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Abstract
Background: Chronic hemodialysis (HD) patients are at high 
risk of severe COVID-19 with a high risk of death. The organi-
zation of dialysis units to treat chronic HD patients with CO-
VID-19 is demanding to prevent virus transmission both in 
COVID-free patients and the staff. These constraints may 
have an impact on the dialysis delivery to COVID-free HD pa-
tients. We report our experience in French NephroCare (NC) 
centers. Methods: We report retrospectively dialysis and nu-
tritional indicators among COVID-free prevalent chronic HD 
patients’ cohort treated in French NC units from February 
2020 to April 2020. The COVID-free HD patients were split 
into 2 subgroups for the analysis, Paris region and other re-
gions because the incidence of COVID-19 was different ac-
cording to the French regions. Results: The Paris region was 
the most impacted by COVID-19 with 73% of all the contam-
inations that occurred in French NC units (n = 118). The di-
alysis frequency was not reduced all over the NC regions. 
2,110 COVID-free HD patients were split into 2 subgroups 
including Paris region (748 patients) and other regions (1,362 

patients). The weekly treatment time decreased significantly 
in Paris region from February to April (723–696 min [p < 
0.00001]) but remained stable in the other regions. The pro-
cessed blood volume, KT/V, and convective volume declined 
significantly in the Paris region subgroup but not in other 
regions. The 3-month weight loss significantly increased in 
the whole group of patients whatever the region from 0.0 to 
0.2% between February 2020 and April 2020 (p < 0.00001). 
Ultrafiltration rate (UFR) and the normalized proteic catabol-
ic rate remained stable all along the period. The stepwise 
regression analysis identified February serum albumin level 
and April UFR as negatively associated with 3-month weight 
loss. Conclusion: HD delivery to COVID-free HD patients was 
negatively impacted in the Paris region because of the strong 
constraints on units’ organization related to the treatment of 
COVID-19+ HD patients and with a higher proportion of lim-
ited care/self-care units with less staff resources. The 3-month 
weight loss increase may be related to the suppression of 
intradialytic snack that impacted mostly the more malnour-
ished patients or patients with lower interdialytic weight 
gain. These consequences of the COVID-19 crisis on COVID-
free HD patients must be recognized and corrected to pre-
vent further deleterious effects on patients’ outcomes.

© 2021 S. Karger AG, Basel
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Introduction

Since the beginning of the COVID-19 crisis, several 
studies have reported SARS-CoV-2 infection among 
chronic hemodialysis (HD) patients [1–3]. These patients 
are particularly exposed to COVID-19 as they cannot ful-
ly apply lockdown measures because of the needs of their 
life-supporting therapy, such as the repeated use of trans-
portation to the dialysis unit and mixing with other pa-
tients and staff members in the dialysis unit. Clusters may 
emerge in HD facilities [1]. Managing chronic HD ther-
apy for HD patients infected by the SARS-CoV-2 is chal-
lenging. Measures differ among countries. In Japan, every 
dialysis patients with a positive polymerase chain reac-
tion-test for SARS-CoV-2 was hospitalized [4]. Some 
teams have organized specific dedicated units treating ex-
clusively suspected and confirmed patients until dis-
charge to protect noninfected patients [3]. However, the 
situation is more complicated because a large number of 
HD patients who are infected do not present symptoms 
as demonstrated by the high prevalence of positive anti-
bodies against the SARS-CoV-2 in 2 dialysis units [5]. 
This finding highlights the need of a high vigilance on 
barrier measures. Moreover, to face the risk of COVID-19 
and to manage infected HD patients, both medical and 
caregiver forces are reoriented to specific tasks and con-
straints. This may have an impact on the quality of dialy-
sis delivered to patients, including those who are not di-
agnosed with COVID-19. In this study, we report retro-
spectively the dialysis parameters of a cohort of HD 
patients not diagnosed with COVID-19 during the period 
between February 2020 and April 2020 in the French 
NephroCare (NC) HD facilities. Our goal was to verify if 
the adequacy of dialysis has been impacted by the CO-
VID-19 epidemics.

Methods

Study Design
This is a retrospective and longitudinal cohort study during the 

period February 2020 to April 2020 (COVID-19 first wave).

Patients
We have included in the analysis the chronic HD patients pres-

ent in the NC units in February 2020. In France, 40 HD units (in-
center, limited care, and self-care units) are run by NC. Table 1 
shows the distribution of the patients according to the dialysis unit 
status in Paris region and in the other regions. In Paris region, 63% 
of the patients were treated in limited care/self-care units. In the 6 
other regions, only 17% of the patients were treated in this unit 
categories. In-center units provide dialysis treatment with a man-
datory organization of one nurse for 4 patients and 1 care atten-

dant for 8 patients, as well as continuous presence of the nephrol-
ogist. Limited care and self-care units require 1 nurse for 4 patients 
without care attendant and continuous presence of the nephrolo-
gist. Besides this patients/nurse ratio and medical presence, there 
is no difference in the unit organization regarding dialysis therapy 
and biocleaning. Last but not least, the national NC COVID-19 
crisis team decided at the beginning of the first wave to change the 
patients/nurse ratio in the sectors managing COVID-19+ patients 
(2 patients per nurse instead of 4 patients per nurse) and to make 
mandatory the presence of the nephrologist during all the session. 
The medical management of NC units is run in partnership with 
64 nephrologists (62 with private status and 2 NC employees). The 
dialysis prescription and dialysis parameters are run on the com-
mon software EUCLID 5 connected to the dialysis stations as re-
ported previously [6]. During the study period, the management 
of COVID-19+ HD patients without the need of intensive care 
because of respiratory failure was organized at unit level. In the 
Paris region, most of limited/self-care units participated in the care 
of COVID-19 patients. In the other regions, COVID-19 + patients 
were referred to the incenter unit.

The count of COVID-19 diagnosis in patients and staff was 
filled out on a daily basis at region level during the study period. 
We have excluded the patients having been diagnosed with CO-
VID-19 and the patients from the NC Tassin-Charcot (Lyon area) 
prescribed long-hour dialysis because these patients have been 
switched systematically to standard dialysis in March 2020 and 
April 2020.

Dialysis and Nutrition Parameters
The monthly session frequency was calculated in non-CO-

VID-19 patients present at least once during the months of Febru-
ary, March, and April 2020. The other dialysis quality parameters 
were assessed among the patients who were present at least for 10 
HD sessions in all 3 months of February, March, and April. This 
selection excludes de facto COVID-free patients who died during 
the period and incident patients with less of 3 months of dialysis 
therapy. The dialysis adequacy parameters included the weekly 
session time, the prescribed session time, the monthly average of 
Online Clearance Monitoring (OCM) KT/V, effective blood flow, 
weekly processed blood volume, and the 3-month weight loss that 
is the percentage change of prescribed target weight calculated on 
the last 3 months. Monthly serum albumin was assessed using bro-
mocresol green method. The normalized proteic catabolic rate 
(nPCR) was derived from pre- and post-dialysis urea.

Table 1. Distribution of dialysis units’ categories and patients in 
NC Paris region and in the other NC regions

In-center 
units, n

Limited care/
self-care 
units, n

In-center 
patients,* %

Limited care/
self-care 
patients,* %

Paris region 2 13 37 63
Other regions 10 15 83 17

* At the end of February 2020 after patient selection (see Fig. 1). NC, 
NephroCare.
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Statistical Analysis
According to the non-normality of the data, the results are ex-

pressed as median and 25–75th percentiles. The data are compared 
between the 3 months of the study, February, March, and April 
2020 using the Friedman test. This analysis included only complete 
set of data. We have split the patients in 2 subgroups referred as 
the “Paris region” (Paris area), the most impacted by the CO-
VID-19, and the “other regions.” The Mann-Whitney test was 
used to compare the difference in patients’ characteristics and 
weekly treatment time between the 2 subgroups. Stepwise logistic 
regression has been run to identify parameters associated with re-
duction of treatment time and the 3-month weight loss. A p value 
of 0.05 is considered as significant. The analyses have been run on 
the MedCalc® software (https://www.medcalc.org; 2020; MedCalc 
Software, Ostend, Belgium).

Results

COVID-19 in French NC Centers
Between February and April 2020 (first wave of CO-

VID-19), 118 HD patients treated in NC centers were di-
agnosed with COVID-19. The regions were impacted dif-
ferently. In NC Ile de France (Paris area), 86 patients (73% 
of all the NC COVID-19+ HD patients) were infected 
(8.8% of the HD patients present in that region at the end 
of February 2020). In Paris region, the limited care and 
self-care units supported a higher proportion of infected 

patients (11%) than the in-center units of the same re-
gions (6.5)% In the other regions, the proportion of pa-
tients presenting the COVID-19 was 4.2% in NC Rhône-
Alpes (14 patients), 3.4% in NC Provence (3 patients), 
1.7% in NC Languedoc (11 patients), 0.5% in NC Occita-
nie (1 patient), and 0.4% in NC Hauts de France and NC 
Bearn (1 patient each). Opposite to Paris area, in these 
regions, all contaminated patients were referred to the in-
center units or to the proximity hospitals. In NC unit em-
ployees and nephrologists, 20 persons were infected, in-
cluding 4 nephrologists of the Paris area (20% of the 
whole group of the nephrologists in this area). The mor-
tality in COVID-19+ HD patients was 16.1%. No mortal-
ity was registered in the staff and nephrologists.

COVID-Free HD Patients during the Study Period 
(First Wave of COVID-19)
3,030 patients received at least 1 dialysis session in the 

French NC centers in February, March, and April 2020. The 
patient flowchart selection is displayed in Figure 1. Patients 
who were diagnosed with COVID-19 (PCR test and/or CT-
scan) were excluded (n = 118). Among the remaining CO-
VID-free patients (n = 2,912), 452 were excluded because 
they had been out of the NC unit at least 1 whole month. The 
remaining 2,460 HD patients were analyzed for monthly ses-
sions’ number (see below). The final analysis of the other 

3,030 HD patients*
in French NC centers

in February-March-April 2020

118 COVID+ patients 2,912 COVID-free patients

2,460 COVID-free patients
with at least 1 HD session

in February and March and April 2020

2,110 non COVID patients with
at least 10 sessions/months 

49 patients in NC Tassin-Charcot
(Lyon area) with session treatment
time prescription ≥360 min

452 patients without any HD
session in the NC unit during
February or March or April 2020 

301 patients with less than10 sessions
in February and March and April 2020

*: HD patients with at least one session duringthe 3-month periodof the study 

Fig. 1. Patients’ flowchart selection.
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dialysis parameters was run in HD patients with at least 10 
sessions in each of the 3 months of the study (n = 2,159 pa-
tients). Among them, 49 patients from NC Tassin-Charcot 
were excluded because of a switch from long-hour (≥6 h) to 
standard HD leaving 2,110 patients for analysis. These pa-

tients’ characteristics are reported in Table 2 (median age = 
72 [62–81] years; female = 37%; vintage: 36 [16–69] months; 
body mass index (BMI) = 25.8 [22.4–29.8] kg/m2; diabetes = 
32%; Charlson score: 2 [2–4]; hemodiafiltration: 56%). In  
Table  2 are also reported the characteristics of the 2 sub-
groups (Paris region and other regions) showing that patients 
in Paris region were younger and with less diabetic patients.

Monthly Session Frequency in COVID-Free HD 
Patients
2,460 non-COVID-19 patients were dialyzed in a 

French NC center at least once in each of the 3 months of 
the study. The monthly median number of dialysis ses-
sions in February, March, and April 2020 was 12 (12–13), 
13 (13–13), and 13 (13–13), respectively. March and April 
were significantly higher than February (p < 0.00001), ex-
plained by the fact that February in 2020 had 1 working 
day less than the 2 other months ( 25 and 26 days, respec-
tively). These numbers confirm that no reduction of fre-
quency was prescribed during the period.

Weekly Treatment Time and Prescribed Session Time 
in COVID-Free HD Patients
2,110 patients were dialyzed at least 10 sessions each 

month of the study. The median of weekly treatment time 
in February, March, and April 2020 was 716 (702–726), 
714 (701–724), and 702 (669–720) minutes (p < 0.00001; 
Friedman test; Fig.  2a), respectively. In the subgroups 
analysis, the weekly treatment times in the Paris region 
(748 patients, Fig.  2b) were 723 (715–730), 720 (706–
726), and 696 (647–715) minutes, respectively, in Febru-
ary, March, and April 2020 (p < 0.00001) whereas the ses-
sion time prescription remained unchanged from Febru-
ary to April (247 [245–250] min; p = ns). In the other 
regions group (1,362 patients), the weekly treatment time 
in February, March, and April 2020, respectively, was at 
709 (697–722), 710 (700–721), and 710 (699–722) (Fig. 2c; 
p = ns) with a constant session time prescription at 240 
(240–247) minutes. The weekly treatment time reduction 
median between February and April was −29 (−66 to −2) 
minutes in Paris region subgroup and 0 (−5 to +4) min-
utes in the other regions’ subgroup (Mann-Whitney test; 
p < 0.0001). The stepwise logistic regression analysis to 
identify parameters associated with a reduction of weekly 
treatment time above 30 min per week found the Paris 
region subgroup (odds ratio [OR] = 13.0 [9.9–17.0], p < 
0.0001) as the only factor related with the reduction of 
treatment time, whereas the vascular access, age, vintage, 
gender, February BMI and serum albumin, and the Charl-
son score included in the model were not.
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Fig. 2. Weekly treatment time in February, March, and April 2020 
for all chronic HD patients (a, 2,110 patients, no missing data), in 
the Paris region subgroup (b, 748 patients, no missing data), and 
in the other regions’ subgroup (c, 1,362 patients, no missing data). 
HD, hemodialysis.
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Other Dialysis and Metabolic Parameters
The effective blood flow, the processed blood volume 

per session, the OCM KT/V, the convective volume in 
patients under hemodiafiltration are presented in Table 3 
among the 2 subgroups. All the parameters decreased sig-
nificantly in the Paris region but not in the other regions’ 
subgroup. We did not find any change during the study 
period regarding monthly midweek predialysis serum 
potassium, phosphate, and bicarbonates levels, hemoglo-
bin and erythropoiesis-stimulating agent consumption 
(data not shown).

Three-month Body Weight Loss, Nutritional 
Parameters, and Inflammation
In the whole group of COVID-free HD patients, the 

median of 3-month body weight loss (%) in February, 
March, and April 2020 was, respectively, at 0.0 (−1.0 to 
0.8), 0.0 (−0.9 to 1.1), and 0.2 (−0.7 to 1.4) (Fig.  3; p < 
0.00001). Albuminemia median increased significantly be-
tween February and April 2020, respectively at 38 (35–41), 
38 (35–41), and 39 (36–41) g/L (p < 0.00001). The nPCR 
did not change significantly along the 3 months and the 
CRP median was slightly lower in April than February and 
March ( 5.0, 4.7, and 4.2 mg/L, respectively; p = 0.006). The 

Table 2. HD COVID-free patients’ characteristics

All patients Paris region Other regions

N 2,110 748 1,362
Age, years 72 (62–81) 65.5 (53–74) 75 (66–83)**
Vintage, months 36 (16–69) 39 (17–75) 34 (16–66)*
Charlson score 2 (2–4) 2 (2–2) 2 (1–4)
BMI (Feb 2020) 25.8 (22.4–29.8) 26 (22.8–30.3) 25.6 (22.1–29.5)*
Female, % 36 37 36
Diabetes, % 32 24 36**
Hemodiafiltration, % 56 50 59**

* p < 0.001, ** p < 0.0001 between Paris and other regions, patients. HD, hemodialysis; BMI, body mass index.

Table 3. Dialysis parameters in HD COVID-free patients in the whole group and region subgroups

All patients Paris region Other regions

Effective blood flow, mL/min n = 2,110§ n = 748§ n = 1,362§

Feb 2020 347 (332–371) 349 (339–367) 346 (326–375)
Mar 2020 348 (333–369) 349 (341–369) 346 (326–374
Apr 2020 347 (332–369) 348 (337–365)** 346 (326–375)

Weekly processed blood volume, L n = 2,110§ n = 748§ n = 1,362§

Feb 2020 248 (229–265) 252 (239–266) 245 (223–264)
Mar 2020 247 (231–263) 251 (249–264) 245 (225–263)
Apr 2020 244 (224–258)**** 240 (220–252)**** 245 (226–264)

OCM KT/V n = 2,110§ n = 748§ n = 1,362§

Feb 2020 1.7 (1.5–2.0) 1.7 (1.5–1.9) 1.7 (1.4–2.0)
Mar 2020 1.7 (1.4–1.9) 1.7 (1.5–1.9) 1.7 (1.4–1.9)
Apr 2020 1.6 (1.4–1.9)**** 1.6 (1.4–1.8)**** 1.7 (1.4–2.0)*

Convective volume per session, L n = 1,174§ n = 376 n = 798
Feb 2020 26.3 (23.7–28.8) 27.0 (24.6–29.3) 25.9 (23.2–28.6)
Mar 2020 25.7 (23.2–28.5) 26.1 (23.4–28.7) 25.5 (23.0–28.4)
Apr 2020 25.6 (22.1–28.4)**** 23.8 (20.1–27.1)**** 26.2 (23.5–28.6)***

OCM, online clearance monitoring; HD, hemodialysis. * p < 0.05; ** p < 0.01; *** p < 0.0001; **** p < 0.00001 
between months. § No missing data.
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ultrafiltration rate (UFR) median was not different be-
tween February 2020 and April 2020 at 8.3 mL/h/kg (p = 
ns). The stepwise logistic regression analysis in the whole 
population identified February serum albumin (OR = 0.69 
[0.57–0.83]) and April UFR (OR = 0.94 [0.91–0.97]) as sig-
nificantly associated with the 3-month weight loss. Vascu-
lar access, age, vintage, gender, February BMI, and serum 
albumin, the region (Paris region or other region), the 
weekly treatment time, OCM, convective volume deltas 
between February and April, and the Charlson score in-
cluded in the model were not. In the Paris region with a 
strong impact of the COVID-19 crisis on dialysis param-
eters, the weight loss was significantly and negatively as-
sociated with the BMI in February (instead of February 
albuminemia in the whole group) and the UFR in April, 
but not with the deltas between April and February for 
weekly treatment time, OCM, and convective volume.

Discussion

In this retrospective analysis, we report that the CO-
VID-19 crisis has had a potential impact on the quality of 
the dialysis therapy delivery even in COVID-free HD pa-
tient. To our knowledge, it is the first report providing 
this type of data. There are 2 main findings in our study. 
First, the treatment time and consequently other HD 
quality indicators have been significantly reduced in CO-
VID-free HD patients in the Paris region were the CO-
VID-19 pandemic has been at its maximum between 

mid-March and end of April 2020 with diagnosis of in-
fected HD patients in 8.8% of the entire NC HD popula-
tion of this region. The pressure of COVID-19 has been 
much lower in the other regions in which no significant 
changes on dialysis parameters were found. Second, we 
observed a decline of the prescribed body weight in April 
2020, calculated from the last 3 months. This highlights a 
significant nutritional impact of the pandemic on CO-
VID-free HD patients.

In our experience, no reduction of session frequency 
was applied in the French NC units. Frequency reduction 
has been proposed to reduce the patient exposure to poten-
tial SARS-CoV-2 contamination with the risk of underdi-
alysis if prolonged [7–9]. The reduction of HD weekly 
treatment time in Paris region subgroup was not related to 
the medical prescription that remained unchanged be-
tween February 2020 and April 2020. It is explained by or-
ganization constraints during the period. The pandemic 
crisis management has implemented a number of mea-
sures that might have impacted the dialysis session dura-
tion: First, triage at the dialysis unit entrance might have 
delayed the patient access to the unit because of the tem-
perature check, the questioning regarding COVID-19 
symptoms and way of transportation, the hands frictions 
with hydroalcoholic solution. However, these measures 
have been implemented in the NC units all over the coun-
try, whatever their status (in-center, limited care, and self-
care units) or the COVID-19 incidence. So, these time-
consuming constraints were present both in the Paris re-
gion and in other regions’ subgroups ruling out their 
responsibility in the reduced dialysis delivery. Second, the 
constraints of the staff protection equipment and of bio-
cleaning were more important in the Paris region than in 
the other regions because of the number of COVID-19+ 
HD patients that were treated in dedicated COVID-19 
rooms or sectors, mobilizing more resources than in usual 
times. Also, and as reported above, the proportion of con-
taminated patients in Paris area was higher in limited care 
and self-care units. These units have fewer members of 
staff (no mandatory care attendants opposite to in-center 
units). This might have contributed to reduced time deliv-
ery because of the care organization constraints when con-
taminated patients were dialyzed in these units. Third, only 
7 members of NC staff were diagnosed with COVID-19 in 
the Paris area during the first wave, that is <1 per unit for 
2 months. This cannot have significantly impacted the di-
alysis delivery. Moreover, the organization of private ne-
phrologists in Paris area was efficient enough to face ab-
senteeism because of COVID-19 contaminations among 
them (20%). Medical care continuity was preserved all 
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Fig. 3. Three-month body weight loss in percent calculated for 
February, March, and April 2020 in all the chronic HD patients 
(2,110 patients, one missing case). HD, hemodialysis.



Dialysis Parameters in COVID-Free 
Hemodialysis Patients

7Blood Purif
DOI: 10.1159/000517493

along this wave. Fourth, the weekly treatment time median 
in the Paris region subgroup in February 2020 was signifi-
cantly higher than in the other regions’ subgroup (723 vs. 
709 min; p < 0.0001). This may have influenced both ne-
phrologists and nurses regarding the decision in cutting 
the session time for specific care and cleaning.

The 3-month decrease of the target body weight in April 
2020 was observed in the whole population of HD patients 
regardless the regions’ subgroups. At the same time, nPCR 
and UFR did not change significantly during the study pe-
riod and albuminemia even increased in April 2020. In 
February 2020 and March 2020, the 3-month weight loss 
was at 0.0% indicating a stability of the prescribed target 
weight in the French NC HD patients since at least Decem-
ber 2019. A 0.2% decline may appear marginal. However, 
the 75th percentile of weight loss was at 1.4%, meaning that 
25% of the patients had a spontaneous target body weight 
loss of 1.0 kilo or above (extrapolated from the median tar-
get body weight in February 2020 (71.4 kilos). In 2 months, 
it is really significant in supposed stable patients. Accord-
ing to the stepwise regression, the level of serum albumin 
in February (or BMI in February in the Paris region sub-
group; both surrogates of a good nutritional status) and the 
UFR in April 2020 (a surrogate of interdialytic weight gain) 
were protective of the target weight decrease. It means that 
patients with markers of protein-energy wasting and low 
food intake were more exposed to body weight loss during 
the pandemic confirming the nutritional impact of the 
COVID-19 crisis in COVID-free HD patients, even in re-
gions with a low COVID-19 incidence. It could be hypoth-
esized that the COVID-19 crisis has triggered anxiety and 
anorexia in HD patients decreasing the food intake, but the 
nPCR and UFR did not differ significantly between Febru-
ary 2020 and April 2020 showing that the food intake re-
mained stable. Also, we did not find a relationship between 
the dialysis parameters alteration in April and the weight 
loss, ruling out the responsibility of the treatment time and 
dialysis efficiency reductions on the nutritional status. Im-
portantly, one of the measures implemented in all NC clin-
ics to limit the risk of cross-infection inside the dialysis unit 
was to suppress the intradialytic snacks and beverages 
since the end of February 2020. It was also advised by the 
Société Francophone de Néphrologie Dialyze Transplan-
tation [10]. The dialysis procedure is known to be a cata-
bolic process inducing a negative protein balance [11]. Us-
ing labeled leucine or valine or phenylalanine, the intra-
dialytic protein and muscle catabolism have been confirmed 
[12–15]. This is related, among others, to the amino-acid 
losses during the session and to the inflammation triggered 
by the interaction between the blood and the membrane 

[16]. Both intradialytic parenteral nutrition [13], oral sup-
plements [14], or a meal [15] have been found effective to 
prevent the intradialytic catabolism. Then, the food intake 
during the session is critical for the nutritional balance in 
HD patients, and its suppression may have impaired the 
HD patient protein and muscle metabolism. The stability 
of the nPCR despite this suppression is not a surprise as the 
impact of the intradialytic snack on nPCR value is expect-
ed to be negligible. The snack is only a small share of the 
whole food intake between 2 sessions (≈6 meals). More-
over, the absence of concomitant decline of serum albumin 
level may be explained because it is not a direct marker of 
body composition and because, opposite to inflammation, 
its decline because of nutrition matters occurs on a long 
run. Also, we report even an increase in serum albumin in 
April 2020, parallel to the significant decline in CRP, sup-
porting the hypothesis of reduced inflammation triggered 
by COVID-19 protective measures (such as generalized 
masking and extensive use of hydroalcoholic solutions) all 
over the units. Also, a better fluid management during the 
period could be proposed as a hypothesis for the increase 
of serum albumin in April 2020 but we lack objective data 
on this topic. Blood pressure did not change (data not 
shown) and we miss bioimpedance measurements because 
the systematic assessment of fluid status was also sup-
pressed during the study period to limit the risk of cross-
infection during the dialysis session.

The strengths of that study are its multicentric aspect, 
the large population of studied HD patients, and the real-
time collection of the dialysis parameters from connected 
dialysis machine with common software all over the NC 
organization. On the opposite, the retrospective design is 
a strong limitation. However, the large number of pa-
tients and the connected dialysis machine with online 
data collection, as stated above, limits this bias. Moreover, 
the absence of availability of antibodies against the SARS-
CoV-2 to clearly sort patients with and without the CO-
VID-19 is an important flaw. It is possible that some pa-
tients were erroneously classified as COVID-free whereas 
they had been infected because HD patients may remain 
asymptomatic [17] or present with unusual symptoms 
[2]. However, it does not appear as a significant issue re-
garding the dialysis delivery, as in our opinion the impact 
of COVID-19 was related to organization constraints. It 
can be more problematic for the nutritional impact but 
the constant and even the lower CRP does not feed the 
hypothesis of a significant number of misclassified CO-
VID-19+ HD patients. Last but not least, the absence of 
routine bioimpedance measurements appears a real 
weakness as we found a significant weight loss and we are 
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then unable to provide more precise data on both hydra-
tion status and body composition to analyze more objec-
tively this finding in the cohort.

Conclusion

The pandemic crisis that our country has faced at its 
peak in March 2020 and April 2020 has significantly im-
pacted the quality of dialysis delivery in COVID-free pa-
tients in the Paris area in which the incidence of CO-
VID-19 was the highest in French NC units than the oth-
er less affected NC regions. In case of a second wave, we 
must be aware of these findings to avoid in COVID-free 
patients underdialysis and more serious metabolic com-
plications we did not observe. This may incite us to re-
think the protective measures and the resources needed 
to deliver adequate dialysis therapy in this type of crisis. 
Moreover, the nutritional status of the patient must re-
main under strict scrutiny to avoid protein-energy wast-
ing. Alternatives to intradialytic snack, such as protein-
enriched oral supplements must be implemented defin-
ing the adequate way and moment of its administration 
to maintain the barrier measures (avoiding mask remov-
al) and deliver it optimally on a nutrition point of view.

Acknowledgments

The authors thank Matteo Savoia from the Global Medical Of-
fice – Clinical & Therapeutic Governance of the Fresenius Medical 
Care Company for the data collection. They also want to address 
their gratitude to all the nephrologists and the caregivers in the NC 
dialysis units who provided and cared for study patients.

Statement of Ethics

All the patients have signed a written informed consent at 
admission in NC centers to allow the use of their medical data 
to support clinical research. This consent has been updated ac-
cording to the 2018 General Data Protection Regulation for 
patients who had been admitted before May 25, 2018. Accord-
ing to the French regulation, the manuscript is exempt from 
Ethical Committee approval because it is a noninterventional 
study.

Conflict of Interest Statement

The authors have no conflict of interest to declare in relation-
ship with this study.

Funding Sources

No funding was obtained for this study.

Author Contributions

C.C. contributed to conception and drafting of the work. L.W., 
H.H., G.J., S.D., M.L., and D.A. contributed to interpretation of 
data and text revision. S.S. contributed to authorization and super-
vision of data collection.

Data Availability Statement

All research data are available and can be accessed via the cor-
responding author.

References

 1 Corbett RW, Blakey S, Nitsch D, Loucaidou 
M, McLean A, Duncan N, et al. Epidemiol-
ogy of COVID-19 in an urban dialysis cen-
ter. J Am Soc Nephrol. 2020; 31: 1815–23.

 2 Rombola G, Heidempergher M, Pedrini L, 
Farina M, Aucella F, Messa P, et al. Practi-
cal indications for the prevention and man-
agement of SARS-CoV-2 in ambulatory di-
alysis patients:  lessons from the first phase 
of the epidemics in Lombardy. J Nephrol. 
2020; 33: 193–6.

 3 Wei L, Wang J, Mei Z, Xiang-Heng L, Li GS, 
Dong JW, et al. Managing the dialysis mode 
for people infected with COVID-19. Ren 
Fail. 2020; 42: 587–9.

 4 COVID-19 Task Force Committee of the 
Japanese Association of Dialysis Physi-
cians, Japanese Society for Dialysis Thera-
py, Japanese Society of Nephrology;  Kiku-
chi K, Nangaku M, Ryuzaki M, Yamakawa 
T, Hanafusa N, Sakai K, et al. COVID-19 of 
dialysis patients in Japan:  current status 
and guidance on preventive measures. 
Ther Apher Dial. 2020; 24: 361–5.

 5 Clarke C, Prendecki M, Dhutia A, Ali MA, 
Sajjad H, Shivakumar O, et al. High preva-
lence of asymptomatic COVID-19 infec-
tion in hemodialysis patients detected us-
ing serologic screening. J Am Soc Nephrol. 
2020; 31(9): 1969–75.

 6 Chazot C, Deleuze S, Fadel B, Hebibi H, 
Jean G, Levannier M, et al. Is high-volume 
post-dilution haemodiafiltration associat-
ed with risk of fluid volume imbalance? A 
national multicentre cross-sectional cohort 
study. Nephrol Dial Transplant. 2019; 34: 

2089–95.
 7 COVID-19 rapid guideline:  dialysis service 

delivery. NICE guideline. 2020. Available 
from:  www.nice.org.uk/guidance/ng160.

 8 Mehrotra R. Counterpoint:  twice-weekly 
hemodialysis should be an approach of last 
resort even in times of dialysis unit stress. J 
Am Soc Nephrol. 2020; 31: 1143–4.

 9 Meyer TW, Hostetter TH, Watnick S. 
Twice-weekly hemodialysis is an option for 
many patients in times of dialysis unit 
stress. J Am Soc Nephrol. 2020; 31: 1141–2.

https://www.karger.com/Article/FullText/517493?ref=1#ref1
https://www.karger.com/Article/FullText/517493?ref=2#ref2
https://www.karger.com/Article/FullText/517493?ref=3#ref3
https://www.karger.com/Article/FullText/517493?ref=3#ref3
https://www.karger.com/Article/FullText/517493?ref=4#ref4
https://www.karger.com/Article/FullText/517493?ref=5#ref5
https://www.karger.com/Article/FullText/517493?ref=6#ref6
https://www.karger.com/Article/FullText/517493?ref=8#ref8
https://www.karger.com/Article/FullText/517493?ref=8#ref8
https://www.karger.com/Article/FullText/517493?ref=9#ref9


Dialysis Parameters in COVID-Free 
Hemodialysis Patients

9Blood Purif
DOI: 10.1159/000517493

10 Société francophone de néphrologie dialyse 
transplantation:  information de la société 
francophone de néphrologie, dialyse et 
transplantation (SFNDT) sur l’épidémie de 
coronavirus (COVID-19) à destination des 
néphrologues Mise à jour en date du 17 mars 
2020. Available from:  https: //www.sfndt.
org/actualites/recommandations-covid-19.

11 Borah MF, Schoenfeld PY, Gotch FA, Sar-
gent JA, Wolfsen M, Humphreys MH. Ni-
trogen balance during intermittent dialysis 
therapy of uremia. Kidney Int. 1978; 14: 

491–500.
12 Boivin MA, Battah SI, Dominic EA, Kalan-

tar-Zadeh K, Ferrando A, Tzamaloukas 
AH, et al. Activation of caspase-3 in the 

skeletal muscle during haemodialysis. Eur 
J Clin Invest. 2010; 40: 903–10.

13 Pupim LB, Flakoll PJ, Brouillette JR, Leven-
hagen DK, Hakim RM, Ikizler TA. Intra-
dialytic parenteral nutrition improves pro-
tein and energy homeostasis in chronic he-
modialysis patients. J Clin Invest. 2002; 

110: 483–92.
14 Pupim LB, Majchrzak KM, Flakoll PJ, Iki-

zler TA. Intradialytic oral nutrition im-
proves protein homeostasis in chronic he-
modialysis patients with deranged nutri-
tional status. J Am Soc Nephrol. 2006; 17: 

3149–57.
15 Veeneman JM, Kingma HA, Boer TS, Stel-

laard F, De Jong PE, Reijngoud DJ, et al. 

Protein intake during hemodialysis main-
tains a positive whole body protein balance 
in chronic hemodialysis patients. Am J 
Physiol Endocrinol Metab. 2003; 284: 

E954–65.
16 Fouque D, Kalantar-Zadeh K, Kopple J, 

Cano N, Chauveau P, Cuppari L, et al. A 
proposed nomenclature and diagnostic cri-
teria for protein-energy wasting in acute 
and chronic kidney disease. Kidney Int. 
2008; 73: 391–8.

17 Rincón A, Moreso F, López-Herradón A, 
Fernández-Robres MA, Cidraque I, Nin J, 
et al. The keys to control a coronavirus dis-
ease 2019 outbreak in a haemodialysis unit. 
Clin Kidney J. 2020; 13(4): 542–49.

https://www.karger.com/Article/FullText/517493?ref=11#ref11
https://www.karger.com/Article/FullText/517493?ref=12#ref12
https://www.karger.com/Article/FullText/517493?ref=12#ref12
https://www.karger.com/Article/FullText/517493?ref=13#ref13
https://www.karger.com/Article/FullText/517493?ref=14#ref14
https://www.karger.com/Article/FullText/517493?ref=15#ref15
https://www.karger.com/Article/FullText/517493?ref=15#ref15
https://www.karger.com/Article/FullText/517493?ref=16#ref16
https://www.karger.com/Article/FullText/517493?ref=17#ref17

	startTableBody
	startTableBody
	startTableBody

