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SepsEast Registry indicates
high mortality associated
with COVID-19 caused
acute respiratory failure

in Central-Eastern European
intensive care units
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The coronavirus disease (COVID-19) pandemic caused unprecedented research activity all around the
world but publications from Central-Eastern European countries remain scarce. Therefore, our aim
was to characterise the features of the pandemic in the intensive care units (ICUs) among members
of the SepsEast (Central-Eastern European Sepsis Forum) initiative. We conducted a retrospective,
international, multicentre study between March 2020 and February 2021. All adult patients admitted
to the ICU with pneumonia caused by COVID-19 were enrolled. Data on baseline and treatment
characteristics, organ support and mortality were collected. Eleven centres from six countries
provided data from 2139 patients. Patient characteristics were: median 68, [IQR 60-75] years of
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age; males: 67%; body mass index: 30.1 [27.0-34.7]; and 88% comorbidities. Overall mortality was
55%, which increased from 2020 to 2021 (p = 0.004). The major causes of death were respiratory

(37%), cardiovascular (26%) and sepsis with multiorgan failure (21%). 1061 patients received invasive
mechanical ventilation (mortality: 66%) without extracorporeal membrane oxygenation (n=>54).

The rest of the patients received non-invasive ventilation (n=129), high flow nasal oxygen (n=317),
conventional oxygen therapy (n=122), as the highest level of ventilatory support, with mortality of
50%, 39% and 22%, respectively. This is the largest COVID-19 dataset from Central-Eastern European
ICUs to date. The high mortality observed especially in those receiving invasive mechanical ventilation
renders the need of establishing national-international ICU registries and audits in the region that
could provide high quality, transparent data, not only during the pandemic, but also on a regular basis.

The coronavirus disease (COVID-19) caused unprecedented burden to the whole community and exhausted
healthcare systems worldwide!. From the beginning it became clear that the highest risk of dying is among
those patients who develop severe respiratory failure and require invasive mechanical ventilation in the intensive
care units (ICUs)*>7. The first wave spared most of the Central-Eastern European countries from the former
socialist block. However, the death toll, as defined by deaths per million inhabitants during the second and
especially the third waves within our region exceeded those reported from the majority of Western Europe®.
Despite the unification of Europe almost 20 years ago, the plausible differences in health care systems and clinical
research activities between Western European and Central-Eastern European countries remain. These are well
acknowledged in general, but rarely analysed or reported in scientific papers’. The existence of these differences
is further supported by a recent study which evaluated and ranked excessive deaths in 29 high income countries
associated with the COVID-19 pandemic in 2020, in which several Central-Eastern European countries were
listed among the highest®.

After the first COVID-19 related reports in 2020, the SepsEast community, which is a voluntary initiative
of Central-Eastern European intensivists founded in 2012 and covering the whole region’, tried to react to the
challenges of the COVID-19 pandemic, and started research and various educational activities in the region’.
One such activity was the development of the SepsEAst Registry to define the CHaracteristics in COronaVIrus
Disease 2019 (SEARCH-COVID-19). The aim of the SEARCH-COVID-19 study was to collect structured data
from ICUs within the SepsEast community during the pandemic.

Methods

Ethics. The original study protocol was first approved by the Hungarian National Research and Ethics
Committee (IV/3971-3/2020/EKU) in May 2020 (Nemzeti Népegészségiigyi Kozpont IV/3971-3/2020/EKU,
20.05.2020), and then in all other participating centres. However, this study did not include any patients. There-
fore, in 2021 we submitted the approval of retrospective data collection Ethical Committee University Hospital
Pilsen and Faculty of Medicine in Pilsen, Charles University, reference number: 198/2021, and then in all other
participating centres (list of the local ethics committees is detailed in the “Ethics approval and consent to par-
ticipate” section). Because of its retrospective nature and handling of anonymised data, no patient approvals or
consents were deemed necessary and were waived by the various local ethics committees.

Study design and setting. Originally the study was designed to be a prospective registry. However, due to
the overwhelming workload and staff shortages during the actual waves, it was impossible to prospectively enrol
patients and collect data. Therefore, as the pressure eased after the devastating 3" wave, the authors of this paper
decided to collect data retrospectively within the time period of 01.03.2020-28.02.2021, encompassing the first
surge in Spring and second wave in Autumn 2020. Participating centres were all related to the major SepsEast
collaborators”® within Central and Eastern Europe—see list of participating centres in Table 1. The primary
outcome of our study was all-cause in hospital mortality defined as a death during ICU stay or death occurring
after transfer from ICU to the ward during the same hospitalization, and there was no censoring nor missing
data of the main (primary) outcome.

Patients. All consecutive adult patients admitted to the ICU due to COVID-19 pneumonia within the dedi-
cated time period were found eligible. Patients admitted with severe acute respiratory failure due to other rea-
sons than coronavirus 2 (SARS-CoV-2), but in whom SARS-CoV-2 screening proved positive on hospital or
ICU admission, were excluded.

Data collection. The following groups of parameters were searched for within hospital databases or patient
records (Supplementary Table 1): baseline demographic parameters, comorbidities, time describing parameters
(i.e. symptom onset, date of first proved SARS-CoV-2 positivity, admission and discharge/death dates), param-
eters of organ support (i.e. mode and length of ventilator support, other vital organ supports) and treatment
(corticosteroids, anti-viral and disease modifying drugs, anticoagulation), ICU stay related complications (i.e.
deep-vein thrombosis, pulmonary embolism, barotrauma), laboratory parameters on ICU admission (i.e. leu-
kocyte, lymphocyte count, C-reactive protein, procalcitonin level, PaO,/FiO, ratio). In patients who died in the
ICU the most probable cause of death was identified by using the methodology of a recent study by Contou
et al.'%, and orders to either withhold or withdraw treatment were also screened. The parameters necessary for
the main outcome analysis were available in all patients. However, because of the retrospective nature of the
study not all secondary parameters were available for each patient, hence in the case of missing data, the indi-
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Country—Centre No of ICU patients | Percentage of the dataset (%)
CROATIA 286 13
University Hospital Rijeka 286 13
CZECHIA 583 27
University Hospital Plzen 583 27
HUNGARY 269 13
Flor Ferenc Hospital County Pest 112 5
University of Pécs, School of Medicine 157 7
POLAND 115 5
Poznan Medical University Hospital 66 3
Central Clinical Hospital of the Ministry of Interior and Administration, Warsaw 49 2
SLOVAKIA 491 23
University Hospital Nitra 178 8
University Hospital Nové Zamky 166 8
University Hospital Banska Bystrica 147 7
SLOVENIA 395 18
General Hospital Celje 226 11
General Hospital Murska Sobota 169 8
Overall 2139 100

Table 1. Participating centres.

vidual patients were left out of the dedicated secondary analysis. We also circulated a questionnaire among all
participating centres, asking them what had affected an unfavourable outcome the most in their opinion (Sup-
plementary Table 2).

Statistics. In order to minimize bias all centres that expressed voluntary interest in the study were included.
Available data were summarised using descriptive statistics. For categorical values the counts and proportions
(%) are depicted. For continuous variables the number of values (n) and depending on data distribution median,
mean, interquartile range, were tabulated. Normality of data was tested by the Kolmogorov-Smirnov test.
Mortality (understood as fatality rate) with 95% confidence intervals (95% CI) was calculated for participating
centres, gender, age, comorbidity, and pandemic waves. An exploratory analysis was performed to investigate
differences between survivors and non-survivors wherever appropriate. Further subgroup analysis of patients
receiving invasive ventilation and those without invasive ventilator support was also conducted. Mann-Whit-
ney, ANOVA on Ranks and chi-square tests were used respectively. All data were handled anonymously, MS
Excel 2016 and MedCals software were used for all statistical analyses.

Ethics approval and consent to participate. This study was conducted in accordance with the amended
Declaration of Helsinki. The original, prospective study protocol was approved by the Hungarian National
Research and Ethics Committee (IV/3971-3/2020/EKU) in May 2020 (Nemzeti Népegészségiigyi Kozpont
1V/3971-3/2020/EKU, 20.05.2020), but this study did not include any patients. The protocol of the retrospective
data collection was first approved by the Ethical Committee University Hospital Pilsen and Faculty of Medicine
in Pilsen, Charles University, reference number: 198/2021, then in the other centres:

- Clinical Hospital Center Rijeka: Ethics Committee, No: 2170-29-02/1-20-2.

- University of Pécs: Clinical Center Ethics Committee, No: KK/864-1/2021.

- Hospitals Celje and Musrka Sobota: Slovenia National Medical Ethics Committee No: 0120-168/2021/7.

- Krakow and Poznan: Bioethical Committee of the Jagiellonian University in Krakow, No: 1072.6120.105.2020.

- Nové Zamky: Etickd komisia FNsP Nové Zamky Slovenska 11/A, Nové Zamky 94034.

- For Ferenc Hospital, Kistarcsa: Pest Megyei Flor Ferenc Korhaz Intézeti Kutatdsi Etikai Bizottsdg (Institutional
Research Ethics Committe, Flor Ferenc Hospital), No: ALT/3556-1/2021.

- University Hospital Nitra: Etickd komisia Fakutna nemocnica Nitra.

- University Hospital Bansky Bystrica: Fakultnd nemocnica ED. Roosevelta, Banska Bystrica.

Because of its retrospective nature and handling of anonymised data, no patient approvals or consents were
deemed necessary and were waived by the above listed ethics committees.

Results

Over the study period 2139 patients were included from six Central-Eastern European countries and 11 centres
(Table 1). Out of these, 958 survived and 1181 (55%) died in the ICU. Mortality was comparable among females
(54%) and males (55%) (Fig. 1). Demographics and other important baseline characteristics for the whole cohort,
and survivors and non-survivors are depicted separately in Table 2.
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No of patients Mortality
deceased/total % (95%Cl)

CENTRE '
1 56/147 38.1(30.2-45.9) — .
2 12/286 42.3 (36.6-48.0) —.— '
3 111/226 49.1 (42.6-55.6) »—-——f
4 90/169  53.3 (45.7-60.8) —-_é__.
5 325/583 557 (51.7-59.8) -
6 89/157  56.7 (48.9-64.4) —
7 40/66  60.6(48.8-72.4) Lo
8 106/166  63.9 (56.5-71.2) 0 I N
9 125/178  70.2 (63.5-76.9) —.
10 81/112  72.3(64.0-80.6) i P
11 37/49 759 (63.5-87.6) i -
GENDER !
Female 388/690  56.3 (52.5-59.9) |
Male 792/1388  57.1(54.5-59.7) A
AGE GROUP .
<65 years 341/820  41.6(38.2-45.0) — - .
65 years 840/1319  63.7 (61.1-66.3) : —m—
CHRONIC MORBIDITY ,
NO 54/216  25.0 (19.2-30.8) — . '
ANY  900/1319  61.9(59.4-64.4) 3
PANDEMIC WAVE i
1st 51/120  42.5 (33.751.3) —.——
2nd  1130/2019  56.0 (53.8-51.8) —-—
:
TOTAL 1181/2139  55.2 (53.1-57.3) .-
10 20 30 40 50 60 70 80 90
Mortality (%)

Figure 1. Hospital mortality in selected subgroups as compared to the overall cohort. Mortality is expressed in
percentages and depicted as squares. Corresponding 95% confidence intervals (95% CI) are given in parentheses
and shown as error bars. Dashed and dotted vertical lines represent mortality and boundaries of 95% CI in the
overall cohort, respectively.

In hospital mortality. Although hospital mortality was the main (primary) outcome, out of the 1181
patients who died only 53 (4%) died outside the ICU—mostly on standard wards and/or long-term facilities.
The median time to death after ICU discharge in these patients was 6 (IQR 3-14) days. Mortality (fatality rate)
for the investigated domains is summarised in Fig. 1. There were substantial differences between the centres
regarding risk of dying. Compared to the mortality in the overall cohort, patients had a significantly lower risk
in two centres and a significantly higher risk for mortality in three centres.

There was a strong association with age (<65 vs > 65 years) and the presence of any comorbidity vs. no
comorbidity with increased risk of death (Fig. 1). Mortality was also substantially lower during the first (1-17
inclusion study weeks) compared to the second wave (study week 18-52).

Patient numbers increased dramatically during the second wave but there was also a significant increase in
mortality over time (Fig. 2). During the first wave mortality in the overall cohort was 43% and increased to 56%
during the second wave (p =0.004). Mortality also increased significantly with age in both sexes (Supplementary
Fig. 1).

The major cause of death was identified as respiratory failure followed by sepsis with multiorgan failure,
cardiovascular failure, irreversible neurological damage and cardio-respiratory failure (Fig. 3A). There were no
major differences in these causes between the 1st and 2nd waves (Fig. 3B).

Decisions on any form of treatment limitation were made in 35% of non-survivors, in whom treatment was
withheld in 8% and withdrawn in 7%. There were no major differences over time or between the 1st and 2nd
waves.

During the first day of hospitalization 191 patients died (16% of non-survivors). Out of these, treatment was
withheld in 45 (24%) and withdrawn in 6 (3%) cases. The major causes of death among these patients were res-
piratory failure in 71 cases (37%), cardiovascular failure in 50 patients (26%) and sepsis with multiorgan failure
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Overall Survivors Non-survivors

N=2139 N=958 N=1181 p-value
Age 68 (60-75) 65 (55-72) 70 (64-77) <0.0001
Female 690 (33%) 302 (34%) 388 (33%) NS
BMI 30.1 (27.0-34.7) | 30.7 (27.3-34.9) | 30.0 (26.8-34.6) | NS
Onset of symptoms before ICU admission (days) 6(2-9) 6(3-9) 5(2-8) <0.0001
ICU pre-admission hospital length of stay (days) 1(0-4) 2 (0-4) 1(1-5) 0.023
ICU length of stay (days) 9 (5-16) 10.5 (6-18) 8 (4-15) <0.0001
Organ support free total length of stay (days) 1(0-4) 3(1-7) 1(0-3) <0.0001
Comorbidities N=1656 N=475 N=1181
Without comorbidities 230 (12%) 162 (23%) 68 (6%) <0.0001
Diabetes mellitus 626 (38%) 165 (35%) 461 (39%) NS
Arterial hypertension 1201 (73%) 475 (64%) 895 (74%) NS
Chronic heart disease 575 (35%) 114 (24%) 461 (39%) NS
Chronic respiratory disease 297 (18%) 80 (17%) 217 (18%) NS
Immunocompromised (incl. dialysis, malignancy) 450 (27%) 91 (19%) 359 (30%) NS
CPR before ICU admission 32 (2%) 7 (1%) 25 (2%) NS
Organ support N=1687 N=733 N=954
Only HFNC 317 (19%) 192 (26%) 125 (13%) <0.0001
Only NIV 129 (8%) 64 (9%) 65 (7%) NS
Invasive ventilation w/o ECMO 1061 (63%) 357 (49%) 704 (74%) NS
ECMO 54 (3%) 22 (3%) 32 (3%) NS
Vasopressor therapy 1093 (65%) 365 (50%) 728 (76%) <0.0001
Inotropic support 200 (12%) 38 (5%) 162 (17%) <0.0001
RRT 205 (12%) 54 (7%) 151 (16%) <0.0001
ICU complications N=1656 N=475 N=1181
Pulmonary embolism 106 (6%) 27 (6%) 79 (7%) NS
HAP/VAP 444 (27%) 148 (31%) 296 (25%) NS
Barotrauma 32 (2%) 5(1%) 27 (2%) NS
CPR 255 (15%) 7 (1%) 248 (21%) NS
Specific treatments N=1744 N=721 N=1023
Corticosteroids (any dose) 1520 (87%) 626 (87%) 894 (84%) NS
Standard dose 1017 (58%) 424 (59%) 593 (58%) NS
Higher dose 503 (29%) 202 (28%) 301 (29%) NS
DVT prophylaxis 540 (31%) 218 (30%) 322 (31%) NS
Anticoagulation (heparin or high-dose LMWH) 1128 (65%) 486 (67%) 642 (63%) NS
Anti-platelets (chronic or new medication) 240 (14%) 93 (13%) 146 (14%) NS
Antivirals (any of the following) 407 (23%) 196 (27%) 211 (21%) NS
Remdesivir 264 (15%) 145 (20%) 119 (12%) NS
Lopinavir/ritornavir 15 (1%) 8 (1%) 7 (1%) NS
Favirapivir 178 (10%) 68 (9%) 110 (11%) NS

Table 2. Summary of demographics, complications and treatment characteristics. Data are presented as
median (25-75th percentile) and absolute number (percentage). For statistical analysis Mann-Whitney

U test or Chi square tests were used where appropriate, NS—non-significant. BMI body mass index, CPR
cardio-pulmonary resuscitation, DVT deep vein thrombosis, ECMO extracorporeal membrane oxygenation,
HAP healthcare-associated pneumonia, HFNC high-flow nasal cannula, ICU intensive care unit, LMWH low
molecular weight heparin, NIV non-invasive ventilation, RRT renal replacement therapy, VAP ventilator-
associated pneumonia.

in 40 patients. (21%). In 32 patients (2%) cardiopulmonary resuscitation was performed prior to or during the
admission period (Table 1 section Comorbidities), but 7 (22%) of these survived to hospital discharge.

Survivors vs. non-survivors.  Survivors were significantly younger compared to non-survivors (Table 2).
They also stayed a median of 1 day longer at home (from the onset of symptoms) and in hospital before warrant-
ing ICU admission. Their overall ICU stay was also longer, and median number of organ-support free days was
three times lower than in non-survivors.

There was also a significant difference between survivors and non-survivors in terms of admission data
(Table 3). Non-survivors were admitted in a significantly worse condition as indicated by higher sequential
organ failure assessment (SOFA), acute physiology and chronic health evaluation (APACHE) II scores, serum
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Figure 2. Distribution of survivors and non-survivors, and mortality during the study period. Absolute
numbers of surviving (yellow) and non-surviving (grey) patients (right sided Y-axis) based on the inclusion
study week (X-axis) are shown. Orange line represents mortality calculated per study week (left sided Y-axis).
Arrows depict the limits of 1st and 2nd wave of COVID-19 pandemic.
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Figure 3. Major cause of death. Pie plot with overall distribution (A) and time-based evolution during the
study (B; X-axis—study inclusion week, Y-axis—absolute number of patients) is presented for the following
causes of death: sepsis and multi-organ failure (SEP, blue), cardiovascular failure (CV, orange), cardio-
respiratory failure (CRE grey), respiratory failure (RESP, yellow), neurological cause (NEU, dark blue).

lactate and inflammatory biomarkers (C-reactive protein, procalcitonin, interleukin-6 and ferritin), D-dimer
levels, and lower PaO,/FiO, ratio.

Organ support. Out of the whole cohort 54 patients (3%) received extracorporeal membrane oxygenation
(ECMO) of whom 59% died (Table 2, Fig. 4A). Invasive mechanical ventilation (without ECMO) was necessary
in 1061 patients (63%) (Fig. 4A) with an overall mortality of 66% (Table 2, Supplementary Fig. 2). In the remain-
ing 572 (34%) patients without invasive ventilation mortality was significantly lower (38%, p <0.0001; Supple-
mentary Fig. 2). In 405 patients (24%) non-invasive ventilation was commenced and in 276 cases (68%) it had to
be escalated to invasive mechanical ventilation. Mortality was 50% in 129 (32%) patients receiving non-invasive
ventilation as their highest level of ventilatory support.
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Overall Survivors Non-survivors

N Median (IQR) N Median (IQR) N Median (IQR) p-value
SOFA 515 |7 (4-10) 156 | 4 (2-8) 359 | 8(5-11) <0.0001
APACHE II 551 |17 (12-25) 187 | 13 (10-19) 364 21 (14-27) <0.0001
Pa0,/FiO, (mmHg) 1352 | 97 (66-150) 527 | 123 (80-200) 825 84 (62-124) <0.0001
Lymphocyte count (10°/L) 1286 | 0.46 (0.16-0.95) 424 |0.70 (0.46-1.86) | 862 0.32 (0.07-0.75) <0.0001
CRP (mg/L) 1711 | 118 (62-190) 706 | 104 (54-173) 1005 | 128 (70-205) <0.0001
PCT (ng/mL) 1490 | 0.39 (0.18-1.14) 501 |0.30(0.12-1.00) | 989 0.41 (0.20-1.31) <0.0001
IL-6 (pg/mL) 448 | 68 (23-144) 155 | 45 (15-106) 293 88 (28-191) <0.0001
Ferritin (yg/L) 939 | 1081 (580-2000) | 351 |797 (418-1542) |588 | 1311 (741-2030) | <0.0001
D-dimers (mg/L) 1226 | 2.65 (1.22-9.00) 373 |2.12(1.13-7.32) | 853 3.06 (1.26-10.19) | 0.0083
Serum lactate (mmol/L) 1308 | 1.8(1.3-2.9) 400 | 1.3(1.0-1.8) 908 2.2 (1.5-3.5) <0.0001

Table 3. Baseline parameters on ICU admission. Data are presented as median (25-75th percentile). For
statistical analysis Mann-Whitney U test was used. IQR interquartile range, SOFA Sequential Organ Failure
Assessment, APACHE II Acute Physiology and Chronic Health Evaluation II score, PaO,/FiO, Horowitz
oxygenation index, CRP C-reactive protein, PCT procalcitonin, IL-6 interleukin-6.

High-flow nasal oxygen (HFNO) therapy was provided in 913 patients (54%). This proved to be sufficient in
317 (35%) of these patients (i.e., HFNO only), and the remainder required further escalation of their ventilatory
support. Mortality in those receiving HFNO only was 39%. In 126 patients, conventional oxygen therapy was
not escalated, and the mortality in this group was 22%.

Interestingly 434 patients received invasive mechanical ventilation as the first choice of support without
previous HFNO/non-invasive attempts. Mortality in this group was the highest (70%) and 109 (25%) of them
died within the first day of hospitalization.

Vasopressors were prescribed in 1093 (65%) patients and inotropic support was used in 200 (12%) patients.
Any form of renal replacement therapy was required in 205 (12%) patients. Need for each of these supports
significantly increased patients’ mortality (Table 2).

Disease specific treatments. There was marked evolution of divergent treatment approaches over the
study period. The time evolution and proportion of patients receiving various antithrombotic prophylaxis (panel
B), antiviral medication (panel C) and corticosteroids (panel D) is depicted in detail in Fig. 4.

Subjective assessment of factors affecting unfavourable outcomes. Lack of specialised nurses
was indicated as the most important factor affecting mortality by most participating centres. Amongst the 5
factors with the highest rankings, this was followed by: extremely high rate of admissions within a very short
period, lack of intensivists, lack of personnel in general and deadly character of the disease (COVID-19) (Fig. 5).

Discussion
The SEARCH-COVID-19 study analysed the characteristics and outcomes of 2139 ICU patients during the
Ist and 2nd waves of the COVID-19 pandemic. To the best of our knowledge, this is the largest dataset from
Central-Eastern European countries on this patient population to date. This multicentre, international study
with a comprehensive dataset on COVID-19 patients treated on the ICUs in six Central-Eastern European
countries revealed that both overall mortality and especially those receiving invasive mechanical ventilation had
substantially higher mortality compared to that reported in previous studies from Western European countries.
The 2 years of the COVID-19 pandemic represent an unprecedented period in medicine, challenging health
care systems all around the globe and provoking research activity the like of which the medical community has
never seen before. Intensive care medicine has played a crucial part in the fight against the devastating effects of
the virus. Despite all efforts, more than 5.6 million people have died around world to date due to the corona virus
affecting every single country on the planet'!. The number of patients infected, admissions to hospital and ICU,
and mortality have varied over time and by country to country. In a recent article Islam and colleagues showed
that COVID-19 resulted in a huge number of excess deaths exceeding the reported actual COVID-19 deaths and
suggested that assessment of the full impact of the pandemic on mortality should include both the direct effect
of the pandemic and the indirect influence on deaths from other causes associated with the disruption to health
services or wider economic and social changes®. Even though national governments have reported the number
of deaths from COVID-19 daily, scientific publications from Central-Eastern Europe remain scarce. This has
also been shown by a recent meta-analysis in which all papers reporting case fatality rates were analysed, and
although Europe contributed thousands of patients from several countries, no suitable study was found during
the systematic search that included countries from Central-Eastern Europe!.

Patient characteristics and management. Regarding age, patients in our cohort admitted to ICU
belonged primarily to the elderly population (> 65 years of age) with higher prevalence of males than females.
These and also the patients’ body mass index were similar to that of reported by other studies®>*!2. Only 12% of
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Figure 4. Disease specific treatment modalities. Each treatment modality is displayed as a pie plot for overall
distribution and time-based evolution during the study (X-axis—study inclusion week, Y-axis—absolute
number of patients). Respiratory support (A): high-flow nasal oxygen (HENO, light green); non-invasive
ventilation (NON-INV, dark green); invasive mechanical ventilation (INV-VENT, light blue); extracorporeal
oxygenation (ECMO, dark blue). Anticoagulation and anti-aggregants (B): no anti-thrombotics (NO;

grey); prophylactic low-molecular weight heparin (PROE, light orange); prophylactic low-molecular weight
heparin + anti-aggregants (PROF + AG, dark orange); therapeutic low-molecular weight heparin (TH, very
light blue); therapeutic low-molecular weight heparin + anti-aggregants (TH + AG, light blue); heparin
anticoagulation (HEP, dark blue); heparin anticoagulation + anti-aggregants (HEP + AG—very dark blue).
Antivirals (C): no antivirals (NO, grey); remdesivir (REM, dark blue); favirapivir (FAVI, red); lopinavir-
ritornavir combination (LOP/RIT, yellow) and their potential combinations. Corticosteroids (D): without
steroids (NO, grey); standard dose of dexamethasone 6-8 mg/day equivalents (STD, light green); any higher
dose (HIGH, dark green).

Scientific Reports |

(2022) 12:14906 | https://doi.org/10.1038/s41598-022-18991-2 nature portfolio




www.nature.com/scientificreports/

LADX CF SPECIALELID NUASES 437 |
LACK OF INTENSIVISTS pra
DATAEMTLY MGH RATE OF ADMISSONS WITHN A VIRY pom
WALE OF PERSONNIL N GINIrAL -y
THE COSLASE (TSELF WAS OZADLY - NO OTHEN 2 prim
WATE ASNMBIEONTO XY EE R
LACK OF COMMUNCATION ICENTAES MEALTH 11
ATERLIII AL TO XY . EETe
PO NIIALSTAUCTANE OF TWl COVYID KU s 238
POCHR PNFRASTRUOLTURE N GINIMAL . e e annasia | W
LACK OF SOUPMINT (VIXTRATORS CCMO, PUMIS ITC) [ A -9
LACK OF NOT BT FON 10U CEOSIONS Vel 1. G
LACK OF FOLLOWING INTEANATIONAL GUIDEUNES —
LACK OF DALGS (TOCRIZUMAS, STIROS, ITC) lemrs 7 8
160 LW 200 2% 188 LW 40 4 i

Figure 5. Factors subjectively associated with unfavourable outcome. Results of the survey among participating
centres are presented for each factor as weighted average of the following rating: not important (1), slightly
important (2), important (3), fairly important (4), very important (5).

patients were free of any comorbidities, which is substantially lower than reported by one Italian cohort (32%)*,
but similar to that of found in another study (22%)°. Patients were admitted to ICU 5-6 days after the onset of
symptoms and stayed on the ward 1-2 days in general. This is again similar to that observed in other studies'*,
but 2 days shorter than reported in non-survivors in a French single centre study'’.

The general condition of the patients on admission as indicated by APACHE II scores were similar to that
of reported in the Intensive Care National Audit & Research Centre (ICNARC) database®. Admission median
SOFA score of the non-survivors in our study was 8, which is substantially higher than that reported in a recent
single centre study of 73 deceased patients (median 4, IQR 3-8)°. These data suggest that our population was
slightly sicker but there are no obvious differences that have been shown to be associated with worse outcomes
in COVID-19 patients.

We also analysed the cause of death, which was in accord with that reported in other studies, with refractory
respiratory failure and sepsis accounting for 75% of all deaths. This was found to be the same in a single centre
French study™’.

The median duration of stay in the ICU in our study was 9 days (10.5 for survivors, 9 for non-survivors)
which was longer than in the ICNARC dataset (5 days for both survivors and non-survivors)?, but similar to that
of reported by others'®!*. Regarding treatment modalities our data suggest that patients in general were treated
more-or-less according to international recommendations.

These data suggest that based on the overall characteristics our patient population was not that different to
those included elsewhere in Europe. Furthermore, it is highly likely that patients received similar treatment
modalities including ventilatory support, medication and ECMO.

Mortality. The most important results of our study are the higher overall mortality especially those needing
mechanical ventilation in our region compared to most of the reports coming from the Western European coun-
tries. External validity of our results is compromised due to the relatively small sample size and limited number
of participating ICUs. Therefore, we cannot conclude that our results are generalizable for the whole region.
However, as there are no other large sample size studies published on this topic to contradict our results and
taking into account the epidemiological data published on international official websites®, we consider the mes-
sage of our data as an alarming signal that should be taken seriously and investigated thoroughly in the future.

The odds ratio for mortality showed substantial differences in the participating centres, but this heterogeneity
is a common feature all around the world as indicated for example by the meta-analysis by Lim et al.!2. Despite
the low number of patients, ICU mortality during the 1st wave was around 40%, which increased during the 2nd
wave to 56%. As compared to international data, in one of the very first reports on 1590 patients from Grasselli
etal., 88% of patients were mechanically ventilated and overall mortality was 25%*. The “COVID-19 Italian ICU
Network” reported that out of 1260 patients treated during the 1st wave, 79% underwent invasive mechanical
ventilation and that mortality among intubated patients was 38.5%>. In 551 patients from 7 ICUs located in The
Euroregio Meuse-Rhine mortality during the 1st wave of COVID-19 differed significantly between participating
countries and was 22%, 42% and 44% in Belgium, The Netherlands and Germany, respectively (but only 53%
of patients in Belgian ICUs were invasively ventilated)'®. In the United Kingdom, according to the ICNARC
reports, during the 1st wave, overall mortality was 50.7% which reduced to 35.2% in the report released a year
later on the 26 February 2021°.
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Data from other countries are less positive. In Germany despite the drop in ICU admissions during the second
wave of the pandemic, the mortality of mechanically ventilated patients remained unchanged and also above
50%'7. According to the COVID-19 SEMICYUC Working Group (from Andora, Ireland and Spain) mortality
was lower, but without significant differences between the waves (31.7% versus 28.8%)'8.

Although a multicentre international study in 2625 patients also reported reduced survival rate in the 2nd
wave (30 days: 1st wave 43% vs 2nd wave 50%, and 90 days: 1st wave 49% vs 2nd wave 60%), this study only
included the elderly population aged 70 years and older'. In this study out of the 14 countries, there was only
1 included from Central-Eastern Europe (Poland), who contributed 102 patients from 12 centres, hence com-
parisons between their results and ours are difficult to make. Nevertheless, this data also supports the finding in
our study, that the st wave in Central-Eastern Europe was less severe as compared to the West as, from the 12
Polish centres, only 12 patients were included during the 1st and 90 in the 2nd wave.

In our dataset, 66% patients were mechanically ventilated which is substantially less than the 88% in the
previously mentioned Italian study, but the mortality showed a dramatic difference of 66% in our study versus
25% in theirs*. The same conclusion can be drawn when we compare our results to that of reported by ICNARC
on 6501 invasively ventilated patients where mortality was 46.8% during the 2nd wave®. Furthermore, overall
mortality in a meta-analysis on invasively ventilated patients all around the world was 45% (95% confidence
interval 39-52%), which is again lower than in our cohort'2.

Regarding in hospital mortality of patients receiving only non-invasive respiratory support, it was 39% for
HENO, 50% for non-invasive ventilation and 22% for conventional oxygen therapy. These results are worse when
compared to the most recent results of the RECOVERY-RS trial, which revealed that hospital mortality occurred
in 21.2%, 19.8% and 22.4% in patients on HFNO, continuous positive airway pressure (CPAP) and conventional
oxygen therapy, respectively'.

Unfortunately, we have limited published data from Central-Eastern European ICUs?*** to compare our data
to, but the current results on mortality match with those published on the national and international websites,
suggesting that mortality of COVID-19 patients in the six countries included in the current analysis was some-
what higher than in our Western European counterparts®.

Undoubtedly, we cannot present data that could explain this potential difference in mortality between the
two parts of Europe (i.e.: Central-East vs West). One cannot exclude that the indication and potential delay in
commencing the invasive ventilator support may be one of the critical points as to why patients in the 2nd wave
of our study did worse than others. Our patients’ overall median APACHE II score was 17 and it was higher
than in Belgian and German ICUs but similar to Dutch centres participating in The Euroregio Meuse-Rhine
study'®. Mortality of patients admitted with a similar APACHE II score (17+) in the ICNARC database also had
similar 28-day mortality to that of ours of around 57% as reported on 26.02.2021°. Furthermore, the median
Pa0,/FiO, on admission was 99 mmHg in our study, that is lower than reported in some other studies with bet-
ter outcomes>*. These may suggest that our patients, despite the crude similarity in demographics and patient
characteristics were still sicker.

Furthermore, there are some well-known circumstances that may have played an important contribution if
this difference truly exists. On the one hand, the “one way traffic” of health care personnel from countries of the
former socialist block of Europe (i.e.: Central-Eastern Europe) including the six countries participating in the
current study has been going on for decades. Although this exodus of the Central-Eastern European work force
to the West is well known and acknowledged, it has never been audited, researched, and most importantly never
been published in scientific journals. Therefore, the subjective assessment of the authors of the situation, that the
most important factor of unfavourable outcome in COVID-19 critically ill patients might be related to lack of
personnel, should be taken seriously. Although a recent publication coming from Australia-New Zealand found
no association between patient-to-intensivist ratio and hospital mortality*, these results may not be applicable
for the eastern part of Europe for reasons pointed out earlier and will also be discussed later. Even in the edito-
rial for the same article the authors clearly emphasize the potential importance of the strain on the critical care
workforce® that is also supported by recent publications?>?”. Adding these issues to the lack of trained personnel
could indeed have a major impact on outcomes.

On the other hand, it has also been well documented that the Gross Domestic Product (GDP) related spending
on health care is substantially less in Central-Eastern Europe then in Western Europe (in Supplementary Table 3:
Source 6 and 7). This could also have a profound effect on the observed exodus from East to the West, which
may be an important potential factor of worse outcomes than that reported from Western European countries.

Last but not least, structured training and overall motivation of junior doctors and other health care workers,
especially specialised nurses, should also be reviewed and improved’.

Finally, to confirm or contradict the validity of our results, nationwide and internationally, well structured,
transparent, trustworthy audits, registries and studies are needed, ideally supported by governmental funding.
The goal should be to develop a system and structure, which is similar to that of those developed in Western
Europe and in the United Kingdom*>.

Strengths and limitations. Although this is the most comprehensive and largest dataset ever published
from Central-Eastern Europe on COVID-19 patients treated on the ICU, it has several limitations. The most
important is that our dataset cannot be considered as representative data for the whole region, not even for these
six countries, which limits its external validity. Nevertheless, it is important to note that Central-Eastern Euro-
pean clinical research was unable to compete in the publication “race” neither before, nor during the pandemic.
The contribution of this part of Europe to the unprecedented number of scientific papers published from all over
the world remains negligible. In our view this is a system failure that is also supported by the fact that we could
not include a single patient in the SEARCH study prospectively, simply because of the inadequate staffing levels
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on the ICU who were overwhelmed, and the almost complete lack of research dedicated personnel. This leads
to the other important limitation, which is the retrospective nature of the study, resulting in reduced number
of data on COVID-19 related admissions and outcomes during this period, organ support related parameters
which we could not collect retrospectively, nor the patient-to-nurse/physician ratio, or specialised nurse-to-
patient ratio.

Conclusion

This is the largest and most comprehensive COVID-19 dataset from Central-Eastern European ICUs suggesting
the potential high mortality rate observed especially in those receiving invasive mechanical ventilation. There is
still a plausible difference in quality of health care and research output between the East and West that has not
changed for almost two decades since our joining the European Union. Our results render the need of a paradigm
change in Central-Eastern Europe to establish high quality, structured data collection and to improve research
facilities and output, all contributing to better patient outcomes in Central-Eastern Europe.

Data availability
Data may be available for research purposes on request. For this purpose please contact the first or the corre-
sponding authors: JB, MJ, AS, ZM.
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