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Abstract
Introduction: High-flux hemodialysis membranes may mod-
ulate the cytokine storm of SARS-CoV-2, but their impact on 
chronic hemodialysis (CHD) patients is unknown. The aim of 
the study was the evaluation of asymmetric cellulose triac-
etate (ATA) and polymethylmethacrylate (PMMA) dialyzers 
on inflammatory markers and clinical outcomes in CHD pa-
tients with SARS-CoV-2. Methods: A prospective, observa-
tional study on CHD patients with SARS-CoV-2 was carried 
out. Patients were enrolled from March 2020 to May 2021. 
Pre- and postdialysis C-reactive protein (CRP), procalcitonin 
(PCT), and interleukin-6 (IL-6) were determined at each ses-
sion. Patients who underwent on-line hemodiafiltration (OL-

HDF) with a PMMA dialyzer were compared with those treat-
ed with OLHDF with a ATA dialyzer. The primary endpoint 
was the differences in the reduction ratio per session (RR) of 
CRP, PCT, IL-6, and IL-6 RR >25%. Results: We consecutively 
enrolled 74 CHD patients with COVID-19, 48 were treated 
with ATA membrane, and 26 with PMMA. Median IL-6 RR was 
higher in the ATA group compared to PMMA (17.08%, IQR 
−9.0 to 40.0 vs. 2.95%, IQR −34.63 to 27.32). Median CRP RR 
was 7.77% (IQR 2.47–13.77) in the ATA group versus 4.8% 
(IQR −2.65 to 11.38) in the PMMA group (p = 0.0017). Median 
PCT-RR% was 77.38% (IQR 70.92–82.97) in ATA group versus 
54.59% (IQR 42.62–63.16) in the PMMA group (p < 0.0001). A 
multiple logistic regression analysis with IL-6 RR >25% as the 
outcome including the membrane employed, pre-dialysis IL-
6, CRP, PCT, and ferritin showed that ATA led to a higher 
probability to reach the outcome (OR 1.891, 95% CI 1.273–
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2.840, p = 0.0018) while higher CRP favors the risk of lower 
IL-6 RR values (OR 0.910, 95% CI 0.868–0.949, p ≤ 0.0001). 
Conclusions: In SARS-CoV-2 CHD patients treated with OL-
HDF, ATA showed a better anti-inflammatory profile, regard-
ing IL-6 RR, compared to PMMA. © 2022 S. Karger AG, Basel

Introduction

Since the start of the pandemic, in December 2019, 
chronic hemodialysis patients (CHD) have been highly 
exposed to SARS-CoV-2 infection and experienced high 
risk of COVID-19-related mortality, independent from 
known risk factors such as obesity, ischemic heart disease, 
and lung disease [1–3]. Although they were among the 
first who received vaccination against SARS-CoV-2, 
CHD patients displayed a lower protective effect as com-
pared to the general population [4, 5].

Since COVID-19 can be considered an example of un-
controlled inflammation with unfavorable outcomes, the 
use of anti-inflammatory drugs is recommended for the 
general population, while in CHD, extracorporeal proce-
dures that combine high cytokine removal (or low in-
flammatory generation) with the current uremic toxin re-
moval are also warranted [6–9]. Since inflammatory me-
diators belong to the middle molecule uremic toxins, 
hemodialysis membranes targeted at middle molecule 
clearance may be useful to mitigate the cytokine storm 
and to reduce the risk of severe disease progression.

Low-flux hemodialysis guarantees small molecule 
clearance, but it is not adequate for middle molecule re-
moval. Although more effective, removal of toxins with 
molecular weights greater than β2-microglobulin is lim-
ited even with high-flux hemodialysis [10]. Nonetheless 
the Work Group of the KDOQI clinical practice guideline 
for hemodialysis adequacy thought that high-flux dialyz-
ers should be used preferentially [11]. On-line hemodi-
afiltration (OLHDF), which associates convective trans-
port to diffusion, is promising in enhancing middle mol-
ecules clearance, although the effects on clinical outcomes 
in stable CHD patients are still uncertain [12–15]. In CO-
VID-19 CHD patients, data on the effect of dialysis tech-
nique as well as dialysis membrane type on cytokine 
clearance and clinical outcomes are lacking: medium-
cut-off hemodialysis (MCO) had been proposed, but no 
conclusive data are available [16, 17].

Nonetheless, polymethylmethacrylate (PMMA) mem-
brane seems adequate in COVID-19 CHD because it al-
lows both effective convective transport and solute re-

moval by adsorption, although the process is self-limiting 
due to the progressive membrane saturation [6]. The ad-
sorption capacity of PMMA allows clearance of large 
middle molecules, normally not removed by filtration 
such as circulating free light chains (22 and 45 kDa) [7, 
18].

Recently, a new generation filter in asymmetric cellu-
lose triacetate (ATA) has been developed with the advan-
tage of high hydraulic permeability, allowing high-vol-
ume OLHDF like synthetic materials [19]. The aim of our 
study was to compare the effects of two highly biocom-
patible dialysis membranes (ATA and PMMA) on IL-6, 
inflammatory markers, and clinical outcomes in CHD 
patients affected by COVID-19.

Patients and Methods

Patients and Study Design
A prospective, single-center, observational study on CHD pa-

tients (age ≥18) affected by SARS-CoV-2 infection was carried out. 
SARS-CoV-2 infection was confirmed by positive reverse tran-
scriptase polymerase chain reaction on a nasopharyngeal swab. 
From March 15, 2020, to March 15, 2021, patients who required 
hospitalization to the Nephrology Dialysis and Renal Transplanta-
tion Unit of S. Orsola University Hospital, Bologna, Italy as well as 
to other COVID units of the same hospital consecutively recruited 
into the present study. In the period considered the Dialysis Unit 
was designed to provide the care of the SARS-CoV-2 CHD patients 
in the Bologna metropolitan area that comprises about 800,000 
inhabitants. None of the patients underwent vaccination because 
the anti-SARS-CoV-2 vaccination campaign started after March 
15, 2021. All the patients required chronic HD with a three-times-
weekly schedule. All the hemodialysis treatments from March 15, 
2020, to May 30, 2021, were considered. Patients with acute kidney 
injury, renal transplant recipients, and those who required me-
chanical ventilation at diagnosis were excluded. Until May 2020, 
all the patients underwent hydroxychloroquine therapy with dose 
adjusted according to ESRD (400 mg b.i.d. the first day, then 200 
mg/day for 5 days) and azithromycin until the definitive demon-
stration of their futility [20]. Considering the well-known potential 
of hydroxychloroquine for increasing QTc, a baseline EKG was 
carried out before therapy commencement and afterward every 2 
days. Subsequently standard treatment was performed with dexa-
methasone. Antibiotics were administered according to the clini-
cal needs for bacterial infections combined with the SARS-CoV-2 
infection. The low molecular weight heparin was administered ev-
ery other day during non-dialysis days at the same dialysis dose 
according to the body weight of the patient (see below) to prevent 
the thromboembolic risk of SARS-CoV-2 infection. The Dialysis 
Unit provided noninvasive ventilatory support, namely the Ven-
turi mask or continuous positive airway pressure support, accord-
ing to the pneumologist prescription. Respiratory failure was diag-
nosed when the ratio between PaO2 (partial pressure of oxygen in 
arterial blood) and FiO2 (inspired oxygen fraction) fell below 200 
mm Hg.
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Demographic and clinical baseline features were recorded at 
enrollment. Clinical parameters (body temperature, blood pres-
sure, heart rate, peripheral oxygen saturation, respiratory rate) 
were recorded twice during each dialysis session before and after 
dialysis in the Dialysis ward.

Baseline laboratory evaluation consisted in the determination of 
complete blood cells count, lymphocytes count (L), a panel of acute 
phase reactant including interleukin-6 (IL-6), serum ferritin, C-re-
active protein (CRP), and procalcitonin (PCT). Laboratory tests 
were performed before and after each dialysis session including 
CRP, PCT, and IL-6. Laboratory values were obtained by commer-
cially available tests (https://ambo.ausl.bologna.it/metro/som/lum/
il-lum-per-i-medici-di-medicina-generale-e-gli specialisti/lum-
standard-di-prodotto-27_2_17.pdf/view. Accessed April 2020).

The values measured during dialysis were corrected for hemo-
concentration due to the patient’s weight loss assuming a unicom-
partimental behavior solutes described by the Bergström and 
Wehle following formula [21]:

TxTx Corr
BW1

0 2 BWpost.
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where Tx is the blood solute concentration and Tx-corr is the con-
centration of solutes corrected for the hemoconcentration, ΔBW 
(body weight) is the intradialytic weight loss, and BWpost is the 
body weight at the end of dialysis. The stop dialyzate flow method 
that involves also the slow blood flow before blood drawing, was 
used to avoid access recirculation [22].

Dialysis Prescription
All patients enrolled received three dialysis sessions per week 

through OLHDF. On the basis of their high biocompatibility and 
potential immunomodulatory properties, we employed two differ-
ent dialyzers.

The first dialyzer was a high-flux PMMA filter (Filtryzer BG-
UTM, Toray, Tokyo, Japan) with a surface area of 2.1 m2, a mem-
brane cut-off value of 20,000 Da and a KUF of 43 mL/h/mm Hg. 
The second dialyzer was a high-flux ATA membrane (SolaceaTM, 
Nipro), with a surface area of 2.1 m2, a membrane cut-off value of 
45,000 Da and a KUF of 72 mL/h/mm Hg.

The ultrafiltration rate was established according to the need 
for dehydration of the patient. Dialyzate flow was 500 mL/min. 
Low molecular weight heparin (enoxaparin sodium InhixaTM; 
Techdow Pharma, Milan, Italy) was used for anticoagulation of the 
extracorporeal circuit. The dose administered was 2,000 IU for pa-
tients <50 kg of body weight, 4,000 IU for patients between 50 and 
90 kg of body weight, and 6,000 IU for patients >90 kg of body 
weight. Enoxaparin was administered in a single bolus on starting 
dialysis in the venous bubble catcher.

Endpoints
The primary endpoint was to evaluate the effects of dialysis 

treatment on inflammatory markers, in particular IL-6 removal. 
Secondary endpoints were to evaluate effects of different dialysis 
membranes on CRP and PCT blood levels and on IL-6 RR >25% 
according to Quiroga et al. [23]. Diagnosis of SARS-CoV-2 pneu-
monia was obtained through reverse transcriptase-polymerase 
chain reaction (RT-PCR) assay for SARS-CoV-2 on a respiratory 
tract sample tested by our laboratory in accordance with the pro-

tocol established by the World Health Organization (WHO; Ge-
neva, Switzerland).

The study was approved by our Institutional Ethics Committee 
(AVEC, nr. 596/2019/Oss/AOUBo) and was in accordance with 
the Helsinki Declaration. Patients enrolled have given their written 
informed consent.

Statistical Analysis
Continuous variables with normal distribution were reported 

as means with standard deviation (SD). Results for variables with 
skewed distributions were presented as median and interquartile 
range (IQR). Data comparison was made using the paired or un-
paired sample t test for continuous variables with normal distribu-
tion, Mann-Whitney, and Wilcoxon test for variables with non-
normal distribution and Fisher test for percentage variables. A p 
value <0.05 was considered significant. Calculations were per-
formed using GraphPad PrismTM (version 8 for Windows; Graph-
Pad Software Inc., San Diego, CA, USA).

Results

We consecutively enrolled 74 CHD patients with 
SARS-CoV-2; mean age was 68.30 years (SD 15.71), 50 
(71%) were male, dialysis vintage was 43.50 months (IQR 
14.25–88.00) and the median Charlson Comorbidity In-
dex (CCI) was 4.50 (IQR 3.00–6.00). Sixty-one (82%) pa-
tients had a history of cardiovascular disease, 28 (37%) 
had diabetes mellitus, 9 (12%) had cancer, and 10 (14%) 
were obese. Forty-nine (66%) patients had interstitial 
pneumonia, 37 (50%) developed respiratory failure, and 
13 (18%) died. Sixty-one (82%) were hospitalized while 
the remaining were managed as dialysis outpatients. 
Among hospitalized patients, 7 (9%) were admitted to the 
ICU, and the median hospitalization length was 14 days 
(IQR 5.00–25.00). A total of 612 post-dilution OLHDF 
were performed with a median blood flow of 300 mL/min 
(IQR 250–300) and a median convective volume of 18.30 
L (IQR 15.70–20.70).

Among the whole population, 48 patients were treated 
with OLHDF with ATA membrane and 26 with OLHDF 
with PMMA membrane. Subjects were well matched in 
terms of age, sex, and CCI. No difference in baseline IL-6 
and CRP levels between the two groups were detected, 
while PCT levels were higher in the ATA group (1.60 pg/
mL, IQR 0.72–2.77 vs. 0.95 pg/mL IQR 0.53–1.48). Me-
dian pre-dialysis IL-6 blood levels were comparable be-
tween ATA and PMMA sessions (14.50 pg/mL, IQR 
5.75–41.43 vs. 13.90 pg/mL, IQR 5.80–34.10, p = 0.6386). 
Detailed demographic, clinical, and laboratory features 
are presented in Table 1.

Regarding the primary endpoint, median IL-6 RR was 
significantly higher in the ATA group compared to 
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Table 1. Clinical, demographic, laboratory features and outcomes of the whole population and of ATA versus PMMA group

Variables Total (74) ATA (48) PMMA (26) p value

Age, year, mean (SD) 68.30 (15.71) 67.67 (15.48) 69.46 (16.37) 0.6421
Male, n (%) 51 (70) 34 (71) 17 (66) 0.7930
HD age, months, median (SD) 43.50 (14.25–88.00) 47.00 (13.75–89.75) 27.50 (14.25–71.50) 0.3653
Charlson Comorbidity Index, median (IQR) 4.50 (3.00–6.00) 4.00 (3.00–5.00) 5 (3.00–7.25) 0.2549
Vascular access, n (%)

Arteriovenous fistula 50 (67) 36 (75) 14 (54) 0.0744
Central venous catheter 24 (33) 12 (25) 12 (46)

Comorbidity
CV disease, n (%) 61 (82) 39 (81) 22 (84) >0.9999
DM, n (%) 28 (37) 15 (31) 13 (50) 0.1364
Cancer, n (%) 9 (12) 5 (10) 4 (15) 0.7113
BMI > 30 10 (14) 4 (8) 6 (23) 0.1583

Dialysis sessions, n 611 420 191 NA
Blood flow, mL/min, median (IQR) 300 (250–300) 300 (280–300) 300 (250–300) 0.1281
Convective volume, L, median (IQR) 18.30 (15.70–20.70) 18.30 (15.35–21.20) 18.30 (15.95–20.50) 0.6747
Respiratory failure, n (%) 37 (50) 22 (46) 15 (58) 0.8108
Interstitial pneumonia, n (%) 49 (66) 29 (60) 20 (77) 0.2008
Antibiotic therapy at diagnosis, n (%) 35 (49) 27 (56) 8 (31) 0.0512
IL-6 RR%, median (IQR) 14.55 (−15.13 to 36.71) 17.08 (−9.0 to 40.0) 2.95 (−34.63 to 27.32) <0.001
Pre-HD IL-6, pg/mL, median (IQR) 14.30 (5.80–39.00) 14.50 (5.75–41.43) 13.90 (5.80–34.10) 0.6386
IL-6 RR% based on pre-dialysis IL-6 level

1st tertile, median (IQR) 17.21 (−21.93 to 39.59) 23.55 (−8.96 to 47.40) 3.72 (−51.66 to 30.08) 0.0013
2nd tertile median (IQR) 13.13 (−14.40 to 34.91) 16.69 (−9.79 to 39.39) 2.18 (−24.03 to 25.95) 0.0405
3rd tertile, median (IQR) 12.10 (−14.63 to 34.76) 12.99 (−8.73 to 35.75) 1.14 (−34.70 to 31.33) 0.0501

CRP RR%, median (IQR) 7.20 (0.15–13.04) 7.77 (2.47–13.77) 4.80 (−2.65 to 11.38) 0.0017
PCT-RR%, median (IQR) 72.75 (58.86–80.18) 77.38 (70.92–82.97) 54.59 (42.62–63.16) <0.0001
Laboratory variables at diagnosis

Hb, g/dL, median (IQR) 10.90 (9.6–11.90) 11.00 (9.70–12.10) 10.30 (9.17–11.60) 0.5985
PLT, 109/L, median (IQR) 186 (140–217) 178 (144–221) 191 (131–216) 0.9363
WBC, 109/L, median (IQR) 5.17 (3.99–7.11) 5.00 (3.90–6.57) 6.50 (4.13–7.92) 0.0974
Lymphocytes, 109/L, median (IQR) 0.65 (0.50–0.99) 0.64 (0.48–0.90) 0.75 (0.59–1.38) 0.2064
Eosinophils, 109/L, median (IQR) 0.10 (0.03–0.33) 0.09 (0.03 – 0-19) 0.17 (0.04–0.60) 0.3934
IL-6, pg/mL, median (IQR) 21.25 (9.22–56.48) 20.30 (9.10–62.10) 22.60 (9.80–56.35) 0.8763
CRP, mg/dL, median (IQR) 3.30 (0.54–12.68) 3.88 (0.77–143.70) 3.30 (0.33–9.98) 0.4134
PCT, pg/mL, median (IQR) 1.40 (0.63–2.58) 1.60 (0.72–2.77) 0.95 (0.53–1.48) 0.0388
Albumin, g/dL, median (IQR) 32.20 (22.10–36.60) 32.60 (28.70–37.40) 32.00 (29.65–34.55) 0.7105

CV, cardiovascular; DM, diabetes mellitus; BMI, body mass index; CRP, C-reactive protein; PCT, procalcitonin.

OLHDF sessions ATA PMMA p value

1st 19.70 (9.00–58.25) 22.60 (11.20–56.35) 0.6974
2nd 24.70 (10.05–69.00) 24.10 (7.20–51.60) 0.4888
3rd 25.25 (6.10–70.45) 10.90 (5.50–36.40) 0.3094
4th 22.90 (5.10–55.00) 20.80 (5.60–99.10) 0.6809
5th 15.30 (4.67–65-15) 16.20 (8.23–37.58) 0.8557
6th 22.90 (5.10–55.00) 20.80 (5.60–99.10) 0.6809

Results expressed as median (IQR).

Table 2. IL-6 (pg/mL) blood level before 
dialysis session
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PMMA (17.08%, IQR −9.0 to 40.0 vs. 2.95%, IQR −34.63 
to 27.32) (Fig. 1). After dividing the groups into tertiles 
based on IL-6 pre-dialysis levels, ATA membrane deter-
mined higher IL-6 RR in all the tertiles. Neither ATA nor 
PMMA showed a difference in IL-6 RR from higher to 
lower tertiles (Table 1; Fig. 2).

Pre-dialysis IL-6 levels were similar in ATA and 
PMMA across the first 6 HD sessions, as described in Ta-
ble 2. Beyond IL-6, both CRP and PCT showed higher 
median reduction ratios for ATA membrane (Table 1).

We performed a multiple logistic regression analysis 
with IL-6 RR >25% as outcome including the membrane 
employed, pre-dialysis IL-6, CRP, PCT, and ferritin. ATA 
led to a higher probability to reach the outcome (OR 
1.891, 95% CI 1.273–2.840, p = 0.0018) while higher PCR 
favors the risk of lower IL-6 RR values (OR 0.910, 95% CI 
0.868–0.949, p ≤ 0.0001) (Table 3).

Discussion/Conclusion

The present study was an observational prospective 
single-center study, aimed at investigating the effects of 
two different dialyzers, ATA and PMMA, on clinical out-
comes and cytokine removal in CHD affected by SARS-
CoV-2. The high mortality related to SARS-CoV-2 in 
such patients justifies the efforts to optimize HD treat-
ment to counteract the cytokine storm that characterizes 
this disease, leading to ARDS and multiorgan failure [1, 
24]. The 18% of our patients died confirming the high 
SARS-CoV-2-related mortality rate in such population 
although slightly inferior compared to the 23% recently 
described by the analysis of the European Renal Associa-
tion SARS-CoV-2 Database, keeping into account that 
our population was largely a “second wave” SARS-CoV-2 
cohort treated with more standardized therapeutic pro-
tocols [1].

Given the role of IL-6 as a main driver of the CRS in 
SARS-CoV-2, we focused on such a molecule to evaluate 
the inflammatory effect of the two membranes. Nonethe-
less, IL-6 belongs to the middle molecular uremic toxins 
(21 kDa), PCT has a molecular weight of 14 kDa and CRP 
a molecular weight of 24 kDa. Consequently, only few 
specific membranes can technically remove these mole-
cules and in particular high-flux dialyzers, which have 
cut-off values of about 20 kDa and up to 45 kDa [25]. We 
choose the OLHDF technique and two high-flux dialyz-
ers with high KUF and high biocompatibility to increase 
middle molecule clearance and to minimize blood-mem-
brane proinflammatory interactions. Selecting these dia-

Table 3. Multiple logistic regression with IL-6 RR >25% as outcome

Variable OR 95% CI p value

ATA 1.891 1.273–2.840 0.0018
IL-6 pre-HD 1.003 1.001–1.007 0.0123
CRP pre-HD 0.9101 0.8682–0.9496 <0.0001
PCT pre-HD 0.9528 0.8644–1.008 0.2270
Ferritin 1.000 0.9998–1.000 0.7697
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Fig. 1. IL-6 RR% in ATA versus PMMA group. Data expressed as 
median (IQR).

Fig. 2. IL-6 RR% comparison between tertiles on the basis of IL-6 
pre-diaysis level in ATA (a) and in PMMA group (b). Data ex-
pressed as median (IQR).
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lyzers, we compared a membrane with high MWCO and 
high hydraulic permeability (ATA) and a membrane with 
high adsorptive properties (PMMA) [26]. Recently, the 
risk of albumin loss after 4 weeks and 12 weeks of MCO-
HD as well as the lack of IL-6 improvement after 24 weeks 
of treatment were reported: as a consequence, we consid-
ered the MCO dialyzer not suitable for the study [27, 28]. 
Cytosorb was not taken into account considering that all 
dialysis sessions were carried out in the dialysis ward were 
it is limited to intermittent 4-h length treatment formats 
[9].

Analyzing a high number of HD sessions (420 for ATA 
and 191 for PMMA), we found that the median IL-6 RR% 
was greater for ATA than with PMMA (Fig. 1). The pre-
HD IL-6 levels were similar between the ATA and PMMA 
groups across the disease span (Table 2). Such result was 
confirmed also after dividing the population into tertiles 
of pre-HD IL-6 levels. Moreover, higher IL-6 pre-HD lev-
els did not influence the RR neither for ATA nor for 
PMMA. The multiple logistic regression analysis showed 
that the probability to obtain an IL-6 RR major than 25% 
was higher with ATA than with PMMA dialyzer, while 
active pre-HD inflammatory status reduced the likeli-
hood to reach significant RR, suggesting a role of IL-6 
overproduction during HD treatment itself.

The threshold of 25% was the median value of IL-6 RR 
found by Quiroga et al. [23] in HD COVID-19 patients 
who survived; the value was found during the first hemo-
dialysis session after COVID-19 diagnosis. We obtained 
a median IL-6 RR of 2.95% (IQR −34.63 to 27.32) with 
our PMMA BGU dialyzer that was much lower than that 
reported by Quiroga who used the PMMA NF dialyzer 
with a KUF of 55 mL/h/mm Hg [23]. Nonetheless some 
other methods differences are present: first, all HD ses-
sions across SARS-CoV-2 duration were considered; sec-
ond, controversies exist about combining a PMMA dia-
lyzer with high adsorptive properties and convection dur-
ing OLHDF [26]. It is hard to assess whether IL-6 
concentration decline is determined only by the extracor-
poreal therapy or if it reflects, at least in part, the dynam-
ic nature of the cytokine storm, the improvement of un-
derlying disease or the response to treatment [29]. It is 
also worth noting that in some sessions, IL-6 blood levels 
increased after HD as found also by Quiroga et al. [23]. 
We hypothesize that this phenomenon is not due to a lack 
of removal but to a huge excess of production caused by 
disease activity or to intradialytic cytokine release due to 
the enhancement of monocyte activation [30–33]. More-
over, cytokine half-lives are short and their endogenous 
production might be more rapid than clearance during 

extracorporeal therapy, leading to a potential underesti-
mation of the effective RR, especially in the acute phase 
of infection [34].

Beyond IL-6, we observed an elevated PCT RR in the 
whole population that was significantly higher in ATA 
group. Elevated PCT blood levels are observed in SARS-
CoV-2, are associated with poor prognosis, and are reli-
able in diagnosis of overlapped bacterial infection [35, 
36]. It is well known that PCT is not solely an inflamma-
tory marker but also exerts a complex immunomodula-
tory role in sepsis that consists of proinflammatory effects 
(neutrophil and lymphocyte activation, increased cyto-
kine production) and ones that may contribute to “im-
munoparhalysis” [37, 38]. Although with no statistical 
significance, patients belonging to the ATA group dis-
played a higher rate of overlapped bacterial infection, tes-
tified by more frequent antibiotic administration as well 
as higher PCT levels at diagnosis, suggesting a relation-
ship between the two parameters in our caseload. How-
ever, given the low median PCT level, we believe that the 
main driver of the inflammatory response in our popula-
tion was SARS-CoV-2 infection.

Few data on cytokines removal are available for CHD 
patients affected by SARS-CoV-2. Esposito et al. [17] per-
formed a prospective trial on 29 CHD patient with SARS-
CoV-2 randomized to MCO or PMMA: no difference in 
mortality risk was found. However, this study was fo-
cused on inflammatory mediator changes: pre- and post-
HD IL-6 blood levels were measured only in the first ses-
sion (HD with MCO) at diagnosis and no significant dif-
ferences were detected [17]. Yalin et al. [39] did not find 
any difference in mortality in a retrospective study that 
examined 60 CHD patients affected by SARS-CoV-2 
treated with MCO or low-flux membranes. Tarakcioǧlu 
et al. [40] evaluated cytokines removal in 21 stable CHD 
patients treated with low-flux HD and did not find any 
difference as to IL-1 beta, IL-6, TNF-alpha, and sIL-2R 
concentrations between pre- and post-HD specimens. De 
la Flor et al. [41] published a case series of 10 CHD pa-
tients affected by SARS-CoV-2 who underwent post-di-
lution OLHDF with ATA. The authors found a higher 
IL-6 decrease after 14 days in survivors, although no IL-6 
RR was determined and there was not a control group 
[41].

In conclusion, a reduced inflammatory pattern can be 
assessed using ATA in comparison to PMMA. Neverthe-
less, at the best of our knowledge, these are the first data 
on the comparison of ATA versus PMMA in CHD pa-
tients in SARS-CoV-2, and the strength of our study are 
the high number of HD sessions analyzed. The present 
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study has some limitations: its observational nature, the 
limited pattern of inflammatory parameters assessed, 
and the small population analyzed that do not allow con-
clusions on mortality as well as on other clinical out-
comes.
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