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Abstract

Background: We do not have detailed evidence on
conditions or treatments that act as predictors of hospital
outcomes.

saturation < 93%, lymphocytes < 900 mm?3, D-dimers >
1.250 ng/mL and C-reactive protein (CRP) > 8.0 mg/dL.

Conclusion: AZM-Corticosteroids and therapeutic
anticoagulation, when indicated, represented a favorable
combination for inpatients with COVID-19.Some clinical

Objective: To identify the clinical predictors of hospital
outcomes in COVID-19 patients and to evaluate the effect of
therapeutic’s interventions on length of stay, ICU admission,
need for mechanical ventilation (MV) and mortality.

Materials and methods: The primary outcome was to
assess whether any treatment alone or in combination with

predictors at admission may help to estimate a higher risk
of poor evolution.
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standard care, was able to reduce ICU admission, need for
MV or mortality. The secondary end points were 1) To know
if any single or combined treatment was able to reduce the
length of stay in the hospital, MV and ICU, 2) Whether some
form of oxygen support prevented MV and 3) Which clinical
predictors are relevant for worse outcome.

Introduction

Doctors and hospitals have learned a lot about how
best to treat people infected with the novel coronavirus
disease 2019 (COVID-19) in the last months since the
pandemic began. A significant percentage of patients
develop health conditions that require hospital care
[1]. Some conditions prior to hospitalization have been
presented with an important role in the hospitalization
flow. However, we still do not have detailed evidence on
conditions or treatments that act as clinical predictors
of hospital outcomes in COVID-19 patients.

Results: AZM-Corticosteroidandtherapeuticanticoagulation
when indicated reduced the ICU stay in 1.5 day and MV in
4 days, but when the same combination included HCQ this
time increased. For the AZM-Corticosteroid and therapeutic
anticoagulation combination the mean ICU length stay was
15.9 days, however when HCQ was present, again the
mean ICU time was 40.3 days. The clinical predictors at
admission for death were: Age > 65 years, presence of up
one comorbidity, pulmonary involvement more than 50%,
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The practice has varied widely across the world and
several therapeutic interventions have been proposed
and methodological studies have been published,
although far from overwhelming evidence they closely
follow and analyze updates on this outbreak [2].
Therapeutic strategies using hydroxychloroquine (HCQ),
antibiotics, corticosteroid, anticoagulants and others,
in combination or not, were introduced to the clinical
practice. However, there is not consensus about the
best pharmacological combination in the usual care in
the COVID-19 treatment.

Our aim was to identify the main clinical predictors
for a worse prognosis during COVID-19 hospitalization
and to evaluate retrospectively the medical practice
in the real world of our hospital, considering the main
therapeutics’ interventions on length of hospital stay,
need for admission to the intensive care unit (ICU) or
mechanical ventilation (MV) and mortality during the
COVID-19 outbreak in our center.

Methods

Study design and participants

The study was approved by the institutional ethics
committee. This was a single-center, retrospective,
observational cohort study between March 15, 2020
and July 31, 2020 at Hospital Moinhos de Vento, a
teaching private hospital, reference for the treatment
of patients with COVID-19 in the South of Brazil [3].
Patients admitted (aged = 18 years) with RT-PCR positive
for COVID-19 obtained from nasal and pharyngeal swabs
were consecutively recruited.

Patients were assessed retrospectively for specif-
ic outcomes after receiving a set of therapeutic inter-
ventions. The interventions in different combinations,
besides the usual care were: HCQ, azithromycin (AZM),
corticosteroids (dexamethasone, hydrocortisone or
methylprednisolone), tocilizumab, oseltamivir, conva-
lescent plasma, therapeutic anticoagulation and differ-
ent ways of improving oxygen without positive pressure
(nasal catheter and Hudson mask) and with positive
pressure (high flow nasal cannula (HFNC) Bi-level Air-
way Positive Pressure (BiPAP) and MV). Therapeutic
anticoagulation was considered with intention-to-treat
for patients with Deep Venous Thrombosis (DVT), Pul-
monary Embolism (PE) or serum D-dimers > 2,000 ng/
mL. Obese people (body mass index > 30), lymphopenia
(lymphocytes < 900 mm3), D-dimers > 1,250 ng/mL and
C-reactive protein (CRP) > 8.0 mg/dL were considered
abnormal values. The usual dose of corticosteroids used
was < 0.5-1 mg/kg per day of methylprednisolone or
equivalent. The pulmonary impairment was assessed
on a visual scale by two independent chest radiologists
trained to interpreted COVID-19 patients.

The primary endpoint was building up a COVID-19
predictor model based on individual-level data to
estimate ICU admission, need for MV and hospital
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mortality. Additionally, three secondary endpoints
were established: 1) The impact of these interventions
on the length of stay in hospital, ICU and MV; 2) The
likelihood of the different ways of noninvasive oxygen
administration to prevent MV and 3) Which clinical
predictors are relevant to poor outcome (mortality).

Statistical analysis

Descriptive analysis was used to characterize the
studypopulation. Categorical variableswere summarized
using absolute frequencies and percentages, while
continuous variables were analyzed using means and
standard deviation (SD) or median and interquartile
range (IQR). Different combinations of medications
were administered and the one used in multivariable
models was the use of AZM and corticosteroids with
or without the use of therapeutic anticoagulation.
Interaction term with HCQ was used to evaluate the
behavior of the combined therapy of medications in the
presence or absence of the use of HCQ.

Logisticregressionanalysis was conducted to examine
factors associated with the outcomes, adjusting for all
predictors presented in the model. Linear regression
was applied to continuous outcomes. The model results
are presented in odds ratio (OR) or beta (B). For the
multivariable analyses, a theoretical framework was
structured according to literature. Statistical analysis
was performed using SAS software (Statistical Analysis
System, SAS Institute Inc., Cary, N.C.), version 9.4, and
statistical significance was defined as p-value < 0.05.

Results

Between March 15 and July 31, 2020, 459 patients
who had been admitted to Hospital Moinhos de Vento
were identified and considered to meet the criteria.

Clinical characteristics

The median age was 60.0 years (interquartile range
[IQR], 45.0 to 72.0 years) being 262 (57.1%) males. The
main clinical characteristics of patients are presented
in Table 1 and Table 2. The median onset of symptoms
before admission was 7.0 days (IQR, 4.0 to 9.5 days);
136 (29.6%) patients needed admission to the ICU and
97 (21.1%) required MV. The mean length of stay in
hospital, MV and ICU was 13.9 (SD + 16.1), 20.1 (SD *
15.6) and 21.2 (SD + 18.4) days, respectively.

Therapeutic’s interventions

Regarding pharmacologic therapies, HCQ-AZM
was administered to 105 (23.2%) patients; HCQ-
corticosteroid to 49 (10.7%) and AZM-corticosteroid
to 212 (46.8%). Therapeutic anticoagulation was
administered to 138 (31.8%) patients, being 36
(7.9%) combined with HCQ and 78 (17.2%) with
AZM-Corticosteroid. The combination of HCQ-AZM-
Corticosteroid and therapeutic anticoagulation occurred
in 21 patients (4.6%).
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Table 1: Clinical information at admission.

n = 459

n (%) or Median [IQR]

'n (%) or Median [IQR]

Demographics

Compromise Lung (Chest CT)

Male, age (y) 262 (57.0); 60.0 < 50% 351 (83.7)
[45.0-72.0]

Obesity BMI = 30 148 (33.1) =2 50% 68 (16.2)

Comorbidity Laboratory

Hypertension 214 (46.8) Hemoglobin (12.0-15.5 g/dL) 13.7 [12.5-14.8]

Pulmonary disease (emphysema, 101 (22.1) Leukocytes (> 5.000%/mm?) 286 (62.7)

COPD, asthma)

Diabetes 99 (21.6) Lymphocytes (900-2.900 mm?3) 1.030 [755-1.370]

Chronic kidney disease 43 (9.4) Platelets (150.000-450.000 mm?3) 177.000

[140.000-225.000]

Cancer (last 5 y) 43 (9.4) Creatinine (0.60-1.10 mg/dL) 0.95[0.81-1.16]

Self-Reported Symptoms C-reactive protein (> 8.0 mg/dL) 141 (33.6)

Fever 284 (63.5) D-dimers (> 1.250 ng/mL FEU) 71 (17.5)

Cough 271 (60.6) Lactate dehydrogenase (240-480) | 554 [443-680]

Dyspnea 173 (38.7) Total bilirubin (0.0-0.30 mg/dL) 0.38 [0.27-0.49]

Headache 130 (29.0) Troponin (under 14 ng/L) 7.0[5.0-13.0]

Muscle pain (myalgia) 117 (26.1) BNP (up to 100 pg/mL) 33.0[13.0-192.0]

Sore throat 90 (20.1) IL-6 (range 1.5-7.0 pg/mL) 37.0 [9.4-61.0]

Fatigue 84 (18.7)

Coryza 75 (16.7)

Diarrhea 54 (12.0)

Nausea and Vomiting 53 (11.8)

Presence of up to 3 symptoms 251 (56.1)

Y: Year; BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; CT: Computed tomography; BNP: Brain natriuretic

peptide

Table 2: Clinical information at hospitalization.

n (%) or median [IQR] n (%) or median [IQR]
Onset of symptoms and hospital admission 7.0 [4.0-9.5] Pharmacological treatments
(days)
Oxygen supplementation Antibiotic (except azithromycin) | 359 (79.7)
Nasal catheter (NC) 247 (55.5) Azithromycin 340 (75.0)
Hudson mask 86 (19.3) Corticosteroid 283 (61.9)
Noninvasive ventilation (NIV) 76 (17.0) Anticoagulant’ 138 (31.8)
High flow nasal cannula (HFNC) 62 (13.9) Antiviral (oseltamivir) 130 (29.6)
Mechanical ventilation (MV) 97 (21.1) Hydroxychloroquine 115 (25.1)
Oxygen therapy combination Convalescent plasma 76 (16.5)
NC — Hudson mask 79 (17.7) Vasopressor 69 (15.7)
NC — Hudsonmask — NIV 48 (10.8) Anti-IL6 drugs (tocilizumab) 12 (2.6)
NC — Hudsonmask — NIV — HFNC 26 (5.8) Azithromycin + Corticosteroid 116 (25.6)
NC — Hudsonmask — NIV — HFNC — 23 (5.1) Azithromycin + Corticosteroid + | 78 (17.2)
MV Anticoagulant
Intensive care unit (ICU) 136 (29.6) Outcomes
ICU length of stay (days) 15.1[7.1-29.5] Hospital discharge 398 (86.7)
With MV 25.2[11.1-37.0] Death 40 (8.7)
Without MV 7.2[5.3-10.5] Censored” 21 (4.5)

ICU: Intensive care unit; MV: Mechanical ventilation; “Anticoagulation used with treatment intention; "Censored means patients

without outcome results
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Predictor to outcomes

Azithromycin+Corticosteroid without HCQ

ICU admission
Need for mechanical ventilation

Mortality

Azithromycin+Corticosteroid with HcQ

ICU admission
Need for mechanical ventilation

Mortality

Figure 1: Risk predictors to primary endpoint-ICU admission, need for MV and hospital mortality.
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For patients treated with AZM-Corticosteroid the
risk for ICU admission 0.17 (OR; 95% CI 0.05 to 0.57),
for MV 0.16 (OR; 95% CI 0.04 to 0.74) and mortality
was 0.16 (OR; 95% Cl 0.03 to 0.91). For those patients
treated with HCQ-AZM-Corticosteroid, the association
represented loss of benefit (Figure 1). Figure 1 Outcomes
risk according to treatment combined.

Tocilizumab (2.6%), convalescent plasma (16.5%)
and oseltamivir (29.6%) were administered as adjunct
therapy. Among patients admitted to the ICU, 57.6%
(68) received vasopressor and supplemental oxygen
without positive pressure was used in 56.9% (254).
Positive non-invasive ventilation including HFNC and
BiPAP were used in 23.9% (107) while MV in 21.1% (97).
HFNC oxygen therapy was able to prevent the patient’s
progression to MV in 31.8% of cases.

Main outcomes and endpoints

Overall, 86.7% (398) of the patients were discharged
alive and 4.5% (21) were still hospitalized by dataset
freeze date. Of patients admitted to the ICU, 25.7% (35)
died and when MV was required, the mortality increased
to 34.0% (33). Among dead patients, most had median
age of 83.3 years (IQR, 75.5 to 89.5 years) with mean
length of stay in hospital of 25.3 (SD + 22.5) days, in ICU
22.8 (SD + 18.7) and in MV 21.2 (SD + 17.3). The main
clinical predictors related to increased mortality, with
> 70% risk, were: Age > 65 years, presence of up one
comorbidity, pulmonary involvement > 50%, saturation
< 93%, lymphocyte < 900 mm?3, D-dimers > 1,250 ng/mL
and CRP > 8.0 mg/dL at admission, Oxygen requirement
through BiPAP or HFNC, and ICU admission and MV
required during hospitalization were also associated
with a higher risk of death (Figure 2).
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Considering the secondary endpoints, AZM-
Corticosteroid decreased the mean length of hospital
stay in 1.5 day (B -1.5 95% Cl -4.9 to 1.9), while HCQ
alone increased in 6.9 days (B 6.9 95% Cl 3.6 to 10.3).
AZM-Corticosteroid and therapeutic anticoagulation
combination reduced the ICU length stay in 1.5 day (B
-1.5 95% ClI -9.7 to 6.7) and MV in 4 days (B -4.0 95%
Cl -13.4 to 5.3), however, this effect was not observed
when HCQ was associated (Figure 3). For the AZM-
Corticosteroid and therapeutic anticoagulation the
mean length of ICU stay was 15.9 days, but when HCQ
was included, again this time was increased to 40.3 days
(Figure 3). There was a trend to more time in MV in
obese patients. All models were adjusting for sex, age,
obesity, pulmonary involvement, D-dimers, CRP, oxygen
support without positive pressure (nasal catheter and
Hudson mask) and length of hospital stay. Regarding
HCQ have been used or not, the comparability of the
groups was verified in relation to the clinical predictors
for mortality, where there was no difference was
observed among those who received the drug or not
between those treated or not with HCQ. Figure 3 Risk
factors associated with length of stay.

Discussion

Our study sought to identify the clinical predictors for
COVID-19 that resulted in risk for worst outcomes and
the effect of a set of therapeutic interventions on length
of stay, ICU admission, need for MV and mortality. The
study was conducted based in a real world of care at
a Brazilian private hospital. Our major findings suggest:
1) There was a benefit with the combination of AZM-
Corticosteroid to reduce the risk of ICU admission,
need for MV and mortality; 2) The combination of
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Figure 2: Clinical predictors in mortality.
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Figure 3: Medication interaction is the behavior of the combination AZM-Corticosteroids-Anticoagulant in the presence or
absence of HCQ. At the bottom, the mean length of stay for each outcome according to the combination of treatment use.
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AZM-Corticosteroid and therapeutic anticoagulation
when indicated, reduced the mean length of stay in
ICU and MV; 3) The introduction of HCQ to the AZM-
Corticosteroid combination increased the mean length
hospital stay; 4) The use of HFNC prevented in one third
the patient’s progression to MV and 5) Clinical predictors
related to higher mortality at admission, included: Age
> 65 years, presence of up one comorbidity, pulmonary
involvement > 50%, saturation < 93%, lymphopenia,
D-dimers and CRP altered.

Observational and randomized clinical trials (RCT)
have been published, evaluating the effects of several
drugs in terms of potency, efficiency or efficacy in
clinical management [4,5]. Predictive factors and clinical
characteristics that may influence COVID-19 severity
have already been demonstrated in the literature and
multivariable models have been used to identify high-
risk individuals [6,7].

Although some treatments are promising, it is
thought to be early to clearly state that there is a
definitive treatment. The Solidarity Trial Consortium
[8], funded by the World Health Organization showed
that antiviral drugs including remdesivir, HCQ, lopinavir,
and interferon regimens had little or no effect on
hospitalized patients with COVID-19, as indicated by
overall mortality, initiation of ventilation, and duration
of hospital stay. Also, another promising intervention
with convalescent plasma, validated in a RCT showed
no significant differences in clinical status or overall
mortality between patients treated or received placebo

[9].

Although controversial, the use of corticosteroid
seems to have clinical potential on mortality reduction
and need for intubation, provided it is adequate for the
treatment regimen and individual clinical characteristics
[10-12]. The Randomized Evaluation of COVID-19
Therapy (RECOVERY trial) showed that survival was
significantly higher among patients treated with
dexamethasone, especially for those requiring invasive
intubation [13]. Our data reinforce these findings and
highlight the corticosteroid therapeutic effectiveness,
especially inreducing the risk of mortality, ICU admission
and need for MV when combined with AZM.

Therapeutic or prophylactic anticoagulation when
indicated has proven to be an important strategy to the
COVID-19 treatment framework, reducing intubation
and mortality [14]. We also observed some benefits
related to the reduction of ICU and MV length of stay in
patients who used anticoagulant.

Some studies published at the beginning of the
pandemic, with limited evidence, highlighted the benefits
of using HCQ combined or not with AZM in reducing
mortality and total length of stay [15-16]. However, in
an open-label, multicenter, randomized, controlled trial
conducted by the Coalition COVID-19 Brazil I, among in

Floriani et al. Int Arch Intern Med 2021, 5:035

patients with mild-to-moderate COVID-19, the use of
HCQ, alone or with AZM, did not improve clinical status
at 15 days as compared with standard care [17]. Self, et
al. reported similar ineffectiveness in HCQ treatment on
the 14* day of hospitalization [18].

Rosenberg and Magagnoli also performed a protocol
using HCQ combined or not with AZM and found no
reduction in mortality risk and need for MV. Also, they
reported an increase in overall mortality for patients
treated with HCQ alone. In the same direction, we
observed that whenever HCQ was included in the
model, the protective benefit of the association of AZM-
Corticosteroids loses significance and becomes a risk
factor for a worse prognosis [19,20]. We showed that
patients treated with HCQ have a longer hospitalization
compared to patients not treated; a finding previously
discussed by Kalligeros, et al. [21]. Interestingly also,
when we analyzed the clinical predictors influence
under the use of HCQ, there was no significant difference
between those treated or not with HCQ. We assume that
other factors, such drug interactions may be involved in
these findings. Besides that, oseltamivir, convalescent
plasma, vasopressor and tocilizumab when evaluated
alone or combined with HCQ, AZM and corticosteroids
showed no benefit.

The use of HFNC showed a trend toward reduction
in the intubation rate and no difference in mortality,
findings similar to those reviewed by Lin [22]. Geng,
presented HFNCas afavorable option to avoid intubation
through adequate monitoring of the respiratory function
of COVID patients [23].

Clinical predictors associated with mortality
included individuals older than > 65 years, with up
to one comorbidity, pulmonary involvement more
than 50%, saturation < 93%, lymphopenia, elevated
D-dimers and CRP at admission. Oxygen requirement
through BiPAP or HFNC, ICU admission and MV required
during hospitalization were also risk markers. A recent
publication showed that patients with leukocytosis
and CRP altered on arrival were associated with poor
prognosis and may predict the severity of COVID-19 [24].
Other reports also found the increase of biochemical
and inflammatory markers-D-dimers, ferritin, lactate
dehydrogenase, and CRP-when no anticoagulant was
used in treatment [14].

The weakness of our study is related to the fact
that it is observational, unicentric and retrospective
however our results are in line with other RCTs that
recommended the association of corticosteroids to
the set of treatment and advise against HCQ use in
patients with COVID-19. The reduced HCQ treatment
efficiency when included to the set of drugs can be
speculate through the pharmacological interaction
with others drugs triggering for example an increase
in its serum concentration, prolongation of the QT
interval in the ECG and possibly triggering episodes of
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ventricular tachycardia [25-28]. It is known that longer
QTc can cause life-threatening arrhythmias especially
in critically ill patients, however monitoring of ECG
and drug serum level was not uniformly standardized,
given the retrospective nature of the study. Finally, the
results of our study should be evaluated considering
individual clinical characteristics in a real world and
clinicians should carefully weigh the risks and benefits
when considering any therapeutic scheme out of the
randomized clinical trial setting.

Conclusion
In this retrospective cohort study, AZM-
Corticosteroids and therapeutic anticoagulation,

when indicated, represented a favorable combination
for patients hospitalized with COVID-19, reducing
mortality, length of hospitalization and the risk of MV.
HCQ did not yield benefits to combination therapy and
we do not support its use for in patients. HFNC oxygen
therapy was able to reduce the risk of MV support.
Individuals older than > 65 years, with presence of up
one comorbidity, pulmonary involvement more than
50%, saturation < 93%, lymphopenia, D-dimers and CRP
elevated on arrival, oxygen requirement through BiPAP
or HFNC, ICU admission and MV during hospitalization
represented the set of clinical predictors for worse
prognosis.
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