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Abstract

Purpose Hemodialysis patients with COVID-19 are at increased risk of death. We aimed to describe the characteristics of a
cohort of Brazilian hemodialysis patients with COVID-19 and assess their mortality rate and risk factors for death.
Methods Retrospective cohort study of 741 Brazilian hemodialysis patients with confirmed COVID-19 from Feb—Dec/2020,
of 52 dialysis centers of the country. We analyzed comorbid conditions, sociodemographic factors, and dialysis-related
parameters. To detect risk factors for mortality in hemodialysis patients, we performed multivariable Cox proportional hazard
regression analysis. Survival was analyzed by Kaplan—Meier.

Results From 9877 hemodialysis patients, 741 were diagnosed with COVID-19. Mean age was 57 + 16 years, 61% were
male, and 51% white. The most frequent symptoms were fever (54.1%), cough (50.9%), and dyspnea (37.2%); 14.2% were
asymptomatic. There were 139 deaths (18.8%), with 66% within the disease’s first 15 days. 333 patients (44.9%) required
hospitalization, and 211 (28.5%) were admitted to an intensive care unit. The cumulative probability of survival at 90 days
of diagnosis was 79% (95% CI 76-82%). In the fully adjusted multivariate model, the risk factors significantly associated
with death were diabetes mellitus (HR 1.52, 95% CI 1.05-2.19, P=0.026), use of a central venous catheter (CVC) (HR 1.79,
95% CI 1.22-2.64, P=0.003), age (HR 1.03, 95% CI 1.01-1.04, P <0.001), and origin from the North vs. Southeast region
(HR 2.60, 95% CI 1.01-6.68, P=0.047).

Conclusions Hemodialysis patients using a CVC as the vascular access, aside from diabetic and elderly ones, should be
closely monitored due to their high risk of death in the course of the COVID-19.
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Introduction

Access to dialysis treatment is a right of every Brazilian citi-
zen since 1993. Overall, approximately 80% of the patients
on maintenance dialysis are financed by the public health
system and 20% by private health insurance companies.
Data from the Brazilian Dialysis Census estimate that by
04 Ricardo Sesso July, 2019, there were 139,691 patients on a chronic dialysis
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Kidney failure was identified as a risk factor for a worse
prognosis in patients with COVID-19, with mortality rates
ranging between 29 and 41%, in different reports [5, 6]. In a
nationwide Brazilian study encompassing 207 dialysis cent-
ers (37,852 hemodialysis patients) conducted from Feb/2020
to Jun/2020, a COVID-19 diagnosis was reported in 1291
patients, corresponding to an incidence of 341/10,000
patients. The high mortality rate and the case-fatality ratio of
these patients of 94.3/10,000 and 27.7%, respectively, were
noteworthy, with the highest figures found in the north and
northeast regions of the country [7].

The risk factors for mortality in hemodialysis patients
diagnosed with COVID-19 described so far are age, non-
Hispanic black race, diabetes, coronary heart disease, time
on dialysis, presence of fever and cough at diagnosis, need
for hospitalization, hypoxemia, mechanical ventilation, use
of vasoactive drugs, lymphocytopenia and elevated levels of
ferritin, lactate dehydrogenase (DHL) and C-reactive protein
(CRP) [5-13].

The present study’s main objective was to analyze the
data from the Brazilian COVID-19 Hemodialysis Registry
patients, describing their sociodemographic characteristics,
clinical aspects, mortality rates, survival probability, and
risk factors associated with mortality.

Materials and methods
Study design

This is a retrospective cohort observational study with data
collection performed through voluntary filling out of a form
available online for dialysis clinics affiliated with the Bra-
zilian Society of Nephrology (BSN). All dialysis clinics in
the country were invited to participate in the study utilizing
various means of communication. Those whose managers
accepted to participate filled out individual patient informa-
tion and sent it electronically to the research coordinating
center. Adult patients (> 18 years) with CKD undergoing
kidney replacement therapy for hemodialysis for at least
3 months were selected. The analysis interval included
patients diagnosed since the beginning of the country’s pan-
demic (Feb 26th, 2020) until Dec 12th, 2020. As an inclu-
sion criterion, the patients should have had a diagnosis of
COVID-19 by laboratory examination, either by RT-PCR
or serology. The Research Ethics Committee of the Federal
University of Sdo Paulo approved the study under the regis-
tration number 39988220.0.1001.5505.

Sampling

The information was obtained from the medical records
of patients in outpatient dialysis clinics, and there was no
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direct contact with the patients or other collection of mate-
rial for laboratory examination. Information was collected
on the patients’ sociodemographic characteristics (age,
gender, and race), previous comorbidities, dialysis, vas-
cular access, medications in continuous use, information
about the COVID-19 diagnosis, clinical picture presented
by the patient, need for hospitalization, need for admis-
sion to an intensive care unit (ICU) and/or intubation, and
mortality. The form sent to the clinics for completion is
available online (http://censo-sbn.org.br/reglgCovid19). In
case of doubts about any of the information sent, an inves-
tigator of the Brazilian Society of Nephrology Registry
contacted the clinic for data validation.

Statistical analysis

The normality of data distribution was assessed by the
Kolmogorov—Smirnov test. Continuous variables were
expressed as mean + standard deviation, and categorical
variables were expressed as frequency and percentages.
The mortality rate of COVID-19 in hemodialysis patients
was calculated as the number of deaths due to COVID-19/
total hemodialysis population of the sample and adjusted for
10,000 exposed. A similar approach was used to calculate
the incidence rates, but using the number of new cases in the
numerator. The case-fatality ratio was calculated by dividing
the number of deaths due to COVID-19 by the total number
of confirmed sample cases.

The cumulative survival curve was calculated using the
Kaplan—Meier method, considering the beginning of the
follow-up, the date of the COVID-19 diagnosis and the
final date of follow-up, the date of death, or up to 90 days
of the diagnosis. If the patient had not completed 90 days
of follow-up, he was censored on the last follow-up date.
Univariate analysis of death’s risk was performed using Cox
proportional hazards regression, with hazard ratios (HR) cal-
culated with 95% confidence intervals (CI). Initially, the fol-
lowing variables were tested for association with mortality:
age, gender, obesity (body mass index > 30 kg/m?), patients’
origin by region of the country, comorbidities (previous
stroke, chronic liver disease, diabetes mellitus, hypertension,
chronic obstructive pulmonary disease (COPD), peripheral
arterial obstructive disease, heart failure, previous myocar-
dial infarction, previous kidney transplantation, previous or
current neoplasia, and positive HIV serology), current or
former smoking, use of renin—angiotensin—aldosterone sys-
tem (RAAS) inhibitors, dialysis funding, and central venous
catheter (CVC) use. Next, variables with P <0.20 in the uni-
variate analysis were included in multiple Cox proportional
hazards models. The comorbidities were treated as the pri-
mary interest variable. We subsequently adjusted the find-
ings for other independent variables in a step-to-step fashion.
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Results

From 805 dialysis centers invited, 52 agreed to partici-
pate. A total of 741 hemodialysis patients with a diagno-
sis of COVID-19 were studied. The centers were located
in 13 out of the 27 states of the union and treated 9897
patients, resulting in an average of 14.3 cases/center and
an incidence rate of 749/10,000 patients. The distribution
of patients by region is shown in supplementary Figure S1.
Patients were predominant from the southeast region, fol-
lowed by the northeast and south regions. Over time, the
distribution of cases is depicted in supplementary Figure
S2, with the highest number of patients diagnosed in July
and August/2020.

The participants’ general characteristics, whose mean
age was 57 + 16 years, are in Table 1. They were predomi-
nantly male (61%) with white skin color (50.9%) and a
prevalence of obesity of 17.4%. The most common previ-
ously diagnosed comorbidities were hypertension (83.5%),
diabetes mellitus (39.5%), and heart failure (17.4%). About
42% of the patients used a RAAS inhibitor, and 4.7% had a
prior kidney transplant. The hemodialysis treatment of the

vast majority of the patients was funded by the Brazilian
Public Health System (SUS) (83.7%) in centers with pre-
dominantly private management (78.1%). Approximately,
one-quarter of them had a CVC as the vascular access
for the procedure. When data from the patients who died
were compared with the ones that survived, statistically
significant differences were found for age, and prevalence
of previous stroke, diabetes mellitus, chronic obstructive
pulmonary disease, and central venous catheter use as the
vascular access, all higher in the deceased cases.

Table 2 shows data regarding the patients’ clinical pres-
entation, diagnostic tests, and outcomes. The most frequent
clinical findings were fever (54.1%), coughing (50.9%), and
dyspnea (37.2%), with 14.2% of patients asymptomatic.
The COVID-19 diagnosis was most commonly based on
RT-PCR (68.7%) in nasal-pharyngeal swab samples. Of the
333 (44.9%) patients requiring hospitalization, 211 (63.4%)
demanded intensive care, and 146 (43.8%) mechanical
ventilation. Within a median follow-up of 74 days, 139
deaths were observed, corresponding to a mortality rate of
113/10,000 hemodialysis patients and a case-fatality ratio of
18.8%. The Kaplan—Meier curve showed that most deaths
(92/139) occurred within the first 15 days of hospitalization.

Table 1 Baseline characteristics

o All Fatal course P value
of Brazilian COVID-19
hemodialysis patients (N=741) No Yes
N=602 N=139
Age, years 5716 55+16 64+15 <0.001
Male gender 452 (61.0) 364 (60.9) 88 (63.3) 0.528
Obesity (body mass index > 30 kg/m?) 129 (17.4) 105 (17.6) 24 (17.3) 0.958
Comorbidities
Previous stroke 26 (3.5) 16 (2.7) 10(7.2) 0.009
Chronic liver disease 15 (2.0) 13 (2.2) 2(1.4) 0.587
Diabetes mellitus 293 (39.5) 216 (35.9) 77 (55.4) <0.001
Hypertension 619 (83.5) 498 (82.7) 121 (87.1) 0.215
Chronic obstructive pulmonary disease 27 (3.6) 17 (2.8) 10 (7.2) 0.013
Peripheral arterial obstructive disease 53(7.2) 42(7.0) 11 (7.9) 0.699
Heart failure 129 (17.4) 100 (16.6) 29 (20.9) 0.233
Previous myocardial infarction 41 (5.5) 31(5.1) 10 (7.2) 0.342
Previous kidney transplantation 35@4.7) 28 (5.1) 7(74) 0.880
Previous or current neoplasia 27 (3.6) 21 (3.5) 6(4.3) 0.639
Positive HIV serology 4(0.5) 3(0.5) 1(0.7) 0.748
Current smoking 14 (1.9) 13 (2.2) 1(0.7) 0.261
Former smoking 49 (6.6) 38 (6.3) 11 (7.9) 0.493
Use of RAAS inhibitors 310 (46.1) 250 (45.4) 60 (49.6) 0.400
Dialysis aspects
Central venous catheter 186 (25.1) 133 (22.1) 53 (38.1) <0.001
Funding by the Public Health System 620 (83.7) 511 (84.9) 109 (79.0) 0.090
Private management 579 (78.1) 464 (77.1) 115 (82.7) 0.262

Values are mean =+ SD or n (%)

RAAS renin—angiotensin—aldosterone system

@ Springer



196

International Urology and Nephrology (2022) 54:193-199

Table 2 Clinical presentation, diagnosis, and outcomes in Brazilian
COVID-19 hemodialysis patients (N=741)

Clinical findings
Fever 401 (54.1)
Cough 377 (50.9)
Dyspnea 276 (37.2)
Fatigue and malaise 203 (27.4)
Myalgia 182 (24.6)
Gastrointestinal symptoms 121 (16.3)
Sensorium perturbations 28 (3.8)
No signs or symptoms 105 (14.2)
COVID-19 diagnosis
RT-PCR 509 (68.7)
Serological test 180 (24.3)
RT-PCR + serological test 52 (7.0)
Outcomes
Hospitalization 333 (44.9)
Intensive care unit 211 (28.5)
Need of mechanical ventilation 146 (19.7)
Death 139 (18.8)

Values are n (%)

RAAS renin—angiotensin—aldosterone system
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Fig.1 Cumulative probabilities of survival of hemodialysis patients
after COVID-19 diagnosis

The probabilities of cumulative survival after 30, 60, and
90 days of diagnosis were 82% (95% CI 79-85%), 80%
(95% C177-83%), and 79% (95% CI 76-82%), respectively
(Fig. 1).

In the univariate analysis using the Cox proportional
hazards regression models (supplementary Table S1), the
following previous comorbidities showed a high prob-
ability of direct association (P <0.20) with a fatal course:
prior stroke, diabetes mellitus, hypertension, COPD, and
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myocardial infarction. Other independent variables with a
high probability of direct association with death were the
use of a CVC as the vascular access for hemodialysis, age,
and origin from the Northeast and North regions compared
to the Southeast one. Public funding tended to be inversely
associated with death. In the multivariate analysis (Table 3),
the inclusion of all comorbidities with a high probability of
association with death (Model 1) resulted that only diabe-
tes mellitus (HR: 1.97, 95% CI: 1.40-2.78, P<0.001) and
COPD (HR: 2.19,95% CI: 1.12-4.29, P=0.021) were inde-
pendently associated with mortality. Diabetes mellitus (HR:
1.73, 95% CI: 1.21-2.46, P=0.02), and COPD (HR: 2.22,
95% CI: 1.14-4.33, P=0.019) remained as independently
associated with mortality even after adjustment by the use
of a CVC (Model 2), which, by itself, emerged as indepen-
dently associated with death (HR: 1.70, 95% CI: 1.19-2.43,
P=0.003). After age adjustment (Model 3), the only previ-
ous comorbidity that persisted associated with mortality was
diabetes mellitus (HR: 1.51, 95% CI: 1.05-2.17, P=0.028)
aside of CVC use (HR: 1.66,95% CI: 1.15-2.39, P=0.007)
and age (HR: 1.03, 95% CI: 1.01-1.04, P <0.001). Finally,
in the fully adjusted Model 4, four variables were found to be
independently associated with mortality: diabetes mellitus
(HR: 1.52, 95% CI: 1.05-2.19, P=0.026), the use of CVC
(HR: 1.79, 95% CI: 1.22-2.64, P=0.003), age (HR: 1.03,
95% CI: 1.01-1.04, P<0.001), and origin from the North
region in comparison to the Southeast one (HR: 2.60, 95%
CI: 1.01-6.68, P=0.047). No interaction was found between
either venous catheter and diabetes or venous catheter and
age with death.

Discussion

In this large multicenter study in Brazil, we report that
age, diabetes mellitus, CVC, and geographic region were
associated with mortality in maintenance HD patients with
COVID-19. Some logistic features of in-center hemodialysis
treatment, such as the need to stay together 3 or more times
per week for 4 h or so in relative proximity and the use
of collective means of transportation when traveling to the
dialysis center, may favor the spread of the disease. In addi-
tion, kidney failure patients undergoing hemodialysis are
recognized as a group risk, especially susceptible to severe
disease forms worldwide [7, 14—17]. In this regard, our
group had already reported the alarming incidence, mortal-
ity, and fatality rates in a broad survey of Brazilian dialysis
centers by July 2020 [7].

For the present study, we resorted to an online nationwide
survey collecting variables of each case of COVID-19 in
several dialysis centers in the country. By December 11th,
2020, we had received information of 741 confirmed cases
of Brazilian COVID-19 hemodialysis patients derived from
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Table 3 Multivariate Cox regression analysis for association with mortality in Brazilian COVID-19 hemodialysis patients
Model 1 Model 2 Model 3 Model 4
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Comorbidities
Stroke 1.91 (0.99-3.70)  0.054 1.63(0.81-3.27) 0.171  1.42(0.71-2.86)  0.325 1.37 (0.67-2.82)  0.394
Diabetes mellitus ~ 1.97 (1.40-2.78)  <0.001  1.73 (1.21-2.46) 0.002  1.51 (1.05-2.17) 0.028 1.52 (1.05-2.19)  0.026
Hypertension 1.28 (0.78-2.11)  0.330 1.35(0.80-2.29) 0.262  1.31(0.76-2.25) 0.337 1.34 (0.77-2.34)  0.305
COPD 2.19 (1.12-4.25)  0.021 222 (1.14-4.33)  0.019 1.70(0.86-3.33) 0.126 1.59(0.77-3.26)  0.21
Ml 0.98 (0.70-1.36)  0.895 0.96 (0.69-1.34) 0.813  1.02(0.72-1.45)  0.906 1.02 (0.71-1.46) 0913
Use of CVC 1.70 (1.19-2.43)  0.003  1.66 (1.15-2.39)  0.007 1.79 (1.22-2.64)  0.003
Age, years 1.03 (1.01-1.04) <0.001 1.03 (1.01-1.04)  <0.001
Patient’s origin
Southeast Reference
South 0.93 (0.56-1.55) 0.783
Middle west 1.20 (0.63-2.29)  0.581
Northeast 0.88 (0.52-1.47)  0.621
North 2.60 (1.01-6.68)  0.047
Public funding 0.97 (0.61-1.54)  0.889

COPD chronic obstructive pulmonary disease; MI myocardial infarction; CVC central venous catheter

52 centers (9877 HD patients), located in 13 out of the 27
states of the union, from all geographic regions, represent-
ing one of the largest samples of COVID-19 hemodialysis
patients reported so far. Most of the patients belonged to
the Southeast region, which also concentrates the highest
number of hemodialysis patients in the country [18].

Compared to our July 2020’s report [7], the present study
estimated incidence rate (per each 10,000 exposed) showed
a twofold increase (329 vs. 749, respectively), the mortal-
ity rate (per each 10,000 exposed) was ~20% higher (94 vs.
113, respectively), and the case-fatality ratio, ~35% lower
(28% vs. 19%, respectively). The peak of contagious took
place 1-2 months after the July 2020’s report, in July and
August 2020. When the update numbers are compared with
the ones from the general Brazilian population by the first
week of December, the rates of incidence and mortality of
hemodialysis patients were 2.3 times and 13.5 times higher,
respectively, and the case-fatality ratio was 7.2 times higher.

The hemodialysis sampling general characteristics regard-
ing age, gender, and obesity are comparable to the whole
Brazilian dialysis population and so was the frequency of
using a CVC as the hemodialysis vascular access (around
25%). In addition, more than 80% of the dialysis procedures
were funded by the public health care system, and the pre-
dominant management of the centers was private, accom-
panying the national trend of the kidney failure treatment
model of the country [2, 19].

The clinical presentation was consonant to previous stud-
ies in the general population and dialysis centers [11-13].
Fever and cough were the most prevalent findings, followed
by dyspnea, fatigue/malaise, and myalgia. Interestingly,

14.6% of our patients were asymptomatic. Consistent with
some previous studies with dialysis patients [11, 20], the
clinical course of the COVID-19 in our cohort denotes the
severity of the disease. The percent of patients demanding
hospitalization approached 50% of the cases; close to 30%
required intensive care; ~20% received tracheal intubation
and mechanical ventilation; and 19% had a fatal course. The
cumulative patients’ survival rate on the 90th day of follow-
up was 79%. Remarkably, 78% of the fatalities took place in
the first 20 days of the disease. In the literature, we could not
find a previous study with a survival curve of a large number
of COVID-19 hemodialysis patients, but early death was a
common finding [8—13, 20].

Data from the fully adjusted Cox proportional hazard
regression model confirmed diabetes mellitus as an inde-
pendent risk factor for mortality, increasing the risk of death
by 52%. In the general population, many studies have been
establishing diabetes mellitus as a risk factor for mortality
[17, 21]. However, data in hemodialysis patients are con-
flicting. Some small sample studies have failed to confirm
such association [8, 10, 20], perhaps due to underpowering.
Concurring with our finding, though, a recent adequately
powered study pointed out that diabetes mellitus poses a
significant risk for COVID-19 hemodialysis patients’ prog-
nosis [6].

Other variables that remained as independent factors for
mortality in the present study were age, CVC use, and ori-
gin from the country’s north region. Since the beginning
of the SARS-Cov-2 epidemics, age has been recognized
as a risk factor for death in the general population [22,
23], a finding confirmed in most studies with hemodialysis
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patients [6, 13, 14]. As indicated before [24, 25] aging
may be associated with a higher burden of comorbidities,
and subclinical impairment of organs and systems, some
of them critical to recovery from COVID-19, as it seems
the case of the respiratory muscles. In addition, the older
people may be less immunocompetent [24, 25], a condi-
tion that can be aggravated in hemodialysis patients by
the superimposing kidney failure associated immunode-
ficiency [26, 27].

A strong independent risk factor for mortality in COVID-
19 observed in our study was the use of a CVC as hemo-
dialysis access, even after adjusting for several variables.
Patients portraying such devices had close to 80% higher
risk of death. A recent smaller study with 128 hemodialy-
sis patients admitted to ICUs in the U.S. has suggested this
association, although without a full multivariate adjustment
as in our study [14]. CVC use is known to add substantial
morbidity in the general hemodialysis population [28, 29].
The presence of foreign material in regular direct contact
with the bloodstream can predispose to infections. Non-
rarely, CVC-associated infections in this setting can result
in sepsis and endocarditis and become a life-threatening
condition. It is possible that microorganisms either previ-
ously colonizing CVC or recently adhered to CVC surface
more easily disseminate into the bloodstream in the setting
of a multisystem inflammation in frail patients such the ones
in maintenance dialysis. In addition, the presence of CVC
could trigger or worsen the oxidative stress process and
inflammation [30]. We wonder if the close monitoring and
the early indication for antimicrobial agents in patients with
COVID-19 using CVC as vascular access could improve
their prognosis. Finally, patients who originated from the
north region of the country had more than a twofold increase
in death risk after adjustment for confounders. The north
is among the country’s less developed areas and had the
lowest ratio of dialysis centers per country’s population.
The scarcity of well-equipped health care centers/hospitals,
which are located far from the dialysis facilities, may have
contributed to this finding.

Our study has some limitations. The source of informa-
tion was the dialysis centers, and as such, data from hospital-
ized patients were all indirect. Consequently, we did not have
access to the laboratory parameters at admission and the
treatment offered. Although the study design was retrospec-
tive, the time elapsed between the patients’ data obtained,
mostly in electronic records, death events, and their report
was short, thus minimizing the possibility of bias. Moreo-
ver, if a patient’s death occurred, it had to be necessarily
informed to the dialysis center. Considering that the CVC
was the maintenance access to dialysis and not placed after
hospital admission, it is unlikely that indication bias has
played a role in our findings. Despite adjustment for several
factors associated with mortality, residual bias is inherent to
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observational studies, and epidemiological associations do
not per se represent causal relationships.

In summary, we present data from a nationwide study in
Brazil, with one of the largest samples of COVID-19 hemo-
dialysis patients reported so far. High incidence, mortality,
and fatality rates were observed. Aging and diabetes were
confirmed as risk factors for death. Our findings underscore
that patients using CVC as vascular access for hemodialysis
are especially susceptible to a dismal prognosis when fac-
ing a SARS-Cov-2 infection. If further studies confirm our
findings, close monitoring, strict compliance with infection
control measures, and evaluation of early interventions are
warranted in these patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11255-021-02920-9.
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