
Introduction: Evidence shows that continuous renal replacement therapy (CRRT) and hemodialysis may be effective in the treatment of Coronavirus 
disease-2019 (COVID-19). This study aimed to compare the effects of CRRT and hemodialysis on complications, vital signs, and laboratory parameters 
in patients with COVID-19.
Materials and Methods: This cross-sectional study was performed on 113 patients with COVID-19 who underwent hemoperfusion in Kosar 
Hospital of Semnan city (Iran) between 2020 and 2021. The patients were divided into two groups, the CRRT hemoperfusion group (n=49) and the 
hemodialysis group (n=64). A checklist was used for collecting data, which included demographic variables, history of underlying diseases, vital 
signs, laboratory parameters, complications, and various outcomes, which were extracted through interviews with patients or companions and in 
medical records. IBM Statistical Package for the Social Sciences Statistics for Windows version 26 was used for data analysis.
Results: The time from hemoperfusion to hospital discharge (3.84±4.51 vs. 5.92±4.16 day), duration of intubation (0.33±0.94 vs. 1.84±3.42), death 
after hemoperfusion (64.06 vs. 26.5%), situational instability (21.9 vs. 8.2%), and death during hemoperfusion (14.1 vs. 0%) were significantly 
lower in the CRRT group than in the hemodialysis group (p<0.05). In the repeated-measures analysis of variance (ANOVA) test, the two groups 
demonstrated a statistically significant difference in lactate dehydrogenase, alkaline phosphatase, white blood cell count, and C-reactive protein 
at different time points; thus, the mean of these variables was significantly lower after hemoperfusion in the CRRT group than in the hemodialysis 
group (p<0.05).
Conclusion: Continuous renal replacement therapy hemoperfusion can be effective in the recovery process of patients with COVID-19 because the 
length of hospital stay, intubation period, situational instability, and mortality during and after hemoperfusion are less than those of hemodialysis.
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Giriş: Kanıtlar, sürekli renal replasman tedavisi (SRRT) ve hemodiyalizin Koronavirüs hastalığı-2019’un (COVID-19) tedavisinde etkili olabileceğini 
göstermektedir. Bu çalışma, SRRT ve hemodiyalizin COVID-19’lu hastalardaki komplikasyonlar, yaşamsal belirtiler ve laboratuvar parametreleri 
üzerindeki etkilerini karşılaştırmayı amaçlamıştır.

Comparison of the Effects of Continuous Renal Replacement 
Therapy and Hemodialysis on Complications, Vital Signs, and 
Laboratory Parameters in Patients with COVID-19
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Introduction

Coronavirus disease-2019 (COVID-19) is a pneumonic pandemic 
caused by Severe acute respiratory syndrome-Coronavirus-2 
(SARS-CoV-2). This disease was first detected in December 2019 
in Wuhan City, China[1-3].

In mild COVID-19, the immune response can eliminate the 
SARS-CoV-2, possibly with specific antiviral responses of a type 
1 interferon and responses of Th1 CD4+ cells and CD8+ T cells. In 
severe cases, there may be an initial delay in antiviral responses, 
followed by an increase in the production of inflammatory 
cytokines and the movement of monocytes and neutrophils into 
the lungs, leading to a cytokine storm. These cytokines, including 
interleukins 1, 6, and 12 (IL-1, IL-6, and IL-12, respectively) 
and tumor necrosis factor-alpha, lead to increased vascular 
permeability and eventually respiratory failure. High levels of 
cytokines also indicate a poor prognosis of SARS-CoV-2. Various 
studies have suggested that “cytokine storms” may increase 
the risk of death from COVID-19. Laboratory findings include 
lymphocyte deficiency, increased inflammatory markers such as 
C-reactive protein (CRP) and increased D-dimer as activation of 
cascade coagulation[4-7]. In addition, hemoperfusion was found 
to be an effective procedure for killing cytokines and reducing 
their inflammatory effects on other diseases. Hemoperfusion, 
as a blood purification procedure, has many benefits compared 
with other nonselective forms of in vitro detoxification[8-10].

In respiratory infections, an increase in proinflammatory 
cytokines of the blood creates a cytokine storm that can cause 
severe sepsis, septic shock, and ultimately increase mortality. 
Some studies have reported that the use of hemoperfusion 
and clearance of cytokines and inflammatory mediators from 
the blood may improve the normal course of the disease by 
improving the patient’s respiratory symptoms and peripheral 
oxygen saturation (SpO2)

[11-13]. However, to our knowledge, no 

comparative study has examined the effect of continuous renal 
replacement therapy (CRRT) and hemodialysis on COVID-19; 
therefore, this study aimed to compare the effect of CRRT 
hemoperfusion and hemodialysis on complications, vital signs, 
and laboratory parameters in patients with COVID-19.

Materials and Methods

Study Design and Subjects

This cross-sectional study enrolled patients with COVID-19 who 
were hospitalized in Kosar Hospital of Semnan (Iran) between 
2020 and 2021. The study was conducted as a census; thus, 
all patients with COVID-19 who underwent hemoperfusion in 
this hospital from February 2020 to May 2021 were examined. 
Then, the patients were divided into two groups: the CRRT 
hemoperfusion group (n=49) and the hemodialysis group 
(n=64). The inclusion criteria were as follows: age 25-90 
years, COVID-19 confirmed by a positive reverse-transcription 
polymerase chain reaction, lung involvement on computed 
tomography, and consent to undergo hemoperfusion. The 
exclusion criteria were as follows: incomplete medical record, 
pregnancy, and reluctance to participate in the study.

Treatment

Hemoperfusion: Hemoperfusion was performed through 
femoral vein catheters with a blood flow rate of 250-300 mL/
min. Two types of hemoperfusion cartridges were used: Jafron© 
(HA330) or CytoSorb® 300 for 4 and 8-12 h, respectively.

Continuous renal replacement therapy: The CRRT dose 
volume was adjusted according to patient needs, although the 
CRRT dose was usually 20-25 mL/kg/h, and access was achieved 
through a central venous catheter placed in one of the large 
central veins. The cartridges used in CRRT were Jafron© (HA330) 
or CytoSorb® 300 for 8 or 12-24 h.

Gereç ve Yöntemler: Bu kesitsel çalışma, 2020-2021 yılları arasında Semnan şehrinin (İran) Kosar Hastanesi’nde hemoperfüzyon uygulanan 113 
COVID-19’lu hasta üzerinde gerçekleştirildi. Hastalar, SRRT hemoperfüzyon grubu (n=49) ve hemodiyaliz grubu (n=64) olmak üzere iki gruba ayrıldı. 
Demografik değişkenler, altta yatan hastalık öyküsü, yaşamsal belirtiler, laboratuvar parametreleri, komplikasyonlar ve çeşitli sonlanımları içeren ve 
hastalarla veya refakatçilerle yapılan görüşmelerden ve tıbbi kayıtlardan elde edilen verilerin toplanmasında bir kontrol listesi kullanıldı. Veri analizi 
için IBM Statistical Package for the Social Sciences Statistics for Windows sürüm 26 kullanıldı.
Bulgular: Hemoperfüzyondan hastaneden taburcu olana kadar geçen süre (3,84±4,51 - 5,92±4,16 gün), entübasyon süresi (0,33±0,94 - 1,84±3,42), 
hemoperfüzyon sonrası ölüm (%64,06-26,5), durumsal istikrarsızlık (%21,9-8,2’ye) ve hemoperfüzyon sırasında ölüm (%14,1’e karşı %0); SRRT 
grubunda hemodiyaliz grubuna göre anlamlı derecede daha düşüktü (p<0,05). Tekrarlanan ölçümler varyans analizi (ANOVA) testinde, iki grup 
arasında farklı zamanlarda ölçülen laktat dehidrojenaz düzeyi, alkalen fosfataz düzeyi, beyaz küre sayısı ve C-reaktif protein düzeyi açısından 
istatistiksel olarak anlamlı bir fark vardı. SRRT grubunda hemoperfüzyondan sonra bu değişkenlerin ortalaması hemodiyaliz grubuna göre anlamlı 
derecede düşüktü (p<0,05). 
Sonuç: SRRT hemoperfüzyon, hemoperfüzyon sırasında ve sonrasında hastanede kalış süresi, entübasyon süresi, durumsal instabilite ve mortalitenin 
hemodiyalizden daha az olması nedeniyle COVID-19’lu hastaların iyileşme sürecinde etkili olabilir.
Anahtar Kelimeler: Sürekli renal replasman tedavisi, SRRT, hemoperfüzyon, hemodiyaliz, COVID-19
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Data Collection

A checklist was used to collect data, including demographic 
variables (age, sex, BMI, and smoking), history of underlying 
diseases [diabetes, hypertension, hyperlipidemia, cardiovascular 
diseases, kidney transplant, chronic kidney disease (CKD), 
chronic obstructive pulmonary disease (COPD), asthma, and 
cancer], vital signs (systolic and diastolic blood pressure, heart 
rate, respiratory rate, body temperature, and SpO2), clinical 
signs, laboratory parameters [lactate dehydrogenase (LDH), 
alkaline phosphatase (ALP), white blood count (WBC), CRP, 
fasting blood sugar (FBS), blood urea nitrogen (BUN), creatinine 
(Cr), erythrocyte sedimentation rate (ESR), ferritin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), partial 
thromboplastin time (PTT), prothrombin time (PT), international 
normalized ratio (INR), hemoglobin (HB), hematocrit (HCT), 
and platelet count (PLT)], complications, and various outcomes 
(duration of hospitalization, duration of intubation, death 
during and after hemoperfusion, hemoperfusion frequency, 
extubation frequency, fever and chills, gastrointestinal bleeding, 
coagulation disorders, and situational instability) that were 
partly extracted through interviews with patients or companions 
and partly extracted from medical records.

Ethical Considerations

Before data collection, the aims of the study were explained 
to the patients or their caregivers, and informed consent was 
obtained from them. In addition, this study was performed 
according to the principles expressed in the Declaration of 
Helsinki and was approved by the Deputy of the Research and 
Ethics Committee of Semnan University of Medical Sciences 
(Iran) (IR.SEMUMS.REC.1400.172, date: 26.10.2021).

Statistical Analysis

Data were analyzed using IBM Statistical Package for the 
Social Sciences Statistics for Windows version 26 (IBM Corp., 
Armonk, NY, USA). For descriptive analyses, the mean and 
standard deviation or number (%) was used. Then, independent 
samples t-test (quantitative variables) and chi-squared test 
(qualitative variables) were used to compare baseline data and 
complications in the two groups. Finally, repeated-measures 
analysis of variance (ANOVA) test was used to compare vital 
signs and laboratory parameters at different time points (two 
times before and after hemoperfusion) in the two groups, and p 
value <0.05 was considered a significant level.

Results

A total of 113 patients with COVID-19 underwent hemoperfusion. 
The mean ages of the patients in the CRRT and hemodialysis 

groups were 52.67±13.65 and 54.86±14.20 years, respectively. 
There were 30 (61.2%) and 40 (62.5) male patients, respectively. 
The mean body mass index (BMI) values were 27.77±4.17 and 
27.96±3.97 kg/m2, respectively. The mean rates of pulmonary 
involvement (%) in the two groups were 58.57±16.20% and 
63.44±16.6%, respectively. No significant difference was found 
between the two groups in terms of age, sex, BMI, history of 
smoking, and underlying diseases, such as hyperlipidemia, 
cardiovascular diseases, CKD, COPD, asthma, and cancer (p>0.05). 
However, a statistically significant difference was found in the 
history of diabetes and hypertension; thus, the percentage of 
patients with diabetes (64.1 vs. 18.4%) and hypertension (53.1 
vs. 26.5%) in the hemodialysis group was higher than that in the 
CRRT group (p<0.05) (Table 1).

Table 2 compares the duration of hospitalization, complications, 
and consequences of hemoperfusion in the two groups. The 
time from hemoperfusion to hospital discharge (3.84±4.51 
vs. 5.92±4.16 day), time from hospitalization to intubation 
(2.24±4.85 vs. 4.81±5.50 day), and duration of intubation 
(0.33±0.94 vs. 1.84±3.42 day) were significantly lower in CRRT 
group than in the hemodialysis group (p<0.05). In addition, 
the rates (%) of death after hemoperfusion (64.06 vs. 26.5%), 
situational instability (21.9 vs. 8.2%), and death during 
hemoperfusion (14.1 vs. 0%) were significantly lower in the 
CRRT group than in the hemodialysis group (p<0.05). However, in 
terms of the length of hospitalization, time from hospitalization 
to the start of hemoperfusion, hemoperfusion frequency, 
extubation frequency, death 24 h after hemoperfusion, and 
complications (fever and chills, gastrointestinal bleeding, and 
coagulation disorders), no significant difference was observed 
between the two groups (p>0.05).

In the present study, the results of repeated-measures ANOVA 
test showed no statistically significant difference between the 
two groups in terms of systolic and diastolic blood pressure, 
heart rate, respiratory rate, body temperature, and SpO2 at 
different time points (p>0.05) (Table 3).

Table 4 shows the comparison of the mean of laboratory 
parameters in the hemodialysis and CRRT groups at different 
time points before and after hemoperfusion by repeated-
measures ANOVA test. A statistically significant difference in 
LDH, ALP, WBC, and CRP at different time points (p<0.05) was 
found between the groups; thus, the mean of these variables 
after hemoperfusion was significantly lower in the CRRT group 
than in the hemodialysis group. However, no statistically 
significant difference in FBS, BUN, Cr, ESR, ferritin, AST, ALT, PTT, 
PT, INR, HB, HCT, and PLT at different time points was found 
between the groups (p>0.05) (Table 4).
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Discussion

Hemoperfusion is an extracorporeal blood purification 
procedure that involves the passage of whole anticoagulant 
blood through a device that contains absorbent particles. 
Similar to other extracorporeal methods, such as hemodialysis 
and hemofiltration, the patient’s blood is filtered while passing 

through the device and then returns to the patient via an 
intravenous access. In some centers, this method was used to 
eliminate toxins in poisoning and remove cytokines in patients 
with sepsis[14]. The use of hemoperfusion to remove inflammatory 
cytokines produced by COVID-19 from the bloodstream and 
prevent the progression of the inflammatory process in the 
lungs and other organs may be effective.

Table 1. Baseline characteristics of the patients 	
Parameters CRRT (n=49) Hemodialysis (n=63) p

Age (year) 52.67±13.65 54.86±14.20 *0.110

BMI (kg/m2) 27.77±4.17 27.77±3.97 *0.801

Height (cm) 170.98±8.62 169.34±8.99 *0.331

Weight (kg) 81.33±12.70 80.22±12.50 *0.644

Pulmonary involvement (%) 58.57±16.20 63.44±16.15 *0.116

Sex (male/female) 30 (61.2)/19 (38.8) 40 (62.5)/24 (37.5) **0.890

Smoking (yes/no) 6 (12.2)/43 (87.8) 6 (9.4)/58 (90.6) **0.230

Diabetes (yes/no) 9 (18.4)/40 (81.6) 41 (64.1)/23 (35.9) **0.041

Hypertension (yes/no) 13 (26.5)/36 (73.5) 43 (53.1)/30 (46.9) **0.004

Hyperlipidemia (yes/no) 8 (16.3)/41 (83.7) 13 (20.3)/51 (79.7) **0.589

Cardiovascular diseases (yes/no) 7 (14.3)/42 (85.7) 13 (20.3)/51 (79.7) **0.405

CKD (yes/no) 1 (2)/48 (96) 2 (3.1)/62 (96.9) **0.722

COPD (yes/no) 3 (6.1)/46 (93.9) 2 (3.1)/62 (96.9) **0.651

Asthma (yes/no) 3 (6.1)/46 (93.9) 2 (3.1)/62 (96.9) **0.651

Kidney transplant (yes/no) 1 (2)/48 (96) 4 (6.3)/60 (93.8) **0.386

Cancer (yes/no) 1 (2)/48 (96) 2 (3.1)/62 (96.9) **0.722

*Independent samples t-test, **chi-squared test.

BMI: Body mass index, CKD: Chronic kidney disease, COPD: Chronic obstructive pulmonary disease

Table 2. Comparison of outcomes, complications, and duration of hospitalization 
Parameters CRRT (n=49) Hemodialysis (n=63) p

Duration of hospitalization (day) 11.04±4.97 9.98±5.92 *0.317

Hospitalization distance until the onset of hemoperfusion (day) 4.04±1.87 4.67±4.04 *0.272

Hemoperfusion distance to hospital l discharge (day) 5.92±4.51 3.84±4.16 *0.013

Hospitalization distance to intubation (day) 2.24±4.58 4.81±4.50 *0.010

Duration of intubation (day) 0.33±0.94 1.84±3.42 *0.001

Outcome (death/live) 13 (26.5)/36 (73.5) 41 (64.06)/23 (35.04) <0.001

Hemoperfusion frequency (1/2/3) 21 (42.9)/24 (42)/4 (8.9) 19 (29.7)/37 (57.8)/8 
(12.5)

**0.324

Extubation frequency (yes/no) 0 (0)/49 (100) 62 (96.9)/2 (3.1) **0.504

Fever and shivering (yes/no) 3 (6.1)/46 (93.9) 7 (10.9)/57 (89.1) **0.372

Gastrointestinal bleeding (yes/no) 0 (0)/49 (100) 1 (1.6)/63 (98.4) **0.379

Coagulation disorder (yes/no) 24 (49)/25 (51) 23 (35.9)/41 (64.1) **0.108

Situational instability (yes/no) 4 (8.2)/45 (91.8) 14 (21.9)/50 (78.1) **0.048

Death during hemoperfusion (yes/no) 0 (0)/49 (100) 9 (14.1)/55 (85.9) **0.006

Death 24 h after hemoperfusion (yes/no) 3 (6.1)/46 (93.9) 5 (7.8)/59 (92.2) **0.728

*Independent samples t-test, **chi-squared test.

CRRT: Continuous renal replacement therapy
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The results of our study were in line with the findings of some 
related studies. For example, Asgharpour et al.[15] evaluated the 
effect of hemoperfusion on patients with severe COVID-19 and 
found that 6 of 11 patients recovered after hemoperfusion. 
The mean SpO2 increased significantly after three sessions 
of the intervention (89.60±3.94% to 92.13±3.28% after 
the intervention). Serum levels of CRP (136.25±84.39 to 
78.25±38.67 mg/L, p=0.016) and IL-6 (139.70±105.62 to 
72.06±65.87 pg/mL, p=0.073) also decreased. Finally, the authors 
concluded that hemoperfusion may be effective in improving 
patients with COVID-19. In addition, Dastan et al.[16] evaluated 
the effectiveness of CRRT using a disposable hemoperfusion 
cartridge in a 54-year-old man with COVID-19; after 4 days of 
hospitalization, the patient’s clinical condition worsened, and 
he underwent intubation for invasive mechanical ventilation. 
SpO2 decreased to 82%. Therefore, the patient underwent 
hemoperfusion by CRRT because of cytokine storm and 
hypoxemia. After three CRRT sessions, the SpO2 increased to 
95%, and no specific laboratory abnormalities were observed 

during CRRT. Finally, the researchers suggested that CRRT with a 
disposable hemoperfusion cartridge may be a promising option 
for reducing inflammatory cytokines in patients with COVID-19. 
In Iran, Haleh Mikaeili et al.[17] and Alavi Darazam et al.[18] have 
also shown that hemoperfusion may be effective in reducing 
the mortality of patients with severe COVID-19.

In a case report study, a 73-year-old man developed myocardial 
infarction about a month before the onset of COVID-19 
symptoms. Owing to episodic conditions and worsening 
symptoms, cytokine storm was considered the main cause of 
postural instability, and the patient became a candidate for 
hemoperfusion. During hemoperfusion, the symptoms improved, 
and the Sequential Organ Failure Assessment scores that peaked 
during hospitalization following hemoperfusion decreased 
significantly. Finally, the study indicated that cytokine storm 
could be a good indicator for predicting COVID-19 severity 
and mortality and that hemoperfusion may be an appropriate 
treatment to reduce COVID-19 complications[8].

Table 3. Comparison of vital signs at different time points by repeated-measures ANOVA test
Variables Time Group N Mean SD p*

Systolic blood pressure
Before CRRT 49 120.41 13.53

0.726Hemodialysis 64 119.33 13.54

After CRRT 49 120.61 14.20

Hemodialysis 64 120.58 15.00

Diastolic blood pressure
Before CRRT 49 75.71 9.41

0.285Hemodialysis 64 73.85 9.32

After CRRT 49 74.90 9.65

Hemodialysis 64 75.48 10.30

Heart rate
Before CRRT 49 88.59 14.64

0.067Hemodialysis 64 88.87 18.85

After CRRT 49 88.20 13.66

Hemodialysis 64 9.37 13.25

Respiratory rate
Before CRRT 49 23.22 3.35

0.189Hemodialysis 64 23.38 4.05

After CRRT 49 22.49 4.87

Hemodialysis 64 23.69 5.60

Body temperature
Before CRRT 49 43.68 47.88

0.289Hemodialysis 64 36.76 0.40

After CRRT 49 36.95 0.58

Hemodialysis 64 37.11 0.67

SpO2

Before CRRT 49 79.98 7.97
0.113Hemodialysis 64 76.38 9.50

After CRRT 49 83.29 11.63

Hemodialysis 64 76.90 13.24

*Time, *group (interaction).

SD: Standard deviation, CRRT: Continuous renal replacement therapy, SD: Standard deviation
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Table 4. Comparison of laboratory parameters at different time points by repeated-measures ANOVA test
Variable Time Group N Mean SD p*

FBS
Before CRRT 49 166.61 45.82

0.105Hemodialysis 64 164.92 59.07

After CRRT 49 227.65 76.68

Hemodialysis 64 202.48 89.44

BUN
Before CRRT 49 23.29 11.29

0.185Hemodialysis 64 40.90 28.71

After CRRT 49 24.12 13.62

Hemodialysis 64 37.60 26.90

Cr
Before CRRT 49 1.20 0.50

0.422Hemodialysis 64 1.93 1.59

After CRRT 49 1.19 0.52

Hemodialysis 64 1.83 1.49

ESR
Before CRRT 49 37.20 25.52

0.234Hemodialysis 64 45.44 26.18

After CRRT 49 18.67 22.02

Hemodialysis 64 34.54 34.40

LDH
Before CRRT 49 1056.57 368.67

0.019Hemodialysis 64 1018.60 436.41

After CRRT 49 918.37 527.55

Hemodialysis 64 1106.00 553.84

Ferritin
Before CRRT 49 472.80 292.67

0.939Hemodialysis 64 554.98 309.35

After CRRT 49 509.57 296.53

Hemodialysis 64 586.81 303.84

AST
Before CRRT 49 49.82 28.30

0.380Hemodialysis 64 52.65 31.72

After CRRT 49 81.45 109.78

Hemodialysis 64 101.31 121.22

ALT
Before CRRT 49 43.02 40.83

0.222Hemodialysis 64 41.49 32.53

After CRRT 49 64.96 56.11

Hemodialysis 64 82.80 135.90

ALP
Before CRRT 49 159.90 52.47

0.022Hemodialysis 64 155.71 47.86

After CRRT 49 198.08 80.38

Hemodialysis 64 221.35 88.62

PTT
Before CRRT 49 35.92 7.28

0.305Hemodialysis 64 34.58 6.08

After CRRT 49 64.76 29.49

Hemodialysis 64 69.33 28.81

PT
Before CRRT 49 13.15 0.46

0.548Hemodialysis 64 13.74 3.47

After CRRT 49 16.00 6.69

Hemodialysis 64 17.31 5.73
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Generally, various mechanisms have been proposed for severe 
COVID-19 and related complications. Cytokine storm is one of 
the mechanisms of interest. IL-6 is the most important cause 
of cytokine storm. When a cytokine storm occurs, the immune 
response intensifies, and subsequently, COVID-19 progresses 
rapidly[19-22]. One of the treatment strategies to reduce and stop 
the production of inflammatory cytokines is hemoperfusion, 
which can be effective in patients with severe COVID-19. Studies 
have shown that improving SpO2 during blood purification is 
more associated with a cytokine reduction than volume load 
reduction because in the CRRT method, the same amount of 
fluid is removed from the patient and the same amount of fluid 
is replaced. In addition, reducing cytokines prevent damage to 
various organs, especially in patients who are in the early stages 
of cytokine storms[23-25].

Study Limitations

C-reactive protein is another biomarker that is elevated in the 
early stages of COVID-19, and a higher level is associated with 

severe lung damage. A study showed that this marker also 
decreases after hemoperfusion[26]. These studies have several 
strengths and weaknesses. The most important weakness of the 
present study is the lack of random allocation of patients to 
intervention groups; thus, the two groups were incomparable 
in terms of many known and unknown confounding variables. 
Therefore, clinical trial studies with random allocation are 
necessary. One of the study’s strengths is the nearly appropriate 
sample size in the two groups, and the comparative nature of 
the study because most of the studies conducted in this field 
were case reports or case series and did not have a control group.

Conclusion

This study suggests that CRRT hemoperfusion can be effective 
in the recovery process of patients with COVID-19 because the 
length of hospital stay, intubation period, situational instability, 
and mortality during and after hemoperfusion are less than 
those of hemodialysis. However, multicenter clinical trial studies 
with appropriate sample sizes are recommended.

Table 4. Continued
Variable Time Group N Mean SD p*

INR
Before CRRT 49 1.03 0.07

0.176Hemodialysis 64 1.14 0.61
After CRRT 49 1.45 0.72

Hemodialysis 64 1.77 0.94

WBC
Before CRRT 49 13.92 4.70

0.029Hemodialysis 64 12.42 6.90
After CRRT 49 12.77 6.71

Hemodialysis 64 14.25 10.56

HB
Before CRRT 49 13.06 1.96

0.436Hemodialysis 64 12.25 1.82
After CRRT 49 12.30 1.74

Hemodialysis 64 11.64 1.97

HCT
Before CRRT 49 38.05 5.90

0.116Hemodialysis 64 37.42 5.35
After CRRT 49 36.81 5.38

Hemodialysis 64 35.36 5.71

PLT
Before CRRT 49 233.43 92.50

0.147Hemodialysis 64 198.08 78.54
After CRRT 49 240.06 84.24

Hemodialysis 64 187.27 87.86

CRP
Before CRRT 49 62.69 33.47

0.006Hemodialysis 64 65.33 35.37
After CRRT 49 23.33 28.62

Hemodialysis 64 50.10 41.25
*Time, *group (interaction).

WBC: White blood count, ALP: Alkaline phosphatase, FBS: Fasting blood sugar, BUN: Blood urea nitrogen, Cr: Creatinine, ESR: Erythrocyte sedimentation rate, AST: Aspartate 
aminotransferase, ALT: Alanine aminotransferase, PTT: Partial thromboplastin time, PT: Prothrombin time, INR: International normalized ratio, HB: Hemoglobin, HCT: Hematocrit, PLT: 
Platelet count, SD: Standard deviation, LDH: Lactate dehydrogenase, SD: Standard deviation
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