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Abstract
Introduction: Cytokine storm control is the main target for 
improving severe COVID-19 by using immunosuppressive 
treatment. Effective renal replacement therapy (RRT) could 
give us an advantage removing cytokines in patients with 
RRT requirements superimposed on COVID-19. Methods: 
This is a prospective observational study in COVID-19 pa-
tients who required hemodialysis (HD). Patients were as-
signed to online hemodiafiltration (OL-HDF) and expanded 
HD (HDx) according to Brescia group recommendations. We 
measured several cytokines, β2 microglobulin and albumin 
levels pre/post-dialysis and on 1st–2nd week. We compared 
levels among both techniques and control group (HD with-
out COVID-19). Results: We included 26 patients: 18 with CO-
VID-19 on RRT (5 of them had acute kidney injury [AKI]) and 
8 controls. We confirm higher cytokine levels in COVID-19 pa-
tients than controls and even higher in patients with AKI than 
in those with chronic kidney disease. Most cytokines raised 
during HD session, except IL-10 and TNFα. IL-10 was elimi-
nated by any dialysis technique, while clearance of TNFα was 

higher in the HDx group. HDx achieved a deeper normaliza-
tion of cytokines and β2 microglobulin reduction. Mortality 
was higher in the OL-HDF group than the HDx group. Discus-
sion: Not all cytokines behave equally along HD session. The 
following characteristics should be taken into account, such 
as intrinsic kinetic profile during a HD session. HDx seems to 
get better performance, probably due to the combination of 
different factors; however, we did not reach statistical signif-
icance due to the small sample size, dropout, and reduction 
of AKI incidence during the 2nd pandemic wave. Conclusion: 
HDx appears to provide better clearance for TNFα and β2 mi-
croglobulin during HD session and associates lower mortali-
ty. We propose the HDx technique for COVID-19 patients with 
RRT requirements since it seems to be safe and more effective 
than OL-HDF. Further studies are still needed, but we hope 
that our preliminary data may help us in future pandemic 
waves of SARS-CoV-2 or other viruses still to come.

© 2022 S. Karger AG, Basel

Introduction

Since the emergence of the SARS-CoV-2 virus until 
May 21, 2021, 3,636,453 cases have been confirmed in 
Spain, of which 79,620 patients have passed away because 
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of the infection [1]. Early reports from Wuhan suggested 
that the incidence of acute kidney injury (AKI) in CO-
VID-19 was relatively low, ranging from 0.5% to 9% [2]. 
Subsequent analyses demonstrated incidence rates as 
high as 11.4% and identifying chronic kidney disease 
(CKD) as a risk factor for poor evolution of patients ad-
mitted with active COVID-19 [3].

We have learned the pathogenesis mechanisms by 
which SARS-CoV-2 virus, binding to the angiotensin-
converting enzyme 2 (ACE2), causes infection and re-
spiratory failure. Due to the interaction with this re-
ceptor and other immune cells, SARS-CoV-2 virus 
may induce an activation of different inflammatory 
pathways, which in some cases leads to acute respira-
tory distress syndrome and multi-organ failure [4–8]. 
This inflammatory activation, known as “cytokine 
storm,” seems to be mediated by the cytokine expres-
sion by innate and acquired immune cells and consti-
tutes a therapeutic target to reduce the severity of CO-
VID-19 [4, 8]. In the face of this cytokine storm, kidney 
injury may be produced owing to different mecha-
nisms: hypoperfusion-related injury, direct cytopathic 
action of the virus in renal tubular cells and podocytes 
by the union to ACE2 or thrombotic microangiopathy 
among others [9–11].

In March 2020, there was lack of information about 
how to treat patients with CKD or patients who get AKI 
and needed renal replacement therapy. At that moment, 
some COVID-19 working groups recommended to 
choose online hemodiafiltration (OL-HDF) or expanded 
HD (HDx) with the aim to increase cytokine clearance 
and improve clinical outcomes [12, 13], although there 
was no evidence which one is better for this purpose [14–
18].

Based on these recommendations and guidelines of 
the Brescia group [13], we design a pilot observational 
study in the early 1st wave of the pandemic. The main 
objective of this study was to describe changes in cytokine 
activation, and to compare responses and clinical out-
comes among OL-HDF and HDx. We are not aware of 
any prospective longitudinal study that compares both 
techniques, due to difficulty to develop successful clinical 
trials in this area [18–20].

Material and Methods

COVID-19-expanded hemodialysis (CoHDeX) study is a pro-
spective observational study in COVID-19 patients during the 1st 
wave in Spain (March 1 to May 1, 2020), who required hemodialy-
sis (HD), for AKI type III (KDIGO classification) or patients with 

CKD as a maintenance of previous dialysis program. This study 
protocol was reviewed and approved by the Ethics Committee of 
the Hospital Puerta de Hierro de Majadahonda (HPHM), waiver 
and ethic approval No. [PI65-20].

The diagnosis of SARS-CoV-2 infection in all patients was 
made by a positive result using nasopharyngeal swabs. The sever-
ity of the infection was defined by Brescia COVID Scale ≥2 [13] or 
X-Ray/tomography criteria of extensive pneumonia (pulmonary 
involvement over 50%). Every patient who met these inclusion cri-
teria during the 1st wave of the pandemic and received at least 1 
full HD session was included.

Following Brescia group recommendations [13], HDx were 
used for patients with an AKI and those previously under conven-
tional HD. CKD patients under OL-HDF prescription were main-
tained on it.

A FX80-classic ® (Fresenius, Brandenburg Germany) was used 
for OL-HDF and Theranova® (Baxter, Deerfield, IL, USA) for 
HDx. In both cases, we prescribe a dialysis time over 210 min per 
session aiming to reach the maximum effective dialysis dose ac-
cording to the clinical situation.

We selected a matched control group of stable OL-HDF pa-
tients without current infectious, inflammatory, or tumor process-
es and no evidence of having suffered from SARS-CoV-2 infection 
by clinical criteria or serological tests (No COVID group). There-
fore, they do not have any additional clinical condition that actives 
cytokines.

Cytokine Analysis
During the follow-up, 4 samples were extracted: pre- and post-

baseline dialysis (S1 and S2) and pre-dialysis 1 week (S3) and 2 
weeks after (S4). We measured serum levels of IL1β, IL1RA, IL6, 
IL8, IL10, TNFα and IFNγ, and urea, β2 microglobulin, and albu-
min concentrations according to previous studies in patients with 
SARS-CoV-2 infection [4–7]. The laboratory methods for the 
measurement of cytokines are summarized and detailed as supple-
mentary material. In the control group, only 1 pre-dialysis sample 
(S1) was drawn to compare with patients with SARS-CoV-2 infec-
tion.

Samples from patients included in this study were managed in 
Biobank of Health Research Institute Puerta de Hierro-Segovia de 
Arana (IDIPHISA) (PT17/0015/0020 Spanish National Biobanks 
Network); they were processed following standard procedures. 
Clinical data were included by the nephrologist in a dedicated da-
tabase.

Statistical Analysis
Data are displayed as percentage, mean (standard deviation) or 

median, and interquartile range according to variables. Descrip-
tive analysis included U Mann-Whitney, paired analysis Wilcoxon 
matched-pair signed-rank test, and χ2 test. A value of p < 0.05 is 
considered significant. All statistical analyses were performed with 
STATA v14 (TX, USA).

Outcomes
Differences in cytokine clearance are found according to the 

HD technique used. As secondary outcomes, clinical evolution 
(death associated to COVID-19) is compared.
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Results

A total of 26 patients were included, 18 patients with 
SARS-CoV-2 infection who required HD during hospital 
admission and 8 patients on HD without COVID as the 
control group (only for S1). Five patients of the SARS-
CoV-2 infection group needed HD because of an AKI 
type III secondary to COVID-19. Figure 1 summarizes 
the patient flowchart and their outcomes.

Main characteristics are summarized in Table 1. Most 
of patients were men with a mean age of 72 years. We 
found no differences among HDx- and OL-HDF-treated 
groups in baseline main characteristics as well as in pneu-
monia severity (Brescia and Severity Score). If we con-
sider only CKD patients, there is a higher incidence of 
severe COVID-19 in the HDF-OL group versus HDx (57 
vs. 33%) (see Table 2).

No serious adverse events related to HD technique 
were observed in both groups. Mortality was higher in the 
OL-HDF group than the HDx group (57.1 vs. 18.2%) (Ta-
ble 1), but no statistical significance was reached due to 
small sample size.

Focusing on cytokine serum levels, we observed dif-
ferences on baseline cytokine values (in S1) between 
COVID-19 and control group (no COVID-19) except 
for IL-1β, IL-8, and TNFα (Table 3). Patients with AKI 
presented higher levels of cytokines than CKD pa-
tients. No cytokine serum value difference was ob-
served related to COVID-19 severity, although in se-
vere COVID-19 patients seem to present higher levels 
of IL-1β, IL-1RA, and IL-6. Besides, this group pre-
sents lower levels of IL-10 (anti-inflammatory cyto-
kine), IFN-γ and IL8, and TNFα (without statistical 
difference in any case). Due to the patients who dropped 
out during the study (see Fig. 1), we can only compare 
differences in cytokine clearance after the 1 HD session 
(S1 vs. S2).

Cytokine Levels S1–S2
The concentration of most of the cytokines rises dur-

ing the HD session except TNFα and IL-10. IL-10 is com-
pletely cleared throughout the session in both groups 
while TNFα is apparently cleared in a higher percentage 
in the HDx group (67 vs. 54%) (Fig. 2).

COVID
AKI

Previous eGFR
>60 ml/mi

5 AKI COVID 5 HDx
2 Death
3 Alive

6 Alive6 HDx6 convencional HD

Previous RRT

7 OL-HD 7 OL-HD 4 Death
3 Alive

8 Alive8 OL-HD8 OL-HDPrevious RRT

Fig. 1. Patients’ flowchart with clinical outcomes. eGFR, estimated glomerular filtration rate.
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Table 1. Main characteristics of patients included in the CoHDeX study

HDx OL-HDF Total p value

N 11 7 18
Age, years 71 [63–75] 77 [71–83] 72 [70–82] 0.2
Male, n (%) 10 (90.9) 4 (57.1) 18 (73.1) 0.03
Comorbidity

Diabetes mellitus, n (%) 7 (63.6) 6 (85.7) 13 (72.2) 0.4
Hypertension, n (%) 10 (90.9) 7 (100) 17 (94.4) 0.4
BMI >25 kg2/m2, n (%) 7 (63.6) 5 (71.4) 12 (66.7) 0.7
Immunosuppressed, n (%) 3 (27.3) 2 (28.6) 5 (27.8) 0.9
Previous transplant, n 2 1 3 0.9

AKI III, n (%) 5 (45.5) 0 5 (27.8) 0.1
Brescia scale 0-1-2, n 3/3/5 14.3/42.9/42.9 22.2/33.3/44.4 0.7
Severe COVID-19 infection, n (%) 7 (63.6) 4 (57.1) 11 (61.1) 0.8

Initial laboratory data
Lymphocytes, mm3/μL 640 [290–1,060] 400 [250–650] 520 [290–800] 0.2
LDH, U/L 272 [179–382] 298 [189–320] 278 [186–355] 0.8
D-dimer, ng/mL 1.23 [0.93–3.23] 1.79 [1–3.45] 1.70 [0.95–3.34] 0.7
C-reactive protein, mg/L 56.3 [30.7–85.2] 86.3 [9.0–2,123.7] 66.2 [30.7–98.8] 0.5
Ferritin, ng/mL 1,500 [590–2,179] 2,415 [1,231–2,996] 1,850.5 [910.5–2,673.5] 0.5
Albumin, g/dL 3.2 [3.1–3.5] 3.1 [2.9–3.3] 3.1 [3.1–3.3] 0.7

Lab data evolution
Min lymphocytes, mm3/μL, median IQR 615 400 540 0.4
Max CRP-C, mg/L, median IQR 48.3 86.3 59.8 0.4
Max LDH, U/L 311 305 305 0.7
Max ferritin, ng/mL 1,540.5 2,823 1,581 0.3
Max D-dimer, ng/mL 2.0 1.8 1.9 0.8

Vascular access, AVF (%) 1 (9.1) 4 (57.1) 5 (27.7) 0.1

HD session parameters
Time, min 210 [180–240] 210 [180–240] NS
Qb, mL/min 350 [265–500] 333.3 [250–366.7] NS
Ultrafiltration, L 2 [1.2–2.6] 3 [0.6–2.4] NS
Kt 42.0 [35–52] 44.4 [35.4–55.3] NS
OL convection dose, L 18.2 [13.9–29.4] – –

Corticosteroids, n (%) 9 (81.8) 5 (71.4) 14 (77.8) 0.6
Tocilizumab, n (%) 3 (27.3) 1 (14.3) 4 (22.2) 0.5
Death, n (%) 2 (18.2) 4 (57.1) 6 (33.3) 0.1

Data are shown as median [IQR] or percentage. Laboratory values are 1st after diagnosis and each minimum or maximum during follow-
up. BMI, body mass index; LDH, lactate dehydrogenase; AVF, arteriovenous fistula; min, minimum; max, maximum; Qb, blood flow velocity; 
Kt, urea clearance per session; OL, online dose per session.

HDx OL-HDF p value

Patients, n 6 7
Age, years 67.5 [63–85] 77 [71–83] 0.3
Hypertension, n (%) 6 (100) 7 (100) –
Diabetes mellitus, n (%) 5 (83.3) 6 (85.7) 0.9
Severe COVID-19 infection, n (%) 2 (33.3) 4 (57.1) 0.4
Previous lung disease, n (%) 3 (50.0) 3 (43.0) 0.9
BMI, kg2/m2 23.7 [19.6–26.6] 28.3 [22.7–35.7] 0.3

Data are shown as median [IQR] or percentage. Previous lung disease: former smoker, 
obstructive sleep apnea syndrome, or pulmonary arteria hypertension. BMI, body mass 
index.

Table 2. Baseline characteristics of the CKD 
patients included in the study with 
COVID-19
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Cytokine Levels S1–S3 and S1–S4
There is a trend over time to a greater “normalization” of 

cytokine levels in the HDx versus OL-HDF group. Differ-
ences between OL-HDF and HDx cannot be analyzed be-
cause of missing in the OL-HDF group during the follow-
up, especially at the 1st week (Fig. 3).

Other Serum Values
It seems to be a trend toward a greater clearance of β2 mi-

croglobulin in the HDx group, but there were not statisti-

cally significant differences. In any case, albumin concentra-
tion increases similarly in both groups (13%), due to hemo-
concentration because of ultrafiltration during the session.

Discussion

Cytokines are factors that facilitate cross talk be-
tween cells for the activation and regulation of innate 
and acquired immunity. It has been described how se-

Table 3. Baseline cytokine values (S1) in patients with SARS-Cov-2 infection grouped according to clinical severity and to kidney disease’s 
chronology (acute vs. chronic)

Control COVID-19 Mild infection Severe infection CKD AKI

IL-1β, pg/mL 0.7 [0.3–2.3] 1.0 [0.2–2.0] 0.2 [0.2–1.6] 1.8 [0.2–2.3] 0.2 [0.2–1.6] 1.9 [0.7–2.0]
IL-1RA, pg/mL 0 [0–0] *123.7 [62.1–735.0] 89.7 [0–326.5] 214.1 [62.8–877.1] 91.2 [50.5–735.0] 214.1 [131.2–229.6]
IL-6, pg/mL 11.3 [5.2–14.6] *31.5 [13.8–80.1] 19.4 [4.7–52.4] 40.9 [13.8–147.7] 22.3 [12.8–80.1] 36.0 [27.0–40.9]
IL-8, pg/mL 44.1 [26.6–73.7] 41.4 [29.1–80.2] 68.8 [29.1–102.1] 34.8 [17.8–65.3] 34.8 [27.4–63.7] 80.2 [65.3–84.7]
IFNγ, pg/mL 1.3 [0.8–5.4] *4.8[3.0–9.6] 6.4 [3.0–18.6] 3.5[3.0–8.2] 5.1 [3.3–9.6] 3.0 [2.8–4.6]
IL-10, pg/mL 0 [0–0] *0.8 [0.1–2.1] 1.5 [0.3–2.1] 0.4 [0.1–4.7] 1.1 [0.3–2.0] 0.1 [0.1–4.7]
TNFα, pg/mL 2.9 [2.3–3.3] 3.2 [2.3–4.6] 4.1 [2.6–4.7] 2.5 [1.5–3.1] 4.0 [2.6–4.6] 2.5 [1.5–3.3]

Data are shown as median and IQR. * p < 0.05.
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rum concentrations of pro-inflammatory and anti-in-
flammatory cytokines are increased in most severe cas-
es and thus relating it to the poor evolution of the dis-
ease [4–7].

CKD is a risk factor for COVID-19, and both lead to 
an activation of the immune system by an overproduction 
of cytokines. As well, AKI itself is a stimulus cytokine pro-
duction and base for cross talk between other organs [8, 
9].

It is important to notice, although initial COVID-19’s 
reports underestimated AKI’s incidence [2], Portolés et 
al. [3] (n = 1,603 patients) observed a greater AKI inci-
dence that associates higher mortality. Kidney involve-
ment in COVID-19 is a prevalent manifestation due to 
highly expression of ACE2 and members of the serine 
protease family on podocytes and epithelial cells, essential 
for viral uptake by host cells. As well, there are different 
AKI’s etiologies: associated prerenal factors or tubuloin-
terstitial nephritis secondary to cytokine storm. [10, 11, 
13].

For this reason, the control of these immunological 
mediators has become a therapeutic target to control 
symptoms and reduce the risk of acute respiratory dis-
tress syndrome. Various attempts have been made to 

achieve this objective using immunomodulators such 
as corticosteroids, tocilizumab, anakinra, or remdesi-
vir.

Following the aim of reducing cytokines concentra-
tion, reports recommended the use of extrarenal clear-
ance therapies in patients with kidney disease, includ-
ing AKI and CKD on previous renal replacement ther-
apy [12, 13]. Ronco et al. [13, 15] suggested that some 
HD techniques may be superior to others in reducing 
cytokines and improving the patient’s clinical progno-
sis. Since cytokines are medium molecular weight (on-
line suppl. Table 3; for all online suppl. material, see 
www.karger.com/doi/10.1159/000520891), the HD 
techniques recommended were HDx and OL-HDF 
[14–21].

OL-HDF combines the clearance of small molecules 
by diffusion and hemofiltration in which large amounts 
of water and solutes are extracted by convective trans-
port, favoring the elimination of medium and large 
molecules [14]. On the contrary, HDx consists of the 
combination of diffusive and convective transport 
(without hemodiafiltration) inside a dialyzer with me-
dium cutoff membranes, thus allowing the clearance of 
medium molecular size substances that are not elimi-
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nated by simple diffusion [17, 18]. Currently, there is 
no clear scientific evidence which one of these HD tech-
niques is superior at cytokine’s clearance or that follow-
ing this objective we do not devoid a clinical benefit to 
patients by enhancing clearance in parallel of other an-
ti-inflammatory substances. To our knowledge, al-
though there is a recent report of successful treatment 
with HDx after AKI on COVID-19 [22], this is the first 
prospective study intended to describe and compare the 
clearance of cytokines in COVID-19 patients under 
OL-HDF and HDx techniques, including both CKD 
and AKI patients.

We have confirmed higher cytokines titers in patients 
with SARS-CoV-2 infection on dialysis (AKI or CKD) 
than the control group. A higher concentration was ob-
served in baseline cytokine values between COVID-19 
and control group and in patients with AKI versus CKD, 
no statistical significance probably due to small sample of 
AKIs (see Table 3). Besides, this difference does not cor-
relate with severity of infection (mild vs. severe), although 
there is a trend to higher cytokines concentrations in pa-
tients with severe COVID-19.

Most of cytokines increase serum concentrations after 
1st HD session, except for IL-10 and TNFα. Focusing on 
these 2 cytokines, there is a higher clearance of TNFα (17 
kDa) with HDx (67 vs. 54% OL-HDF) and a complete re-
moval of IL-10 (17-21 kDa) in both HD techniques (see 
Fig. 3).

All cytokines have a similar molecular weight although 
they are not behaving at the same way as IL-10 and TNFα, 
especially, taking into account, changes in β2 microglob-
ulin (12 kDa) and albumin (68 kDa) after the HD session 
(online suppl. Table 3). Therefore, molecular size and he-
moconcentration (albumin only rises a 13%) do not fully 
explain the differences in cytokine clearance. Other in-
trinsic characteristics of cytokines such as 3D configura-
tion, hydrophilicity, protein binding, and electrical charge 
may account for it [23, 24] or even the kinetic profile of 
each cytokine.

There are some evidence of a pro-inflammatory acti-
vation after blood cell contact with filter membrane, cir-
cuit, or dialysate fluid in a HD session [25, 26]. However, 
we do not know detailed cytokine changes during the HD 
session in vivo. Therefore, we suggest measuring these 
cytokines at fixed times throughout a HD session that 
could give us the kinetic profile of every cytokine as a bal-
ance of induction and clearance. This important point 
needs to be clarified in the future in order to understand 
the clinical impact of improving the clearance of pro-in-
flammatory and anti-inflammatory cytokines.

As it is seen in online supplementary Table 2, there 
is a trend over time to a normalization of cytokine lev-
els in the HDx group. However, differences between 
OL-HDF and HDx cannot be analyzed due to the small 
sample size and a high rate of dropout after 1st week 
(AKI recovery or deaths). The levels of cytokines nor-
malized over time (S1–S4), probably due to a combi-
nation of resolution of the disease, immunomodula-
tory pharmacological therapy, and the HD clearance. 
On the other hand, accompanying the cytokines data, 
we have observed a lower mortality in the HDx group 
than the OL-HDF group (18.2 vs. 57.1%), despite the 
similar severity of COVID-19 is similar in both groups, 
and all AKI are included in the HDx group. If we ex-
clude AKI and compare only patients with previous 
CKD, we find a higher incidence of severe COVID-19 
in the OL-HDF group, which may explain the differ-
ent mortality (none in HDx vs. 57% in OL-HDF), but 
there may be other confounding variables that explain 
this difference.

Taking advantage of this analysis, we measured β2 mi-
croglobulin and albumin serum levels. The β2 microglob-
ulin clearance tends to be higher in the HDx group, with-
out a higher albumin loss. Based on our experience, we 
can support the Brescia Task Force recommendations for 
the use of HDx technique with ultrapure dialysate in ad-
verse situations for OL-HDF, where no optimal vascular 
access or optimal blood flow is available or limited clinical 
tolerance is present since it seems to be more effective 
than OL-HDF and safe enough.

Limitations
It is a small sample from a single center, which could 

imply a low statistical power. The inclusion period ex-
tends from March 1 to May 1, 2020, where there was no 
clear knowledge of the physiopathology of COVID-19, its 
management, and the involvement of kidney disease 
(AKI and CKD).

Thanks to a better management of patients, virus mu-
tations, lower pharmacologic toxicity, and renoprotective 
strategies, we experienced a dramatic decrease of AKI III 
during the 2nd and 3rd COVID-19 waves that prevented 
to reach a reliable study sample. But it is a well-designed 
prospective study including self-controlled baseline sam-
ples and a control HD group without COVID-19. Further 
studies are still needed with larger samples and with the 
intervention of any research network, but our hope is that 
our preliminary data serve as a base for the design of fu-
ture studies.
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Conclusions

HDx appears to provide a further decrease in TNFα 
and β2 microglobulin serum levels during a HD session 
without a significant consumption of albumin and ap-
pears equally safe as OL-HDF. During study time, HDx 
patients seem to have a greater normalization in cytokine 
serum levels involved in cytokine storm. We have ob-
served a lower incidence of death in patients in the HDx 
group than the OL-HDF group (18.2 vs. 57.1%) even 
though the severity of COVID-19 is similar in both 
groups.

In our opinion, it would make sense to propose an 
HDx technique in adverse inflammatory situations above 
all adverse situations where no arteriovenous fistula or no 
adequate blood flow is available, limited clinical toler-
ance, and duration of session since it seems to be more 
effective than OL-HDF. All this information may help us 
in future pandemic waves of SARS-CoV-2 or other vi-
ruses still to come.
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