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SUMMARY

Objectives: The aim of the study was to obtain data on demands on the intensive care capacities to treat COVID-19 patients, and to identify
predictors for in-hospital mortality.

Methods: The prospective observational multicentre study carried out from 1 March till 30 June 2020 included adult patients with confirmed
SARS-CoV-2 infection with respiratory failure requiring ventilatory support or high-flow nasal oxygen therapy (HFNO).

Results: Seventy-four patients, 46 males and 28 females, median age 67.5 (Q1-Q3: 56-75) years, were included. Sixty-four patients (86.5%)
had comorbidity. Sixty-six patients (89.2%) were mechanically ventilated, four of them received extracorporeal membrane oxygenation therapy.
Eight patients (10.8%) were treated with non-invasive ventilation and HFNO only. The median of intensive care unit (ICU) stay was 22.5 days.
Eighteen patients (24.3%) needed continuous renal replacement therapy. Thirty patients (40.5%) died. Age and acute kidney injury were identi-
fied as independent predictors of in-hospital death, and chronic kidney disease showed trend towards statistical significance for poor outcome.

Conclusions: Sufficient number of intensive care beds, organ support equipment and well-trained staff is a decisive factor in managing the
COVID-19 epidemic. The study focused on the needs of intensive care in the COVID-19 patients. Advanced age and acute kidney injury were
identified as independent predictors for in-hospital mortality. When compared to clinical course and ICU management of patients with severe
community-acquired pneumonia caused by other pathogens, we observed prolonged need for ventilatory support, high rate of progression to acute
respiratory distress syndrome and significant mortality in studied population.
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INTRODUCTION

Experience from the course of the COVID-19 epidemic in
China, northern Italy, New York and elsewhere has shown that a
critical factor for managed epidemics is the availability of intensive
care beds, including adequate staffing. The in-hospital mortality of
COVID-19 patients treated in intensive care units (ICU) in these
regions were 53, 62, and 78%, respectively (1-3). That is much
higher than data from following studies reporting mortality of 31

and 39%, respectively (4, 5). This correlates with reports of conges-
tion and disintegration of the health system in the above-mentioned
areas. Thus, these figures were a memento for all governments in
the world to prevent the development of an exponential, uncon-
trolled epidemic. The aim of our study was to describe a cohort of
patients with respiratory failure due to COVID-19, to obtain data
on the type and extent of intensive care support and to evaluate the
overall cohort mortality. The secondary outcome was to identify
predictors for in-hospital mortality in these patients.




MATERIALS AND METHODS

The prospective observational multicentre study was carried
out at the beginning of SARS CoV-2 epidemic in the Czech Re-
public between 1 March and 30 June 2020 in nine ICUs in the
capital city of Prague and the regional city of Usti nad Labem,
including the adjacent areas, which represents a catchment area
of more than 2 million inhabitants, one fifth of the population
of the country.

The study included patients who met all inclusion criteria:
SARS-CoV-2 infection with viral RNA detected in the airway
specimen, admission to intensive care unit, respiratory failure
meeting acute respiratory distress syndrome (ARDS) Berlin
definition criteria (6) requiring advanced ventilatory/oxygenation
support: non-invasive ventilation (NIV), mechanical ventilation
(MV), extracorporeal membrane oxygenation (ECMO), or high-
flow nasal oxygen therapy (HFNO). Exclusion criteria were
defined as age <18 years and untraceable data from the history
and admission (patients transferred from other facilities).

Demographic data, chronic comorbid conditions, clinical
and laboratory parameters throughout the ICU and hospital stay,
complications, treatment, and clinical outcome were observed.

The study was approved by the Local Ethics Committee of
Hospital Na Bulovce (ref. number 26.3.2020/9478/EK-Z).

Statistical Analysis

Continuous data are characterized by medians and 1st and 3rd
quartile (Q1, Q3), categorical data are presented as counts and
percentages. Between-group comparisons were performed by
Mann-Whitney test and Fisher’s exact test for continuous and
categorical data, respectively. Multiple logistic regression model
yielding odds ratio (OR) as a measure of association was used
to identify predictors of in-hospital mortality. All statistical tests
were evaluated at a significance level of 0.05.

RESULTS

The study included 74 patients aged 35-87 years with a median
of 67.5 (Q1-Q3: 56-75) years. No patient was excluded based
on the exclusion criteria. Table 1 shows patient characteristics,
complications, and treatment outcomes. Sixty-four patients
(86.5%) suffered from an underlying chronic disease, most often
hypertension and diabetes.

All patients had bilateral pulmonary infiltrates corresponding
with interstitial pneumonia on an admission chest X-ray. Twenty-
five of them (33.8%) were admitted with hypoxemic respiratory
failure, 27 (36.5%) developed hypoxemia within 72 hours after ad-
mission. The initial paO,/FiO, ratio at the beginning of ventilatory
support or the lowest paO,/FiO, ratio on ventilatory/oxygenation
support met the criteria for moderate to severe ARDS. Sixty-six
patients (89.2%) were mechanically ventilated, four of them later
required ECMO therapy. Eight patients (10.8%) were treated with
NIV and HFNO only. Intensive care data are shown in Table 2.

Antiviral therapy was given in accordance with the guidelines
in force at the time. The most commonly used drug was hydroxy-
chloroquine with or without azithromycin. Seven patients were
treated with convalescent plasma.

Table 1. Patient characteristics, complications, and treatment
outcomes (N=74)

n (%)
Age (years) (Q1-Q3) 67.5 (56-75)
Men 46 (62.2)
Comorbidities
Any comorbidity (excl. obesity, smoking) 64 (86.5)
Lung disease (COPD, asthma, others) 17 (23.0)
COPD only 7(9.5)
Immune deficiency 6(8.1)
ACE inhibitors 18 (24.3)
Diabetes 30 (40.5)
Hypertension 48 (64.9)
Coronary heart disease 16 (21.6)
Chronic kidney disease 10 (13.5)
Chronic liver disease 5(6.8)
Cancer disease 7(9.5)
BMI (kg/m?) (Q1-Q3) 31(27-37)
BMI>30 40 (54.1)
BMI>35 21(28.4)
Current smoking 20 (27.0)
Median (Q1-Q3)
Time symptoms onset to admission (days) 6 (4-8)
Time admission to ventilation support (days) 1(0-4)
At the admission
Oxygen saturation (%) 88 (80-91)
Oxygen saturation <90%, n (%) 48 (64.9)
CURB-65 2(1-3)
Leukocytes (x 10° per mm?3) 7.5(5.9-12.2)
Lymphocytes (x 10° per mm?) 0.8 (0.6-1.1)
Neutrophilllymphocyte ratio 9.2 (4.9-12.9)
Platelets (x 10° per mm?) 210 (164-267)
CRP (mg/L) 117 (71-169)
PCT (ng/mL) 0.17 (0.11-0.60)
Urea (mmol/L) 72 (4.8-11.1)
At the onset of ventilation support
Leukocytes (x 10° per mm?3) 10.0 (7.5-13.6)
Lymphocytes (x 10° per mm?®) 0.8 (0.5-1.1)
Neutrophilllymphocyte ratio 10.1 (6.8-17.6)
Platelets (x 10° per mm®) 239 (178-303)
CRP (mg/L) 192 (112-267)
PCT (ng/mL) 0.38 (0.16-0.86)
pa0Q,/FiO, at the onset of ventilation support 118 (91-145)
paQ,/Fi0, lowest value 100 (77-124)
PEEP on the day of lowest paO,/FiO, (cm H,0) 14 (12-14)
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Complications n (%)
Acute respiratory distress syndrome (ARDS) 57 (77.0)
Respiratory secondary infection 52 (70.3)
Other system secondary infection 28 (37.8)
Acute renal failure 21(28.4)
Thrombotic event 7(9.5)

Outcomes
Discharged home 31(41.9)
Transferred to long-term care facility 13 (17.6)
Died in the hospital 30 (40.5)
I(-(ch;syp:)tazlcljﬂlg; )at the acute-care department 31.5 (15-51)

CRP - C-reactive protein; PCT — procalcitonin; PEEP — positive end-expiratory
pressure

Table 2. Intensive care delivered to patients with respiratory
failure (N=74)

Type of care n (%)
Extracorporeal membrane oxygenation? 4(54)
Mechanical ventilation? 66 (89.2)
Non-invasive ventilation® 23(31.1)
High-flow nasal oxygen therapy? 11(14.9)
Prone-positioning 40 (54.1)
Vasopressors 66 (89.2)
Continuous myorelaxants 16 (21.6)
Renal replacement therapy 19(25.7)

Length of care (days) Median (Q1-Q3)
ICU stay 22.5 (12-40)
\% 19.5 (10-30)
NIV 1(1-4)
HFNO 2 (1-4)
Vasopressors 9.5 (6-17)
Continuous myorelaxation 3.5(2.5-5.5)
CRRT 6 (3-14)
Acute care dept. stay of survivors 43.5 (30.5-56)

aSome patients had multiple forms of ventilatory support.

ICU - intensive care unit; MV — mechanical ventilation; NIV — non-invasive ventila-
tion; HFNO — high-flow nasal oxygen therapy (HFNO); CRRT - continuous renal
replacement therapy

The duration of ICU treatment ranged from 1-78 days. Thirty
patients (40.5%) died, half of them during the first 10 days of
admission, most of them due to respiratory failure or multiple
organ failure. The median length of MV was 19.5 days, range
1-70 days, 26 days in survivors. Fifty-two patients (70.3%), all
mechanically ventilated, developed hospital-acquired respiratory
tract infection (HA-RTI), either ventilator-associated pneumonia
(VAP) or tracheobronchitis, and 20 of them died (38.5%). Ten out
of 22 patients without documented HA-RTI (45.5%) died. The

total length of hospital stay was 1-82 days with a median of 31.5
days, in survivors 43.5 days.

Renal replacement therapy (RRT) was needed in 19 patients
(25.7%), two of them on chronic haemodialysis prior to admission
and 17 had acute renal failure; 16 patients received continuous
RRT (CRRT), one intermittent haemodialysis and two patients a
combination of both techniques.

Seven patients (9.5%) had thrombotic complications (pulmo-
nary embolism, arterial or venous thrombosis, ischaemic stroke)
and two of them died.

When comparing the group of survivors and nonsurvivors by
univariate analysis (Table 3), the following variables were sta-
tistically significant: age, hypertension, chronic kidney disease,
score CURB-65, urea at admission, and acute renal failure. These
variables were further used for a multivariate analysis in which
age and acute renal failure emerged as significant independent
predictors of in-hospital death; chronic kidney disease remained
closely insignificant despite the high odds ratio (Table 4).

DISCUSSION

The population of the Czech Republic is 10.5 million inhabit-
ants. Our study involved an area with more than 2 million people.
However, the incidence of COVID-19 was higher in this area than
in other regions. In the study period, 10,908 cases of SARS-CoV-2
infection were detected by PCR testing in the whole country, of
which 4,131 (37.9%) occurred in the studied region; 478 of them
were admitted to the hospitals, i.e. 11.6% of all positive cases in
the region*. Patients with respiratory failure accounted for 15.5%
of those hospitalized for SARS-CoV-2 and 1.8% of all people
with confirmed infection in the monitored area.

The first case of COVID-19 in the Czech Republic was re-
ported on 1 March 2020. The vast majority of patients enrolled
in our study were admitted during March and April (72 patients)
(Fig. 1). Only two more patients were added in May and none in
June despite the fact that the initial restrictive measures had been
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Fig. 1. Number of new COVID-19 patients with respiratory
failure.

The arrow indicates the announcement of widespread measures against the spread
of the infection (ban on public events, mandatory face masks, closing schools, etc.).
It is clear that the number of cases continued to rise for about two more weeks.

*Personal communication, Dr. Jan Kyn¢l, National Institute of Public Health, Prague; data from the national surveillance system for infe-

ctious diseases ISIN.




Table 3. Comparison of characteristics and outcomes between survivors and nonsurvivors (N=74)

Survivors Nonsurvivors
(n=44) (n=30) p-value
n (%) n (%)
Age (years) (Q1-Q3) 64.5 (53-69.5) 745 (69-79) <0.001
Men 28 (63.6) 18 (60.0) 0.810
Comorbidities
Any comorbidity (excl. obesity, smoking) 36 (81.8) 28(93.3) 0.187
Lung disease (COPD, asthma, others) 10 (22.7) 7(23.3) 1.000
COPD only 2 (4.5) 5(16.7) 0.112
ACE inhibitors 8(18.2) 10 (33.3) 0.172
Diabetes 17 (38.6) 13 (43.3) 0.810
Hypertension 24 (54.5) 24.(80.0) 0.028
Coronary heart disease 7(15.9) 9(30.0) 0.164
Chronic kidney disease 1(2.3) 9(30.0) 0.001
BMI (kg/m?) (Q1-Q3) 31(27.5-37) 32.5 (26-37) 0.851
BMI>30 23 (52.3) 17 (56.7) 0.814
BMI>35 12(27.3) 9(30.0) 0.799
Current smoking 12 (27.3) 8(26.7) 1.000
At the admission Median (Q1-Q3) Median (Q1-Q3)
Oxygen saturation (%) 88 (82-91.5) 86.5 (78-90) 0.375
Oxygen saturation <90%, n (%) 27 (61.4) 21(70.0) 0470
CURB-65 2 (0-2.5) 2(2-3) 0.005
Leukocytes (x 10° per mm?) 7.1(5.9-10.3) 9.0 (5.9-13.6) 0.137
Neutrophil/lymphocyte ratio 9.1(4.9-10.9) 10.4 (4.1-17.0) 0.621
Platelets (x 10° per mm?) 213 (172-256) 197 (163-280) 0.708
CRP (mg/L) 131 (85-174) 100 (57-153) 0.123
PCT (ng/mL) 0.16 (0.10-0.79) 0.19(0.13-0.52) 0.489
Urea (mmol/L) 5.8(4.2-9.2) 9.9 (6.2-12.8) 0.002
At the onset of ventilation support
Leukocytes (x 10° per mm?) 9.7 (7.7-12.8) 10.9 (6.9-15.1) 0.425
Neutrophil/lymphocyte ratio 9.7 (7.0-15.4) 12.7 (6.4-20.8) 0.457
Platelets (x 10° per mm®) 251 (204-316) 230 (170-280) 0.186
CRP (mglL) 207 (119-268) 164 (97-231) 0.213
PCT (ng/mL) 0.38(0.16-0.84) 0.40 (0.16-1.34) 0.553
pa0,/FiO, at the onset of ventilation support 120 (89-138) 116 (100-150) 0.499
paO,/Fi0, lowest value 100 (77-130) 98 (77-116) 0.427
Complications n (%) n (%)
Respiratory secondary infection 32(72.7) 20 (66.7) 0.612
Other system secondary infection 21(47.7) 7(23.3) 0.050
Acute renal failure 6 (13.6) 15 (50.0) 0.001

COPD - chronic obstructive pulmonary disease; ACE — angiotensin-converting enzyme; CRP — C-reactive protein; PCT — procalcitonin

gradually stepped down since mid-April. The reasons for success-
ful management of the first wave of coronavirus epidemic in the
Czech Republic were described by Widimsky et al. (7). It should
be emphasized that strict anti-epidemic measures, although taken
by people almost immediately after announcement, only had an
effect after two weeks, i.e. after about 2—3 times the COVID-19
incubation period.

Most of the patients admitted to ICU required long-term mechani-
cal ventilation, often with vasopressors for associated haemodynamic
failure, and half of them were prone positioned. The median length
of MV and ICU stay was 2—3 times longer compared to studies of
severe pneumonia due to other pathogens with medians ranging
4-8 days for MV and 7-14 days for ICU stay (8—10). More than a
quarter of patients required renal replacement therapy, mostly CRRT.




Table 4. Predictors of in-hospital mortality identified by multiple logistic regression (N=74)

Variable OR p-value 95% CI
Age 1.13 0.002 1.05-1.22
Acute kidney injury 16.81 0.001 3.16-89.45
Chronic kidney disease 9.99 0.056 0.95-105.25

95% Cl — 95% confidence interval

An unusually high proportion had secondary respiratory tract
infection, compared to frequency of VAP 13-18% reported in
medical ICUs (11, 12). In COVID-19 patients, Garcia-Vidal et
al. and Langford et al. reported the global frequency of second-
ary infection 4.7 and 14.3%, respectively (13, 14). Secondary
respiratory infections prolong the need for ventilatory support,
and vice versa, the longer mechanical ventilation, the higher the
risk for HA-RTI. However, HA-RTI was not associated with
higher mortality in our patients. This finding can be explained by
the fact that patients dying early in the course of SARS-CoV-2
pneumonia did not get time to develop HA-RTI.

Clinical and laboratory characteristics of our patients correlated
with previously published COVID-19 clinical studies (3, 5, 15,
16). Intensive care was needed mainly for older patients aged
5675 years, more often men with typical chronic medical con-
ditions (hypertension, cardiovascular disease, diabetes, obesity).
Lymphopenia, high neutrophil/lymphocyte ratio, high C-reactive
protein (CRP) and low procalcitonin (PCT) were common labo-
ratory findings. Interestingly, median PCT level was lower than
values 0.56 and 0.62 ng/ml reported in studies of patients with
severe influenza A(HIN1)2009 pneumonia (17, 18).

Risk factors such as male gender, hypertension, chronic
obstructive pulmonary disease (COPD), obesity, cardiovascu-
lar disease, lymphopenia, or low oxygenation, that have been
described to associate with severe and critical COVID-19 (1, 2,
16), were not found being significant predictors of death in this
specific group of patients, as their proportion was similarly high
in both survivors and nonsurvivors. By multivariate analysis,
we have identified two independent predictors of mortality: age
and acute kidney injury (AKI). Chronic kidney disease is likely
to reach statistical significance if more patients were enrolled.

The significance of age as a risk factor for severe to critical
course of COVID-19 and death was described in the early clinical
studies focused on this disease (11, 16, 19). In our patients, the
odds of death increased by 13% with each additional year of age.

The association of acute renal failure with COVID-19 is an in-
teresting phenomenon. The first studies reported low incidence of
AKI complicating COVID-19 disease (20-22), and only recently
more papers describing the relationship were published (2, 23-25).
The pathogenesis of renal injury is still poorly understood, prob-
ably a combination of several different mechanisms occurs: direct
pathogenic effect of the virus on proximal tubule cells (26, 27);
cytokine storm with associated hypoperfusion and multiple organ
dysfunction; hypoxia due to pneumonia; the effect of administered
drugs; and others (28, 29). Our data also show the association of
AKI with higher mortality. This is not surprising, because AKI is
generally known risk factor for adverse outcome in critically ill.
However, there is also an obvious reverse association: a chronic
kidney disease worsens the prognosis of COVID-19.

The most common cause of death in the early stages of ICU ad-
mission was respiratory failure or multiple organ failure caused by

coronavirus infection. On the contrary, death after day 10 of hospital
stay was most often caused by persisting ARDS, secondary infec-
tions or other severe complications of prolonged critical illness.
There are several strengths of our study. It is the first and so
far, the only clinical study from the Czech Republic on severe to
critical COVID-19. It reports the findings from a Central Euro-
pean country that suffered from a lower burden of the first wave
SARS-CoV-2 pandemic compared to other European countries.
The prospective design enabled us to collect all the anamnestic,
clinical and laboratory data at the point of enrolment and then
throughout the ICU and hospital stay, and therefore, almost no
data were lost. Our findings may have an important impact on
future planning of health care system capacity in any country.

CONCLUSIONS

The capacity of intensive care beds is limited in every country.
Moreover, patients with severe to critical course of COVID-19
need complex and long-term intensive care with ventilatory and
another organ support. Advanced age and acute kidney injury
were identified as independent predictors for in-hospital mortal-
ity. Therefore, the lesson for other epidemics of respiratory viral
infections is to manage the intensive care capacity very carefully,
and to count specifically with the high need for ventilators, ECMO
and CRRT therapy, and prolonged stay in ICU. Last but not least,
it is advisable in quiet times to train medical staff in the organ
support management in isolation environment and appropriate
use of personal protective equipment. When qualified doctors
and nurses fall ill, no one can replace them.
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