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Summary
Background Widely varying mortality rates of criti-
cally ill Coronavirus disease 19 (COVID-19) patients in
the world highlighted the need for local surveillance
of baseline characteristics, treatment strategies and
outcome. We compared two periods of the COVID-19
pandemic to identify important differences in charac-
teristics and therapeutic measures and their influence
on the outcome of critically ill COVID-19 patients.
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Methods This multicenter prospective register study
included all patients with a SARS-CoV-2 infection
confirmed by polymerase chain reaction, who were
treated in 1 of the 12 intensive care units (ICU) from
8 hospitals in Tyrol, Austria during 2 defined periods
(1 February 2020 until 17 July: first wave and 18 July
2020 until 22 February 2021: second wave) of the
COVID-19 pandemic.
Results Overall, 508 patients were analyzed. The
majority (n=401) presented during the second wave,
where the median age was significantly higher (64
years, IQR 54–74 years vs. 72 years, IQR 62–78 years,
p< 0.001). Invasive mechanical ventilation was less
frequent during the second period (50.5% vs 67.3%,
p= 0.003), as was the use of vasopressors (50.3%
vs. 69.2%, p=0.001) and renal replacement therapy
(12.0% vs. 19.6%, p= 0.061), which resulted in shorter
ICU length of stay (10 days, IQR 5–18 days vs. 18 days,
IQR 5–31 days, p< 0.001). Nonetheless, ICU mortal-
ity did not change (28.9% vs. 21.5%, p=0.159) and
hospital mortality even increased (22.4% vs. 33.4%,
p= 0.039) in the second period. Age, frailty and the
number of comorbidities were significant predictors
of hospital mortality in a multivariate logistic regres-
sion analysis of the overall cohort.
Conclusion Advanced treatment strategies and learn-
ing effects over time resulted in reduced rates of
mechanical ventilation and vasopressor use in the
second wave associated with shorter ICU length of
stay. Despite these improvements, age appears to be
a dominant factor for hospital mortality in critically
ill COVID-19 patients.

Keywords Elderly · SARS-CoV-2 · Mechanical
ventilation · Acute kidney injury · Second wave

Introduction

As of May 2021, more than 600,000 patients tested
positive and around 10,000 deaths are attributed to
Coronavirus disease 19 (COVID-19) in Austria [1].
While in the beginning of the pandemic the number
of SARS-CoV-2 positive patients requiring intensive
care was unknown, the rate settled at around 1–2%
during the second period [2].

Due to numerous influencing factors different co-
horts from various areas have demonstrated widely
varying mortality rates and characteristics of inten-
sive care unit (ICU) patients. A meta-analysis pub-
lished in June 2020 found ICU mortality rates ranging
from 14–84% [3], which has shown the importance of
observing regional conditions separately in order to
have a better understanding of major factors influ-
encing outcome [4].

Since the beginning of the COVID-19 pandemic,
countless studies about therapeutic strategies and the
management of ICU patients have been initiated and
published [5, 6]. With the RECOVERY trial corticos-
teroid treatment has shown a mortality benefit in pa-

tients requiring respiratory support and has changed
therapeutic strategies for critically ill COVID-19 pa-
tients. Guidelines have been continuously updated,
adapting recommendations based on the best avail-
able evidence.

In Tyrol, Austria, comprising 750,000 inhabitants
we established the Tyrolean COVID-19 intensive care
registry (Tyrol-CoV-ICU-Reg) at the beginning of the
first surge of the pandemic in March 2020. Character-
istics and outcomes of the first period have previously
been published [4]. Since then, we continued the reg-
istry throughout the second period of the COVID-19
crisis.

We assumed that the rapid growth in knowledge as
well as the dynamic of the ongoing pandemic may
result in different and changing patient characteris-
tics and outcomes of critically ill patients over time.
Therefore, the aim of this study was to evaluate criti-
cally ill patients with COVID-19, treated in any of the
12 ICUs dedicated to COVID-19 in Tyrol, Austria and
to identify important changes between the two waves
in baseline characteristics, treatment strategies and
outcomes.

Methods

Study design and participants

The Tyrol-CoV-ICU-Reg is a multicenter prospective
register study and collects data from 13 ICUs (8 hos-
pitals, list of all ICUs in the electronic supplemen-
tary material, ESM) providing critical care for COVID-
19 patients in Tyrol. Methods and study design have
been published previously [4].

Patients with a SARS-CoV-2 infection confirmed by
polymerase chain reaction (PCR) and admitted to an
ICU or intermediate care unit in Tyrol (Austria) from 1
February 2020 until 22 February 2021 were included in
this analysis. Patients under 18 years of age have been
excluded from themain analysis and are reported sep-
arately in the ESM (Tables S1–3).

A total of 13 ICUs (from 8 hospitals in the region
of Tyrol, Austria) including the University Hospital of
Innsbruck with up to 5 parallel ICUs provided data for
the Tyrol-CoV-ICU-Reg. For this study, multiple hos-
pitalizations of patients in different ICUs were com-
bined.

This registry was approved by the local ethics com-
mittee (Nr. 1099/2020).

Data collection and definitions

For comparison of the different periods of the pan-
demic two waves were defined for the analysis. Ac-
cording to the rise and fall of active cases of ICU pa-
tients in Tyrol (Austria) during the past year (Fig. 1),
the two periods were set from 1 February 2020 until
17 July 2020 (first wave) and from 18 July 2020 until
22 February 2021 (second wave). The cohort of the
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Fig. 1 Active cases of crit-
ically ill COVID-19 patients
per day in Tyrol, Austria,
over 1 year

first wave has already been reported in detail [4] and
is described again in this manuscript for reasons of
comparison.

Data for the second period of this registry were col-
lected via electronic case report forms using REDCap
electronic data capture tools hosted at the Depart-
ment for Medical Statistics, Informatics and Health
Economics, Medical University Innsbruck [7, 8].

The collected baseline characteristics were age,
sex, weight, height, glycated hemoglobin (HbA1c),
comorbidities, smoking habits, date of symptom on-
set, location before admission, date of hospital and
ICU admission, Simplified Acute Physiology Score
(SAPS) III and Sequential Organ Failure Assessment
(SOFA) score at admission.

During the ICU stay, COVID-19 typical radiological
alterations (x-ray or computed tomography), respira-
tory support and therapies (high flow nasal cannula,
HFNC, noninvasive ventilation, NIV, mechanical ven-
tilation, prone positioning and use of neuromuscular
blockade), acute kidney injury (AKI) as well as renal
replacement therapy (RRT), extracorporeal membrane
oxygenation (ECMO), corticosteroids and changes in
the therapy goal were recorded.

Patients were followed until death or hospital dis-
charge, whichever occurred earlier.

The AKI was defined and staged according to the
Kidney Disease: Improving Global Outcome (KDIGO)
criteria [9].

Statistical Analysis

Statistical analysis was conducted using R software
(version 3.4.0, R Foundation for Statistical Computing,
Vienna, Austria). Categorical variables are presented
as numbers and corresponding percentages. Contin-
uous data are expressed as median with interquartile
range (IQR). Shapiro-Wilk test was used to test for
normal distribution (ND). Continuous and categori-
cal variables were compared using Student’s t-test for
normally distributed and Mann-Whitney U-test or χ2-
test for not normally distributed data.

We evaluated possible clinically relevant predictors
for hospital mortality with univariate and multivari-
ate logistic regression. Variables with a p value <0.05
in univariate analysis were entered in a multivariate
model. Age, the period of presentation (first or second
wave), frailty, time from symptom onset to ICU admis-
sion and the number of comorbidities were included
in the multivariate model. Adjusted odds ratios (OR)
and confidence intervals (CI) were calculated.

Hospital mortality was further analyzed using Ka-
plan-Meier survival analysis. Patients were divided
into two groups according to the median age (older
and younger) and were analyzed in univariate analy-
sis. Differences were assessed by the log-rank test.

Additionally, we performed 1:1 propensity score
matching to estimate the effect of the period of pre-
sentation (first or second wave) on hospital mortal-
ity accounting for multiple baseline characteristics
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(Supplemental Table 11). For this purpose, we ex-
cluded patients with missing values in certain vari-
ables (SAPS III score, frailty and patients from nursing
home), as this affected only very few cases. For miss-
ing values in the time from symptom onset to ICU
admission and in BMI we used mean imputation.
Supplemental Table 11 lists the variables included
in the propensity score matching analysis and their

Table 1 Baseline characteristics of 508 critically ill COVID-19 patients stratified by two waves [4]
Overall First wave Second wave P value

n 508 107 401 –

Sex: male/female (%) 356/152 (70.1/29.9) 77/30 (72.0/28.0) 279/122 (69.6/30.4) 0.719

Age, years median (IQR) 71.00 (60.00–78.00) 64.00 (54.00–74.00) 72.00 (62.00–78.00) <0.001

Comorbidities

Hypertension (%) 327 (64.4) 71 (66.4) 256 (63.8) 0.712

Cardiovascular (%) 217 (42.7) 45 (42.1) 172 (42.9) 0.964

Diabetes (%) – – – 0.066

– Prediabetes 15 (3.0) 2 (1.9) 13 (3.2) –

– DM type I 5 (1.0) 1 (0.9) 4 (1.0) –

– DM type II 114 (22.4) 16 (15.0) 98 (24.4) –

– DM (other type) 1 (0.2) 1 (0.9) 0 (0.0) –

Renal (%) 108 (21.3) 21 (19.6) 87 (21.7) 0.740

Neurological (%) 75 (14.8) 11 (10.3) 64 (16.0) 0.187

Liver (%) 38 (7.5) 7 (6.5) 31 (7.7) 0.835

Hematological malignancy (%) 26 (5.1) 3 (2.8) 23 (5.7) 0.329

Immunosuppression (%) 36 (7.1) 11 (10.3) 25 (6.2) 0.216

Nonhematological malignancy (%) 40 (7.9) 5 (4.7) 35 (8.7) 0.246

COPD (%) 70 (13.8) 14 (13.1) 56 (14.0) 0.939

Asthma (%) 21 (4.1) 7 (6.5) 14 (3.5) 0.256

Respiratory—other (%) 41 (8.1) 13 (12.1) 28 (7.0) 0.123

Overweight (BMI ≥25) (%) 363 (74.1) 76 (76.0) 287 (73.6) 0.717

Obesity (BMI ≥30) (%) 150 (30.6) 25 (25.0) 125 (32.1) 0.214

No known comorbidity (%) 47 (9.6) 14 (14.1) 33 (8.5) 0.128

Number of comorbidities, n median (IQR) 2.00 (1.00–4.00) 2.00 (1.00–3.00) 3.00 (1.00–4.00) 0.069

BMI, kg/m2 median (IQR) 27.52 (24.98–30.86) 26.83 (25.08–30.15) 27.73 (24.97–31.04) 0.313

HbA1c, % median (IQR) 6.30 (5.90–6.80) 6.20 (5.70–6.70) 6.30 (5.90–7.00) 0.082

Risk factors

Active smoking (%) 43 (9.9) 12 (12.8) 31 (9.1) 0.384

Previous smoking (%) 43 (9.9) 12 (12.8) 31 (9.1) 0.384

Patient from nursing home (%) 14 (2.8) 0 (0.0) 14 (3.5) 0.101

Frailty 0.363

– Fully independent daily living (%) 422 (84.4) 92 (86.0) 330 (84.0) –

– Pre-frail (%) 70 (14.0) 12 (11.2) 58 (14.8) –

– Frail (%) 8 (1.6) 3 (2.8) 5 (1.3) –

COVID-19 primary reason for hospital admission (%) 422 (83.1) 91 (85.0) 331 (82.5) 0.640

COVID-19 typical findings in chest x-ray (%) 458 (92.0) 98 (92.5) 360 (91.8) 0.995

COVID-19 typical findings in computed tomography (%) 256 (87.7) 52 (81.2) 204 (89.5) 0.120

SOFA score, median (IQR) 5.00 (4.00-8.00) 6.00 (4.00–10.00) 5.00 (4.00–8.00) 0.107

SAPS III score, median (IQR) 56.00 (49.00–64.00) 56.00 (49.00–64.00) 55.00 (49.00–64.00) 0.868

Time from symptom onset to hospital admission, days median
(IQR)

6.00 (3.00–9.00) 6.50 (4.00–9.00) 6.00 (3.00–9.00) 0.308

Time from symptom onset to ICU admission, days median (IQR) 8.00 (5.00–11.00) 8.00 (5.00–11.00) 8.00 (5.00–11.00) 0.636

The 107 patients from the first wave have been previously reported [4].
IQR interquartile range, DM diabetes mellitus, COPD chronic obstructive pulmonary disease, BMI body mass index, HbA1c glycated hemoglobin, SOFA sequential
organ failure assessment, SAPS simplified acute physiology score, ICU intensive care unit

corresponding standardized differences before and
after matching. The effect of the period of presenta-
tion (first or second wave) on hospital mortality was
evaluated with conditional logistic regression analysis
(Supplemental Table 12).

For all tests, a two-tailed p value <0.05 was consid-
ered statistically significant.
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Results

Patient characteristics and study population

Baseline characteristics are presented in Table 1. In
total 512 critically ill patients were admitted to 1 of
the 13 study ICUs (5 ICUs at central university hos-
pital, 7 ICUs from regional hospitals and 1 pediatric
ICU at the central university hospital) from 9 March
2020 until 22 February 2021. Four patients were not
included in main analysis due to age <18 years and
are reported in the ESM Tables S1–3.

The majority presented during the second period
(n= 401/508). All patients had SARS-CoV-2 infection
confirmed by polymerase chain reaction (PCR). The
overall median age was 71 years (IQR 60–78 years) and
the majority of patients were male (n=356, 70.1%). At
admission median SAPS III score and median SOFA
score were 56 (IQR 49–64) and 5 (IQR 4–8), respec-
tively. COVID-19 was the primary reason for hospi-
tal admission in 83.1% (n= 422) of the patients, 92%
(n= 458) showed typical radiological changes in the
chest x-ray and 87.7% (n=256) in the computed to-
mography during the ICU stay. The median time from
symptom onset to hospital and ICU admission was 6
days (IQR 3–9days) and 8 days (IQR 5–11 days), re-
spectively.

The median body mass index (BMI) was 27.52 (IQR
24.98–30.86) and 30.6% (n=150) of all patients had
a BMI greater than 30.

Patients were significantly older in the second pe-
riod (64 years, IQR 54–74 years vs. 72 years, IQR 62–78
years, p< 0.001, Fig. 2).

The most common comorbidities were hyperten-
sion, cardiovascular diseases, diabetes mellitus and
renal comorbidities and were relatively similar in both

Fig. 2 Age and hospital
mortality: age distribution
of hospital survivors and
nonsurvivors in the first and
second wave

periods. The same applies to other baseline charac-
teristics and risk factors (Table 1).

Treatment

A total of 274 (54.0%) patients required invasive me-
chanical ventilation (IMV) for a median duration of
13 days (IQR 7–22 days). Differences in patients
treated with or without IMV are shown in the ESM
Tables S4–6. In patients requiring IMV, AKI was
significantly more frequent and ICU as well as hos-
pital lengths of stay (LOS) were significantly longer
(ESM Table S6). Additionally, ICU (35.8% [n= 98/274]
vs. 17.2% [n= 40/233], p< 0.001) and hospital mor-
tality (39.1% [n= 107/274] vs. 21.5% [n= 50/233],
p< 0.001) were higher compared to patients without
IMV. As supportive measure for ARDS (Acute Res-
piratory Distress Syndrome) prone positioning and
neuromuscular blockade were used in 46.2% (n= 234)
and 22.4% (n= 113) of patients, respectively. Of the
patients 54.3% (n= 274) needed vasopressor therapy
during their stay in the ICU and 20 patients (3.9%)
required ECMO treatment. Patients were more fre-
quently treated with corticosteroids in the second
period (29.1% [n= 30/103] vs. 88.3% [n= 354/401],
p< 0.001]).

The rate of patients on IMV was significantly higher
during the first period (67.3% [n= 72] vs. 50.5%
[n= 202], p=0.003, Fig. 3) and the median duration
was significantly longer (15 days, IQR [11–24 days vs
11 days, IQR 6–22 days, p=0.014). By contrast the
number of patients with NIV or HFNC was higher
during the second period (Table 2).

Like the rates of IMV, the incidence of AKI of all
KDIGO stages and correspondingly the requirement
of RRT (19.6% [n= 21] vs. 12.0% [n= 48], p=0.061) has
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Fig. 3 Age and inva-
sive mechanical ventilation
(IMV): frequency of IMV in
different age groups in the
first and second wave

Fig. 4 Kaplan-Meier sur-
vival curve and number at
risk table: overall cohort
grouped according to me-
dian age in <71 years and
≥71 years; number cen-
sored: cumulative number
of patients discharged alive
from the hospital or lost to
follow-up

changed over time and was lower in the second pe-
riod.

Patient outcome

Overall ICU and hospital mortality was 27.4% (n= 139)
and 31.1%, respectively (n=158, Table 3). Critically

ill patients, who died in hospital were significantly
older (77 years, IQR 71–81 years vs. 66 years, IQR
57–75 years, p< 0.001, Fig. 2). The overall number of
comorbidities was also significantly higher in patients
who died in hospital (ESM Table S7). The times from
symptom onset to hospital (5 days, IQR 3–8 days vs.
7 days, IQR 4–10 days, p< 0.001) and ICU admission
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Table 2 Treatment of 508 critically ill COVID-19 patients stratified by two waves [4]
Overall First wave Second wave P value

n 508 107 401 –

IMV (%) 274 (54.0) 72 (67.3) 202 (50.5) 0.003

NIV before IMV (%) 202 (74.8) 52 (77.6) 150 (73.9) 0.656

HFNC before IMV (%) 114 (42.2) 15 (22.4) 99 (48.8) <0.001

NIV (never IMV) (%) 194 (82.9) 28 (80.0) 166 (83.4) 0.801

HFNC (never IMV) (%) 123 (52.8) 9 (26.5) 114 (57.3) 0.002

Prone positioning (%) 234 (46.2) 58 (54.2) 176 (44.0) 0.076

Neuromuscular blockade (%) – – – <0.001

– No neuromuscular blockade 393 (77.7) 71 (66.4) 322 (80.7) –

– Intermittent neuromuscular blockade 99 (19.6) 26 (24.3) 73 (18.3) –

– Continuous neuromuscular blockade 14 (2.8) 10 (9.3) 4 (1.0) –

Vasopressors (%) 274 (54.3) 74 (69.2) 200 (50.3) 0.001

RRT (%) 69 (13.6) 21 (19.6) 48 (12.0) 0.061

Vv-ECMO (%) 20 (3.9) 6 (5.6) 14 (3.5) 0.475

Days on IMV, median (IQR) 13.00 (7.00–22.00) 15.00 (10.75–24.00) 11.00 (6.00–22.00) 0.014

Days on NIV, median (IQR) 3.00 (1.00–6.00) 3.00 (1.00–6.00) 3.00 (1.00–7.00) 0.563

Days on HFNC, median (IQR) 3.00 (1.00–6.00) 1.00 (1.00–1.25) 3.00 (1.00–6.00) <0.001

Days with prone positioning, median (IQR) 3.00 (2.00–6.00) 4.00 (2.00–5.75) 3.00 (2.00–6.00) 0.611

Days on RRT, median (IQR) 8.00 (3.00–23.00) 11.00 (3.00–26.00) 6.00 (2.00–18.75) 0.254

Days on ECMO, median (IQR) 23.50 (13.50–29.25) 12.00 (11.25–14.25) 26.50 (21.00–29.75) 0.032

Corticosteroids (%) 384 (76.2) 30 (29.1) 354 (88.3) <0.001

The 107 patients from the first wave have been previously reported [4].
IQR interquartile range, IMV invasive mechanical ventilation, NIV noninvasive ventilation, HFNC high flow nasal cannula, RRT renal replacement therapy, vv-
ECMO veno-venous extracorporeal membrane oxygenation, NA not available

(7 days,IQR 4–10 days vs. 9 days, IQR 6–12 days,
p= 0.001) were significantly shorter and rates of
IMV (68.2% [n= 107] vs. 47.7% [n= 167], p< 0.001),
prone positioning (58.9% [n= 93] vs. 40.4% [n= 141],
p< 0.001) and vasopressor use (75.5% [n= 117] vs.
44.9% [n= 157], p< 0.001) were significantly higher in
hospital nonsurvivors (ESM Tables S7–S9).

As illustrated by the Kaplan-Meier analysis, a higher
age (>71 years) was significantly associated with im-
paired outcome (Fig. 4).

To further assess clinically relevant predictors of
hospital mortality, we included age, sex, period of
presentation, the number of comorbidities, smoking
habits, frailty, if patients came from a nursing home
and the time from symptom onset to ICU admission
in a logistic regression analysis. Age, the number of
comorbidities and the frailty remained significant pre-
dictors of hospital mortality after adjustment for other
baseline characteristics in the multivariate model (Ta-
ble 4).

The ICU mortality did not change significantly be-
tween the two periods; however, in the first period,
hospital mortality was significantly lower (Table 3).
Patients stayed longer in the hospital (27 day, IQR
15–42 days vs. 20 days, IQR 13–34 days, p= 0.012) and
in the ICU (18 days, IQR 5–32 days vs. 10 days, IQR
5–18 days, p< 0.001) than in the second period. The
rate of patients with a documented treatment limita-
tion was relatively similar during both periods (24.3%
[n= 26] vs. 27.7% [n= 111], p= 0.563). After 1:1 propen-

sity score matching, a better balance of baseline char-
acteristics was established (Supplemental Table 11).
While in univariate analysis there was a significant as-
sociation between the period of presentation and hos-
pital mortality, no significance was found in the anal-
ysis of the matched cohort (Supplemental Table 12).

Discussion

This was a prospective observational register study
of 508 critically ill patients treated at an ICU in Ty-
rol (Austria), between 9 March 2020 and 22 February
2021 with confirmed SARS-CoV-2 infections. About
four times more patients had to be treated in the ICU
during the second period compared to the first one.
While most baseline characteristics were similar, pa-
tients were significantly older in the second wave. Pa-
tients of the second period required less IMV, RRT
and vasopressors, resulting in drastically reduced LOS.
Despite that, hospital mortality increased, albeit be-
ing still lower than or similar to rates reported from
other regions of Europe [10–12]. Age, number of co-
morbidities and frailty have shown to be independent
predictors of hospital mortality.

The most remarkable difference between the two
periods is the higher number of patients in the sec-
ond wave (401 vs. 107), with a new maximum of the
peak in ICU occupancy with 82 patients (Fig. 1). These
numbers correspond to the dynamics of the pandemic
in Austria [1]. As mentioned in our previous paper we
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Table 3 Outcome of 508 critically ill COVID-19 patients stratified by two waves [4]
Overall First wave Second wave P value

n 508 107 401 –

Death in ICU (%) 139 (27.4) 23 (21.5) 116 (28.9) 0.159

Death in hospital (%) 158 (31.1) 24 (22.4) 134 (33.4) 0.039

ICU LOS, days median (IQR) 11.00 (5.00–22.00) 18.00 (5.00–31.50) 10.00 (5.00–18.00) <0.001

Hospital LOS, days median (IQR) 21.00 (13.00–35.00) 27.00 (14.50–41.50) 20.00 (13.00–33.75) 0.012

AKI (%) <0.001

No AKI 343 (68.1) 55 (51.4) 288 (72.5) –

KDIGO I 52 (10.3) 16 (15.0) 36 (9.1) –

KDIGO II 31 (6.2) 9 (8.4) 22 (5.5) –

KDIGO III 78 (15.5) 27 (25.2) 51 (12.8) –

Treatment limitations (%) 137 (27.0) 26 (24.3) 111 (27.7) 0.563

– No CPR (%) 107 (21.1) 22 (20.6) 85 (21.2) 0.992

– No IMV (%) 56 (11.0) 10 (9.3) 46 (11.5) 0.653

– No ECMO (%) 87 (17.1) 17 (15.9) 70 (17.5) 0.812

– Other (%) 71 (14.0) 13 (12.1) 58 (14.5) 0.648

– Best supportive care (%) 75 (14.8) 13 (12.1) 62 (15.5) 0.481

The 107 patients from the first wave have been previously reported [4].
IQR interquartile range, ICU intensive care unit, AKI acute kidney injury, KDIGO kidney disease: improving global outcomes, LOS length of stay, CPR cardiopul-
monary resuscitation, IMV invasive mechanical ventilation, ECMO extracorporeal membrane oxygenation

had established an ICU resource management, which
avoided overcrowding of ICU and healthcare system
decompensation. This was also successful during the
second wave; however, to maintain unrestricted ac-
cess to the ICU, improvements in the treatment of
critically ill COVID-19 patients were necessary.

Major progress has been made in ventilation treat-
ment, as reflected in lower rates and duration of IMV
in the second period. Corresponding to the reduction
of IMV, the number of patients who only required
NIV or HFNC was higher during the second period
(Table 2). A similar decrease of IMV use has been
reported from other cohorts [13, 14]. Several factors
may be responsible for this finding. First of all the
change of the rate of IMV corresponds to the change
of recommendations regarding timing of intubation
[15]. High rates of mechanical ventilation in critically
ill patients and a rapid deterioration have been re-
ported from China [16] and Italy [10]. Therefore, in
the beginning, early intubation was considered bene-
ficial not only for ICU staff due to less aerosol expo-
sure but also for the patients. Respiratory treatment
with NIV and HFNC have been proven to avoid in-
vasive ventilation in comparison to a standard oxygen
mask [17]. Although NIV and HFNC are important and
might have the ability to protect patients from IMV,
late failure of NIV may increase mortality in these pa-
tients [18]; however, randomized controlled trials are
necessary to answer the question of optimal timing
of intubation. Additionally, the significantly increased
use of corticosteroids in the second wave, after the
results of the RECOVERY trial were published, may
have contributed to a reduced need and duration of
invasive ventilation [6, 19].

Interestingly, the rate of AKI was lower in all KDIGO
stages in the second wave (Table 3). Lung-kidney in-
teractions seem to play an important role in critically
ill patients [20] and IMV is an important risk factor
for AKI. Therefore, the lower rate of IMV may be also
responsible for the decline in the AKI incidence [21].
These changes are also reflected in the lower rate of
RRT in the second wave, which may be an impor-
tant factor influencing ICU LOS. Since the immune
response plays an important role in the pathophysiol-
ogy of AKI [22] and the RECOVERY trial showed a re-
duced rate of RRT in the dexamethasone group [6],
the widespread use of corticosteroids may also have
positively influenced these results.

These reduced rates of IMV and RRT were associ-
ated with a significantly reduced median ICU LOS by
8 days (18 vs. 10 days, p≤ 0.001); however, this did
not end up in a reduced hospital mortality. While ICU
mortality did not change significantly, hospital mor-
tality increased. Some studies found improved mor-
tality rates over time, whereas others found no differ-
ences [13, 14, 23, 24]; however, comparison to differ-
ent ICU cohorts may be difficult due to the numerous
influencing factors on the ICU population [25]. Addi-
tionally, the mortality we found in our first wave was
already very low with 22.4% [4]. This remarkably low
mortality rate has been discussed in detail [4]. Fur-
thermore, a hospital mortality of 33.4% (second wave)
in critically ill patients is still lower or similar com-
pared to other studies [10, 12, 26] and was below the
Austrian average. This indicates a successful ICU re-
source management as was already the case in the
first wave.

When correcting for other baseline characteristics
in a propensity-matched analysis, there was no signif-
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Table 4 Logistic regression analysis for prediction of hospital mortality
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age 1.09 (1.07–1.12) <0.001 1.09 (1.06–1.12) <0.001

Sex (male) 0.85 (0.57–1.29) 0.45 – –

Period of presentation (second wave) 1.74 (1.07–2.91) 0.03 1.27 (0.70–2.24) 0.47

Number of comorbidities 1.41 (1.24–1.60) <0.001 1.20 (1.03–1.38) 0.02

Active smoking 1.21 (0.61–2.30) 0.58 – –

Previous smoking 1.10 (0.70–1.71) 0.66 – –

Frailty 3.44 (2.10–5.68) <0.001 1.92 (1.09–3.41) 0.02

Time from symptom onset to ICU admission 0.95 (0.91–0.99) 0.03 0.98 (0.94–1.03) 0.45

Nursing home 2.26 (0.76–6.71) 0.13 – –

OR odds ratio, CI confidence interval, ICU intensive care unit

icant association between the period of presentation
(first or second wave) and hospital mortality. While
an influence of the period cannot be completely ex-
cluded, other factors seem to be more important.
When patient characteristics were analyzed to find
possible explanations for the slight increase in hospi-
tal mortality, the most important difference between
the two groups was an 8-year increase in median
age in the second period (72 years vs. 64 years). In
our logistic regression model age was an indepen-
dent predictor of hospital mortality after adjustment
for other baseline characteristics (Table 4). In other
studies, age was the strongest predictor for mortality
in critically ill patients [27]. This is also supported
by the Kaplan-Meier analysis, showing a significant
association between older age and impaired hospital
survival (Fig. 4).

This raises the question why the median age
changed in our cohort. To date, few studies have
looked at the differences between the first and sec-
ond wave of hospitalized and ICU patients in the
COVID-19 pandemic [13, 14, 23, 24]; however, no
analysis found similar changes of age distribution
over time [13, 14, 23, 24]. Our overall median age
was relatively high compared to other cohorts from
the first wave [10, 16, 28]. A country comparable in
terms of overall age distribution such as Germany
had similar median age in patients requiring invasive
mechanical ventilation [26]. Furthermore, it cannot
be ruled out that a change in admission policy over
time contributed to the changing age patterns. The
increased use of NIV and HFNC may have influenced
ICU admissions, especially in old patients. Despite
the higher median age, the frequency of treatment
limitations remained constant and thus probably did
not affect mortality; however, of all patients who died,
the majority (70.3%) had a documented treatment
limitation.

Factors other than age may also be important. In
the logistic regression analysis, the number of comor-
bidities also remained significant after adjustment for
other characteristics and seems to be a relevant risk
factor for hospital mortality. The number of comor-

bidities was higher during the second wave, without
reaching significance. While most studies focused on
the evaluation of selected comorbidities [10, 12, 26,
28], the overall number of comorbidities might be an
even more important indicator of hospital mortality.
The third significant risk factor for hospital mortality
in our cohort was frailty. Especially in older patients,
frailty is an important outcome predictor in critically
ill COVID-19 patients [29].

Our study has limitations due to its observational
design. Therefore, potential biases from changing
strategies over time and other influencing factors ex-
ist. Some important information like the severity of
ARDS was missing; however SAPS III and SOFA scores
at admission were available. We cannot exclude in-
fluence from the virus variants of concern; however,
the largest period of the second wave was before the
appearance of these variants in Austria (1 January
2021).

The strength of our study consists in its multicen-
ter character, which includes both ICUs from periph-
eral and central university hospitals. Although other
cohort studies reached higher patient numbers, the
very similar baseline characteristics reflect good com-
parability. We included all critically ill patients from
a region with 750,000 inhabitants.

Conclusion

Therapeutic strategies for patients with COVID-19at
the ICU improved over time, which lead to a reduction
of IMV, AKI and RRT and subsequently to a reduced
ICU LOS in the second period. Age is an important
predictor of hospital mortality, with a strong influence
on outcomes of critically ill COVID-19 patients.

Acknowledgements Wewant to express our gratitude to Lalit
Kaltenbach for providing support for the REDCAP platform.
Furthermore, we would like to thank all healthcare workers,
who helped in the treatment of COVID-19 patients in Tyrol,
Austria.

Funding This study was funded by a grant from the Tyrolean
Government.

K Changes in characteristics and outcomes of critically ill COVID-19 patients in Tyrol (Austria) over 1 year 1245



original article

Author Contribution T. Mayerhöfer, S. J. Klein and M. Joan-
nidis collected data andwrote themanuscript. T.Mayerhöfer,
S. J. Klein, A. Peer, F. Perschinka, G. F. Lehner, J. Hasslacher,
R. Bellmann, L. Gasteiger, M. Mittermayr, S. Mathis, A. Fiala,
S. Eschertzhuber, D. Fries, A. Kalenka, E. Foidl, W. Hasibeder,
R.Helbok, L. Kirchmair, B. Stögermüller, C. Krismer, T.Heiner,
E. Ladner, C. Thomé, C. Preuß-Hernandez, A. Mayr, M. Po-
tocnik, B. Reitter, J. Brunner, S. Zagitzer-Hofer, A. Ribitsch,
A. Pechlaner collected data. All authors read and approved
the final manuscript.

Funding Openaccess fundingprovidedbyUniversity of Inns-
bruck and Medical University of Innsbruck.

Conflict of interest T. Mayerhöfer, S. J. Klein, A. Peer, F. Per-
schinka, G. F. Lehner, J. Hasslacher, R. Bellmann, L. Gasteiger,
M. Mittermayr, S. Eschertzhuber, S. Mathis, A. Fiala, D. Fries,
A. Kalenka, E. Foidl, W. Hasibeder, R. Helbok, L. Kirchmair,
B. Stögermüller, C. Krismer, T. Heiner, E. Ladner, C. Thomé,
C.Preuß-Hernandez,A.Mayr,A.Pechlaner,M.Potocnik,B.Re-
itter, J.Brunner, S.Zagitzer-Hofer, A.RibitschandM. Joannidis
declare that they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
anymedium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
are included in the article’sCreativeCommons licence, unless
indicated otherwise in a credit line to thematerial. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. COVID-19 dashboard AGES.. https://covid19-dashboard.
ages.at. Accessed26June2021.

2. Federal Ministry Republic of Austria, Social Affairs, Health,
Care and Consumer Protection. Coronavirus—New coro-
navirus (COVID-19).. https://www.sozialministerium.at/
en/Coronavirus/New-coronavirus-(COVID-19).html. Ac-
cessed26June2021.

3. Armstrong RA, Kane AD, Cook TM. Outcomes from inten-
sive care in patients with COVID-19: a systematic review
and meta-analysis of observational studies. Anaesthesia.
2020;75(10):1340–9.

4. Klein SJ, Bellmann R, Dejaco H, Eschertzhuber S, Fries D,
FurtwänglerW,etal. StructuredICUresourcemanagement
in a pandemic is associated with favorable outcome in
critically ill COVID-19 patients. Wien Klin Wochenschr.
2020;132(21–22):653–63.

5. Xie Y, Wang Z, Liao H, Marley G, Wu D, Tang W. Epidemi-
ologic, clinical, and laboratory findings of the COVID-19
in the current pandemic: systematic review and meta-
analysis. BMCInfectDis. 2020;20(1):640.

6. RECOVERY Collaborative Group. Dexamethasone in
hospitalized patients with Covid-19. N Engl J Med.
2020;384(8):693–704.

7. HarrisPA,TaylorR,ThielkeR,PayneJ,GonzalezN,CondeJG.
Research electronic data capture (REDCap)—Ametadata-
driven methodology and workflow process for providing

translational research informatics support. J Biomed In-
form. 2009;42(2):377–81.

8. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M,
O’Neal L, et al. The REDCap consortium: building an
international community of software platform partners.
JBiomedInform. 2019;95:103208.

9. Khwaja A. KDIGO clinical practice guidelines for acute
kidneyinjury.NephronClinPract. 2012;120(4):c179–c84.

10. Grasselli G, Zangrillo A, Zanella A, Antonelli M, Cabrini L,
Castelli A, et al. Baseline characteristics and outcomes of
1591 patients infected with SARS-CoV-2 admitted to ICUs
of theLombardyregion, Italy. JAMA. 2020;323(16):1574.

11. Richards-Belle A, Orzechowska I, Gould DW, Thomas K,
Doidge JC, Mouncey PR, et al. COVID-19 in critical
care: epidemiology of the first epidemic wave across Eng-
land, Wales and Northern Ireland. Intensive Care Med.
2020;46(11):2035–47.

12. Schmidt M, Hajage D, Demoule A, Pham T, Combes A,
DresM, et al. Clinical characteristics andday-90outcomes
of 4244 critically ill adults with COVID-19: a prospective
cohortstudy. IntensiveCareMed. 2021;47(1):60–73.

13. KaragiannidisC,WindischW,McAuleyDF,WelteT,BusseR.
Major differences in ICU admissions during the first and
second COVID-19 wave in Germany. Lancet Respir Med.
2021;9(5):e47–e8.

14. Kurtz P, Bastos LSL, Dantas LF, et al. Evolving changes in
mortality of 13,301 critically ill adult patients with COVID-
19 over 8 months. Intensive Care Med. 2021;47:538–48.
https://doi.org/10.1007/s00134-021-06388-0.

15. WindischW,Weber-CarstensS,KlugeS,RossaintR,WelteT,
Karagiannidis C. Invasive and non-invasive ventilation
in patients with COVID-19. Dtsch Aerztebl Online.
2020;117(31–32):528–33.

16. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
characteristics of 138hospitalizedpatientswith2019novel
coronavirus–infectedpneumonia inWuhan,China. JAMA.
2020;323(11):1061.

17. Zhao H, Wang H, Sun F, Lyu S, An Y. High-flow nasal
cannulaoxygen therapy is superior toconventionaloxygen
therapy but not to noninvasivemechanical ventilation on
intubationrate: asystematicreviewandmeta-analysis. Crit
Care. 2017;21(1):184.

18. Karagiannidis C, Hentschker C, Westhoff M, Weber-
Carstens S, Janssens U, Kluge S, et al. Changes in utiliza-
tion and outcomes of mechanical ventilation of COVID-
19 during the course of the pandemic in Germany in
2020: an observational study of 7,490 patients. Medrxiv.
2021;2021.03.28:21254477.

19. Tomazini BM, Maia IS, Cavalcanti AB, Berwanger O,
Rosa RG, Veiga VC, et al. Effect of dexamethasone on
days alive and ventilator-free in patients with moder-
ate or severe acute respiratory distress syndrome and
COVID-19: the coDEX randomized clinical trial. JAMA.
2020;324(13):1307–16.

20. Joannidis M, Forni LG, Klein SJ, Honore PM, Kashani K,
Ostermann M, Prowle J, Bagshaw SM, Cantaluppi V, Dar-
mon M, Ding X, Fuhrmann V, Hoste E, Husain-Syed F,
LubnowM, Maggiorini M, Meersch M, Murray PT, Ricci Z,
Singbartl K, Staudinger T, Welte T, Ronco C, Kellum JA.
Lung-kidney interactions in critically ill patients: consen-
sus report of the Acute Disease Quality Initiative (ADQI)
21 Workgroup. Intensive Care Med. 2020;46(4):654–72.
https://doi.org/10.1007/s00134-019-05869-7. Epub 2019
Dec9. PMID: 31820034;PMCID: PMC7103017.

21. van den Akker JPC, Egal M, Groeneveld ABJ. Invasive
mechanical ventilation as a risk factor for acute kidney

1246 Changes in characteristics and outcomes of critically ill COVID-19 patients in Tyrol (Austria) over 1 year K

http://creativecommons.org/licenses/by/4.0/
https://covid19-dashboard.ages.at
https://covid19-dashboard.ages.at
https://www.sozialministerium.at/en/Coronavirus/New-coronavirus-(COVID-19).html
https://www.sozialministerium.at/en/Coronavirus/New-coronavirus-(COVID-19).html
https://doi.org/10.1007/s00134-021-06388-0
https://doi.org/10.1007/s00134-019-05869-7


original article

injury in the critically ill: a systematic review and meta-
analysis. CritCare. 2013;17(3):R98.

22. NadimMK,Forni LG,Mehta RL, ConnorMJ, LiuKD, Oster-
mannM, et al. COVID-19-associated acute kidney injury:
consensusreportofthe25thAcuteDiseaseQualityInitiative
(ADQI)workgroup.NatRevNephrol. 2020;16(12):747–64.

23. Contou D, Fraissé M, Pajot O, Tirolien J-A, Mentec H,
Plantefève G. Comparison between first and second wave
amongcritically illCOVID-19patientsadmittedtoaFrench
ICU: noprognostic improvement during the secondwave?
CritCare. 2021;25(1):3.

24. Strålin K, WahlströmE, Walther S, Bennet-Bark AM, Heur-
grenM,LindénT,etal. Mortalitytrendsamonghospitalised
COVID-19patients in Sweden: a nationwide observational
cohortstudy. LancetRegHealEur. 2021;4:100054.

25. Millar JE, Busse R, Fraser JF, Karagiannidis C, McAuley DF.
Apples andoranges: international comparisonsofCOVID-
19 observational studies in ICUs. Lancet Respir Med.
2020;8(10):952–3.

26. Karagiannidis C, Mostert C, Hentschker C, Voshaar T,
Malzahn J, Schillinger G, et al. Case characteristics, re-

sourceuse, andoutcomesof 10021patientswithCOVID-19
admitted to 920Germanhospitals: an observational study.
LancetRespirMed. 2020;8(9):853–62.

27. Ferrando-Vivas P, Doidge J, Thomas K, Gould DW,
Mouncey P, Shankar-Hari M, et al. Prognostic factors
for 30-day mortality in critically ill patients with coron-
avirus disease 2019: an observational cohort study. Crit
CareMed. 2021;49(1):102–11.

28. Richardson S, Hirsch JS, Narasimhan M, Crawford JM,
McGinn T, Davidson KW, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospi-
talized with COVID-19 in the New York city area. JAMA.
2020;323(20):2052.

29. JungC, FlaattenH, Fjølner J, BrunoRR,WernlyB, ArtigasA,
et al. The impact of frailty on survival in elderly intensive
care patients with COVID-19: the COVIP study. Crit Care.
2021;25(1):149.

Publisher’sNote SpringerNature remainsneutralwith regard
to jurisdictional claims in published maps and institutional
affiliations.

K Changes in characteristics and outcomes of critically ill COVID-19 patients in Tyrol (Austria) over 1 year 1247


	Changes in characteristics and outcomes of critically ill COVID-19 patients in Tyrol (Austria) over 1 year
	Summary
	Introduction
	Methods
	Study design and participants
	Data collection and definitions
	Statistical Analysis

	Results
	Patient characteristics and study population
	Treatment
	Patient outcome

	Discussion
	Conclusion
	Supplementary Information
	References


