 27 September 2023 Accepted: 27 December 2023
Published online: 16 January 2024

References

1. Armstrong RA, Kane AD, Cook TM. Outcomes from intensive care in
patients with COVID-19: a systematic review and meta-analysis of obser-
vational studies. Anaesthesia. 2020;75(10):1340-9. https://doi.org/10.
1111/anae.15201.

2. Contou D, Fraisse M, Pajot O, Tirolien JA, Mentec H, Plantefeve G. Com-
parison between first and second wave among critically ill COVID-19
patients admitted to a French ICU: no prognostic improvement during
the second wave? Crit Care. 2021;25(1):3. https://doi.org/10.1186/
$13054-020-03449-6.

3. Dennis JM, McGovern AP, Vollmer SJ, Mateen BA. Improving survival of
critical care patients with coronavirus disease 2019 in England: a national
cohort study, march to june 2020. Crit Care Med. 2021;49(2):209-14.
https://doi.org/10.1097/ccm.0000000000004747.

4. Kurtz P, Bastos LSL, Dantas LF, Zampieri FG, Soares M, Hamacher S,

Salluh JIF, Bozza FA. Evolving changes in mortality of 13,301 critically
il adult patients with COVID-19 over 8 months. Intensive Care Med.
2021;47(5):538-48. https://doi.org/10.1007/500134-021-06388-0.

5. COVID-ICU Group on behalf of the REVA Network and the COVID-ICU
Investigators. Clinical characteristics and day-90 outcomes of 4244 criti-
cally ill adults with COVID-19: a prospective cohort study. Intensive Care
Med. 2021;47(1):60-73. https://doi.org/10.1007/500134-020-06294-x.

6. Richards-Belle A, Orzechowska |, Doidge J, Thomas K, Harrison DA,
Koelewyn A, Christian MD, Shankar-Hari M, Rowan KM, Gould DW. Critical
care outcomes, for the first 200 patients with confirmed COVID-19, in
England, Wales and Northern Ireland: a report from the ICNARC case mix
programme. J Intensive Care Soc. 2021;22(4):270-9. https://doi.org/10.
1177/1751143720961672.

7. Brinkman S, Termorshuizen F, Dongelmans DA, Bakhshi-Raiez F, Arbous
MS, de Lange DW, de Keizer NF, Dutch COVID-19 Research Consortium.
Comparison of outcome and characteristics between 6343 COVID-19


https://doi.org/10.1186/s13613-023-01238-2
https://doi.org/10.1186/s13613-023-01238-2
https://doi.org/10.1111/anae.15201
https://doi.org/10.1111/anae.15201
https://doi.org/10.1186/s13054-020-03449-6
https://doi.org/10.1186/s13054-020-03449-6
https://doi.org/10.1097/ccm.0000000000004747
https://doi.org/10.1007/s00134-021-06388-0
https://doi.org/10.1007/s00134-020-06294-x
https://doi.org/10.1177/1751143720961672
https://doi.org/10.1177/1751143720961672

Termorshuizen et al. Annals of Intensive Care

20.

(2024) 14:11

patients and 2256 other community-acquired viral pneumonia patients
admitted to Dutch ICUs. J Crit Care. 2022;68:76-82. https://doi.org/10.
1016/jjcrc.2021.12.007.

Dongelmans DA, Termorshuizen F, Brinkman S, Bakhshi-Raiez F, Arbous
MS, de Lange DW, van Bussel BCT, de Keizer NF, Dutch COVID-19
Research Consortium. Characteristics and outcome of COVID-19 patients
admitted to the ICU: a nationwide cohort study on the comparison
between the first and the consecutive upsurges of the second wave

of the COVID-19 pandemic in the Netherlands. Ann Intensive Care.
2022;12(1):5. https://doi.org/10.1186/513613-021-00978-3.

Haas LEM, Termorshuizen F, den Uil CA, de Keizer NF, de Lange DW, Dutch
COVID-19 Research Consortium. Increased mortality in ICU patients
>/=70 years old with COVID-19 compared to patients with other pneu-
monias. J Am Geriatr Soc. 2023;71(5):1440-51. https://doi.org/10.1111/
jgs.18220.

. Richards-Belle A, Orzechowska I, Gould DW, Thomas K, Doidge JC,

Mouncey PR, Christian MD, Shankar-Hari M, Harrison DA, Rowan KM,
ICNARC COVID-19 Team. COVID-19 in critical care: epidemiology of
the first epidemic wave across England, Wales and Northern Ireland.
Intensive Care Med. 2020;46(11):2035-47. https://doi.org/10.1007/
s00134-020-06267-0.

. Naouri D, Pham T, Dres M, Vuagnat A, Beduneau G, Mercat A, Combes A,

Kimmoun A, Schmidt M, Demoule A, Jamme M. Differences in clinical
characteristics and outcomes between COVID-19 and influenza in criti-
cally ill adult patients: a national database study. J Infect. 2023;87(2):120-
7. https//doi.org/10.1016/}jinf2023.05.011.

. Swets MC, Termorshuizen F, de Keizer NF, van Paassen J, Palmen M, Visser

LG, Arbous MS, Groeneveld GH. Influenza season and outcome after
elective cardiac surgery: an observational cohort study. Ann Thorac Surg.
2023. https://doi.org/10.1016/j.athoracsur.2023.01.041.

. van de Klundert N, Holman R, Dongelmans DA, de Keizer NF. Data

Resource Profile: the Dutch National Intensive Care Evaluation (NICE)
registry of admissions to adult intensive care units. Int J Epidemiol.
2015:44(6):1850-h. https://doi.org/10.1093/ije/dyv291.

. Prokop M, van Everdingen W, van Rees Vellinga T, Quarles van Ufford H,

Stoger L, Beenen L, Geurts B, Gietema H, Krdzalic J, Schaefer-Prokop C,
van Ginneken B, Brink M, for the COVID-19 Standardized Reporting Work-
ing Group of the Dutch Radiological Society. CO-RADS: A Categorical CT
assessment scheme for patients suspected of having COVID-19-defini-
tion and evaluation. Radiology. 2020;296(2):E97-104. https://doi.org/10.
1148/radiol.2020201473.

. Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and

Chronic Health Evaluation (APACHE) IV: hospital mortality assessment for
today’s critically ill patients. Crit Care Med. 2006;34(5):1297-310. https://
doi.org/10.1097/01.CCM.0000215112.84523.F0.

. Wei Q Lin H, Wei RG, Chen N, He F, Zou DH, Wei JR. Tocilizumab treatment

for COVID-19 patients: a systematic review and meta-analysis. Infect Dis
Poverty. 2021;10(1):71. https://doi.org/10.1186/540249-021-00857-w.

. Shallik N, Bashir K, Elmoheen A, Iftikhar H, Zaki HA. High flow nasal

oxygen (HFNO) in the treatment of COVID-19 infection of adult patients
from—An emergency perspective: a systematic review and meta-analy-
sis. Trends Anaesthesia Critical Care. 2023;50: 101238. https://doi.org/10.
1016/j.tacc.2023.101238.

. Relan P, Motaze NV, Kothari K, Askie L, Le Polain O, Van Kerkhove MD, Diaz

J, Tirupakuzhi Vijayaraghavan BK. Severity and outcomes of Omicron
variant of SARS-CoV-2 compared to Delta variant and severity of Omicron
sublineages: a systematic review and metanalysis. BMJ Glob Health.
2023;8(7):2012328. https://doi.org/10.1136/bmjgh-2023-012328.

. Carbonell R, Urgeles S, Rodriguez A, Bodi M, Martin-Loeches |, Sole-Violan

J, Diaz E, Gémez J, Trefler S, Vallverdd M, Murcia J, Albaya A, Loza A, Socias
L, Ballesteros JC, Papiol E, Vifia L, Sancho S, Nieto M, Lorente MDC, Badallo
O, Fraile V, Arméstar F, Estella A, Sanchez L, Sancho |, Margarit A, Moreno
G, COVID-19 SEMICYUC Working Group. Mortality comparison between
the first and second/third waves among 3,795 critical COVID-19 patients
with pneumonia admitted to the ICU: a multicentre retrospective cohort
study. Lancet Reg Health Eur. 2021;11:100243. https://doi.org/10.1016/j.
lanepe.2021.100243.

Wortel SA, Bakhshi-Raiez F, Termorshuizen F, de Lange DW, Dongelmans
DA, de Keizer NF, Dutch COVID-19 Research Consortium. Comparison

of patient characteristics and long-term mortality between transferred
and non-transferred COVID-19 patients in Dutch intensive care units:

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 12 of 12

a national cohort study. Acta Anaesthesiol Scand. 2022;66(9):1107-15.
https://doi.org/10.1111/aas.14129.

Haase N, Plovsing R, Christensen S, Poulsen LM, Brochner AC, Rasmussen
BS, Helleberg M, Jensen JUS, Andersen LPK, Siegel H, Ibsen M, Jargensen
VL, Winding R, Iversen S, Pedersen HP, Madsen J, Selling C, Garcia RS,
Michelsen J, Mohr T, Michagin G, Espelund US, Bundgaard H, Kirkegaard
L, Smitt M, Buck DL, Ribergaard NE, Pedersen HS, Christensen BY, Nielsen
LP, Clapp E, Jonassen TB, Weihe S, la Cour K, Nielsen FM, Madsen EK,
Haberlandt TN, Meier N, Perner A. Changes over time in characteristics,
resource use and outcomes among ICU patients with COVID-19-A
nationwide, observational study in Denmark. Acta Anaesthesiol Scand.
2022;66(8):987-95. https://doi.org/10.1111/aas.14113.

Begum H, Neto AS, Alliegro P, Broadley T, Trapani T, Campbell LT, Cheng
AC, Cheung W, Cooper DJ, Erickson SJ, French CJ, Litton E, McAllister R,
Nichol A, Palermo A, Plummer MP, Rotherham H, Ramanan M, Reddi B,
Reynolds C, Webb SA, Udy AA, Burrell A. People in intensive care with
COVID-19: demographic and clinical features during the first, second,
and third pandemic waves in Australia. Med J Aust. 2022,217(7):352-60.
https://doi.org/10.5694/mja2.51590.

Dennis JM, McGovern AP, Thomas NJ, Wilde H, Vollmer SJ, Mateen BA.
Trends in 28-Day Mortality of Critical Care Patients With Coronavirus Dis-
ease 2019 in the United Kingdom: a National Cohort Study, March 2020
to January 2021. Crit Care Med. 2021;49(11):1895-900. https://doi.org/10.
1097/ccm.0000000000005184.

Naouri D, Vuagnat A, Beduneau G, Dres M, Pham T, Mercat A, Combes

A, Demoule A, Kimmoun A, Schmidt M, Jamme M. Trends in clinical
characteristics and outcomes of all critically ill COVID-19 adult patients
hospitalized in France between March 2020 and June 2021: a national
database study. Ann Intensive Care. 2023;13(1):2. https://doi.org/10.1186/
$13613-022-01097-3.

Routsi C, Kokkoris S, Siempos |, Magira E, Kotanidou A, Zakynthinos S.
Fewer intubations but higher mortality among intubated coronavirus
disease 2019 patients during the second than the first wave. Crit Care
Explor. 2021;3(10):e531. https://doi.org/10.1097/cce.0000000000000531.
Armstrong RA, Kane AD, Kursumovic E, Oglesby FC, Cook TM. Mortality
in patients admitted to intensive care with COVID-19: an updated sys-
tematic review and meta-analysis of observational studies. Anaesthesia.
2021;76(4):537-48. https://doi.org/10.1111/anae.15425.

Doidge JC, Gould DW, Ferrando-Vivas P, Mouncey PR, Thomas K, Shankar-
Hari M, Harrison DA, Rowan KM. Trends in intensive care for patients with
COVID-19 in England, Wales, and Northern Ireland. Am J Respir Crit Care
Med. 2021;203(5):565-74. https://doi.org/10.1164/rccm.202008-32120c¢.
Namendys-Silva SA. Patients with coronavirus disease 2019 requiring
invasive mechanical ventilation in Mexico in the first, second, and expo-
nential growth phase of the third wave of the coronavirus disease 2019
pandemic. Crit Care Explor. 2021;3(10):e556. https://doi.org/10.1097/cce.
0000000000000556.

Venkatram S, Dileep A, Fortuzi K, Allena N, Diaz-Fuentes G. Comparison of
patients admitted to an inner-city intensive care unit across 3 COVID-19
waves. Medicine (Baltimore). 2023;102(8):e33069. https://doi.org/10.1097/
md.0000000000033069.

Recovery Collaborative Group. Dexamethasone in hospitalized patients
with Covid-19.N Engl J Med. 2021,;384(8):693-704. https://doi.org/10.
1056/NEJM0a2021436.

The REMAP-CAP Investigators. Interleukin-6 Receptor Antagonists in
Critically Il Patients with Covid-19. N Engl J Med. 2021,384(16):1491-502.
https://doi.org/10.1056/NEJMoa2100433.

Mesotten D, Meijs DAM, van Bussel BCT, Stessel B, Mehagnoul-Schipper
J,Hana A, Scheeren CIE, Strauch U, van de Poll MCG, Ghossein-Doha C,
Buhre WFFA, Bickenbach J, Vander Laenen M, Marx G, van der Iwan CC,
Horst 3 11, COVID Data Platform (CoDaP) Investigators. Differences and
similarities among COVID-19 patients treated in seven ICUs in three
countries within one region: an observational cohort study. Crit Care
Med. 2022;50(4):595-606. https://doi.org/10.1097/CCM.0000000000
005314.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.jcrc.2021.12.007
https://doi.org/10.1016/j.jcrc.2021.12.007
https://doi.org/10.1186/s13613-021-00978-3
https://doi.org/10.1111/jgs.18220
https://doi.org/10.1111/jgs.18220
https://doi.org/10.1007/s00134-020-06267-0
https://doi.org/10.1007/s00134-020-06267-0
https://doi.org/10.1016/j.jinf.2023.05.011
https://doi.org/10.1016/j.athoracsur.2023.01.041
https://doi.org/10.1093/ije/dyv291
https://doi.org/10.1148/radiol.2020201473
https://doi.org/10.1148/radiol.2020201473
https://doi.org/10.1097/01.CCM.0000215112.84523.F0
https://doi.org/10.1097/01.CCM.0000215112.84523.F0
https://doi.org/10.1186/s40249-021-00857-w
https://doi.org/10.1016/j.tacc.2023.101238
https://doi.org/10.1016/j.tacc.2023.101238
https://doi.org/10.1136/bmjgh-2023-012328
https://doi.org/10.1016/j.lanepe.2021.100243
https://doi.org/10.1016/j.lanepe.2021.100243
https://doi.org/10.1111/aas.14129
https://doi.org/10.1111/aas.14113
https://doi.org/10.5694/mja2.51590
https://doi.org/10.1097/ccm.0000000000005184
https://doi.org/10.1097/ccm.0000000000005184
https://doi.org/10.1186/s13613-022-01097-3
https://doi.org/10.1186/s13613-022-01097-3
https://doi.org/10.1097/cce.0000000000000531
https://doi.org/10.1111/anae.15425
https://doi.org/10.1164/rccm.202008-3212oc
https://doi.org/10.1097/cce.0000000000000556
https://doi.org/10.1097/cce.0000000000000556
https://doi.org/10.1097/md.0000000000033069
https://doi.org/10.1097/md.0000000000033069
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1056/NEJMoa2100433
https://doi.org/10.1097/CCM.0000000000005314
https://doi.org/10.1097/CCM.0000000000005314

	Characteristics and outcome of COVID-19 patients admitted to the ICU: a nationwide cohort study on the comparison between the consecutive stages of the COVID-19 pandemic in the Netherlands, an update
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data
	Statistical analyses

	Results
	Patient and treatment characteristics
	Outcome: in-hospital mortality
	Outcome: length of ICU stay

	Discussion
	Interpretation of findings
	Comparison with other studies
	Strengths and limitations

	Conclusions
	Anchor 20
	Acknowledgements
	References


