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SUMMARY

OBJECTIVE: This study aims to analyze the risk factors for in-hospital mortality in a cohort of patients admitted to a newly adapted
intensive care unit in a public hospital in Rio de Janeiro.

METHODS: This was an observational, retrospective, and descriptive study. Data were obtained from electronic medical records. Coronavirus
disease 2019 (COVID-19) was diagnosed by detecting viral ribonucleic acid using reverse transcription polymerase chain reaction. Factors
associated with the risk/protection from death were determined using the odds ratio and adjusted odds ratio.

RESULTS: Fifty-one patients were admitted to the hospital. The median age of the patients was 63 years, 60% were male patients, and
54% were white patients. Sixty-seven percent of the patients were diagnosed with COVID-19. Sepsis at admission increased the chance of
in-hospital death by 21 times (adjusted odds ratio=21.06 [0.79-555.2]; p=0.06). The strongest risk factor for death was the development
of septic shock during hospitalization (adjusted odds ratio=98.56 [2.75-352.5]; p=0.01), and one in four patients had multidrug-resistant
bacteria. Mechanical ventilation, vasopressors, neuromuscular blockers, and sedatives were also the risk factors for in-hospital mortality.
The in-hospital mortality rate was 41%, and the mortality rate of patients on mechanical ventilation was 60%. The diagnosis of COVID-19
was not statistically related to the adverse outcomes.

CONCLUSIONS: In this cohort, the strongest risk factor for in-hospital death was the development of nosocomial septic shock. Healthcare-
associated infections have a significant impact on mortality rates. Therefore, to have a better outcome, it is important to consider not
only the availability of beds but also the way healthcare is delivered.
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INTRODUCTION

In December 2019, the first cases of a new type of pneumo-
nia were identified in Wuhan, Hubei, China. Initially, it was
thought to be related with seafood products and the local
market. However, in less than 30 days, the viral etiology was

established as a new type of coronavirus, the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2)'. From the
increasing number of cases, mainly between healthcare profes-
sionals, human transmissibility was observed, and the effective
reproductive number (Rt) was high*?. Within two months,
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COVID-19 mortality in respiratory ICU

the World Health Organization (WHO) declared coronavi-
rus disease 2019 (COVID-19) a pandemic’. In all countries,
local healthcare systems were engaged after noting a sudden
increase in the number of patients requiring hospitalization’.
In Rio de Janeiro, which has a population of approximately
6.72 million people’, the number of cases estimated was at least
an order of tens of thousands. In May 2020, the Institute for
Health Metrics and Evaluation IMHE) projected that the daily
cases would be approximately 30,0007. Therefore, besides social
isolation, one of the adopted strategies to provide more beds to
critically ill patients was the conversion of a ward unit in an inten-
sive care facility. In this context, the pneumology ward, from a
public tertiary hospital in Rio de Janeiro, Brazil, has become an
intensive care unit (ICU) for COVID-19 suspects and confirmed
cases. The main goal of this study was to analyze this cohort of
patients from the pneumology ward adapted to the ICU to identify
the main risk factors for in-hospital mortality in this strategy and
the contributing factors that most affected in-hospital mortality.

METHODS

Study design and population

This was an observational, retrospective, and descriptive study
of a cohort of patients admitted to the newly converted ICU
in the Pedro Ernesto University Hospital, Rio de Janeiro,
Brazil, from April 25 to June 31, 2020. All patients who met
the inclusion criteria were included, and the exclusion criteria
included a hospital stay of <24 h. This study was approved by
the National Committee of Ethics and Research (registration
number CAAE-30135320.0.0000.5259).

The diagnosis of COVID-19 was made by detecting viral
ribonucleic acid (RNA) using reverse transcription polymerase
chain reaction (RT-PCR) by collecting samples of nasopharyn-
geal secretions using swabs. At least two tests were performed
in cases of negative or inconclusive results. In the presence of
a positive result, the case was considered confirmed.

Sepsis was defined according to the Sepsis 3.0 criteria as
when the patient was admitted without sepsis criteria or devel-
oped sepsis criteria during hospitalization (after 48 h)®.

Data were obtained from electronic medical records.
Sociodemographic characteristics such as sex, age, comorbidi-
ties, and previous pharmacological, clinical, laboratory, imag-
ing, and therapeutic data gathered during the hospitalization
process and clinical evolution until discharge from the unit
and hospital were collected.

The description of the cohort of patients was based on their
sociodemographicand clinical characteristics. For continuous vari-
ables, we used medians, interquartile intervals, and nonparametric
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Mann-Whitney U tests. For nominal variables, we used absolute
and relative frequency values, and Fisher’s exact tests to test the
correlation between these variables and the variable death due
to the disease at the time of the study. To determine factors asso-
ciated with risk/protection from death, fixed-effects generalized
linear parametric models with a logistic link function (binomial
family) were used. The effect’s size, the measure of association,
was presented as a function of odds ratios adjusted by covari-
ables of confounding (aOR) or not (OR). P-values and confi-
dence intervals of these effects were corrected by the number
of comparisons with the reference level using the Holm-Sidak

method. All analyses were conducted using the R version 3.6.3.

RESULTS

A total of 51 patients were admitted to the hospital. The median
patient age was 63 years. Considerably, most of the patients
were Caucasian men. More than 70% of patients had hyper-
tension, and approximately 50% of these were the users of an
angiotensin-converting enzyme inhibitor (ACEI) or angio-
tensin-receptor blocker (ARB). Previous use of ACEI or ARB
was suggested as an in-hospital protection factor for death
(aOR=0.091 [0.007-1.221]; p=0.07). The most prevalent
comorbidities in this case series were hypertension (72.5%),
dyslipidemia (64.7%), and type 2 diabetes mellitus (37.3%)
(Table 1). Since only four patients did not have comorbidities
upon admission, it was not possible to establish an association
between these comorbidities and in-hospital death after adjust-
ments for confounding variables. On the contrary, the presence
of depression was also considered a risk factor for in-hospital
death (aOR=1211 [1.7-2.733]; p=0.02) (Table 2).

In total, 35 patients were diagnosed with COVID-19,
accounting for 67% of the hospitalized patients. We found no
association between SARS-CoV-2 positivity and in-hospital
death (aOR=0.83 [0.114-6.082]; p=0.85). In the subgroup of
patients with in-hospital confirmation of COVID-19, approxi-
mately 47 had >50% radiologic pulmonary involvement. In the
subgroup with the SARS-CoV-2—negative swab, four patients
presented tomographic features suggestive of viral pneumonia,
with involvement between 25 and 50% of the lung parenchyma.

The presence of sepsis at admission increased the chance
of in-hospital death by an average of 21 times (aOR=21.06
[0.79-555.2]; p=0.06). In this context, the development of sep-
tic shock during hospitalization increased the chance of death
by 98 times on an average when compared with those without
in-hospital septic shock (aOR=98.56 [2.75-3525]; p=0.01).
This was the highest risk factor for in-hospital mortality.

'The presence of multidrug-resistant organisms (MDR) occurred
in one of four hospitalized patients, which was considered a risk
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Table 1. Sociodemographic characteristics and their distribution in this population.

Su_;\élvoi Survivor with pﬁ?tht Death with
Overall (n=51) cvgwngw COVID-19 CV(\SIV|8-U19 COVID-19
(n=8) (n=8) (n=13)
Age 63 (IQR=16) 56 (IQR=22) (IQR6=Z;Z.25) 67 (IQR=14.75) 65 (IQR=20)
Ethnicity (%)
Caucasian 28 (54.9) 4 (7.8) 13 (25.5) 4 (7.8) 7 (13.7)
Brown 14 (27.5) 3(5.9) 4(7.8) 3(5.9) 4(7.8)
Afro-Brazilian 6(11.8) 1(2) 2 (3.9 1(2) 2 (3.9
Yellow 3(5.9) 0 (0) 3(5.9) 0 (0) 0 (0)
Sex (%)

Male 31 (60.8) 7 (13.7) 12 (23.5) 5(9.8) 7(13.7)
Female 20 (39.2) 1(2) 10 (19.6) 3(5.9) 6(11.8)
BMI 35 (IQR=4.25) 35 (IQR=0) 33 (IQR=5) NA (IQR=NA) 35 (IQR=0)
Hypothyroidism (%) 2(3.9) 0 (0) 0 (0) 0 (0) 2(3.9)
Hypertension (%) 37 (72.5) 4 (7.8) 17 (33.3) 5(9.8) 11 (21.6)
ACEI/ARB (%) 26 (51) 4 (7.8) 12 (23.5) 3(5.9) 7(13.7)
12D (%) 19 (37.3) 3(5.9) 8 (15.7) 2 (3.9 6(11.8)
Coronary disease (%) 14 (27.5) 1(2) 6(11.8) 2(3.9) 5(9.8)
Cardiac failure (%) 12 (23.5) 1(2) 5(9.8) 2 (3.9 4 (7.8)
Peripheral arterial disease (%) 5(9.8) 1(2) 0 (0) 2(3.9) 2 (3.9
Dyslipidemia (%) 18 (35.3) 1(2) 10 (19.6) 2(3.9) 5(9.8)
CKF without dialysis (%) 8 (15.7) 1(2) 2 (3.9 2 (3.9 3(.9)

CKF with dialysis (%) 7(13.7) 1(2) 2(3.9) 3(5.9) 1(2)
Ischemic cerebral disease (%) 4 (7.8) 0 (0) 1(2) 1(2) 2 (3.9)
Dementia (%) 6(11.8) 0 (0) 1(2) 2 (3.9 3(5.9)
Immunosuppressants (%) 6(11.8) 0 (0) 1(2) 3(5.9) 2(3.9)
Depression (%) 3(.9) 0 (0) 1(2) 0 (0) 2 (3.9
Autoimmune disease (%) 3(5.9) 0 (0) 1(2) 1(2) 1(2)
COPD (%) 4 (7.8) 2(3.9) 2(3.9) 0 (0) 0 (0)
Asthma (%) 1(2) 0 (0) 1) 0 (0) 0 (0)
Tuberculosis (%) 2(3.9) 1(2) 0 (0) 0 (0) 1(2)
Tabagism (%) 16 (31.4) 5(9.8) 4 (7.8) 1(2) 6(11.8)
Cancer (%) 6(11.8) 0 (0) 1(2) 1(2) 4 (7.8)

Data are expressed as medians and interquartile ranges (IQRs) for continuous data and as absolute (relative) frequencies for categorical data. Percentages
may not sum to 100 because of rounding. BMI, body mass index; ACEI: angiotensin-converting-enzyme inhibitor; ARB: angiotensin Il receptor blocker;
T2D: type 2 diabetes mellitus; CKF: chronic kidney failure; COPD: chronic obstructive pulmonary disease; NA: not available; NC: not computed.

factor for in-hospital death (aOR=14.42 [1.02-204.18]; p=0.04).
Approximately 40% of the deaths had microbiological evidence

in-hospital mortality. From the laboratory point of view, the last
records of leukocytosis and lymphopenia were risk factors for death
(aOR=25.53 [2.08-313.48]; p=0.06, and aOOR=8.76 [1.42-54];

p=0.09, respectively). Other markers, such as b-dimer, ferritin, lac-

of MDR microbes. All hospitalized patients received antibiotic
therapy. More than 80% of the patients received azithromycin,
and 47% of the patients were moved to the carbapenem regimen. tate dehydrogenase, and total bilirubin, were not associated with
Furthermore, the use of vasopressors, sedation, neuromuscular mortality. The SOFA score was used, and values above 8 were asso-
ciated with in-hospital death (aOR=206 [4.4-9557]; p=0.006).

blockers, and corticosteroids was also considered a risk factor for
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Table 2. Logistic analysis for death during hospitalization.

Overall (%) aOR (95%Cl)? p-value

SARS-CoV-2 positive 35 (68.6) 0.83(0.11-6.08) 0.85
SOFA admission 4 (IQR=4) 1.36 (0.11-16) 0.80
In-hospital SOFA 8 (IQR=7.5) 206 (4.48-9557) 0.006
Septic shock in admission 8 (15.7) 21 (0.79-555) 0.06
Septic shock in hospital 17 (33.3) 98 (2.75-3525) 0.01

Vasopressors 27 (52.9) 69.66 (1.76-2733) 0.02
Inotropic 4 (7.8) 0.148 (0.001-24.17) 0.46
Sedation 30 (58.8) 69 (1.77-2733) 0.03
Benzodiazepine 28 (54.9) 70 (1.8-2763) 0.02
Neuromuscular blocker 17 (33.3) 126 (3.73-4277) 0.007
Corticoid 27 (52.9) 50 (2.2-1136) 0.01

Chloroquine 15 (29.4) 0.4 (0.017-9.71) 0.57
Oseltamivir 22 (43.1) 3.4 (0.37-32) 0.27
Carbapenems 24 (47.1) 3.8 (0.46-32) 0.21

Betalactamic 25 (49) 3.3(0.4-26) 0.26
Cephalosporin 24 (47.1) 0.53 (0.05-4.91) 0.58
Glycylcycline 3(5.9) 2.6 (0.05-134) 0.63
Macrolide 41 (80.4) 3.65 (0.36-37 0.27
Glycopeptide 20(39.2) 8.75 (0.66-109) 0.09
Polymyxins 10 (19.6) 25.42 (0.79-814) 0.06
Quinolone 10 (19.6) 10.6 (0.51-220) 0.12
Antifungals 7(13.7) 9.63 (0.36-255) 0.17
Prophylactic enoxaparin 20(39.2) 1.119 (0.11-10) 0.92
Anticoagulation 39 (76.5) 0.343(0.04-2.92) 0.32
Dialysis 16 (31.4) 4.39(0.481-40.13) 0.18
MDR bacteria 16 (31.4) 14 (1.02-204) 0.04
Nasal catheter 29 (56.9) 0.11(0.01-0.92) 0.04
NIMV 1(2) NC NC

IMV 28 (54.9) 70 (1.8-2763) 0.02
Days in IMV 2 (IQR=9) 89 (1.4-5614) 0.03
Auto prone 12 (23.5) 1.67 (0.11-24) 0.7

ARDS 12 (23.5) 25 (0.814-654) 0.06
In-hospital stay 17 (IQR=17.75) 0.31(0.053-1.82) 0.55
In ICU stay 9 (IQrR=10) 1.82(0.28-11.65) 0.52

20dds ratios were adjusted for confounding variables (“Septic Shock Admission,” “Peripheral Arterial Disease,” “Dementia,” “Immunosuppressants,” “Cancer,”
“Urea Admission value,” “DHL Admission value,” “SOFA Admission value,” and “BMI"), which were considered at least suggestive by bivariate analyzes and
were present before the study. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SOFA: sequential organ failure assessment; MDR: multidrug
resistant; NIMV: non-invasive mechanical ventilation; IMV: invasive mechanical ventilation; ARDS: acute respiratory distress syndrome; ICU: intensive care unit.

The use of invasive mechanical ventilation IMV) was also
a risk factor for in-hospital death (aOR=70.5 [1.8-2763.9];
p=0.02). About 60% of the patients who underwent IMV
resulted in death. Being on IMV for >2 days was enough to find
an association with in-hospital death (aOR=89 [1.4-5614.2];

p=0.03). Since only one patient received non-invasive mechani-
cal ventilation (NIMV) support, it was not possible to establish
a statistical relationship with in-hospital outcomes. In parallel,
the use of a nasal oxygen catheter was a protective factor against
in-hospital death (OR=0.1 [0.01-0.92]; p=0.04). In addition,
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approximately 33% of patients developed renal dysfunction
and required hemodialysis. However, no association was found
between dialysis support and in-hospital death (aOR=4.39
[0.48-40.13]; p=0.18). In total, the in-hospital mortality rate
was 41%, and the mortality rate of patients with IMV was 60%.

DISCUSSION

This study is the first to analyze the strategy of converting ward
units into an ICU, as a solution to the deficit in intensive care
beds in the face of the pandemic. Through data collection and
careful statistical analysis, it was possible to identify the factors that
contributed to in-hospital mortality. Furthermore, this allowed
us to understand the function and approach of this strategy.

The COVID-19 pandemic caused a significant increase in
the number of patients requiring hospitalization and intensive
care. Based on this demand, a contingency plan was needed to
receive these patients’. For example, the strategy of adapting a
hospital unit exists for another purpose in an ICU™. The qual-
ity of intensive care in developing countries was recognized as
a challenge'!, which did not arise with the pandemic but as evi-
denced by it"2. Undoubtedly, it was necessary to increase the
supply of intensive care beds. In Rio de Janeiro, the deficit of
beds was already known in the public Brazilian healthcare sys-
tem, which is responsible for serving most of the population.
The ratio of ICU beds per 10 thousand inhabitants in Rio de
Janeiro is 0.97; the WHO recommended one to three beds per
10 thousand inhabitants (in a context outside the pandemic)".
Furthermore, in addition to the availability of beds, the manner of
healthcare delivery for critical care patients was also important'4.

In this cohort, the most evident risk factor for in-hospital mor-
tality was the development of in-hospital septic shock. Hence, for
patients who did not meet the sepsis criteria but developed during
hospitalization, an infection and septic shock of probable noso-
comial origin increased the probability of mortality by 98 times
as compared to those who did not manifest similar conditions.

The use of ventilatory support was recurrent, with more
than 50% of patients progressing to IMV. In other retrospective
analyses, this percentage varied from 13-31%"'¢. Furthermore,
the mortality of these patients ranged from 24.5-76.5%"".
In this study, the mortality rate for the subgroup of patients
with COVID-19 who required IMV was 60%.

Only 67% of patients had a positive nasal swab for SARS-
CoV-2. In total, 25% of patients who had negative results had
images suggestive of viral pneumonia. In this case series, the
quantitative method of detecting genetic material by RT-PCR
was used, as recommended by the WHO. The sensitivity of
this method varied between 53.6-73.3%, according to the pre-
vious meta-analyses performed'®. To optimize the sensitivity of
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the diagnosis, serial tests were performed, and tests with differ-
ent methodologies were used to detect patients with suggestive
tomographic changes, despite the negative admission test.
Interestingly, the diagnosis of COVID-19 was not a risk factor
for in-hospital mortality, corroborating the impact of nosoco-
mial infections on the outcome of these patients.

'This study had limitations owing to its design and the number
of participants. Hence, it was not possible to establish the cause
and consequences. The beneficial or harmful effects of treatment
cannot be listed for this number of patients. However, results
revealed relevant issues regarding the organizational strategy, as
represented by the impact that in-hospital infections had on the
mortality of patients hospitalized because of confirmed or sus-
pected COVID-19. These infections were probably associated with
healthcare measures and were potentially preventable. Moreover,
this study highlighted that this was a window of opportunity to
work on strategies, such as educational programs, to apply proven
protocols and checklists that could improve the quality of care™.

CONCLUSIONS

‘The pandemic has challenged healthcare systems worldwide to
adapt to a sudden increase in the number of patients. The trans-
formation of a ward into an ICU was one of the strategies
employed, thereby allowing a quick and necessary response.
Nevertheless, the creation of an ICU is complex, and several
challenges need to be overcome. Much is discussed about drug
therapies and invasive devices of high cost and technology.
However, more organizational measures of safety and quality
would allow better in-hospital outcomes, making it a cost-ef-
fective strategy to optimize the care of critically ill patients.
The method of responding to the increase in cases in the Brazilian
health system was much more in order to increase the number of
beds than to reduce the number of cases. The effect of this pol-
icy ended in the creation of units with improvised structures and
had an important impact on the mortality of admitted patients.
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