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Abstract

Background: The clinical course of COVID-19 in peritoneal dialysis (PD) patients has so far only been analysed in
relatively small, often single-centre case series. Therefore, we studied patient- and disease-related characteristics and
outcomes of COVID-19 in a larger European cohort of PD patients.

Methods: We used data from the European Renal Association COVID-19 Database (ERACODA) on PD and
haemodialysis (HD) patients with COVID-19 (presentation between February 2020 and April 2021). Hazard
ratios (HR) for mortality at 3 months were calculated using Cox proportional-hazards regression. In addition, we
examined functional and mental health status among survivors at this time point as determined by their treating
physician.

Results: Of 216 PD patients with COVID-19, 80 (37%) were not hospitalised and 136 (63%) were hospitalised, of whom
19 (8.8%) were admitted to an intensive care unit. Mortality at 3 months for these subgroups was 18%, 40%, and 37%,
respectively (p = 0.0031). Compared with HD patients, PD patients had higher mortality (crude HR: 1.49; 95% ClI:
1.33—1.66), even when adjusted for patient characteristics and disease severity (adjusted HR: 1.56; 95% ClI: 1.39-1.75).
Follow-up data on 67 of 146 patients who survived COVID-19 showed functional recovery to pre-COVID-19 levels in 52

(78%) and mental recovery in 58 patients (87%) at 3 months after the COVID-19 diagnosis.

' Department of Nephrology and Hypertension, University Medical
Center Utrecht, Utrecht, The Netherlands

2Department of Internal Medicine, University Medical Center
Groningen, Groningen, The Netherlands

3 Department of Nephrology, Cliniques Universitaires Saint-Luc,
Institute of Experimental and Clinical Research, Université Catholique
de Louvain, Brussels, Belgium

*Department of Nephrology, Hospital Universitario de Cabuenes,
Asturias, Spain

ERA Registry, Amsterdam UMC Location University of Amsterdam,
Medical Informatics, Amsterdam, The Netherlands

¢ Amsterdam Public Health Research Institute, Quality of Care,
Amsterdam, The Netherlands

7 Department of Internal Medicine, Erasmus MC Transplant Institute,
Erasmus Medical Center, Rotterdam, The Netherlands

8 Nephrology Clinic, Dialysis and Renal Transplant Center, ‘C.l. PARHON’
University Hospital, ‘Grigore T. Popa’ University of Medicine, lasi, Romania

? Department of Renal Medicine, Manchester University Hospitals,
Manchester Academy of Health Sciences Centre, UK

10 Associazione Nefrologica Gabriella Sebastio, Martina Franca,
Italy

"' Catharina Ziekenhuis, Eindhoven, The Netherlands

|2Department of Internal Medicine, Division of Nephrology, Maastricht
University Medical Center, Maastricht, The Netherlands

'3 CARIM School for Cardiovascular Disease, University of Maastricht,
Maastricht, The Netherlands

|4Department of Nephrology, Radboud University Medical Center,
Nijmegen, The Netherlands

Corresponding author:

Ron T Gansevoort, Department of Internal Medicine, University Medical
Center Groningen, University of Groningen, Hanzeplein |, 9713 GZ
Groningen, The Netherlands.

Email: r.t.gansevoort@umcg.nl


https://orcid.org/0000-0003-0962-340X
https://orcid.org/0000-0003-0962-340X
mailto:r.t.gansevoort@umcg.nl
https://sagepub.com/journals-permissions
https://doi.org/10.1177/08968608221144395
http://journals.sagepub.com/home/ptd
http://crossmark.crossref.org/dialog/?doi=10.1177%2F08968608221144395&domain=pdf&date_stamp=2023-01-16

24

Peritoneal Dialysis International 43(1)

Conclusion: The mortality rate in the first 3 months after presentation with COVID-19 is high, especially among PD
patients who were hospitalised. PD patients with COVID-19 had a higher mortality risk than HD patients. The majority of
surviving patients recovered both functionally and mentally from COVID-19 within 3 months.
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Introduction

Previous studies have shown that dialysis patients are a
vulnerable population at high risk for a severe course of
COVID-19 and for COVID-19-related mortality.'
Because only about 11% of all dialysis patients worldwide
are treated with peritoneal dialysis (PD)," it is not surpris-
ing that most of the published reports on COVID-19
include only or mainly haemodialysis (HD) patients. As a
result, less is known about the course, treatment, and out-
comes of COVID-19 in PD patients.

However, there are important differences between PD
and HD patients which might have impact not only on the
risk to get infected with SARS-CoV-2, but also on the
clinical course and outcome of COVID-19. First, PD is a
home-based treatment which makes self-isolation easier
because travelling is not necessary. Second, PD patients
are less frequently seen by their nephrologist, especially
during the COVID-19 pandemic. As a result, PD patients
may present at a later stage of COVID-19. Third, the pres-
ence of PD fluid in the peritoneal cavity increases intra-
abdominal pressure which might lead to impaired
diaphragm mobilisation and reduction in lung volume.>

To date only few and relatively small series of PD
patients with COVID-19 have been described,”® some as
part of articles that also describe other dialysis patient
groups.>*'? An European Renal Association (ERA) Reg-
istry report compared 125 PD patients with 3126 HD
patients and showed that there was no statistically signifi-
cant difference between PD and HD patients, although the
adjusted probability of death at day 28 was higher in PD
patients (21.6%) than in HD patients (18.0%).% Unfortu-
nately, details of the disease course and treatment were not
available in this cohort. Another retrospective, single-
centre study performed in the Philippines, that included
103 PD patients with COVID-19 reported higher (in-hos-
pital) mortality on day 30 for HD (38%) than for PD
patients (20%).” In this study, somewhat more clinical
details were presented, but the number of included patients
was still relatively small and the follow-up was limited to
1 month.

Thus, to our knowledge, a comprehensive analysis of the
clinical course and long-term outcomes of COVID-19 in a
large cohort of PD patients is lacking. We therefore aim to
provide an overview of patient and disease characteristics
and to describe the outcomes of COVID-19 in 216 PD
patients from across Europe, based on a large multicentre

study with granular data collection. These characteristics
and outcomes were compared to those of HD patients from
the same cohort.

Materials and methods

Study population

This study is based on data from the European Renal Asso-
ciation COVID-19 Database (ERACODA), which contains
granular data on adult patients (aged >18 years) with kid-
ney failure who were treated with dialysis or living with a
functioning kidney allograft and who developed COVID-
19.'* The COVID-19 diagnosis was based on a positive
result on a real-time polymerase chain reaction (PCR)
assay or a rapid antigen test of nasal and/or pharyngeal
swab specimens, and/or compatible findings on CT scan
or chest X-ray of the lungs.

The database uses REDCap software, a secure web
application for building and managing online databases
(Research Electronic Data Capture, Vanderbilt University
Medical Center, Nashville, TN, USA),14 and is hosted at
the University Medical Center Groningen (UMCQG), the
Netherlands. Patient information is stored pseudonymised.
The study was approved by the Institutional Review Board
of the UMCG, who deemed the collection and analysis of
data exempt from ethics review regarding the Medical
Research Involving Human Subjects Act (WMO). This
study was reported according to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.'’

Data on outpatients and hospitalised patients were
voluntarily reported by physicians responsible for their
care. A total of 225 physicians from 141 centres in 33
countries, mostly in Europe and bordering the Mediterra-
nean Sea, entered data in ERACODA. For the current
study, we included all PD patients who presented for the
first time with COVID-19 between February 1, 2020 and
April 30, 2021 and for whom information on age, sex and
hospitalisation admission was available. These patients
were compared to HD patients from the same cohort with
the same inclusion criteria. The inclusion started at the start
of the COVID-19 pandemic in Europe with the predomi-
nant original SARS-CoV-2 genotype (wild type or alpha-
variant of SARS-CoV-2), whereas it ended when the effect
of the vaccination campaign in Europe became of
influence.
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Data collection

We collected detailed information on patient characteris-
tics, including age, sex, ethnicity, frailty, comorbidities,
hospitalisation and medication use, and on COVID-19-
related characteristics such as symptoms, vital signs and
laboratory test results. Frailty was assessed using the
Clinical Frailty Score, which ranges from 1, representing
very fit, to 9, representing terminally ill."® Comorbidities
were recorded at presentation from patient charts.
Information on functional and mental health outcomes
was collected 3 months after the first presentation with
COVID-19. Due to the study design, we could not invite
individual patients to report on their functional and mental
outcome and we therefore asked nephrologists to report on
these outcomes. Although they do not meet their PD
patients very often (frequency varying between once per
4 to 12 weeks), they know most of their patients well. We
composed a standardised questionnaire for this purpose
(Supplementary material). If patients had not recovered at
3 months, we asked which limiting factors were judged to
be responsible for not reaching the pre-COVID-19 func-
tional and mental health status and how long they estimated
the time interval to reach the pre-COVID status will be.

Statistical analysis

All baseline patient and disease characteristics are sum-
marised using standard descriptive statistics and presented
for the total population, and separately for the categories:
not hospitalised, hospitalised but not admitted to an inten-
sive care unit (ICU) and hospitalised and ICU admitted.

Unadjusted cumulative survival probability curves by
hospitalisation and ICU admission status were created using
the Kaplan—Meier method and compared using a Log-rank
test. Unadjusted and adjusted hazard ratios (HRs) with
95% confidence interval (CI) were estimated using Cox
proportional-hazards regression to compare the risk of
mortality in the three subgroups according to hospitalisation
status among PD patients. The multivariable model included
the potential confounders age, sex and frailty score.

Because the numbers were too small in the subgroups
based on hospitalisation status, we tested in the total group
of PD patients the strength of age and sex adjusted associa-
tions of patient- and disease characteristics with 28-day
mortality. Then a multivariable regression model was built
using a backward elimination procedure on the set of vari-
ables associated with 28-day mortality after age and sex
adjustment with a p value <0.1.

We also compared mortality at 28 days and 3 months
between PD and HD patients using the Kaplan—Meier
method and Cox regression models. We estimated unad-
justed and adjusted HRs for the total group of patients and
in subgroups for the presence of symptoms (yes/no) and for
hospitalisation (yes/no). In the multivariate models we
adjusted for age, sex, frailty score, diabetes mellitus

(yes/no), temperature (°C), respiration rate (per minute)
and oxygen saturation (%).

To account for missing values for frailty score (missing in
89 patients, 41.2%), we imputed missing values using multi-
ple imputation by chained equations using the variables age,
sex, hospital admission status and dialysis modality. In total,
10 imputed datasets were created with 100 iterations. Esti-
mated coefficients and corresponding standard errors across
imputed datasets were pooled as per Rubin’s Rules.'”'®

Among those who were alive at 3 months after COVID-
19 diagnosis, we analysed the residence status (still in the
hospital/nursing home/at home) and the functional and
mental health outcome using descriptive statistics. All anal-
yses were performed using Stata version 14.0 (Stata Corp
LP, College Station, TX, USA). A two-sided p value <0.05
indicated statistical significance.

Results

Study population and patient characteristics

A total of 3380 dialysis patients with COVID-19 were
included in the ERACODA database, consisting of 3041
patients on HD, 231 on PD and 108 patients with unknown
dialysis modality. Information on age, sex and hospitalisa-
tion was available for 216 of the 231 PD patients included in
the analyses. Eighty PD patients (37%) were not hospita-
lised, 117 patients (54%) were hospitalised but not admitted
to an ICU and 19 patients (8.8%) were admitted to an ICU.

Table 1 shows the baseline patient and disease charac-
teristics for the total group and the subgroups. Patients who
were [CU-admitted were significantly younger and more
often had abnormal X-ray and/or CT-scan findings.
COVID-19-related symptoms were most severe in patients
admitted to an ICU when compared to those not ICU-
admitted, with more often shortness of breath, diarrhoea
and myalgia/arthralgia. Patients admitted to the hospital
and/or ICU also had a higher respiration rate, diastolic
blood pressure, and C-reactive protein (CRP) level, and a
lower oxygen saturation and lymphocyte count.

Patient characteristics for 2990 of the 3041 HD patients
whose information on age, sex and hospitalisation was
available are compared with those of PD patients in Table
S1. In Table S2, characteristics are presented for HD
patients in categories based on hospitalisation status;
1276 HD patients (43%) were not hospitalised, 1474
(49%) were hospitalised but not admitted to an ICU and
240 (8%) were admitted to an ICU. Overall, patients pre-
sented with COVID-19 at the hospital 1.60 days after their
symptoms started; this was 1.46 days for HD patients and
2.78 days for PD patients (p = 0.002).

Mortality at day 28 and at 3 months

At day 28, the overall mortality was 28% in all PD patients,
14% in the PD patients who were not hospitalised, 36% in
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Table |. Baseline demographic and clinical characteristics of PD patients with COVID-19 by hospitalisation and intensive care unit

(ICU) admission status.?

Not hospitalised

Hospitalised, no ICU

Hospitalised, ICU

Variable Total® (N = 216) (N = 80; 37%) (N = 117; 54%) (N=19; 8.8%) p Value
Patient characteristics
Male sex, N (%) 153 (71) 54 (68) 87 (74) 12 (63) 0.43
Age, year 654 + 153 63.0 + 17.2 684 + 13.4 57.1 + 134 0.002
BMI, kg/m? 27.6 + 5.0 27.3 + 4.2 27.2 +5.0 304 + 6.7 0.05
Race, N (%) 0.41
White or Caucasian 190 (88) 72 (90) 103 (88) 15 (79)
Non-White 26 (12) 8 (10) 14 (12) 4 (21)
Tobacco use 0.004
Current 9(4.2) 4 (5.0 434 I (5.3)
Prior 48 (22) 10 (13) 33 (28) 5 (26)
Never 83 (38) 24 (30) 50 (43) 9 (47)
Unknown 76 (35) 42 (53) 30 (26) 4(21)
Clinical frailty scale, AU 37+ 1.8 34 4+ 20 40 + 1.8 29 + 1.1 0.06
Reason for screening, N (%) 0.27
Symptoms only 144 (79) 39 (72) 91 (82) 14 (82)
Symptoms and contact 23 (13) 9 (17) 11 (9.9) 3 (18)
Contact only 6 (3.3) 4(74) 2(1.8) 0
Routine screening 9 (5.0) 2 (3.7) 7 (6.3) 0
COVID-19 diagnosis
Positive PCR, N (%) 213 (98.6) 79 (98.8) 115 (98.3) 19 (100) 0.89
Abnormal X-ray, N (%)° 63 (69) 0 49 (69) 14 (93) <0.001
Abnormal CT scan, N (%)* 31 (86) 0 22 (81) 9 (100) <0.001
Comorbidities, N (%)
Obesity 51 (29) 12 (23) 30 (28) 9 (53) 0.06
Hypertension 175 (81) 65 (81) 92 (79) 18 (95) 0.25
Diabetes mellitus 80 (37) 27 (34) 47 (40) 6 (32) 0.56
Coronary artery disease 77 (36) 24 (30) 49 (42) 4 (21) 0.09
Heart failure 48 (22) 16 (20) 28 (24) 421 0.80
Chronic lung disease 24 (11) 9 (I 15 (13) 0 0.26
Active malignancy 16 (7.4) 4 (5.0) 12 (10) 0 0.17
Auto-immune disease 14 (6.5) 4 (5.0) 8 (6.8) 2(11) 0.66
Primary kidney disease, N (%)°
Primary glomerulonephritis 23 (1) 7 (8.8) 13 (1) 3(17) 0.60
Pyelonephritis 4 (1.9 3(3.8) 0 (0) I (5.6) 0.08
Interstitial nephritis I (0.5) 0 (0) 1 (0.9) 0 (0) 0.66
Hereditary kidney disease 6 (2.8) 3(3.8) 2 (1.7) I (5.6) 0.54
Congenital diseases 4 (1.9) I (1.3) 2 (1.7) 1 (5.6) 0.47
Vascular diseases 38 (18) 19 (24) 18 (16) | (5.6) 0.13
Secondary glomerular disease 19 (8.9) 8 (10) 9 (7.8) 2(11) 0.82
Diabetic kidney disease 30 (14) 8 (10) 21 (18) I (5.6) 0.15
Other 73 (34) 25 (31) 43 (37) 5(28) 0.56
Unknown 15 (7.0) 6 (7.5) 6 (5.2) 3(17) 0.21
Dialysis vintage (years) 32,4 3(2,5 3(2,4 2(2,3) 0.57
Medication use
RAAS inhibition, N (%) 66 (31) 21 (26) 38 (32) 7 (37) 0.59
Immunosuppressives, N (%)
Prednisone 15 (6.9) 4 (5.0 7 (6.0) 4 (21) 0.16
Tacrolimus 7 (3.2) 2 (2.5) 434 I (5.3) 0.76
Mycophenolate 3(1.4) I (1.3) 1 (0.9) 1 (5.3) 0.64
COVID-19-related characteristics
Symptoms, N (%)
Sore throat 18 (8.3) 5 (6.3) 11 (9.4) 2(11) 0.92
Cough 103 (48) 21 (26) 68 (58) 14 (74) 0.13
Shortness of breath 63 (29) 6 (7.5) 48 (41) 9 (47) 0.002
Fever 114 (53) 27 (34) 73 (62) 14 (74) 0.58
Headache 13 (6.0) 5 (6.3) 5(4.3) 3 (l6) 0.08
Nausea or vomiting 45 (21) 6 (7.5) 35 (30) 4 (21) 0.12

(continued)
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Table I. (continued)

Not hospitalised

Hospitalised, no ICU  Hospitalised, ICU

Variable Total® (N = 216) (N = 80; 37%) (N = 117; 54%) (N =19; 8.8%) p Value
Diarrhoea 32 (15) 3(3.8) 23 (20) 6 (32) 0.03
Myalgia or arthralgia 40 (19) 10 (13) 20 (17) 10 (53) <0.001

Vital signs
Temperature, °C 376 + 1.0 378 + 09 375 + 1.0 378 + 09 0.30
Respiration rate, /min 19.8 + 5.3 16.8 + 4.7 200 + 53 21.6 + 43 0.0l
O, saturation room air, % 929 + 6.1 96.0 4+ 3.6 924 4+ 6.5 924 4+ 45 0.04
Systolic BP, mmHg 133.24+24.7 139.1 15.6 129.1 + 25.7 143.3 + 282 0.08
Diastolic BP, mmHg 76.6 + 16.7 79.2 + 89 726 + 174 91.2 + 147 <0.001
Pulse rate, BPM 83.7 + 159 776 + 145 84.1 + 16.2 904 + 14.1 0.08

Laboratory test results
Lymphocytes, x 1000/uL 1.0 (0.7, 1.7) 1.7 (1.2, 3.6) 1.0 (0.7, 1.7) 0.9 (0.4, 1.5) 0.04
CRP, mg/L 77 (22, 167) 10 (4, 22) 80 (27, 138) 234 (58, 1780) <0.001

Hospitalisation duration, days 13 (6, 19) - 10 (5, I5) 58 (23, 64) <0.001

ICU admission duration, days 13 (6, 35) - 13 (6, 35) -

RAAS: renin angiotensin aldosterone system; BMI: body mass index; °C: degree Celsius; BP: blood pressure; CRP: C-reactive protein; O,: oxygen; ICU:

intensive care unit; PD: peritoneal dialysis.

2Continuous variables are reported as mean 4 SD or median (IQR). Groups were compared using one way ANOVA, Kruskal Wallis test or Chi-square

test, as appropriate. Obesity is defined as BMI >30 kg/m?.
®Numbers may not add up to total because of missing values.

“X-rays were performed for 91 of 216 patients (42%), including 5 in the non-hospitalised group, 71 in the group admitted to the hospital (not ICU) and |5

in patients admitted to the ICU.

9CT scans were performed for 36 of 216 patients (17%), including 0 in the non-hospitalised group, 27 in the group admitted to the hospital (not ICU) and

9 in patients admitted to the ICU.

those who were hospitalised but not admitted to the ICU
and 37% in those who were admitted to the ICU (p value
Log-rank test 0.0017). Mortality at 3 months overall was
32% and for the subgroups 18%, 40% and 37%, respec-
tively (p value Log-rank test 0.0031). Kaplan—Meier curves
for the three groups are presented in Figure 1 and indicate
that most of the patients died within 28 days of the COVID-
19 diagnosis and that mortality between 28 days and 3
months after diagnosis was relatively low.

Unadjusted and adjusted HRs for mortality with 95% CIs
were estimated using Cox proportional-hazards regression
and are presented in Table S3. Compared with the non-
hospitalised patients, the HR for mortality at day 28 adjusted
for age, sex and frailty score was significantly higher in
patients who were hospitalised but not admitted to an ICU
(HR: 4.62; 95% CI: 3.43-6.22) and in those admitted to an
ICU (HR: 6.19; 95% CI: 3.79-10.11). Mortality at 3 months
was also higher for these subgroups.

When we assessed which patient and disease character-
istics were associated with 28-day mortality in (all) PD
patients, we found that a higher frailty score and the presence
of shortness of breath as a symptom of COVID-19 had the
strongest association with mortality in the fully adjusted
model (Table 2).

In addition, we compared the mortality between PD and
HD patients. The overall mortality at 3 months was 31.8%
in PD patients and 24.9% in HD patients (Figure SI;
p value Log-rank test 0.02). HRs for mortality risk in PD
patients versus HD patients are presented in Table 3. In the
unadjusted analysis, the risk of dying was 37% higher in

PD than in HD patients (HR: 1.37; 95% CI: 1.21-1.54) and
after adjusting for age, sex, frailty, diabetes mellitus, tem-
perature, respiration rate and oxygen saturation this
increased to 51% (HR: 1.51; 95% CI: 1.34-1.74). The
adjusted mortality risks at 3 months was 1.56 (95% CI:
1.39-1.75).

When we repeated the analysis only in those patients
who were screened for COVID-19 because they presented
with symptoms, the unadjusted HRs were very similar. The
adjusted mortality risk was also significantly higher for PD
than for HD, although the difference was slightly reduced
to a HR of 1.27 (95% CI: 1.10-1.47) at day 28 and 1.28
(95% CI: 1.11-1.47) at 3 months. When the analysis was
restricted to the patients hospitalised because of COVID-
19, the mortality risks were 29% higher at day 28 (HR 1.29;
95% CI: 1.12-1.49) and 30% higher at 3 months (HR: 1.30;
95% CI: 1.14-1.50) in PD than in HD patients. The small
number of PD patients admitted to an ICU (N = 19) pre-
cluded a meaningful comparison between ICU-admitted
PD and HD patients.

In the far majority of cases, COVID-19 was reported
to be the cause of death, with a similar proportion
(p value 0.75) in PD (N = 47, 92%) and HD patients
(N = 474, 91%).

Residency, functional and mental health status
3 months after COVID-19 diagnosis

Among those patients who were still alive at 3 months after
the COVID-19 diagnosis (N = 146), 1 patient was still in
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P log-rank test = 0.0031
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Figure |. Kaplan—Meier curves presenting cumulative 3-month survival probability (in days) among PD patients with COVID-I9.

PD: peritoneal dialysis.

the hospital, 4 patients were living in a nursing home, 66
patients were at home and for 75 patients (51%) the resi-
dency status was unknown.

Data on functional and mental health status were col-
lected at the time point 3 months after COVID-19 diagnosis
and were available for 67 patients who were alive at this
time point and had follow-up data available. According to
their nephrologist functional status had recovered to the
pre-COVID-19 level in 52 (78%) of the patients, whereas
this was not the case in 15 patients (22%) (Table 4). Among
those who had not yet recovered, the most important lim-
iting factors were reduced muscle strength (40%), impaired
lung function (33%), reduced mobility (33%), tiredness
(33%) and disturbed mental status (33%). For 74% of these
patients, their nephrologist estimated that they would reach
their pre-COVID-19 functional status within 1 year after
diagnosis, while they estimated that 6.7% of patients would
not fully functionally recover.

Treating nephrologists indicated that 58 (87%) of the
patients had reached their pre-COVID-19 mental health
status at 3 months after COVID-19 diagnosis (Table 4).
Among the nine patients (13%) who had not reached their
pre-COVID-19 mental health status, the most commonly

mentioned limiting factors were anxiety (44%) and
sleep disturbances (33%). For 38% of them, their nephrol-
ogist expected that the pre-COVID-19 mental status
would be reached within the upcoming year, whereas
25% were expected to never fully recover their mental
health state.

Discussion

This is the first study to show in a relatively large cohort of
PD patients with detailed information on patient and
COVID-19 characteristics that the risk of death in the first
3 months after COVID-19 is high. In fact, mortality was
even higher than in HD patients, who were already known
to have very high COVID-19-related mortality. As in HD
patients, the increased risk of mortality was most pro-
nounced in patients who were hospitalised. Furthermore,
we found that the most prominent risk factors for mortality
in PD patients with COVID-19 were a higher frailty score
and the presence of shortness of breath as a symptom of
COVID-19. Our study also shows that, although the short-
term mortality of COVID-19 in PD patients is high, surviv-
ing patients have a good prognosis.
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Table 2. Univariable and multivariable Cox regression analysis of patient- and disease-related factors associated with 28-day mortality

in PD patients with COVID-19 (n = 216).

Age and sex adjusted

Multivariable model®

HR 95% Cl p Value HR 95% Cl p Value
PD patients
Age, year® 1.05 1.03-1.08 <0.001
Sex (male vs. female)® 1.13 0.62-2.07 0.70
Frailty, AU 1.31 1.07-1.59 0.008 1.34 1.11-1.63 0.002
Comorbidity, yes vs. no
Obesity 1.92 1.07-3.44 0.029
Hypertension 0.93 0.50-1.70 0.80
Diabetes mellitus 1.30 0.78-2.17 0.31
Coronary artery disease 1.62 0.96-2.73 0.07
Heart failure 1.45 0.84-2.51 0.18
Chronic lung disease 1.02 0.50-2.11 0.95
Active malignancy 1.36 0.63-2.94 0.44
Auto-immune disease 2.10 0.89-4.99 0.09
Symptoms, yes vs. no
Sore throat 1.03 0.37-2.91 0.95
Cough 1.22 0.67-2.22 0.51
Shortness of breath 3.27 1.85-5.77 <0.001 4.84 2.28-10.27 <0.001
Fever 1.12 0.64-1.97 0.69
Headache 1.92 0.65-6.64 0.30
Nausea/vomiting 0.69 0.33-1.43 0.32
Diarrhoea 1.24 0.60-2.53 0.56
Myalgia 1.78 0.90-3.53 0.10
Vital signs
Temperature, °C 1.09 0.77-1.53 0.64
Respiration rate, /min 1.08 1.02-1.14 0.01
O, saturation room air, % 0.95 0.91-1.00 0.03
Systolic BP, mmHg 1.00 0.99-1.02 0.65
Diastolic BP, mmHg 1.00 0.97-1.02 0.86
Pulse rate, BPM 1.04 1.00-1.07 0.02
Log CRP 1.21 1.01-1.45 0.04
Lymphocyte count 1.04 0.93-1.18 0.48

HR: hazard ratio; Cl: confidence interval; AU: arbitrary units; O,: oxygen; PD: peritoneal dialysis.
*The multivariable model that was the starting point for backwards stepwise selection included all variables with p < 0.10 in the age and sex adjusted

model (printed bold).
®Age adjusted for sex and sex adjusted for age.

An important finding of this study was the higher risk of
death for patients on PD compared to their counterparts on
HD, even if we adjusted for important patient characteris-
tics and disease severity and if we analysed only those
subgroups of patients with the most severe course of
COVID-19 (i.e. those with symptoms and those hospita-
lised). There are several factors that could potentially
explain this difference. For example, the fact that PD
patients presented at the hospital significantly later in the
course of the disease than HD patients (2.78 days for PD vs.
1.46 days for HD patients) could play a role. Another
option may be that the immune system of PD patients
responds differently to SARS-CoV-2. It is known that
patients with end-stage kidney disease have a weakened
immune system, making them more susceptible to infection
than the general population. In addition, it has been shown
that they characteristically have delayed viral clearance
after the resolution of clinical SARS-CoV-2 infection. To

the best of our knowledge there is, however, no evidence
for a difference in the immunological function between PD
and HD patients.

Several other studies have also compared COVID-19-
related mortality between PD and HD patients, showing
mixed results. A study reporting on 103 PD patients with
COVID-19 reported a higher in-hospital mortality at day 30
for HD (38%) than for PD patients (20%).” In contrast,
some earlier reports indicated that mortality in these patient
groups was not significantly different, possibly due to the
small sample sizes.” ' For example, according to a report
from Japan, there was no difference in prognosis between
the two groups when propensity score matching was per-
formed on age and oxygen saturation. However, this study
included only 25 PD patients.'® Also in a report from the
ERA Registry including data on 125 PD patients in the first
pandemic wave, there was no statistically significant dif-
ference between HD and PD patients, although the adjusted
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Table 3. Crude and adjusted” hazard ratios (HRs) with 95% confidence interval (Cl) for mortality at day 28 and 3 months in PD patients versus haemodialysis patients.

Overall
HD, N = 2990

Hospitalised
HD, N = 1714 (57%)

PD, N = 136 (63%)

Overall, with symptoms
HD, N = 1824 (61%)

PD, N = 167 (77%)

PD, N =216

Adjusted®

N events Crude

Adjusted®

N events Crude

Adjusted®

Crude

N events

Mortality day 28

1.0
1.29 (1.12-1.49)

1.0
1.24 (1.09-1.42)

495

49

1.0
1.27 (1.10-1.47)

1.0
1.39 (1.21-1.59)

441

1.0
1.51 (1.34-1.72)

1.0
1.37 (1.22-1.54)

610
60

HD, reference

PD

Mortality 3 months

53

1.0
1.30 (1.14-1.50)

1.0
1.26 (1.10-1.43)

579
54

1.0
1.28 (1.11-1.47)

1.0
1.40 (1.23-1.60)

508

1.0
1.56 (1.39-1.75)

1.0
1.49 (1.33-1.66)

718
68

HD, reference

PD

56

HR: hazard ratio; 95% CI: 95% confidence interval; ICU: intensive care unit; HD: haemodialysis; PD: peritoneal dialysis.

*Adjusted for age, sex, frailty score, diabetes mellitus (yes/no), temperature (°C), respiration rate (per minute) and oxygen saturation (%). A HR > | with a 95% Cl > | is significant.

probability of death at day 28 was higher in PD patients
(21.6%) than in HD patients (18.0%; HR: 1.24; 95% CI
0.85-1.80).2

Frailty and the presence of shortness of breath at pre-
sentation were the most prominent risk factors for mortality
in PD patients with COVID-19. In the total group of dia-
lysis patients in the ERACODA cohort (predominantly on
HD), age and frailty were identified as the most important
risk factors for mortality.®> So, these findings are only in
part in line with each other and with other previous studies.
In a previous study in 106 PD patients, the most important
risk factors was also older age (over 60 years). In addition,
they found that diabetes mellitus, being on PD treatment for
5 years or longer, need for hospitalisation and hospital-
acquired infection were important risk factors.?® All these
factors could help to identify high-risk patients. We found
no difference in the HR for mortality at day 28 and at
3 months between patients who were hospitalised but not
admitted to an ICU and in those admitted to an ICU. This
could probably be explained by the fact that older, frail
patients were less likely to be admitted to the ICU.

According to their nephrologists, surviving patients had
a good prognosis; the functional and mental health had
recovered to the pre-existent level in the vast majority
(78% and 87%, respectively) of PD patients at 3 months
after COVID-19 diagnosis. These percentages were some-
what lower than reported for HD patients in ERACODA, in
whom 87% recovered functionally and 94% mentally.?!
This difference could potentially be explained by the fact
that nephrologists see their PD patients less often — gener-
ally once every 4-12 weeks — when compared with HD
patients, who visit the dialysis unit thrice weekly. As a
result, nephrologists may have a better perception and
understanding of how their HD patients feel and how well
they recover.

The data that were analysed for this study were collected
in the time period before the influence of vaccinations
against SARS-CoV-2 played a role in the course of disease
(for 4 PD patients (1.85%) and 44 HD patients (1.47%) it
was known that they were vaccinated). This could be con-
sidered both as a strength and as a limitation of the study.
We cannot exclude the possibility that the disease severity
and mortality would have been attenuated after patients
were vaccinated, but we believe that the analysis of risk
factors for mortality and the comparison between HD and
PD was probably not influenced by the vaccination status.
Both after a natural infection and after vaccination the large
majority of dialysis patients develop a robust antibody
response.> Based on previous studies we cannot draw any
firm conclusions about differences in the effect of the vac-
cines on the disease course of patients on PD versus HD,
because two studies found a similar effect,>>** while two
others found higher antibody levels after vaccination in PD
than in HD patients.>>*¢

There are other limitations that need to be acknowl-
edged. First, not all PD patients with COVID-19 in the
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Table 4. Functional and mental health status 3 months after COVID-19 diagnosis in PD patients (N = 67).

N (%) Functional status Mental status
Reached pre-COVID-19 status N =67 Reached pre-COVID-19 status N =67
Yes 52 (78) Yes 58 (87)
No 15 (22) No 9 (13)
Limiting factor(s)® N=15 Limiting factor(s)® N=9
Thromboembolic events® 1 (6.7) Depression 1 (1)
Impaired lung function 5(33) Anxiety 4 (44)
Reduced mobility 5(33) Bereavement/grief 2 (22)
Reduced muscle strength 6 (40) Memory loss 2 (22)
Tiredness 5(33) Delirium 1 ()
Disturbed mental status 5(33) Sleep disturbances 3(33)
Declined cognitive function 2 (13) Post-traumatic stress disorder 1 ()
Other® 1 (6.7)

Estimated time needed to Estimated time needed to

reach pre-COVID-|9 status N=15 reach pre-COVID-19 status N = 8 (I missing)
0-3 months 3 (20) 0-3 months 0

3—-6 months 4 (27) 3—-6 months 1 (13)
6—12 months 4 (27) 6—12 months 2 (25)

>| year 3 (20) >| year 3 (38)
Never 1 (6.7) Never 2 (25)

?Figures do not add up to 100% since more than one answer was possible.

®Including stroke, pulmonary embolism, and so on.
€Including anxiety, depression, post-traumatic stress disorder.

participating hospitals may have been recorded in ERA-
CODA. HD patients need to visit their dialysis unit often,
and some centres introduced regular screening of asympto-
matic HD patients, which is not done in PD patients. It may
therefore be that in PD patients the more severe cases of
COVID-19 have been captured in ERACODA when com-
pared to HD patients. This is confirmed by the comparison
of disease characteristics at presentation between HD and
PD patients in ERACODA, with most symptoms being
somewhat more severe in PD than in HD patients, possibly
because PD patients present later after the onset of symp-
toms at the hospital. Second, due to the design of the study
the assessment of functional and mental health status was
performed by physicians, because we could not contact
patients. This may have yielded less precise scores which
may have led to misclassification, although we cannot pre-
dict in which direction. Furthermore, there was a relatively
high proportion of missing data for the clinical frailty scale
among PD patients (higher than among other patient groups
within ERACODA). Even though we used multiple impu-
tation to compensate for this missingness, the data regard-
ing frailty score should be interpreted with caution.
Strengths of this study are that it is based on the large,
international ERACODA database of patients with kidney
replacement treatment admitted for COVID-19. The data-
base contains specifically collected granular data at indi-
vidual patient level over a relatively long follow-up period
of 3 months, which enables detailed analysis of effects of

COVID-19 and enabled us to study one of the largest popu-
lations of PD patients with COVID-19 worldwide.

The results of our study clearly demonstrate that PD
patients are a vulnerable group in the COVID-19 pandemic
and need special attention and specialised care. This pan-
demic has shown that there are more and more options for
‘healthcare from a distance’. Especially for PD patients the
options for remote patient monitoring could be further
explored to improve the care for these patients.?’

In conclusion, the mortality of PD patients in the first 3
months after presentation with COVID-19 is exceptionally
high, especially among those who were hospitalised. PD
patients with COVID-19 had a higher mortality risk than
HD patients, even after adjustment for patient characteristics
and disease severity, and they presented at the hospital signif-
icantly later in the course of the disease than HD patients. The
majority of surviving PD patients recovered both functionally
and mentally from COVID-19 within 3 months, although
recovery was also somewhat poorer than HD patients. Based
on the study results, we recommend greater vigilance for
COVID-19 in PD patients who are older and frail, and report-
ing shortness of breath, adopting strategies that combine vac-
cination drive with early diagnosis and access to therapeutics
to improve clinical outcomes.
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