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INTRODUCTION 
 

An outbreak of coronavirus disease (COVID-19) in 

December 2019 in Wuhan, China, has developed into a 

global pandemic. COVID-19 is caused by infection with 

severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) virus [1]. Most patients with COVID-19 present 

with respiratory symptoms, including dyspnea and fever, 

and approximately 15% of patients develop severe 

complications including injury to the liver, heart, and 

kidneys [2, 3]. Although the treatment of COVID-19 has 

been closely investigated, no uniform clinical treatment 

protocol is available yet. Therefore, it is imperative that 

an effective treatment is found as soon as possible [4]. 

 

Cytokine release syndrome (CRS) plays a vital role in 

the occurrence and disease progression of the COVID-

19 [5]. It has been confirmed that there is a substantial 

increase in inflammatory cytokines in COVID-19 

patients in a critical condition, and this increase is 

related to the SARS-CoV-2 nucleic acids [6]. Acute 

respiratory distress syndrome (ARDS) is the main cause 
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will develop severe complications such as multiple organ disease syndrome related to cytokine release 
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filtration or adsorption. We evaluated the effectiveness of CRRT in COVID-19 patients with CRS. 
Methods: This retrospective, multicenter, descriptive study included 83 patients with CRS from three hospitals 
in Wuhan. 
Results: In COVID-19 patients with CRS, the fatality rate was even higher in CRRT group (P=0.005). However, 
inflammatory markers such as C-reactive protein, neutrophil counts, and D-dimer decreased after CRRT 
(P<0.05). Results of Lasso model showed that tracheotomy (β -1.31) and convalescent plasma (β -1.41) were the 
protective factors. In contrast, CRRT (β 1.07), respiratory failure (β 1.61), consolidation on lung CT (β 0.48), 
acute kidney injury (AKI) (β 0.47), and elevated neutrophil count (β 0.02) were the risk factors for death. 
Conclusions: Our results showed that although CRRT significantly reduced the inflammation, it did not decrease 
the fatality rate of patients with CRS. Therefore, the choice of CRRT indication, dialysis time and dialysis mode 
should be more careful and accurate in COVID-19 patients with CRS. 
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of death in COVID-19, associated with a massive 

inflammatory response mediated by the CRS [7]. SARS 

and Middle East respiratory syndrome (MERS) have 

also been shown to be associated with CRS and are 

closely linked to mortality [8]. CRS is a systemic 

inflammatory response that occurs mainly in cases of 

severe infection and is manifested by a sudden increase 

in the production of a large number of inflammatory 

factors, such as interleukin-2 (IL-2), IL-4, IL-6, and 

monocyte chemoattractant protein-1 [9]. Among these 

inflammatory cytokines, IL-1 and IL-6 are the main 

pathogenic factors. The cutoff value of specific 

inflammatory cytokines for CRS in patients with 

COVID-19 is yet to be defined. Recent research shows 

that an IL-6 value greater than 100 pg/mL carries the 

risk of death, and artificial-liver blood-purification 

therapy can be considered when IL-6 is five times the 

normal limit [6, 10]. 

 

Although there are no standard diagnostic criteria for 

CRS, some treatments based on managing CRS have 

been widely applied clinically. These include antagonism 

at the IL-6 receptor (using the antagonist Tocilizumab), 

artificial-liver blood-purification therapy that can remove 

cytokines from the circulation, and continuous renal 

replacement therapy (CRRT) can remove inflammatory 

factors such as cytokines from the circulation via 

filtration and adsorption [11]. Tocilizumab has been 

proved to be effective in COVID-19 at the initial stages 

[12, 13]. CRRT has been used in the treatment of 

COVID-19 patients with multiple organ failure, 

especially when accompanied by refractory CRS, and in 

some critical patients with acute kidney injury (AKI). 

One case report suggests that CRRT is initially effective 

in the treatment of patients with COVID-19 [14]. 

However, as little data on this topic exists, there is no 

definitive conclusion regarding the effectiveness of 

CRRT. In this study, we retrospectively collected and 

analyzed the clinical data of COVID-19 patients with 

CRS from three hospitals in Wuhan, to determine the 

effectiveness of CRRT. 

 

RESULTS 
 

Of the 83 cases included in our study, 67 were classified 

as critical, and 16 as non-critical. Of the 67 critical 

patients, 38 cases were treated with CRRT during 

hospitalization. A total of 45 patients died, and 36 were 

cured or improved. The outcome of two patients is 

unknown. 
 

Patients demographics 
 

The mean age of the patients was 67.3±12.6 years. 

Almost three-quarters (73.5%) of the patients were male; 

67 were critical cases, and 13.3% of the patients had a 

history of smoking. The underlying medical conditions 

of the patients included hypertension (55.4%), diabetes 

(24.1%), tumors (6%), and chronic obstructive 

pulmonary disease (1.2%). Pulmonary CT revealed that 

51.7% of the critical patients had consolidation, and 73.3 

% of non-critical patients had ground-glass changes in 

the lungs. The mean peak creatinine value during 

hospitalization was 133.2 pg/mL (range, 72.8 to 276.7). 

AKI was present in 60.2%, MODS in 36.1%, and ARDS 

in 42.2% of the patients. Compared to the non-critical 

groups, the critical group had more patients with an IL-6 

value >4000 pg/mL (29.9% vs.18.8%) (Table 1). 

 

Patients in the critical group had a significantly higher 

WBC count (P=0.001), neutrophil count (P<0.001), 

neutrophil percentage (P<0.001), LDH (P<0.001),  

peak creatinine (P=0.01), high-sensitivity troponin I 

(P<0.001), CRP (P<0.001), ferritin (P=0.001) and 

procalcitonin (PCT) (P=0.043) than those in the non-

critical group. Patients in the critical group had 

significantly lower lymphocyte counts (P=0.018) and 

albumin levels (P=0.015) than patients in the non-

critical group (Table 1). 

 

Treatments such as CRRT (P=0.001), antibiotics 

(P=0.002), hormones (P=0.004), globulin therapy 

(P<0.001), invasive mechanical ventilation (P<0.001) 

and non-invasive ventilation (P<0.001), were each 

more commonly used in critical patients than in non-

critical patients. Moreover, critical patients had a 

higher incidence of AKI (P<0.001), respiratory failure 

(P<0.001), ARDS (P<0.001), MODS (P<0.001), 

gastrointestinal bleeding (P=0.004), acute liver 

dysfunction (P<0.001) and acute myocardial injury 

(P<0.001) (Table 1). 

 

The role of CRRT in critical COVID-19 patients 

with CRS 

 

Over half of the critical patients (38/67) were treated with 

CRRT. Those who received CRRT had a lower blood 

platelets (PLT) (P=0.023), and lower albumin (P=0.041), 

a higher peak creatinine (P=0.018), and a greater 

incidence of MODS (P<0.001) than those who did not 

receive CRRT. More patients receiving CRRT also 

underwent tracheal cannulation (P=0.003) or invasive 

mechanical ventilation (P=0.002). Most patients who 

received CRRT (64.7%) had pulmonary consolidations 

on CT (Table 2). Unexpectedly, mortality was higher in 

the CRRT group than that in the non-CRRT group 

(P=0.005). 

 

Compared to the non-CRRT group, the CRRT group had 
more patients with an IL-6 value >4000 pg/mL (24.1% 

vs. 34.2%). The blood oxygen saturation in patients who 

received CRRT was lower than in the non-CRRT group 
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Table 1. The general characteristics of 83 COVID-19 patients by disease severity. 

Variables  Total(n=83) Critical (n=67) Non-critical (n=16) t/χ2/Z P 

Age (years)  67.3±12.6 67.6±12.3 65.9±13.9 -0.490a 0.625 

Sex       

 Female 22(26.5) 16(23.9) 6(37.5) 0.630c1 0.427 

 Male 61(73.5) 51(76.1) 10(62.5)   

Smoking  11(13.3) 8(15.7) 3(21.4) 0.011c1 0.916 

Clinical outcomes       

 Cure/Improved 36(43.4) 22(33.3) 14(93.3) 17.820c2 <0.001 

 Death 45(54.2) 44(66.7) 1(6.7)   

Underlying conditions       

 Diabetes 20 (24.1) 14(20.9) 6(37.5) 1.145c1 0.285 

 Hypertension 46(55.4) 37(55.2) 9(56.2) 0.006c2 0.941 

 Tumor 5(6.0) 5(7.5) 0(0.0) - 0.578f 

 COPD 1(1.2) 1(1.5) 0(0.0) - 1.000f 

Hospitalization time (days)  20(11,35) 19(11,30.75)* 34(22,47.5)* 683.0b 0.022 

Laboratory test results       

 SO2 (%) 93(87,95) 92.5(85,95)* 93(88,95)* 413.5b 0.591 

 PLT (109/L) 158(107,216.5) 153(105.5,212.5) 180(135,233.25) 622.0b 0.324 

 WBC count (109/L) 8.21(6.32,11.84) 8.98(6.8,12.88) 5.58(3.68,7.08) 254.0b 0.001 

 Neutrophil count (109/L) 7.65(4.67,11.17) 8.01(5.48,12.01) 3.47(2.25,5.84) 217.0b <0.001 

 Neutrophil % 87.9(75,91.4) 89.9(80.1,92.1)* 68.85(63.42,77.65)* 94.5 <0.001 

 Lymphocyte count (109/L) 0.64(0.460.98) 0.59(0.42,0.96) 0.93(0.71,1.08) 741.5b 0.018 

 Albumin (g/L) 30.6(26.2,33.95) 29.4(25.8,33.85) 33.75(30.68,36.1) 746.5b 0.015 

 LDH (U/L) 375(263,534.5) 434(328.5,592) 248.5(217.5,266.25) 122.0b <0.001 

 Maximum creatinine value 

during hospitalization 

(μmol/L) 

133.2(72.75,276.7) 146(92.45,291.35) 73.4(68.62,82.3) 312.0b 0.010 

 high-sensitivity troponin I 26(9.5,111.75) 36(12.6,140.5)* 4.45(1.65,9.8)* 92.0b <0.001 

 D-dimer (ug/mL) 3.14(0.94,7.39) 3.31(0.88,8)* 2.67(1.66,4.97) 484.0b 0.672 

 CRP (mg/L) 85.35(33.41,134.12) 96.7(43.8,143.8)* 14(2.58,49.5)* 202.0b <0.001 

 Ferritins (μg/L) 1271.82(726.64,2000) 1614(837,2000)* 565.1(303.82,957.31)* 80.0b 0.001 

 PCT (ng/mL) 0.23(0.11,0.41) 0.24(0.12,0.41)* 0.06(0.05,0.26)* 206.0b 0.043 

 Maximum IL-6 (pg/mL)      

 <P25 (<=250) 21(25.3) 15(22.4) 6(37.5) - 0.426c3 

 P25~P75 (250 -4000) 39(47.0) 32(47.8) 7(43.8)   

 >=P75(>=4000) 23(27.7) 20(29.9) 3(18.8)   

Lung CT main performance  Ground-glass 40(48.2) 29(48.3) 11(73.3) 3.013c2 0.083 

 Consolidation 35(42.2) 31(51.7) 4(26.7)   

Treatments       

 CRRT 40(48.2) 38(56.7) 2(12.5) 10.144c2 0.001 

 Antiviral 80(96.4) 64(98.5) 16(100.0)  1.000c3 

 Tracheal cannula 56(67.5) 56(88.9) 0(0.0) 41.258c1 <0.001 

 Tracheotomy 13(15.7) 13(21.3) 0(0.0) 2.275c1 0.131 

 Antibiotic 73(88.0) 62(96.9) 11(68.8) 9.403c1 0.002 

 Hormone 53(63.9) 47(78.3) 6(37.5) 8.139c1 0.004 

 Globulin 41(49.4) 38(67.9) 3(18.8) 12.240c1 <0.001 

 ACEI/ARB 6(7.2) 4(7.7) 2(14.3)  0.600f 

 Convalescent plasma 10(12.0) 10(16.7) 0(0.0) 1.623c1 0.203 

 Traditional Chinese 

medicine and pharmacy 

27(32.5) 18(32.7) 9(69.2) 5.852c2 0.016 

 High flow nasal catheter 

oxygen inhalation 

63(75.9) 49(80.3) 14(87.5) 0.089c1 0.766 

 Non-invasive ventilation 40(48.2) 40(65.6) 0(0.0) 21.834c2 <0.001 

 Invasive mechanical 

ventilation 

60(72.3) 59(89.4) 1(6.2) 41.212c1 <0.001 

 ECMO 9(10.8) 9(14.3) 0(0.0) 1.358c1 0.244 
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Complications       

 AKI 50(60.2) 49(74.2) 1(6.2) 25.020c2 <0.001 

 Respiratory failure 61(73.5) 57(91.9) 4(26.7) 27.417c1 <0.001 

 Gastrointestinal bleeding 26(31.3) 25(45.5) 1(6.2) 8.208c2 0.004 

 Acute liver dysfunction 45(54.2) 41(82.0) 4(25.0) 18.153c2 <0.001 

 Acute myocardial injury 58(69.9) 56(88.9) 2(12.5) 34.337c1 <0.001 

 ARDS 35(42.2) 35(62.5) 0(0.0) 19.459c1 <0.001 

 MODS 30(36.1) 30(62.5) 0(0.0) 16.953c1 <0.001 

Note: a: t value by t test; b: Z value by Wilcoxon rank sum test; c1: continuity corrected χ2 value by χ2 test; c2: χ2value by χ2 test; 
f: Fisher exact probability test p value. 
*: contains missing values. 
PLT: Blood platelets; WBC count: White blood cell count; SO2: Blood oxygen saturation; LDH: Lactate dehydrogenase;  
CRP: C-reactive protein; PCT: Procalcitonin; IL6: Interleukin 6; COPD: Chronic obstructive pulmonary disease; AKI: acute 
kidney injury. 

 

Table 2. The general characteristics of 67 critical COVID-19 patients by CRRT. 

Variable  Total CRRT (n=38) Non-CRRT (n=29) t/χ2/Z P 

Age (years)  67.6±12.3 66.9±11.8 68.6±13.0 0.552a 0.583 

Sex       

 Female 16 7(18.4) 9(31.0) 1.440c2 0.230 

 Male 51 31(81.6) 20(69.0)   

Smoking  8 6(21.4) 2(8.7)  0.269f 

Clinical outcomes       

 Cure/Improve 22 7(18.9) 15(51.7) 7.873c2 0.005 

 Death 44 30(81.1) 14(48.3)   

Underlying conditions       

 Diabetes 14 7(18.4) 7(24.1) 0.325c2 0.568 

 Hypertension 37 19(50.0) 18(62.1) 0.969c2 0.325 

 Tumor 5 2(5.3) 3(10.3)  0.645f 

 COPD 1 0(0.0) 1(3.4)  0.433f 

Hospitalization time (days)  23.3±16.6 23.6±15.6* 23.0±18.1 477.5b 0.449 

Laboratory test results       

 SO2 (%) 92.5(85,95) 90(84.5,95)* 93(88,95.5)* 462.5b 0.343 

 PLT (109/L) 153(105.5,212.5) 127(98.25,179) 185(112,247) 731.0b 0.023 

 WBC count (109/L) 9.9±4.4 9.8±3.9 10.0±4.9 0.180a 0.858 

 Neutrophil count (109/L) 8.80±4.30 8.80±3.89 8.80±4.87 -0.003a 0.997 

 Neutrophil % 89.9(80.1,92.1) 89.95(86.6,93.13)* 89.8(78.5,91.4) 420.5b 0.321 

 Lymphocyte count (109/L) 0.59(0.42,0.96) 0.55(0.39,0.72) 0.64(0.48,1.12) 666.5b 0.146 

 Albumin (g/L) 29.88±5.51 28.68±4.79 31.44±6.06 2.080a 0.041 

 LDH (U/L) 434(328.5,592) 472(339.25,661) 430(321,502) 451.0b 0.208 

 Maximum creatinine value 

during hospitalization 

(μmol/L) 

146(92.45,291.35) 198.85(123.62,340.95) 132.7(63.1,214) 364.0b 0.018 

 High-sensitivity troponin I 36(14.6,140.5) 46.6(19.9,184.25)* 23.7(12.55,70.82)* 354.0b 0.229 

 D-dimer (ug/mL) 3.31(0.88,8) 2.26(0.92,8)* 3.53(0.88,6.98) 513.5b 0.915 

 CRP (mg/L) 96.7(43.8,143.8) 97.76(54.34,143.57)* 89.16(33.93,143.8) 480.0b 0.583 

 Ferritins (μg/L) 1614(837,20000) 1618.59(907.86,2000)* 1447.99(851.62,2000)* 183.0b 0.522 

 PCT (ng/mL) 0.24(0.12,0.41) 0.3(0.14,0.49)* 0.23(0.12,0.27)* 276.5b 0.120 

 Maximum IL-6 (pg/mL)      

 <P25 (<=250) 15 11(28.9) 4(13.8) 4.438c2 0.109 

 P25~P75 (250 -4000) 32 14(36.8) 18(62.1)   

 >=P75(>=4000) 20 13(34.2) 7(24.1)   

Lung CT main performance  Ground glass 29 12(35.3) 17(65.4) 5.342c2 0.021 

 Consolidation 31 22(64.7) 9(34.6)   
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Treatments       

 Antiviral 64 35(97.2) 29(100.0)  1.000f 

 Tracheal cannula 56 34(100.0) 22(75.9)  0.003f 

 Tracheotomy 13 8(24.2) 5(17.9) 0.368c2 0.544 

 Antibiotic 62 35(97.2) 27(96.4)  1.000f 

 Hormone 47 30(83.3) 17(70.8) 1.326c2 0.250 

 Globulin 38 24(77.4) 14(56.0) 2.911c2 0.088 

 ACEI/ARB 4 1(3.3) 3(13.6)  0.299f 

 Convalescent plasma 10 7(21.2) 3(11.1) 0.485c1 0.486 

 Traditional Chinese 

medicine and pharmacy 

18 8(25.8) 10(41.7) 1.546c2 0.214 

 High flow nasal  catheter 

oxygen inhalation 

49 25(75.8) 24(85.7) 0.950c2 0.330 

 Non-invasive ventilation 40 23(65.7) 17(65.4) 0.001c2 0.979 

 Invasive mechanical 

ventilation 

59 37(100.0) 22(75.9)  0.002f 

 ECMO 9 6(17.1) 3(10.7) 0.131c1 0.717 

Complications       

 AKI 49 30(81.1) 19(65.5) 2.059c2 0.151 

 Respiratory failure 57 35(94.6) 22(88.0)  0.385f 

 Gastrointestinal bleeding 25 16(48.5) 9(40.9) 0.306c2 0.580 

 Acute liver dysfunction 41 26(81.2) 15(83.3) 0.000c1 1.000 

 Acute myocardial injury 56 32(88.9) 24(88.9)  1.000f 

 ARDS 35 25(71.4) 10(47.6) 3.175c2 0.075 

 MODS 30 26(81.2) 4(25.0) 14.400c2 <0.001 

Note: a: t value by t test; b: Z value by Wilcoxon rank sum test; c1: continuity corrected χ2 value by χ2 test; c2: χ2value by χ2 test; 
f: Fisher exact probability test p value. 
*: contains missing values. 
PLT: Blood platelets; WBC count: White blood cell count; SO2: Blood oxygen saturation; LDH: Lactate dehydrogenase; CRP:  
C-reactive protein; PCT: Procalcitonin; IL6: Interleukin 6; COPD: Chronic obstructive pulmonary disease; AKI: acute kidney injury. 

 

[90 (84.5,95)% vs.93 (88,95.5)%] and the lymphocyte 

count [0.55 (0.39,0.72) 109g/L vs. 0.64 (0.48,1.12) 

109g/L] followed the same pattern, demonstrating lower 

values in the CRRT patients. The CRP was higher in the 

CRRT than in the non-CRRT group [97.7 (54.34,143.57) 

mg/L vs. 89.16 (33.93,143.8) mg/L)]. Moreover, the 

incidence of AKI and ARDS in critical patients treated 

with CRRT was 81.1% and 71.4%, respectively, which 

was higher than the corresponding figures of non-CRRT 

(Table 2). Compared with the non-CRRT patients, the 

patients in the CRRT group appeared to be in a worse 

condition, although there was no statistical difference in 

the indicators mentioned above. 

 

For the 38 patients treated with CRRT, the changes of 

inflammation-related indicators before and after CRRT 

were compared. These included the count and percentage 

of neutrophils, WBC counts, lymphocytes counts, and 

levels of IL-6, CRP, D-dimer, and PCT. The analysis 

showed that after CRRT, WBC counts (P=0.039), 

neutrophil counts (P=0.014), CRP (P=0.049), D-dimer 

(P=0.006) all declined significantly from the values 

before CRRT. However, lymphocytes, PCT and IL-6 did 

not change significantly (Table 3). 

Factors related to mortality 

 

The results from Lasso analysis indicated that patients 

with CRRT (β 1.07), consolidation of the lungs (β 0.48), 

respiratory failure (β 1.61), AKI (β 0.47), and elevated 

neutrophils (β 0.02) could have a higher the risk of 

death. Tracheotomy (β -1.31) and convalescent plasma 

(β -1.41) were found to be negatively correlated with 

death (Table 4). 

 

Logistic regression analysis of 66 critical patients further 

showed that respiratory failure was an independent risk 

factor for death (odds ratio [OR], 0.06; 95% confidence 

interval [CI], 0.01-0.38, P<0.001), while tracheotomy 

was found to be an independent protective factor for 

death (OR, 68.72; 95% CI, 4.81-10404.57, P<0.001). 

Therefore, it is suggested that timely tracheotomy should 

be performed in critically ill patients with respiratory 

failure (Table 5). 

 

DISCUSSION 
 

In this study, we found that the fatality rate of critical 

COVID-19 patients with CRS who received CRRT was 
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Table 3. The effect of CRRT on inflammatory response. 

Variable Before After Difference V P N 

WBC count(109/L) 12.85(9.96,18.77) 8.42(4.44,15.06) -4.43(-10.12,2.14) 176.5 0.039 34 

Neutrophil counts 12.22(8.45,17.71) 7(3.47,12.19) -4.24(-9.65,1.47) 134 0.014 32 

Neutrophil % 92.2(88.88,94.80) 89(79.95,92.52) -1.95(-5.05,0.62) 177 0.040 34 

Lymphocyte counts (109/L) 0.54(0.36,0.96) 0.54(0.24,1.02) -0.1(-0.28,0.20) 249 0.412 34 

CRP (mg/L) 120.10(64.66,160) 63.6(42.11,128) -37.1(-68.34,33.58) 126 0.049 31 

PCT (ng/mL) 1.67(0.70,4.69) 2.58(0.69,6.50) -0.86(-2.39,4.74) 246 0.747 32 

D-dimer (ug/L) 7.08(2.29,12.14) 3.94(1.88,7.18) -2.61(-6.04,0) 90 0.006 31 

IL 6 (pg/L) 20.95(9.13,91.29) 30.34(16.08,416.02) 9.30(-13.75,287.23) 175 0.267 24 

Note: V is the statistic of Wilcoxon signed rank test. N is the number of the patients. 
WBC count: White blood cell count; CRP: C-reactive protein; PCT: Procalcitonin; IL6: Interleukin 6. 

 

Table 4. The results of lasso regression model on the death  
outcome of the 66 critical patients with COVID-19. 

Variables β OR* 

CRRT   1.07 2.92 

Tracheotomy  -1.31 0.27 

Convalescent plasma  -1.41 0.24 

Respiratory failure   1.61 4.99 

Lung CT main performance   0.48 1.62 

AKI  0.47 1.60 

Neutrophil %  0.02 1.02 

Note: AKI: acute kidney injury; WBC count: White blood cell count; 
LDH: Lactate dehydrogenase; CRP: C-reactive protein; *: OR value 
was calculated based on β, OR=eβ. Variables with positive β are risk 
factors of death outcome while those negative are protective. 
In addition to the variables shown in the Table 4, these variables 
such as cough, dyspnea, hormone treatment, Invasive mechanical 
ventilation, acute myocardial injury, WBC count (109/L), Neutrophil 
count (109/L), Lymphocyte count (109/L), Albumin (g/L), LDH (U/L), 
maximum creatinine value during hospitalization(μmol/L), CRP 
(mg/L) and D-dimer (ug/mL) were also included into lasso model. 
However, their coefficients were shank to 0 by the model due to 
their negligible effects, therefore these variables were not included 
in the table. 

 

Table 5. Results of the exact logistic regression on the death outcome of the 66 critical patients with COVID-19. 

 coef se(coef) lower 0.95 upper 0.95 χ2 P OR (95%CI) 

Tracheotomy(Yes) - 2.73 0.99 - 4.80 - 0.97  9.45 <0.001 0.06 (0.01,0.38) 

Respiratory failure(Yes)  4.23 1.87  1.57   9.25 10.79 <0.001 68.72 (4.81,10404.57) 

 

higher than that of those who did not. This means that 

the clearance of inflammatory factors by CRRT did not 

improve the prognosis of CRS. Furthermore, the results 

from Lasso analysis also showed that CRRT was a 

dependent risk factor for death. The result may not have 

been expected, and is not consistent with some reports in 

the literature. For example, several case reports suggest 

that CRRT can improve the prognosis and may be a 

potential treatment for COVID-19 [15–17]. However, 

the results of Fominskiy E et al. also show that CRRT 

does not reduce the mortality of patients with COVID-

19, and CRRT also carries a higher risk of in-hospital 
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death [18]. Therefore, whether CRRT can improve the 

prognosis of critical COVID-19 patients with CRS is 

still a controversial question. 

 

In our study, the patients in the CRRT group were more 

seriously ill. Compared with the non-CRRT patients, they 

had a higher level of peak creatinine and had a higher 

incidence of MODS or ARDS. In addition, the unsuitable 

choice of dialysis timings or dialysis mode, and dialysis- 

related complications, such as bleeding caused by 

anticoagulation, might contribute to the high fatality rate 

in the CRRT group [19]. The therapeutic effect of CRRT 

is reduced when IL-6 suddenly increases to more than 

100 pg/mL or when other complications are present [6, 

20]. Therefore, when COVID-19 patients develop CRS, 

the use of CRRT should not be delayed. As currently 

recommended for interventional treatment of artificial-

liver blood-purification, when IL-6 is five times the 

normal limit, the application of CRRT should be 

considered. If the characteristics of our cases and the 

current literature are considered together, IL-6 values 

greater than 100pg/ml could be an important critical 

index for intervention. However, the determination of the 

specific cutoff value of IL-6 for early intervention with 

CRRT requires further investigation [10]. Although 

CRRT did not improve the survival of critical COVID-19 

patients with CRS, some inflammatory markers such as 

the CRP, D-dimer, WBC counts, and neutrophil counts 

decreased significantly after CRRT. It is suggested that 

CRRT can reduce inflammation in such patients. 

 

The results from Lasso analysis indicated that AKI is a 

risk factor for death in critical COVID-19 patients with 

CRS. This result is consistent with the conclusion of a 

study conducted by Tongji Hospital, another hospital 

focused on the treatment of COVID-19 patients in 

Wuhan [21]. The incidence of AKI in our study was 

much higher than previously reported for ICU patients 

[2]. It is suggested that in addition to the lung, the 

kidney is also one of the most frequently affected 

organs in COVID-19 infections. Recent studies have 

confirmed that the expression of angiotensin-converting 

enzyme 2, a cell entry receptor of SARS-CoV-2, is very 

high in the kidney [22, 23]. In addition, the changes in 

hemodynamics and the damage done by inflammatory 

cytokines to the kidneys are also the reason for the high 

incidence of AKI in COVID-19 patients [24, 25]. So, 

the urinary system is a potential route for SARS-CoV-2 

infection. In addition, the Lasso analysis suggests that 

consolidation on lung CT and elevated neutrophils also 

increase the risk of death. 

 

The incidence of respiratory failure is higher in patients 
with critical COVID-19 (73.5%), and multiple regression 

analysis also confirms that respiratory failure is a risk 

factor for death. Tracheotomy was found to be protective 

for death among critical COVID-19 patients with CRS, 

indicating that patients with respiratory failure should 

undergo tracheotomy and invasive ventilation at the 

correct time. 

 

In terms of treatment, in addition to CRRT and invasive 

ventilation, many other methods are used to treat  

these seriously ill patients. These treatments include 

convalescent plasma, hormones, globulin, and Chinese 

medicine, but the benefits are also controversial. In our 

study, convalescent plasma treatment might have been 

beneficial for critical COVID-19 patients with CRS, 

according to Lasso analysis. Hormones and globulin 

were commonly used treatments in severe SARS or 

MERS patients in the past. Over 78.3% of the critical 

patients in this study received hormone therapy for the 

treatment of COVID-19. Though the treatment with 

hormones was not found to be either a protective or a risk 

factor in this study, it should be carefully considered [26]. 

Regarding Chinese medicine, we did not see any 

protective factors in our results, which may be 

inconsistent with some reports [27]. The reason may be 

that most Chinese medicines are used in patients with 

mild or moderate symptoms, while most COVID-19 

patients with CRS have severe or critical symptoms, and 

fewer of them are treated with Chinese medicine. 

 

Our study has several limitations. First, though we  

have compiled cases from three hospitals that mainly 

treated patients with COVID-19, the sample size is  

still comparatively small. Second, although some 

confounding factors were compensated for, the 

influences of some unknown/unavailable factors cannot 

be completely excluded. Third, the medical records of 

two patients are incomplete, and the prognosis is 

unknown, resulting in missing data. 

 

In conclusion, the fatality rate of CRRT patients did not 

decrease as expected, and even had an opposite trend in 

our study. The decision whether and how to use CRRT in 

COVID-19 patients with CRS should be carefully 

assessed. In the future, more studies and larger sample 

size are needed to evaluate the effect of CRRT on 

COVID-19 patients with CRS. Convalescent plasma 

therapy might be clinically considered in critical COVID-

19 patients, and tracheotomy could be recommended for 

those who developed respiratory failure. 

 

MATERIALS AND METHODS 
 

Study design 

 

In this retrospective, multi-center study, we analyzed 
results from 83 patients diagnosed with COVID-19  

and CRS from December 2019 to July 2020, at three 

participating hospitals (Wuhan Union hospital, Wuhan 
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Jinyintan Hospital, and Wuhan First Hospital). The 

following inclusion criteria were applied: a laboratory 

diagnosis of COVID-19 (a positive throat swab nucleic 

acid test or positive serum COVID-19 specific antibody 

test), and a peak IL-6 value >100 pg/mL, or a peak IL-6 

value of 50-100 pg/mL with concurrent ARDS or multiple 

organ disease syndrome (MODS). Clinical indications for 

CRRT include hyperkalemia, acidosis, multiple organ 

dysfunction, or severe CRS. This study was approved by 

the institutional ethics board of Wuhan First Hospital 

(W202003–2) and conducted in accordance with the 

Declaration of Helsinki. The requirement for informed 

consent was waived by the ethics board. 

 

Definition 

 

According to the New Coronavirus Pneumonia 

Prevention and Control Plan (seventh edition) published 

by the National Health Commission of China, COVID-

19 can be classified as mild, moderate, severe, and 

critical. Mild infections are those that only have clinical 

manifestations but no abnormalities on computed 

tomography (CT) scan of the lungs. Patients with 

clinical and pulmonary CT manifestations are considered 

as moderate cases. Severe cases of COVID-19 are 

defined as those with a respiratory rate ≥ 30 breaths/min, 

blood oxygen saturation ≤ 93%, or arterial PO2/oxygen 

concentration ≤ 300 mmHg. A patient with COVID-19 

is considered to be critical when respiratory failure 

requires mechanical ventilation, or the patient 

experiences shock or multiple organ failure and is 

transferred to the intensive care unit. After careful 

evaluation, all the patients included in this study were 

classified as severe and critical cases and therefore were 

divided into critical and non-critical groups. 

 

AKI was defined as an increase in serum creatinine by 

26.52 mmol/L within 48 hours or by more than 50% 

from the baseline within 7 days [28]. 

 

Data collection 

 

After careful review, data, including demographics, 

clinical characteristics, laboratory and radiological 

examinations and treatments, were extracted from the 

patients’ medical records. Patients were classified as 

critical or non-critical, according to the criteria described 

in the definitions sections above. We retrieved the values 

of relevant CRRT indicators obtained before and after 

CRRT. All laboratory examinations of patients were 

carried out by trained physicians. 

 

Statistical analyses 

 

Categorical variables were presented as numbers and 

proportions, and the difference between the groups was 

determined using the chi-square test or Fisher's exact 

test. Continuous variables were presented as mean  

(SD) or median [interquartile (IQR)], and differences 

between the groups were determined using a two-

sample t-test or Wilcoxon rank-sum test. Lasso and 

accurate logistic analysis were conducted to identify the 

factors related to death. The explanatory variables 

included treatments (CRRT, tracheotomy, convalescent 

plasma), respiratory failure, consolidation on lung CT, 

AKI, elevated neutrophil percentage, cough, dyspnea, 

hormone treatment, invasive mechanical ventilation, 

acute myocardial injury, White blood cell (WBC) count 

(x 109/L), neutrophil count (x 109/L), lymphocyte count 

(x 109/L), albumin (g/L), lactate dehydrogenase (LDH) 

(U/L), maximum creatinine value during hospitalization 

(μmol/L), C-reactive protein (CRP) (mg/L) and D-dimer 

(ug/mL) levels. Statistical significance was set as two-

sided with P < 0.05. All the analyses were conducted 

using R software (version 3.6.2, R Foundation), and the 

Lasso and acute logistic analysis were performed with 

the glmnet and logistf package. 
 

Data availability statement 
 

The data underlying this article are available in the 

article and its online supplementary material. 
 

AUTHOR CONTRIBUTIONS 
 

JX designed the study and HX collected the data. HX 

and BS drafted the manuscript. JZ and YZ performed 

the statistical analysis. JX and JZ revised the 

manuscript. All the authors have reviewed and approved 

the final version of the manuscript. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of interest. 

 

FUNDING 
 

This work was supported by grants from the National 

Natural Science Foundation of China (No. 81770736), 

the Doctoral Fund of the Ministry of Education of 

China (No. 200804871122), the Natural Science 

Foundation of Hubei Province (No. 2014CFB197), the 

Chinese Medical Association (No. 14050510588), the 

Huazhong University of Science and Technology (No. 

2015LC033), and the Research-based Clinician Grants 

Program of Tongji Medical College, Huazhong 

University of Science and Technology. 

 

REFERENCES 
 

1. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, Zhang L, Yu 
Z, Fang M, Yu T, Wang Y, Pan S, et al. Clinical course 



 

www.aging-us.com 9251 AGING 

and outcomes of critically ill patients with SARS-CoV-2 
pneumonia in Wuhan, China: a single-centered, 
retrospective, observational study. Lancet Respir Med. 
2020; 8:475–81. 

 https://doi.org/10.1016/S2213-2600(20)30079-5 
PMID:32105632 

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan 
G, Xu J, Gu X, Cheng Z, Yu T, Xia J, et al. Clinical features 
of patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet. 2020; 395:497–506. 

 https://doi.org/10.1016/S0140-6736(20)30183-5 
PMID:31986264 

3. Cao X. COVID-19: immunopathology and its 
implications for therapy. Nat Rev Immunol. 2020; 
20:269–70. 

 https://doi.org/10.1038/s41577-020-0308-3 
PMID:32273594 

4. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, 
Shan H, Lei CL, Hui DS, Du B, Li LJ, Zeng G, et al, and 
China Medical Treatment Expert Group for Covid-19. 
Clinical Characteristics of Coronavirus Disease 2019 in 
China. N Engl J Med. 2020; 382:1708–20. 

 https://doi.org/10.1056/NEJMoa2002032 
PMID:32109013 

5. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall 
RS, Manson JJ, and HLH Across Speciality Collaboration, 
UK. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020; 395:1033–34. 

 https://doi.org/10.1016/S0140-6736(20)30628-0 
PMID:32192578 

6. Chen X. Detectable serum SARS-CoV-2 viral load 
(RNAaemia) is closely correlated with drastically 
elevated interleukin 6 (IL-6) level in critically ill COVID-
19 patients. Clin Infect Dis. 2020; 71:1937–42.  

 https://doi.org/10.1093/cid/ciaa449  
PMID:32301997 

7. McGonagle D, Sharif K, O’Regan A, Bridgewood C. The 
role of cytokines including interleukin-6 in COVID-19 
induced pneumonia and macrophage activation 
syndrome-like disease. Autoimmun Rev. 2020; 
19:102537. 

 https://doi.org/10.1016/j.autrev.2020.102537 
PMID:32251717 

8. Channappanavar R, Perlman S. Pathogenic human 
coronavirus infections: causes and consequences of 
cytokine storm and immunopathology. Semin 
Immunopathol. 2017; 39:529–39. 

 https://doi.org/10.1007/s00281-017-0629-x 
PMID:28466096 

9. Shimabukuro-Vornhagen A, Gödel P, Subklewe M, 
Stemmler HJ, Schlößer HA, Schlaak M, Kochanek M, 
Böll B, von Bergwelt-Baildon MS. Cytokine release 
syndrome. J Immunother Cancer. 2018; 6:56. 

 https://doi.org/10.1186/s40425-018-0343-9 
PMID:29907163 

10. Zhang Y, Yu L, Tang L, Zhu M, Jin Y, Wang Z,  
Li L. A promising anti-cytokine-storm targeted therapy 
for COVID-19: the artificial-liver blood-purification 
system. Engineering (Beijing). 2020. [Epub ahead of 
print]. 

 https://doi.org/10.1016/j.eng.2020.03.006 
PMID:32292628 

11. Ankawi G, Neri M, Zhang J, Breglia A, Ricci Z, Ronco C. 
Extracorporeal techniques for the treatment of 
critically ill patients with sepsis beyond conventional 
blood purification therapy: the promises and the 
pitfalls. Crit Care. 2018; 22:262. 

 https://doi.org/10.1186/s13054-018-2181-z 
PMID:30360755 

12. Giamarellos-Bourboulis EJ, Netea MG, Rovina N, 
Akinosoglou K, Antoniadou A, Antonakos N, Damoraki 
G, Gkavogianni T, Adami ME, Katsaounou P, Ntaganou 
M, Kyriakopoulou M, Dimopoulos G, et al. Complex 
immune dysregulation in COVID-19 patients with 
severe respiratory failure. Cell Host Microbe. 2020; 
27:992–1000.e3. 

 https://doi.org/10.1016/j.chom.2020.04.009 
PMID:32320677 

13. Xu X, Han M, Li T, Sun W, Wang D, Fu B,  
Zhou Y, Zheng X, Yang Y, Li X, Zhang X, Pan A, Wei H. 
Effective treatment of severe COVID-19 patients  
with tocilizumab. Proc Natl Acad Sci USA. 2020; 
117:10970–75. 

 https://doi.org/10.1073/pnas.2005615117 
PMID:32350134 

14. Ma J, Xia P, Zhou Y, Liu Z, Zhou X, Wang J, Li T, Yan X, 
Chen L, Zhang S, Qin Y, Li X. Potential effect of blood 
purification therapy in reducing cytokine storm as a 
late complication of critically ill COVID-19. Clin 
Immunol. 2020; 214:108408. 

 https://doi.org/10.1016/j.clim.2020.108408 
PMID:32247038 

15. Katagiri D, Ishikane M, Ogawa T, Kinoshita N, Katano H, 
Suzuki T, Fukaya T, Hinoshita F, Ohmagari N. 
Continuous renal replacement therapy for a patient 
with severe COVID-19. Blood Purif. 2021; 50:129–31. 

 https://doi.org/10.1159/000508062  
PMID:32526746 

16. Dastan F, Saffaei A, Mortazavi SM, Jamaati H, Adnani 
N, Samiee Roudi S, Kiani A, Abedini A, Hashemian SM. 
Continues renal replacement therapy (CRRT) with 
disposable hemoperfusion cartridge: A promising 
option for severe COVID-19. J Glob Antimicrob Resist. 
2020; 21:340–41. 

 https://doi.org/10.1016/j.jgar.2020.04.024 
PMID:32353526 

https://doi.org/10.1016/S2213-2600(20)30079-5
https://pubmed.ncbi.nlm.nih.gov/32105632
https://doi.org/10.1016/S0140-6736(20)30183-5
https://pubmed.ncbi.nlm.nih.gov/31986264
https://doi.org/10.1038/s41577-020-0308-3
https://pubmed.ncbi.nlm.nih.gov/32273594
https://doi.org/10.1056/NEJMoa2002032
https://pubmed.ncbi.nlm.nih.gov/32109013
https://doi.org/10.1016/S0140-6736(20)30628-0
https://pubmed.ncbi.nlm.nih.gov/32192578
https://doi.org/10.1093/cid/ciaa449
https://pubmed.ncbi.nlm.nih.gov/32301997
https://doi.org/10.1016/j.autrev.2020.102537
https://pubmed.ncbi.nlm.nih.gov/32251717
https://doi.org/10.1007/s00281-017-0629-x
https://pubmed.ncbi.nlm.nih.gov/28466096
https://doi.org/10.1186/s40425-018-0343-9
https://pubmed.ncbi.nlm.nih.gov/29907163
https://doi.org/10.1016/j.eng.2020.03.006
https://pubmed.ncbi.nlm.nih.gov/32292628
https://doi.org/10.1186/s13054-018-2181-z
https://pubmed.ncbi.nlm.nih.gov/30360755
https://doi.org/10.1016/j.chom.2020.04.009
https://pubmed.ncbi.nlm.nih.gov/32320677
https://doi.org/10.1073/pnas.2005615117
https://pubmed.ncbi.nlm.nih.gov/32350134
https://doi.org/10.1016/j.clim.2020.108408
https://pubmed.ncbi.nlm.nih.gov/32247038
https://doi.org/10.1159/000508062
https://pubmed.ncbi.nlm.nih.gov/32526746
https://doi.org/10.1016/j.jgar.2020.04.024
https://pubmed.ncbi.nlm.nih.gov/32353526


 

www.aging-us.com 9252 AGING 

17. Esmaeili Vardanjani A, Ronco C, Rafiei H, Golitaleb M, 
Pishvaei MH, Mohammadi M. Early hemoperfusion for 
cytokine removal may contribute to prevention of 
intubation in patients infected with COVID-19. Blood 
Purif. 2021; 50:257–60. 

 https://doi.org/10.1159/000509107 PMID:32594085 

18. Fominskiy EV, Scandroglio AM, Monti G, Calabrò MG, 
Landoni G, Dell’Acqua A, Beretta L, Moizo E, Ravizza A, 
Monaco F, Campochiaro C, Pieri M, Azzolini ML, et al, 
and COVID-BioB Study Group. Prevalence, 
Characteristics, Risk Factors, and Outcomes of 
Invasively Ventilated COVID-19 Patients with Acute 
Kidney Injury and Renal Replacement Therapy. Blood 
Purif. 2021; 50:102–09. 

 https://doi.org/10.1159/000508657 PMID:32659757 

19. Jose RJ, Manuel A. COVID-19 cytokine storm: the 
interplay between inflammation and coagulation. 
Lancet Respir Med. 2020; 8:e46–47. 

 https://doi.org/10.1016/S2213-2600(20)30216-2 
PMID:32353251 

20. Liu QQ, Cheng A, Wang Y, Li H, Hu L, Zhao X, Wang T, 
He F. Cytokines and their relationship with the severity 
and prognosis of coronavirus disease 2019 (COVID-19): 
a retrospective cohort study. BMJ Open. 2020; 
10:e041471. 

 https://doi.org/10.1136/bmjopen-2020-041471 
PMID:33257492 

21. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J, 
Yao Y, Ge S, Xu G. Kidney disease is associated with in-
hospital death of patients with COVID-19. Kidney Int. 
2020; 97:829–38. 

 https://doi.org/10.1016/j.kint.2020.03.005 
PMID:32247631 

22. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, 
Abiona O, Graham BS, McLellan JS. Cryo-EM structure 
of the 2019-nCoV spike in the prefusion conformation. 
Science. 2020; 367:1260–63. 

 https://doi.org/10.1126/science.abb2507 
PMID:32075877 

23. Li Z. Caution on kidney dysfunctions of COVID-19 
patients. 2020. 

 https://doi.org/10.2139/ssrn.3559601 

24. Darmon M, Schortgen F, Leon R, Moutereau S, Mayaux 
J, Di Marco F, Devaquet J, Brun-Buisson C, Brochard L. 
Impact of mild hypoxemia on renal function and renal 
resistive index during mechanical ventilation. Intensive 
Care Med. 2009; 35:1031–38. 

 https://doi.org/10.1007/s00134-008-1372-5 
PMID:19242676 

25. Gabarre P, Dumas G, Dupont T, Darmon M, Azoulay E, 
Zafrani L. Acute kidney injury in critically ill patients 
with COVID-19. Intensive Care Med. 2020; 46:1339–48. 

 https://doi.org/10.1007/s00134-020-06153-9 
PMID:32533197 

26. Ritchie AI, Singanayagam A. Immunosuppression for 
hyperinflammation in COVID-19: a double-edged 
sword? Lancet. 2020; 395:1111. 

 https://doi.org/10.1016/S0140-6736(20)30691-7 
PMID:32220278 

27. Chan KW, Wong VT, Tang SC. COVID-19: An Update on 
the Epidemiological, Clinical, Preventive and 
Therapeutic Evidence and Guidelines of Integrative 
Chinese-Western Medicine for the Management of 
2019 Novel Coronavirus Disease. Am J Chin Med. 2020; 
48:737–62. 

 https://doi.org/10.1142/S0192415X20500378 
PMID:32164424 

28. Kellum JA. Kidney disease: improving  
global outcomes (KDIGO) acute kidney injury work 
group. KDIGO clinical practice guideline for acute 
kidney injury. Kidney Int Suppl. 2012; 2:1–138. 

https://doi.org/10.1159/000509107
https://pubmed.ncbi.nlm.nih.gov/32594085
https://doi.org/10.1159/000508657
https://pubmed.ncbi.nlm.nih.gov/32659757
https://doi.org/10.1016/S2213-2600(20)30216-2
https://pubmed.ncbi.nlm.nih.gov/32353251
https://doi.org/10.1136/bmjopen-2020-041471
https://pubmed.ncbi.nlm.nih.gov/33257492
https://doi.org/10.1016/j.kint.2020.03.005
https://pubmed.ncbi.nlm.nih.gov/32247631
https://doi.org/10.1126/science.abb2507
https://pubmed.ncbi.nlm.nih.gov/32075877
https://doi.org/10.2139/ssrn.3559601
https://doi.org/10.1007/s00134-008-1372-5
https://pubmed.ncbi.nlm.nih.gov/19242676
https://doi.org/10.1007/s00134-020-06153-9
https://pubmed.ncbi.nlm.nih.gov/32533197
https://doi.org/10.1016/S0140-6736(20)30691-7
https://pubmed.ncbi.nlm.nih.gov/32220278
https://doi.org/10.1142/S0192415X20500378
https://pubmed.ncbi.nlm.nih.gov/32164424

