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Introduction 
Since the first case of infection by the novel SARS-CoV-2 

coronavirus in Wuhan in December 2019 [1], more than 120 
million cases confirmed by RT-PCR have been registered world-
wide and resulted in more than 2,700.000 deaths. The clinical 
spectrum of COVID-19 ranges from mild to severe, with 5–20% 
of cases requiring admission to an intensive care unit, and mor-
tality above 50% in patients who required invasive mechanical 
ventilation and developed multiple organ dysfunction [2].

Some studies have described the clinical characteristics and 
outcomes of critically ill patients with COVID-19 [2–6]. Al-
though Brazil now has the second highest number of cases and 
deaths due to COVID-19 worldwide, there is very limited infor-
mation on the clinical characteristics and outcomes of patients 
who require treatment in Brazilian intensive care units.

The aim of this study is to describe the clinical character-

istics, outcomes, and predictors of ICU mortality of patients 
with COVID-19 requiring treatment in an intensive care unit in 
north-eastern Brazil.

Methods
This retrospective observational cohort study was carried out at 
the Hospital São Domingos, Sao Luis, Brazil, a private tertiary 
hospital with 370 beds and six intensive care units (ICU) with 
64 beds. With the admission of the first patients with COVID-19 
on 27 March 2020, we initially made available a 12-bed ICU 
exclusively for the treatment of patients with COVID-19. At 
the beginning of April, the number of beds was increased to 35, 
and immediately afterward, two semi-intensive units (16 and 21 
beds) were created for patients in need of non-invasive respi-
ratory support, with the 35-bed ICU admitting only patients in 
need of advanced respiratory support, translated by PaO2/FIO2 
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<200, or haemodynamic support with the need to use inotropic/
vasoactive drugs. The analysis did not include patients who were 
admitted to the ICU with a suspected diagnosis of COVID-19 
but who had a negative RT-PCR result. Also, patients who were 
treated in the semi-intensive care units were not included. The 
study was approved by the Research Ethics Committee of Hos-
pital São Domingos. Due to the study’s observational and retro-
spective nature, the need for informed consent was waived. 
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   Data were obtained from the hospital’s electronic medical 
record. Demographic and severity data included age, gender, 
SAPS 3 score, nutritional risk determined by the Nutritional 
Risk Screening 2002 (NRS-2002), and comorbidities. Clin-
ical and laboratory data on arrival at the ICU included PaO2/
FIO2, blood count, C-reactive protein (CRP), D-dimer, ferritin, 
fibrinogen, and lactic dehydrogenase (LDH). Drug interven-
tions included the use of hydroxychloroquine, corticosteroids, 

All Patients
(n=217)

      Survivors
            (n=125)

    Non-survivors
              (n=92)  P Value

Age, y Median (IQR) 64 (54–75) 58 (44–68.5) 72 (63.0–80.7) <0.0001

Age ≥ 65 years, n (%) 108 (49,8)            44 (35,2) 64 (69,5)  <0.0001

Males, n (%) 141 (64.9) 82 (65.5) 59 (63.0)

SAPS 3, median (IQR) 59 (49–68) 54 (42.5–62.5) 65.5 (58.0–77.0) <0.0001.

Comorbidities
     Hypertension, n (%)

     Diabetes, n (%)
122 (56.2)
86 (39.6)

63 (49.6)
34 (27.2)         

59 (63.0)
 52 (56.5)                                                                       

0.1
<0.0001

Symptoms until hospital admission, 
days Median (IQR) 7 (4–10) 8 (5–11) 5 (3–7) <0.0001

Laboratory data at ICU admission, 
median (IQR)

White blood cells
  Creatinine, mg/dL
  D–dimmer, mg/L

  Ferritin, ng/ml
  LDH, U/L

  Fibrinogen, mg/dL
  PaO2/FIO2

10.200 (7.12515.875)
1.05 (0.70–2.20)

1.865 (960–5.480)
1.508 (765–2.630)

463.5 (504.5–751.7)
668.5 (504.5–751.7)
188.5 (125.2–300.0)

10.200 (7.15015.600)
0.91 (0.69–2.29)
1.290 (770–3110)
1.294 (780–1.954)

430 (299–553)
658 (518–770)
220 (129–325)

10.300 (705017.300)
1.3 (0.88–2.2)

2.960 (1.500–7.390)
1.918 (757–3.138)

486 (396–662)
679 (465–706)
177 (110–205)

0.86
0.0

<0.0001
0.0
0.0
0.59
0.0

Life-sustaining treatment during ICU 
stay

Ventilatory support

   NIV, n (%) 54 (24.8) 52 (41.6) 2 (2.1) <0.0001

  Invasive ventilation, n (%) 163 (75.2) 73 (58.4) 90 (97.8) <0.0001

  Duration of IMV, d, median (IQR) 11 (7–18) 11.5 (8.2–20.0) 10 (6–16)

  PEEP, cm H2O, median (IQR) 12 (10–14) 12 (11.5–14.0) 12 (10–14)

  Prone position, n (%) 83 (38.2) 39 (31.2) 44 (47.8) 0.0

  Neuromuscular blockade, n (%) 89 (41.0) 43 (34.4) 46 (50.1)

  Duration, d, median (IQR) 4.5 (3.0–8.0) 4.0 (2.0–8.0) 5.0 (3.0–9.5) 0.49

  Vasopressor, n (%) 148 (68.2) 62 (49.6) 86 (93.4) <0.0001

  RRT n (%) 78 (35.9) 24 (19.2) 54 (58.6) <0.0001

  ECMO, n (%) 2 (0.9) - 2

Superinfection, bacterial, fungal, n (%) 83 (38.2) 33 (26.4) 50 (54.3) 0<0.0001

Pharmacologic interventions

  Hydroxychloroquine, n (%) 110 (50.6) 57 (45.6) 53 (57.6) 0.062

  Heparin prophylaxis, n (%) 135 (62.2) 84 (67.2) 51 (55.4) 0.210

  Heparin, therapeutics, n (%) 72 (33.1) 39 (31.2) 33 (35.8) 0.424

  Corticosteroids, n (%) 176 (81.1) 93 (74.4) 83 (90.2) 0.011

  Tocilizumab, n (%) 11 (5.0) 6 (4.8) 5 (5.4) 0.700

ICU LOS, d median (IQR) 10 (5–17) 10.0 (4.0–16.2) 11 (6.0–17.7) 0.253

ICU Mortality n (%) 92 (42.4)

SAPS 3 : Simplified Acute Physiology Score 3; LDH : Lactic dehydrogenase; PaO2/FIO2 : Pressure of Arterial Oxygen to Fractional Inspired Oxygen Con-
centration; PEEP : Positive end-expiratory pressure; NIV : Non-invasive ventilation; RRT: Renal Replacement Therapy; ECMO: Extracorporeal membrane 
oxygenation; ICU LOS : Intensive Care Unit length of Stay.

Table 1. Clinical characteristics and outcomes of critically ill patients with COVID-19
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heparin, and tocilizumab. Data on the characteristics of invasive 
and non-invasive respiratory support, the use of prone position, 
extracorporeal membrane oxygenation (ECMO), and vasoactive 
drugs were also collected. Additionally, the main complications, 
acute kidney injury requiring haemodialysis, secondary infec-
tious complications, and the outcomes were ascertained.

    In our analysis, we defined as non-invasive ventilation pa-
tients those who at no time during ICU stay required tracheal 
intubation and invasive ventilation. Patients initially submitted 
to non-invasive support who subsequently required invasive 
ventilation were allocated to the invasive ventilation group, and 
their data were analysed. For the characterization of acute re-
nal injury, we used the KDIGO score criteria. The presence of 
an infectious bacterial or fungal complication was determined 
by the attending physician based on clinical laboratory (mainly 
procalcitonin), microbiological and imaging data. Serial deter-
mination of serum procalcitonin was often crucial to confirm the 
diagnosis. The follow-up of the patients was carried out until 31 
October 2020.

Statistical analysis

     No sample size calculation was performed, the sample size 
being equal to the number of patients treated during the study pe-
riod. Statistical analyses were performed using R software ver-
sion 4.0.2 (R Core Team, 2017). Continuous data are expressed 
as median and interquartile range [IQR 25–75], Categorical data 
are expressed as absolute values and/or percentages. Numerical 
variables were compared between survivors and non-survivors 
using the Mann-Whitney test. Categorical variables were com-
pared using the chi-square test or Fisher’s exact test. 

   Survival time was calculated in days, considering date of 
admission to the ICU as the initial date for all patients. Patients 
who died, identified as the target event (failure), the final date 
was date of death. For patients that did not die (censored), the 
final date was defined as October 31, 2020 or day of hospital 
discharge. The Kaplan-Meier plot was used to compare mortali-
ty during 28-day in- ICU between patients aged 65 and over and 
those below 65 years. Survival curves were compared using the 
log-rank test. In all tests, a significance level of 5% was adopted.

   A Cox proportional-hazards regression model was adjusted 
to assess independent risk factors associated with ICU mortality. 
Initially, univariate analysis was performed, with the following 
variables: age, sex, SAPS score 3, diabetes, D-dimer, ferritin, 
PaO2/FIO2, and the use of vasopressors and dialysis. Variables 
with a p-value ≤ 0.10 in the univariate analysis were included 
in the multivariate model. Those with a p-value <0.05 remained 
in the final model (multivariate analysis). To evaluate multicol-
linearity was calculated the Variance Inflation Factors (VIF). 
The proportional hazards assumption was checked using statis-
tical tests and graphical diagnostics based on the scaled Schoen-
feld residuals.

Results
From 27 March to 30 September 2020, 926 patients were ad-

mitted to Hospital São Domingos with a confirmed diagnosis 
(RT-PCR) of COVID-19. Of this total, 217 patients were treat-
ed in the ICU. The median age was 64 years (IQR 54–75), 108 
(49.8%) patients were 65 years or older, 141 (64.9%) patients 

were men, and 187 (86.1%) patients had comorbidities, namely 
arterial hypertension (122 patients) and diabetes (86 patients). 
The median duration of the disease before arrival at the hospital 
was 7 (IQR 4–10) days. In the laboratory evaluation, patients 
had a median creatinine of 1.05 on arrival at the ICU and mark-
ers of inflammation (D-dimer, Ferritin, DLH and fibrinogen) 
markedly high. Upon arrival to the ICU, PaO2 / FIO2 had a me-
dian of 188.5 (IQR 125.2–300).

During their ICU stay, 54 patients (24.8%) were treated ex-
clusively with non-invasive respiratory support including 
non-rebreathing mask, high flow nasal cannula, and non-inva-
sive positive pressure ventilation, while 163 patients (75.2%) 
were submitted to invasive mechanical ventilation. Eighty-nine 
patients (40%) received neuromuscular blocker, 83 patients 
(38.2%) underwent prone position, and 148 patients (68.2%) 
received vasopressor drugs. Seventy-eight patients (35.9%) re-
ceived renal replacement therapy, and two (0.9%) patients were 
treated with extracorporeal membrane oxygenation (ECMO). 
Eighty-three patients (38.2%) had bacterial or fungal superinfec-
tions. The most used pharmacological intervention was cortico-
steroids, which were used in 176 patients (81.1%). Heparin for 
therapeutic purposes was used in 72 patients (33.1%). Hydroxy-
chloroquine was used in 110 patients (50.6%). The use of the 
drug was concentrated in the months of April and May (100 pa-
tients). The median ICU stay was 10 days (IQR 5-17) (Table 1).

Clinical outcome and risk factors for case fatality

Ninety-two patients died during their stay in the ICU, cor-
responding to a mortality rate of 42.4%. The length of stay in 
the ICU was 10 days (5–17) days. In table 1, surviving and 
non-surviving patients are compared. Non-survivors were older 
[72 (IQR 63 – 80.7) vs 58 (IQR 44–68.5), p <0.0001] and more 
severely ill in the SAPS 3 assessment [65.5 (IIQ 58–77) vs 54 
(42.5–62.5), p <0.0001]. For 108 patients aged 65 years or older, 
44 (35.2%) survived, and 64 (69.5%) deceased (p <0.0001) (Fig-
ure 1). It is noteworthy that mortality was significantly higher in 
diabetics (56.5% vs 27.2%, p <0.0001), but the difference did not 

 Figure 1.  ICU survival curves of patients < 65  (- - - - ) and ≥ 65 years (–)
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reach statistical significance for hypertensive patients. Regarding 
inflammatory markers, the marker that had the greatest impact as 
a mortality indicator was the D-dimer [2,960 (IQR 1,500–7,390) 
vs 1,290 (IQR 770–3,110), p <0.0001], followed by DLH (p = 
0.008), and ferritin (p = 0.012). Fibrinogen and leukocyte count 
had no impact on survival.                                                        

Regarding life support measures, invasive mechanical ventila-
tion was used as a predictor of mortality, used in 58.4% of survi-
vors and 97.8% of non-survivors (p <0.0001). Vasopressors were 
used in 93 patients, of whom 4% were non-survivors and 49.6% 
were survivors (p <0.0001). Dialysis treatment was used in 58.6% 
of non-survivors and 19.2% of survivors (p <0.0001). Non-inva-
sive ventilation was used in 41.6% of survivors and only 2.1% 
of non-survivors (p <0.0001). ECMO was used in two patients 
who did not survive. In total, 54.3% of non-survivors and 26.4% 
of survivors (p <0.0001) were diagnosed with a bacterial super-
infection. No significant difference between the two groups was 
found in pharmacological therapies, except corticosteroids (93 
(74.4%) in survivors vs 83 (90.2%) in non-survivors, p = 0.011).

The Cox proportional hazards model showed that the only vari-
able that was independently associated with ICU mortality was 
diabetes (HR= 2.0100; p= 0.0256) (Table 2).

Discussion
Among 217 critically ill adults with COVID-19 admitted to a 

35-bed ICU of a tertiary hospital in northeast Brazil, the majority 
were men with hypertension and diabetes; 75.2% of patients re-
ceived invasive mechanical ventilation, a third received RRT, and 
the most used pharmacological intervention was corticosteroids, 
which were used in 176 patients (81.1%). As of 30 September 
2020, 42.4% of patients had died in the ICU.

All patients were admitted to the ICU due to acute hypoxemic 

respiratory failure. Fifty-four patients (24.8%) were treated 
with non-invasive respiratory support, 163 patients (75.2%) un-
derwent invasive mechanical ventilation, 89 (41%) received a 
neuromuscular blocker, and 83 patients (38.2%) underwent the 
prone position. Two patients were treated with ECMO. In a case 
series of 1591 COVID-19 patients admitted to ICUs in northern 
Italy, 11% were treated with non-invasive ventilation [3]. Oth-
er studies have reported the use of non-invasive ventilation in 
14% [7] and 32% of patients [8]. The use of invasive mechanical 
ventilation in 75.2% of our cases is comparable to that of other 
studies that enrolled critically ill patients [3,9] but significantly 
higher than the percentage of other case series that also enrolled 
critically ill patients [4, 10].    

Acute kidney injury is associated with high mortality in pa-
tients with COVID-19, especially when renal replacement thera-
py is required. In these patients, renal injury is related to nonspe-
cific mechanisms, such as the cytokine release and thrombotic 
events, but also to damage to the renal tubular cell by the virus it-
self [11]. In our case series, 78 patients (35.9%) underwent renal 
replacement therapy. Initially, little attention was paid to renal 
injury in patients with COVID-19. In a case series of non-severe 
COVID-19 patients, Wang L. et al. [12] found a slight increase 
in urea and creatinine in 10% of patients. However, this infor-
mation has not been supported by recent studies. In a study by 
Yang et al. [4], 29% of patients with severe forms of COVID-19 
developed acute kidney injury. Similarly, Diao et al. reported a 
27% incidence of AKI [13]. In this study, the incidence of renal 
injury in patients over 60 years of age was 69.5%.     

Mortality due to COVID-19 in the various studies that includ-
ed ICU patients ranged from 16% [10] to 78% [7]. In this study, 
the average mortality rate was 42.4% and was significantly high-
er in patients aged 65 years or older, which is consistent with an 

             Variable                                    Univariate                                                          Multivariate

       HR             CI              p Value   HR                 CI                    p Value

Age         1.03040      1.01-1.05        <0.001                1.0231          0.99-1.04                0.1031              

Male    094320       0.61-1.45        0.7910

SAPS 3    1.02926      1.01-1.04        <0.001               1.0015          0.98-1.03                0.9177

Diabetes    2.15920      1.43-3.27        <0.001              2.0100          1.09-2.86                0.0256

Hypertension      1.19580      0.78-1.83         0.4130

D-dimmer                         1.00002      1.00-1.01         0.0125              1.0000           1.00-1.01               0.1325

Ferritin      1.00001      1.00-1.01         0.0686  1.0001               1.00-1.01          0.0929

PaO2/FIO2                       099799       1.00-1.01         0.0570              0.9973           1.00-1.01              0.1745

RRT    1.64420      1.08-2.50         0.0196              0.5964            0.52-1.57             0.1851

Vasopressors     3.82060      1.66-8.78         0.0016               2.6173            0.93-6.66             0.4447

HR : Hazard Ratio; CI : Confidence interval; SAPS 3 : Simplified Acute Physiology Score 3;  PaO2/FIO2 : Pressure of Arterial Oxy-
gen to Fractional Inspired Oxygen Concentration ; RRT : Renal replacement therapy

Table 2. Univariate and multivariate Cox regression proportional-hazards model of risk factors associated with ICU mortality in 
COVID-19 patients
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earlier study [14]. We did not observe survival differences by 
sex, but this is inconsistent with the results of a previous study 
[4]. Compared with survivors, non-survivors presented with 
more comorbidities, especially diabetes and arterial hyperten-
sion, although in the case of hypertension the difference has been 
shown to be borderline. A previous study revealed that original 
comorbidities were potential risk factors [4]. Non-survivors also 
showed expressively higher inflammatory markers, especially 
d-dimer, LDH, and ferritin, corroborating other studies [6, 15]. 
Also, mortality was substantially higher in patients undergoing 
invasive mechanical ventilation, receiving vasopressors, and in 
those undergoing renal replacement therapy.

The incidence of bacterial or fungal superinfection in gener-
al has either not been addressed or very superficially addressed 
by the various studies that analysed clinical characteristics and 
outcomes in patients with COVID-19 [2, 9, 19]. A prospective 
study involving 257 critically ill patients reported that the in-
cidence of superinfection was unknown and that most patients 
received antimicrobials empirically [6]. A retrospective study 
involving 239 critically ill patients in Wuhan reports a reduced 
incidence of bacterial superinfection with no impact on mortal-
ity [5]. In this study, 83 (38.2%) patients had a bacterial or fun-
gal superinfection, and the incidence was significantly higher in 
non-survivors.   

Regarding drug interventions, the only intervention that re-
sulted in a significant difference between survivors and non-sur-
vivors was corticosteroids, used in 90.2% of non-survivors 
and in 74.4% of survivors (p <0.011). A preliminary report 
compared the use of dexamethasone (6 mg/day) with the usual 
treatment and showed a 28-day mortality reduction in patients 
with COVID-19 submitted to invasive and non-invasive respira-
tory support [16]. Since the publication of that study, the use of 
dexamethasone at a dose of 6mg/day has been incorporated into 
WHO guidelines [17] and become widely used, although the 
study left some unanswered questions, such as the large number 
of exclusions without a clear explanation [18]. No significant 
difference was found between survivors and non-survivors in 
relation to the other drugs used. 

In this cohort of patients, 86.1% had at least 1 comorbidity, 
higher than that reported by Grasselli et al. (68%) [3] and other 
studies [1, 8, 10]. Similar to previous reports [8, 10], hyperten-
sion was the most common comorbidity, followed by diabe-
tes. Logistic regression analysis showed that hypertension did 
not impact mortality, and diabetes was the only variable inde-
pendently associated with ICU mortality. Two recently pub-
lished studies identified diabetes as an independent determinant 
of hospital mortality in patients with COVID-19 [20, 21].

This study has some limitations. Firstly, it is a retrospective 
study, which limits the volume and quality of information that 
can be obtained in prospective studies. Secondly, it was carried 
out in a single hospital that only serves patients using health 
insurance, potentially limiting the generalizability of the results 
beyond the socioeconomic reality of the population studied. 
Thirdly, our analysis incorporated data collected until 30 Sep-
tember 2020. The condition of patients who remained in the 
ICU was monitored until 31 October.    

Conclusions
This single-centre study suggests that older patients with dia-

betes are at increased risk of mortality. Non-invasive respiratory 
support (high flow nasal cannula oxygen) may be essential to 
disease management.

Highlights
The study findings implicate that older patients with diabetes 

are at increased risk of mortality. Non-invasive respiratory sup-
port and the monitoring of inflammatory markers may be crucial 
to disease management.
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