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Abstract
Background: End-stage kidney disease patients on dialysis 
are particularly susceptible to COVID-19 infection due to co-
morbidities, age, and logistic constraints of dialysis making 
social distancing difficult. We describe our experience with 
hospitalized dialysis patients with COVID-19 and factors as-
sociated with mortality. Methods: From March 1, 2020, to 
May 31, 2020, all dialysis patients admitted to 4 Emory Hos-
pitals and tested for COVID-19 were identified. Sociodemo-
graphic information and clinical and laboratory data were 
obtained from the medical record. Death was defined as an 
in-hospital death or transfer to hospice for end-of-life care. 
Patients were followed until discharge or death. Results: Six-
ty-four dialysis patients with COVID-19 were identified. 
Eighty-four percent were African-American. The median age 
was 64 years, and 59% were males. Four patients were on 
peritoneal dialysis, and 60 were on hemodialysis for a me-
dian time of 3.8 years, while 31% were obese. Fever (72%), 
cough (61%), and diarrhea (22%) were the most common 
symptoms at presentation. Thirty-three percent required ad-

mission to intensive care unit, and 23% required mechanical 
ventilation. The median length of stay was 10 days, while 11 
patients (17%) died during hospitalization and 17% were dis-
charged to a temporary rehabilitation facility. Age >65 years 
(RR 13.7, CI: 1.9–100.7), C-reactive protein >100 mg/dL (RR 
8.3, CI: 1.1–60.4), peak D-dimer >3,000 ng/mL (RR 4.3, CI: 
1.03–18.2), bilirubin >1 mg/dL (RR 3.9, CI: 1.5–10.4), and his-
tory of peripheral vascular disease (RR 3.2, CI: 1.2–9.1) were 
associated with mortality. Dialysis COVID-19-infected pa-
tients were more likely to develop thromboembolic compli-
cations than those without COVID-19 (RR 3.7, CI: 1.3–10.1). 
Conclusion: In a predominantly African-American popula-
tion, the mortality of end-stage kidney disease patients ad-
mitted with COVID-19 infection was 17%. Age, C-reactive 
protein, D-dimer, bilirubin, and history of peripheral vascular 
disease were associated with worse survival.

© 2021 S. Karger AG, Basel

Introduction

Dialysis patients carry a higher risk of infectious com-
plications, and from early reports, this risk includes com-
plications from the severe acute respiratory syndrome 
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coronavirus 2 (SARS-CoV-2) which causes COVID-19. 
In fact, the first US reported death from COVID-19 oc-
curred in a hemodialysis patient [1]. Since then, there 
have been several reports describing the effect of CO-
VID-19 in the dialysis population [2–9].

A report of hospitalized COVID-19 patients from Wu-
han, China, showed that hemodialysis patients had worse 
outcomes compared to controls without kidney failure 
[5]. In addition, the hemodialysis COVID-19 patients de-
veloped serious complications such as shock, acute respi-
ratory distress syndrome (ARDS), arrhythmias, and acute 
cardiac injury at a higher rate. The authors concluded that 
patients on hemodialysis with COVID-19 were at higher 
risk of death (14 vs. 4%) [5]. In a population of hospital-
ized dialysis patients in New York City, there was a 31% 
mortality rate and 75% of those who required mechanical 
ventilation died [2]. This dialysis patient population had 
similar mortality outcomes to those reported from Eu-
rope [7–9].

Dialysis patients are a high-risk population for trans-
mission of COVID-19 due to some of their underlying 
comorbidities and logistical difficulties of keeping ad-
equate social distancing as recommended by CDC 
guidelines [6, 10–12]. However, it is unclear whether 
their outcomes are different than the nondialysis popu-
lation. Additionally, new information suggests that the 
rate of asymptomatic COVID-19 infection in dialysis 
patients is substantial [13]. In the USA, African Ameri-
cans progress to end-stage kidney disease (ESKD) at 
higher rates [14, 15] and make up nearly 30% of the 
ESKD population [16]. Furthermore, African Ameri-
cans have been disproportionally affected by the CO-
VID-19 pandemic due to a higher prevalence of comor-
bid conditions such as obesity, diabetes, and hyperten-
sion [17–20] and potentially socioeconomic disparities 
such as institutional racism, poor housing, front-line 
jobs that limit social distancing, and unemployment 
and loss of health insurance exacerbated by the pan-
demic [21–24].

Given the vulnerability of the ESKD and African-
American populations to COVID-19 exposure and its 
complications, we sought to examine the risk factors, 
clinical characteristics, and outcomes in hospitals serving 
this patient population. Here we present our early experi-
ence with COVID-19 in a predominantly African-Amer-
ican ESKD population admitted to our large academic 
health system with special emphasis on factors associated 
with mortality.

Materials and Methods

Data Selection and Extraction
This study was approved by the Emory University Institution-

al Review Board. The Emory nephrology consult database and Em-
ory Clinical Data Warehouse (CDW) containing electronical med-
ical records from Emory University Hospital, Emory University 
Hospital Midtown, Emory Saint Joseph’s Hospital, and Emory 
Johns Creek Hospital were searched to identify all ESKD patients 
who were admitted between March 1, 2020, and May 31, 2020. Pa-
tients undergoing emergency room visits or <24-h observation vis-
its were excluded. ESKD was defined as patients receiving mainte-
nance dialysis prior to admission. ICD10 codes, hemodialysis, and 
peritoneal dialysis orders were identified. Patients tested for CO-
VID-19 by a polymerase chain reaction (PCR) were selected, and 
those with positive results were identified. Our institutions used 
nasopharyngeal samples for COVID-19 testing. Patients were fol-
lowed until discharge from the hospital or death.

Patient data, including sociodemographic information, clinical 
data, medication use at time of admission, and laboratory data, 
were obtained from the Emory CDW. Manual chart review was 
performed on the COVID-19-positive patients. Symptoms on ad-
mission, comorbid conditions, and radiographic findings were ex-
tracted manually from the chart. Charlson Comorbidity Index [25] 
was calculated to determine the burden of comorbidities. Death 
was defined as an in-hospital death or transfer to hospice for end-
of-life care.

Statistical Methods
Continuous variables were described as median (interquartile 

range [IQR]), and categorical variables as frequency rates or per-
centages. The Mann-Whitney-Wilcoxon test or Student’s t test 
was used for comparison of continuous variables, whereas the χ2 
test or Fisher’s exact test was used for comparison of categorical 
variables. The Shapiro-Wilk test was used to determine distribu-
tion normality of continuous variables. Relative risk of death was 
calculated to explore the association of relevant clinical and labora-
tory findings with mortality. Data processing, analysis, and graph-
ics were performed with R software (R Core Team [2019], R foun-
dation for Statistical Computing, Vienna, Austria).

Results

Patients and Clinical Characteristics
From March 1, 2020, to May 31, 2020, 807 ESKD pa-

tients were admitted. 554 of these patients (69%) were 
tested for COVID-19 infection. 490 patients tested nega-
tive, and 64 patients receiving renal replacement therapy 
prior to admission had a positive test (12%) and represent 
the study population in this report.

These 64 ESKD patients represent 9% of COVID-
19-related admissions during the study period. Sixty 
(94%) patients received in-center hemodialysis, and 4 
were on peritoneal dialysis prior to admission. The ma-
jority of patients were African Americans (84%) with a 
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median age of 64 years. Fifty-nine percent were males, 
and 62% had diabetes. The median time on dialysis was 
3.8 years. These basic demographics are presented in Ta-
ble 1. Gender (59 vs. 53% males), race distribution (84 vs. 
75% African Americans), median age (64 vs. 61 years), 
and BMI (27 vs. 27 kg/m2) were similar in COVID-
19-positive and COVID-19-negative patients.

The most common comorbidities recorded at the time 
of admission were hypertension, diabetes, congestive 
heart failure, coronary artery disease, peripheral vascular 
disease, chronic lung disease, and arrhythmias. There 
were 2 HIV-positive patients. Thirty-one percent of pa-
tients had a body mass index of >30 kg/m2. A detailed 
prevalence of comorbidities is presented in Table 1. Sur-
vivors were younger (median age 62 vs. 75 years, p = 0.01) 
and had a lower prevalence of peripheral vascular disease 
(13 vs. 45%, p = 0.025) compared to nonsurvivors. The 
medical burden of comorbidities was similar as judged by 

the Charlson Comorbidity Index. Medications prescribed 
in the outpatient setting and relevant inpatient medica-
tions are presented in online suppl. Table A; see www.
karger.com/doi/10.1159/000514752 for all online suppl. 
material. Patients who expired were more likely to have 
used renin-angiotensin system blockers (ACEi or ARBs) 
than survivors (64 vs. 30%, p < 0.04).

Symptoms and Chest-X-Ray Findings
The most common symptoms at presentation were fe-

ver (72%), cough (61%), and diarrhea (22%). Dyspnea 
was also reported frequently. Not a single patient report-
ed anosmia as a symptom. The most common radio-
graphic findings were bilateral patchy infiltrates (56%), 
pulmonary edema (11%), pleural effusions (6%), and at-
electasis (5%). Twenty-two percent of chest radiographs 
were reported as normal or unremarkable at the time of 
admission.

Table 1. Baseline demographics and comorbidities

Total1
(N = 64)

Survivors1

(n = 53)
Deceased1

(n = 11)
p value2

Age, years 64 (53–75) 62 (52–69) 75 (69–76) 0.02
Gender, n (%)

Female 26 (41) 23 (43) 3 (27) 0.5
Male 38 (59) 30 (57) 8 (73)

Race, n (%)
African American or black* 54 (84) 43 (81) 11 (100) 0.6
Non-Hispanic Caucasian or white 6 (10) 6 (11) 0 (0)
Hispanic white 4 (6) 4 (7.5) 0 (0)

Vintage 3.8 (2.0–7.0) 3.5 (2.0–6.2) 6.0 (2.4–9.6) 0.4
Charlson Comorbidity Index (age adjusted) 7 (5–9) 6 (5–9) 8 (7–11) 0.06
History of hypertension, n (%) 60 (94) 49 (92) 11 (100) >0.9
History of diabetes, n (%) 31 (58) 9 (82) 0.26
History of CV disease**, n (%) 23 (36) 18 (34) 5 (45) 0.06
Congestive heart failure, n (%) 20 (31) 17 (32) 3 (27) >0.9
Peripheral vascular disease, n (%) 12 (19) 7 (13) 5 (45) 0.03
Chronic lung disease, n (%) 13 (20) 11 (21) 2 (18) >0.9
Arrhythmias, n (%) 11 (17) 9 (17) 2 (18) >0.9
Obesity (body mass index >30), n (%) 20 (31) 17 (32) 3 (27) 0.4
Body mass index 27 (23–33) 27 (23–33) 27 (22–30) >0.8
Dementia, n (%) 8 (12) 7 (13) 1 (9.1) >0.9
History of DVT/PE***, n (%) 6 (9.4) 5 (9.4) 1 (9.1) >0.9
Tobacco abuse, n (%) 24 (38) 17 (32) 7 (64) 0.08
Valvular disease, n (%) 5 (7.8) 4 (7.5) 1 (9.1) >0.9

* All African Americans were non-Hispanic. ** CV disease, coronary artery disease, cerebrovascular accident, 
and/or valvular disease. *** DVT/PE, deep venous thrombosis or pulmonary embolism. 1 Statistics presented: 
median (IQR); n (%). 2 Comparing survivors with deceased. Statistical tests performed: Wilcoxon rank-sum test, 
Fisher’s exact test, and Student’s t test.
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Laboratory Findings
Laboratory data are presented in Table 2. Sixty-nine 

percent of COVID-19-positive ESKD patients had lym-
phopenia (defined as a lymphocyte count of <1,000 cells/
mL) on admission. All but 3 patients had C-reactive pro-
tein (CRP) above the normal range for our laboratory. 
When tested in 33 patients, ferritin was above 800 ng/dL 
in 79% of patients. Troponin I was above the normal 
range (0.04 ng/mL) in 74% of tested patients (n = 47). 
Brain natriuretic peptide (BNP) level was elevated in 89% 
of patients. Aspartate aminotransferase (AST), bilirubin, 
CRP, and peak D-dimer were statistically higher in pa-
tients who expired during hospitalization. D-dimer 
reached their peak level after a median of 5 days (IQR 
1–19). Troponin I on admission was also higher in non-
survivors, but the difference did not reach statistical sig-
nificance (Table 2). Interleukin-6 (IL-6) was measured in 
only 17 patients with 9 having levels above 5 pg/mL (con-
sidered the upper limit of normal in our reference labora-
tory), while 4 of those required ICU admission. None of 
the 8 patients with normal IL-6 levels required ICU ad-
mission. In comparison to our COVID-19-negative pa-
tients, ESKD COVID-19-positive patients had signifi-

cantly higher AST, CRP, ferritin, hemoglobin, and tropo-
nin; meanwhile, BNP, lymphocyte count, and overall 
WBC count were lower (online suppl. Table B).

Thromboembolic Complications
As part of our institution treatment protocol, patients 

were categorized based on D-dimer levels and assigned to 
different levels of prophylactic anticoagulation or treat-
ment if a thromboembolic event was documented. In 
ESKD COVID-19-positive patients, the median peak D-
dimer was 3,114 ng/mL (normal upper limit 574 ng/mL) 
with 42% of patients with D-dimer >3,000 ng/mL. Non-
survivors had median peak D-dimer levels higher than 
survivors (24,145 vs. 2,199 ng/mL, p = 0.004) (Table 2; 
Fig. 1). Interestingly, ESKD COVID-19-negative patients 
admitted during the same period also had elevated D-di-
mer, with a median of 3,124 ng/mL.

Five patients (8%) developed thromboembolic com-
plications (2 pulmonary embolisms [PE] and 3 leg deep 
venous thromboses [DVT]). As a reference, during the 
same period, only 2% of ESKD COVID-19-negative pa-
tients developed thromboembolic complications, 4 PE 
and 8 DVT (relative risk [RR] 3.7, CI: 1.3–10.1). The me-

Table 2. Baseline laboratory data

Total1
(N = 64)

Survivors1

(n = 53)
Deceased1

(n = 11)
p value2

Hemoglobin, g/dL 10.7 (9.2–11.8) 10.7 (9.1–11.7) 10.8 (9.8–11.9) 0.7
WBC, ×103/mL 7.0 (5.2–11.1) 6.0 (4.2–9.3) 8.1 (5.1–14.2) 0.3
Platelets, ×103/mL 210 (142–283) 210 (152–281) 209 (138, 295) 0.8
Lymphocyte count 0.82 (0.56–1.14) 0.84 (0.60–1.29) 0.74 (0.38–0.97) 0.14
Albumin, g/dL 3.8 (3.2–4.0) 3.8 (3.3–4.0) 3.6 (3.2–3.9) 0.5
Calcium, mg/dL 8.9 (8.5–9.4) 8.8 (8.4–9.3) 9.2 (8.9–10.0) 0.06
AST, units/L 28 (19–48) 24 (19–39) 41 (28–148) 0.02
ALT, units/L 14 (10–26) 15 (10–21) 14 (11–60) 0.2
Bilirubin, mg/dL 0.5 (0.4–0.7) 0.5 (0.4–0.7) 0.8 (0.5, 1.3) 0.03
Ferritin, ng/mL 1,800 (1,081–3,633) 1,788 (1,008–2,674) 3,664 (1,760–11,984) 0.2
CRP (admission), mg/dL 106 (51–182) 81 (45–124) 174 (138–267) <0.01
CRP (maximal), mg/mL 162 (65–198) 116 (49–191) 245 (177–333) 0.01
BNP, pg/mL 576 (291–2,046) 575 (268–1,650) 1,545 (205–2,115) 0.4
Troponin I, ng/mL 0.07 (0.04–0.23) 0.07 (0.04–0.11) 0.25 (0.06–0.87) 0.06
D-dimer (admission), ng/mL 1,736 (1,168–3,502) 1,682 (1,155–2,630) 1,844 (1,411–7,355) 0.4
D-dimer (peak), ng/mL 3,114 (1,474–7,728) 2,199 (1,342–4,851) 24,145 (4,172–60,000) <0.001
Lactic acid, mmol/L 1.10 (0.75–1.80) 0.80 (0.70–1.40) 1.90 (1.28–2.70 0.4
LDH, unit/L 371 (268–534) 371 (268–524) 424 (290–3,135) 0.4

WBC, white blood cell count; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, 
C-reactive protein; BNP, brain natriuretic peptide; LDH, lactate dehydrogenase. 1 Statistics presented: median 
(IQR). 2 Comparing survivors with deceased. Statistical tests performed: Wilcoxon rank-sum test; Fisher’s exact 
test.
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dian D-dimer in patients with thromboembolic compli-
cations was 11,533 ng/mL (IQR: 4,406–28,382). We did 
not include vascular access thrombosis as a thrombotic 
complication.

Outcomes and Factors Associated with Mortality
Table 3 describes the most relevant outcomes recorded 

during hospitalization. Ten patients died, and 1 addition-
al patient was discharged to hospice for end-of-life care 
and was counted as a death. Twenty-one patients (33%) 
required admission to ICU. Fifteen patients required me-
chanical ventilation (23%). Sixty-six percent of ESKD 
COVID-19-positive patients were discharged home, and 
17% required temporary admission to a physical reha-
bilitation facility.

The mortality rate of ESKD patients with COVID-19 
infection was 17%. As a reference, during the same time 
period, there were 490 ESKD patients admitted without 
COVID-19. Thirty-eight of them died during their hos-
pitalization (8%), and 13 were discharged to terminal 
hospice care (3%) for a mortality rate of 11%. The mortal-
ity RR for ESKD patients with COVID-19 was 2.0 (CI: 
1.1–3.8) compared to ESKD patients without COVID-19 
admitted during the same period.

Age >65 years (RR 13.7, CI: 1.9–100.7), CRP >100 mg/
dL (RR 8.3, CI: 1.1–60.4), peak D-dimer >3,000 ng/mL 
(RR 4.3, CI: 1.03–18.2), bilirubin >1 mg/dL (RR 3.9, CI: 
1.5–10.4), and history of peripheral vascular disease (RR 
3.2, CI: 1.2–9.1) were associated with mortality. Figure 1 
displays values of D-dimer, CRP, and bilirubin on admis-
sion and their relationship with hospital mortality.

Discussion

Dialysis patients are particularly vulnerable to poor 
outcomes related to COVID-19 due to their underlying 
comorbid illnesses and immunosuppression. Also, dialy-
sis patients are a high-risk population for transmission of 
COVID-19 due to difficulties to maintain adequate social 
distancing due to attending dialysis sessions thrice week-
ly. We report our outcomes of ESKD patients admitted to 
our academic health system with COVID-19-positive 
tests in a predominantly African-American population.

Our study highlighted specific risk factors for CO-
VID-19 complications and death that have not been pre-
viously reported in the ESKD population. Older age, his-
tory of peripheral vascular disease, and liver function ab-
normalities as well as elevated D-dimer and CRP levels 
were independent risk factors for death.
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Fig. 1 Comparative serum concentration 
levels of admission CRP, peak D-dimer, 
and admission bilirubin in COVID-
19-positive (blue circles) and COVID-
19-negative (white circles) ESKD patients. 
CRP, C-reactive protein.

Table 3. Outcomes

Total 
(N = 64)

Survivors1

(n = 53)
Deceased1

(n = 11)
p value2

ICU admission, n (%) 21 (33) 12 (23) 9 (82) <0.001
Ventilator, n (%) 15 (23) 6 (11) 9 (82) <0.001
CRRT use, n (%) 8 (38) 2 (4) 6 (55) <0.001
Hospital days 10 (5–14) 10 (5–13) 11 (6–22) 0.4

CRRT, continuous renal replacement therapy. 1  Statistics 
presented: n (%); median (IQR). 2  Statistical tests performed: 
Fisher’s exact test; Wilcoxon rank-sum test.
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The hospital mortality rate seen in our cohort (17%) is 
similar to that seen in a predominantly ethnic Chinese 
ESKD cohort in Wuhan (14%) [5]. The Wuhan cohort 
had a similar age, ICU admission rate, and ventilator us-
age to ours, but their patients had significantly less diabe-
tes and fewer cardiovascular comorbidities. Our cohort’s 
mortality rate was lower than the 31% seen in a predom-
inantly Hispanic cohort from New York. Average age and 
comorbidities were similar between the 2 cohorts, but the 
New York cohort had higher ICU and ventilator use. Pre-
dominantly White, European cohorts from Italy, France, 
and Spain had either similar or older ages (61–72 years), 
similar comorbidities, and higher mortalities (27–31%) 
than our cohort [7–9].

There are several explanations for our mortality being 
lower than the European cohorts and similar to a cohort 
with fewer comorbidities in China. First, our average age 
was lower than the European cohorts, even though co-
morbidities were similar. Second, our institutions’ ICU, 
ventilator, and dialysis capacity were not overwhelmed 
at any time during the study period. In support of this 
explanation, our ICU survival was also significantly 
higher than other institutions [26]. A third explanation 
is that our population is predominantly African Ameri-
can as historically African-American ESKD patients 
have had lower overall mortality rates than whites [27, 
28].

One reason often given for improved survival of Afri-
can Americans on dialysis is greater obesity which has 
shown a paradoxical relationship with mortality in the 
dialysis population [27–29]. Consistent with this para-
dox, our current report is in contradiction to the general 
population affected by COVID-19 by not implicating 
obesity as a risk factor for worse outcomes in COVID-19 
[20, 30]. However, the New York, Spanish, and French 
ESKD COVID-19 cohorts had similar BMI to our pa-
tients and also showed no significant relationship of BMI 
with mortality [2, 7–9]. All of these results are consistent 
with the observation that in dialysis patients, racial back-
ground does not modify the relationship of BMI with 
mortality [31]. Thus, obesity does not explain the better 
survival seen in our cohort.

We experienced a lower prevalence of COVID-19 in-
fection among ESKD patients admitted to the hospital 
(12%) compared to the Wuhan and Italian cohorts [5, 8]. 
We had time to implement rigorous infection protocols 
in most of our dialysis centers early on in the pandemic 
and may have identified patients earlier in the course of 
the disease resulting in a reduced risk of more severe 
complications. Nevertheless, ESKD patients with CO-

VID-19 infection had a RR of death of 2.01 (CI: 1.06–
3.84) compared to hospitalized ESKD patients that tested 
negative for COVID-19.

Activation of the coagulation cascade as measured by 
D-dimer has emerged as a poor prognostic indicator in 
patients with COVID-19 [32–34]. We are the first to re-
port this finding in an ESKD cohort with 10-fold higher 
peak D-dimer in COVID-19-positive patients who died 
compared to those who survived. The smaller French 
and Spanish cohorts [7, 8] showed a trend for higher D-
dimer in ESKD patients who died compared to survivors, 
but the difference did not reach statistical significance. 
We also found elevated D-dimer levels in both ESKD 
COVID-19-positive and ESKD COVID-19-negative pa-
tients (online suppl. Table B), consistent with the obser-
vation that ESKD itself is associated with higher D-dimer 
levels [35, 36]. Despite not observing any differences in 
D-dimer, we report a higher risk of thromboembolic 
complications in COVID-19-positive patients compared 
to ESKD COVID-19-negative patients. The elevated D-
dimer levels documented in ESKD patients [36, 37] have 
not previously been associated with increased mortality. 
However, elevated D-dimer levels correlate with the se-
verity of atherosclerotic burden and history of periph-
eral vascular disease [38–42]. Studies related to uncover-
ing mechanisms for COVID-19 thrombotic complica-
tions are of extreme interest and ongoing [29, 30]. 
Intensified anticoagulation strategies based exclusively 
on elevation of D-dimer have not been thoroughly tested 
in dialysis patients with COVID-19 infection, and con-
cerns about the risk of bleeding have also been raised 
[43]. It is worth mentioning that the highest D-dimer 
levels occurred after a median of 5 days of hospitaliza-
tion. Given the finding of significantly elevated D-dimer 
levels in our ESKD COVID-19-negative cohort, dedicat-
ed studies are needed to answer the issue of appropriate 
and safe anticoagulation beyond standard care in this 
population.

Data from French and Spanish cohorts agree with 
our finding that higher CRP is a powerful marker of 
mortality. The French cohort found that CRP signifi-
cantly correlated with death in multivariate analysis 
along with lactic dehydrogenase and thrombocytopenia 
[9]. In the Spanish cohort with 36 patients, laboratory 
values were similar to ours with CRP and bilirubin be-
ing significant in both univariate analyses. Age was the 
dominant effect on mortality in the limited multivariate 
analysis [7].

In the respiratory tract and vascular endothelium, 
ACEIs and ARBs upregulate cell surface expression of an-
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giotensin-converting enzyme 2 (ACE2), the entry point 
for SARS-CoV-2 [44, 45]. However, higher ACE2 expres-
sion is associated with better outcomes in most viral 
pneumonia. Our data provide a signal for potentially 
worse outcomes in dialysis patients who were on ACEIs 
and ARBs, but this could be confounding by indication as 
patients on ACEIs and ARBs likely have a higher burden 
of cardiovascular disease.

Lower lymphocyte counts are a hallmark of CO-
VID-19 disease and are associated with poor outcomes, 
although it is unclear if the low counts are pathogenic 
[46]. One study found worse survival in dialysis patients 
affected by COVID-19 [7]. Similarly, a lower lymphocyte 
count has been reported to occur in 50% of the ESKD 
population [47]. In our study, the absolute lymphocyte 
count was indeed lower in the ESKD COVID-19 cohort 
compared to non-COVID-19 patients (online suppl. Ta-
ble B); however, we did not find an association between 
lymphopenia and increased risk of mortality in the CO-
VID-19 cohort, perhaps due to our low number of patient 
deaths.

We report that there were no differences in treatment 
either in regard to anticoagulation or in steroid use 
among survivors and nonsurvivors. Anticoagulation 
was given to patients with higher D-dimer per hospital 
protocol which could influence this finding. Steroids are 
recognized now as a potential beneficial therapeutic 
agent [48] but were not used during the time period of 
our report. No dialysis patient was offered remdesivir, 
and only 6 patients received hydroxychloroquine while 
hospitalized.

The low number of deaths likely limited our ability 
to detect more statistically significant differences in 
other factors typically associated with worse clinical 
outcomes in dialysis patients. The lack of racial diver-
sity in this cohort also limits the determination of racial 
differences in risk factors and outcomes. However, our 
predominantly African-American population is a 
strength because it is compatible with the overrepresen-
tation of African Americans in the non-ESKD popula-
tion affected by COVID-19 and allows identification of 
potential risk factors that may be particularly informa-
tive for future mitigation strategies in this high-risk mi-
nority population. Our patient population was a 94% 
hemodialysis modality patient population which was 
similar to the ESRD Network 6 with a prevalence of 89% 
[49]. Lastly, the availability of detailed demographic 
and clinical variables allowed us to provide a more com-
prehensive assessment of putative risk factors for mor-
tality not previously reported.

Conclusion

We report our experience caring for predominantly 
African-American ESKD patients hospitalized with CO-
VID-19. Mortality rates are lower than other cohorts, and 
older age, history of peripheral vascular disease, and ele-
vated CRP, bilirubin, and D-dimer emerged as important 
risk factors for death. Better understanding of risk strati-
fication could potentially lead to more precise targeting 
of therapies for COVID-19 in ESKD. The finding of in-
creased D-dimer and lymphopenia in the COVID-
19-negative dialysis patients raises questions about the 
role of these abnormalities in the general ESKD popula-
tion. In summary, our findings provide guidance on risk 
stratification for the vulnerable African-American ESKD 
population and reinforce the need for dialysis centers to 
remain vigilant in following appropriate infection control 
measures to prevent the spread of the coronavirus.
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