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Abstract

Introduction: The efficacy of renal-replacement treatment
(RRT) remains to be validated in COVID-19. In this retrospec-
tive cohort study, we aimed to assess the efficacy of early
initiation of RRT in intensive care unit (ICU) adults with se-
vere COVID-19. Methods: Fifty-eight adult patients in ICU
with critically ill or severe COVID-19 with a tendency of criti-
calillness were recruited from February 9, 2020, to March 30,
2020. Early RRT were determined by the ICU medical team
based on boom in cytokines levels, increased organs injury/
failure, and rapid aggravation of condition. All participants
were followed up from the first day of ICU admission to
March 30, 2020. The primary outcome was all-cause mortal-
ity in ICU. Results: The mean age of the cohort was 68.4 +

14.6 years, with 81.0% having at least one comorbidity be-
fore hospitalization. Twenty patients (34.5%) initiated early
RRT after 24.1 + 10.4 days from the onset and 6.4 + 3.6 days
from ICU admission. Thirty-four of 58 participants (58.6%)
died during ICU follow-up. Univariate and multivariate Cox
proportional-hazards model showed that early RRT was as-
sociated with a lower risk of all-cause mortality in ICU with
an adjusted HR 0f 0.280 (95% Cl: 0.106-0.738, p = 0.010). Sud-
den unexpected death (SUD) was remarkably reduced in the
early RRT group, compared with the control group (0.2 vs.2.9
per 100 person-day, p = 0.02). Conclusion: Early RRT can re-
duce the all-cause in-hospital mortality, especially SUD in pa-
tients with severe COVID-19, but not improve multi-organ
impairment or increase the risk of AKI. Early initiation of RRT
merits an optional strategy in critically ill patients with CO-
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Introduction

COVID-19 has been confirmed in more than ten mil-
lion people worldwide [1], carrying an overall in-hospital
mortality of approximately 15-20% [2]. In patients re-
quiring intensive care unit (ICU) admission, the mortal-
ity was up to 40% [2]. Unfortunately, the roles of current
therapeutics remained controversial in reducing the mor-
tality of critically ill patients with COVID-19 [3-7]. Ther-
apies against “cytokine storm” might be of great impor-
tance in managing COVID-19 [8-12]. Renal-replace-
ment treatment (RRT), which could effectively eliminate
excess cytokines, endotoxin, or other harmful substances,
might be a promising therapy in critically ill patients with
COVID-19. However, there was controversy about the
efficacy of RRT in critically ill patients [13-18]. The roles
of early RRT in severe and critically ill patients with CO-
VID-19 remain to be investigated [19-23]. In this retro-
spective cohort study, we aimed to assess the efficacy of
early initiation of RRT in severe and critically ill ICU pa-
tients with COVID-19.

Materials and Methods

Study Design and Participants

We retrospectively conducted a consecutive cohort of adult pa-
tients with severe/critically ill COVID-19 in Huashan-Tongji ICU
of Guanggu Branch, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology (Wuhan, China).
TheICU was entirely taken over by the medical team from Huashan
Hospital (Shanghai, China) from February 9 to March 30, 2020.
The indication of ICU admission was critically ill or severe CO-
VID-19 with a tendency of critical illness.

A total of 70 patients admitted to ICU during this period were
screened. Eligible patients were as follows: (1) 218 years old, (2)
admitted to ICU, (3) confirmed (including clinically confirmed)
with severe COVID-19 with a tendency of critical illness or criti-
cally ill COVID-19. Exclusion criteria included (1) patients on
maintenance hemodialysis or peritoneal dialysis, (2) absolute con-
traindication for RRT including systolic blood pressure <80 mm
Hg and no available vascular access, (3) died within 24 h after ICU
admission, (4) pregnancy, (5) participated in other intervention
research or refused to be enrolled into our study. Finally, 58 pa-
tients with confirmed severe/critically ill COVID-19 were recruit-
ed to our study. Twelve patients were excluded for the following
reasons: one patient had a medical history of ESRD and mainte-
nance hemodialysis twice a week, one patient had received CRRT
before admission in ICU due to severe AKI 3 stage, and 10 patients
received urgent resuscitation and died within 24 h after ICU ad-
mission. The flowchart for patient enrollment was illustrated in
online supplementary Figure 1aS (for all online suppl. material, see
www.karger.com/doi/10.1159/000524229).

The initiation of RRT in early stage was determined by the
ICU medical team referring to the following criteria: (1) the cy-
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Table 1. Baseline demographic and clinical characteristics of the
study cohort before ICU admission (n = 58)

Variables Total (n = 58)
Age, years 68.4+14.6
Male, n (%) 37 (63.8)
Comorbidities,2n (%)
Hypertension 30(53.6)
Diabetes 13(23.2)
Coronary heart disease 7 (12.5)
Arrhythmia 6(10.7)
Cerebrovascular disease 5(8.9)
COPD 5(8.9)
Pulmonary tuberculosis 2(3.6)
CKD 4(7.1)
Viral hepatitis 4(7.1)
Symptoms and signs at onset,?n (%)
Cough and dyspnea 52(92.9)
Fever 46 (82.1)
Fatigue 18 (32.1)
Diarrhea & nausea 12(21.4)
Headache 9(16.1)
Muscular soreness 7 (12.5)
Diagnosis, n (%)
Typical lung imaging features 58 (100)
SARS-CoV-2 RNA positive? 29(70.7)

COPD, chronic obstructive pulmonary disease; CKD, chronic kid-
ney disease; SARS-CoV, severe acute respiratory syndrome corona-
virus; RNA, ribonucleic acid. @ Present history and comorbidities
were absent in 2 unconscious participants. ® Only 41 patients had
completed SARS-CoV-2 RNA test as the test kit was unavailable at
the beginning.

tokine level increased rapidly, (2) increased organs injury/failure,
(3) rapid aggravation of condition. The remaining patients had
not received RRT unless they reached AKI stage 3. Other treat-
ments were performed according to the latest edition of Diagno-
sis and Treatment Protocols of Pneumonia caused by Novel
Coronavirus (SARS-CoV-2) by the National Health Commission
of China including glucocorticoid and anticoagulant therapy un-
less with contraindication. All participants were followed up
from the first day of ICU admission to the day of censoring for
death, transferring to the general ward, or the end of the study
(March 30, 2020).

The study was registered in the Chinese Clinical Trial Registry
(ChiCTR2000030773) and complied with the Declaration of Hel-
sinki and was approved by the local medical Ethics Committee of
Huashan Hospital, Fudan University, Shanghai, China (Approval
number: 2020-062). Informed consent was waived by the Ethics
Committee.

Clinical Data Collection

All clinical data including baseline demographics, clinical char-
acteristics, laboratory data, and treatment data were extracted
from the electronic medical records and then imported and dou-
ble-checked in the database by at least two investigators.
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Table 2. Baseline clinical characteristics and laboratory findings of patients with COVID-19 at the first 24 h of ICU admission (n = 58)

Variables Total (n = 58) Variables Total (n = 58)
Duration from the onset to ICU admission, Compilete blood count
median (IQR), days 15(10, 22) WBC, 10%/L 10.7+5.3
Medication treatment before ICU, n (%) Neutrophils, % 85.9+9.7
Antivirals 40 (70.2) Lymphocytes, % 8.2+5.8
Antibiotics 37 (64.9) Lymphocyte, 109/L 0.69+0.34
Antifungal 3(5.4) Hemoglobin, g/L 12424213
Glucocorticoid 26 (46.4) Platelet, 10%/L 178.4+98.5
Hydroxychloroquine, n (%) 2(3.6) Coagulation profile
Immunoglobulin 13(23.2) PT,s 16.5+£7.0
LMWH 9(16.1) APTT, s 41.2+9.2
Classification of COVID-19 pneumonia, n (%) Fibrinogen, g/L 4.54+1.75
Severe 31(53.5) D-dimer, ug/mL FEU 9.16+8.24
Critical ill 27 (46.6) FDP, pg/mL 23.9(7.8,114.3)
Vital signs at admission of ICU Serum biochemical tests
Temperature (axillary), °C 36.4+0.9 NT-proBNP, pg/mL 1,131 (321, 2091)
SBP, mm Hg 136.7£21.6 hs-Tnl, pg/mL 26.3 (8.8, 107.0)
Diastolic blood pressure, mm Hg 79.8£12.0 Myoglobin, ng/mL 131.4 (67.6, 290.2)
Heart rate, bpm 93.9£15.6 ALT, U/L 29.5(17.0, 48.0)
Respiration rate, bpm 24.6x11.0 Serum albumin, g/L 31.6+4.5
5p0y, % 90.9+9.5 Total bilirubin, pmol/L 12.9(9.1,19.1)
Assisted respiratory therapy at admission of ICU, n (%) AKP, U/L 98.9+42.6
Mechanical ventilation 3(5.3) Serum creatinine, umol/L 81.6+40.9
Noninvasive ventilator 15(26.3) Urea nitrogen, mmol/L 9.4+5.4
Nasal catheter or face mask 39 (68.4) Uric acid, pmol/L 241.8+130.6
Inflammation markers Serum potassium, mmol/L 4.16+0.73
hs-CRP, mg/L 104.8+77.5 Serum corrected calcium, mmol/L  2.18+0.11
Serum ferritin, ug/L 993.5 (650.8, 2030.5) Serum bicarbonate, mmol/L 24.5+4.8

Serum IL-2R, U/mL
Serum IL-6, pg/mL

TNF-a, pg/mL 12.245.4

884.0 (571.0,1,412.0)
37.2(14.0,138.7)

Data were obtained at the first 24 h of ICU admission, unless otherwise noted. BP, blood pressure; SpO,, pulse oxygen saturation; WBC,
white blood cell; PT, prothrombin time; APTT, activated partial thromboplastin time; FDP, fibrinogen degradation products; NT-proBNP,
pro-brain natriuretic peptide; hs-Tnl, high-sensitivity troponin; ALT, alanine aminotransferase; AKP, alkaline phosphatase; SBP, systolic
blood pressure; IL-2R, interleukin-2R; TNF-a, tumor necrosis factor-a; LMWH, low-molecular-weight heparin.

Study Definitions

The diagnosis criteria and clinical classification (severe and
critically ill) of COVID-19 was according to the 5th edition (Hubei
province) of Diagnosis and Treatment Protocols of Pneumonia
caused by Novel Coronavirus (SARS-CoV-2) by the National
Health Commission of China [24]. Both confirmed and clinically
confirmed COVID-19 cases were recruited in our study.

Organ injury/failure involved the following criteria: (1) acute
respiratory failure: acute respiratory distress syndrome and need
for mechanical ventilation; (2) acute kidney injury: fold change in
serum creatinine from a baseline >1.5 within 1 week or increased
creatinine >26.5 pmol/L within 48 h [25]; (3) acute liver injury:
total bilirubin >26 mmol/L (above upper limit of normal); (4)
acute myocardial injury: high-sensitivity troponin >156 pg/mL
(above 10 x upper limit of normal); (5) coagulation system injury:
platelet <100 x 10%/L (under lower limit of normal). Those with
two or more organ injuries after ICU admission were defined
multi-organ impairment.

Early Renal-Replacement Therapy in
Severe COVID-19

Study Outcomes

The primary outcome was all-cause mortality in ICU. The sec-
ondary outcomes were occurrence of multi-organ impairment and
AKI after ICU admission.

Statistical Analyses

Continuous variables of participants’ characteristics were ex-
pressed as mean + standard deviation or median with interquartile
range (IQR), and categorical variables were expressed as percent-
ages or ratios. The differences between groups were examined us-
ing ¢ tests, Wilcoxon rank-sum test, x? test, or Fisher’s exact test
appropriately. The one-way analysis of variance or the Kruskal-
Wallis test, followed by Bonferroni correction, was used for inter-
group comparisons. The incidence rate was expressed as the num-
ber of cases per 100 person-years. The risks of all-cause mortality
for the RRT group versus the control group were examined by the
Kaplan-Meier curve and log-rank test and time-dependent Cox
models. Three levels of adjustment were performed: (1) model 1
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that included early RRT; (2) model 2 that included early RRT, me-
chanical ventilation, use of anticoagulant, and use of glucocorti-
coid; (3) model 3: adjusted for model 2 and time-dependent co-
variates of serum albumin, pro-brain natriuretic peptide, serum
interleukin-6 (IL-6), D-dimer. All statistical analyses were per-
formed with Stata, version 14.0 (StataCorp LCC). A p value less
than 0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics of the Study

Cohort

The mean age of the 58 participants was 68.4 + 14.6
years, including 37 men and 21 women. A total of 69.0%
participants were older than 65 years, and 81.0% had at
least one comorbidity before hospitalization. Abnormal
lung imaging features were detected in all participants.
SARS-CoV-2 ribonucleic acid was positive in 70.7%
(29/41) patients who had completed the SARS-CoV-2 ri-
bonucleic acid test (Table 1). The median (IQR) duration
from the onset to ICU admission was 15 (10, 22) days.

At ICU admission, 53.5% participants were classified
as the severe type and 46.6% as the critically ill type. Al-
though 100% supported by assisted respiratory therapy,
the mean pulse oxygen saturation was only 90.9%. A sta-
tus of hyperfibrinolysis, hypermetabolism, and high con-
sumption was presented in laboratory findings. Medica-
tion treatment before ICU admission and baseline labo-
ratory findings of all patients in the first 24 h (24 h) of ICU
admission were shown in Table 2.

Clinical and Laboratory Characteristics of the Early

RRT Group versus the Control Group during ICU

Follow-Up

Twenty of 58 patients (34.5%) initiated RRT in early
stage (early RRT group) for not only nonrenal indications
such as “cytokine storm” but also multiple organ failure
with or without acute kidney injury, and the remaining
38 patients (65.5%) did not receive RRT unless reaching
AKI stage 3 (control group) for renal support. The par-
ticipants in the early RRT group initiated early RRT 24.1
+ 10.4 days after the onset and 6.4 + 3.6 days after ICU
admission. The modes of RRT included continuous ve-
no-venous hemofiltration and continuous veno-venous
hemodiafiltration (with/without hemoperfusion). Poly-
sulfone membranes were mostly used in RRT. AN69 (Ox-
iris) was used in only a few patients in the late phase of
the study. The dose of RRT was 20-25 mL/kg-h according
to the AKI guideline of KDIGO. The vascular access was
temporary central venous double-channel catheter in all
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Kaplan-Meier survival estimates
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Fig. 1. Early RRT and risk for death. a Kaplan-Meier analysis (ear-
ly RRT group vs. control group, log-rank p = 0.02). b Multivariate
Cox analysis. RRT, renal-replacement treatment; IL-6, interleu-
kin-6; NT-proBNP, pro-brain natriuretic peptide.

patients. The range of blood flow was 150-230 mL/min.
The substitution flow rate was 2,000-4,000 mL/h, and the
dialysate flow rate was 2,000 mL/h. The median (IQR)
cumulative treatment time of RRT was 45.5 (16.8, 66.3)
hours, and the ultrafiltration rate was 65.5 + 65.2 mL/h.
In the control group, only one (2.6%) participant received
RRT when diagnosed as AKI stage 3 with oliguria.

During the whole ICU follow-up, the maximum of
temperature, high-sensitivity C-reactive protein, and se-
rum urea nitrogen were higher in early RRT group than
that in the control group. No difference was found in
maximum levels of serum inflammatory markers includ-
ing interleukin-2R, IL-6, and tumor necrosis factor-a
(online suppl. Table 1S).

Treatments and Prognosis of the Early RRT Group

versus the Control Group during ICU Follow-Up

Early RRT Reduced the Incidence Rate of All-Cause

Mortality in the ICU

Finally, 34 of 58 participants (58.6%) died during ICU
follow-up (online suppl. Fig. 1bS). The all-cause mortal-
ity in the early RRT group was lower than that in the con-
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Table 3. Treatments and outcomes of ICU patients with and without early RRT during ICU (total n = 58)

Variables Control group Early RRT group p value
(n=38) (n=20)
Duration in ICU, days 10.9+9.4 21.8+£10.1 <0.001
Life-support intervention, n (%)
Mechanical ventilation 23 (60.5) 19 (95.0) 0.005
ECMO 0 5(25.0) 0.003
Medication intervention, n (%)
Antivirals 3(8.1) 4(20) 0.23
Antibacterial 30(79.0) 20 (100) 0.04
Antifungal 7(18.9) 5 (25) 0.74
Glucocorticoid 25 (67.6) 17 (85.0) 0.21
Hydroxychloroquine 5(13.5) 7 (35.0) 0.09
Immunoglobulin 28 (75.9) 19 (95.0) 0.08
Anticoagulant 31(83.8) 20 (100) 0.08
Outcomes
Multi-organ impairment, n (%) 24 (63.2) 18 (90.0) 0.04
Multi-organ impairment, 100 person-day 5.8 4.1 0.28
AKIl, n (%) 14 (36.8) 12 (60.0) 0.09
AKI, 100 person-day 34 2.6 0.60
Death, n (%) 24 (64.2) 10 (50.0) 0.33
Expected death, n (%) 12 (50.0) 9 (90.0) 0.05
Unexpected death,?n (%) 12 (50.0) 1(10.0)
Death, 100 person-day 58 23 0.01
Expected death, 100 person-day 29 2.1 0.44
Unexpected death,? 100 person-day 2.9 0.2 0.02

RRT, renal-replacement treatment; ECMO, extracorporeal membrane oxygenation; PT, prothrombin time; AKI,
acute kidney injury. ?Unexpected death was defined as a rapid death without new occurrence of multi-organ im-

pairment.

trol group (50% in the early RRT group vs. 64.2% in the
control group, p = 0.33). The survival time in the early
RRT group (23 days, green lines) was longer than that in
the control group (8 days, red lines) (online suppl. Fig.
1bS). The incidence rate of overall death in the early RRT
group was 2.3 per 100 person-day, which was significant-
ly lower than that in the control group (5.8 per 100 per-
son-day, p = 0.01) (Table 3). Kaplan-Meier survival anal-
ysis showed that the all-cause mortality in ICU of the ear-
ly RRT group was lower than that of the control group
(log-rank p = 0.02) (Fig. 1a).

In the univariate Cox models performed for mortality,
statistical significance was noted for early RRT with an un-
adjusted HR of 0.42 (95% CI: 0.20-0.89, p = 0.024) (online
suppl. Table 2S). In the multivariate Cox regression model,
after adjusted for mechanical ventilation, low-molecular-
weight heparin, glucocorticoid, serum albumin, pro-brain
natriuretic peptide, serum IL-6, and D-dimer, early RRT
was still associated with a lower risk of all-cause mortality
in the ICU with an adjusted HR of 0.280 (95% CI: 0.106-
0.738, p = 0.010) (online suppl. Table 3S; Fig. 1b).

Early Renal-Replacement Therapy in
Severe COVID-19

Early RRT Did Not Influence Occurrence of Multi-

Organ Impairment

The crude incidence of multi-organ impairment dur-
ing ICU in the early RRT group was higher than that in
the control group (90% in early RRT group vs. 63.2% in
control group, p = 0.04). However, by adjustment of fol-
low-up time, the incidence rate of multi-organ impair-
ment was 4.1 per 100 person-day in the early RRT group,
similar to that in the control group (5.8 per 100 person-
day, p = 0.28) (Table 3; online suppl. Fig. 1bS). In addi-
tion, there was no difference both in the morbidity and
incidence rate of AKI between two subgroups. So, early
RRT did not increase the risk of AKI (Table 3).

Early RRT Prevented Sudden Unexpected Death in

Severe COVID-19

We further analyzed the characteristics of death in the
34 nonsurvivors. Interestingly, 13 (38.2%) nonsurvivors
including 1 (10%) in the early RRT group and 12 (50%)
in the control group featured a “sudden unexpected
death.” Sudden unexpected death (SUD) in COVID-19 is
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Death categories
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Fig. 2. Unexpected death during ICU admission in patients with/
without early RRT. ICU, intensive care unit; RRT, renal-replace-
ment treatment.

defined in our study as a rapid death within 24 h in a pa-
tient with COVID-19, presenting cardiac arrest, plunged
blood pressure, or pulse oxygen saturation but without
life-threatening organ injuries or fatal abnormalities in
major laboratory features, which is not due to respiratory
failure, septic shock, severe myocarditis, malignant ar-
rhythmia, electrolyte disturbance, or other known causes.
The incidence rate of SUD in the early RRT group was 0.2
per 100 person-day, much lower than 2.9 per 100 person-
day in the control group (p = 0.02) (Fig. 2). It was inferred
that the difference in the incidence of all-cause death be-
tween the two groups was caused by SUD.

We classified all the participants into three subgroups
(survival, expected death, and unexpected death) to ex-
plore the risk factors of unexpected death. The severity and
numbers of organ injury/failure were lower in nonsurvi-
vors with unexpected death, compared with expected
death. Less use of early RRT, older age, lower temperature
and respiratory rate, shorter activated partial thrombo-
plastin time, and lower tumor necrosis factor-a were asso-
ciated with unexpected death in nonsurvivors with unex-
pected death in univariate analysis (online suppl. Fig. 25).

Discussion

The retrospective cohort study indicated that early ini-
tiation of RRT could reduce the incidence rate of in-hos-
pital all-cause death by preventing unexpected death, in
ICU patients with severe/critically ill COVID-19. To our
knowledge, these findings provide new evidence for the
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early application of RRT in treatment of severe and criti-
cally ill COVID-19.

High morbidity and mortality of severe to critically ill
cases were observed in elderly population with CO-
VID-19, especially those with multi-morbidities. The
mean age of our ICU patients was higher than that of the
whole population with COVID-19 in the same hospital
[26]. So, close monitoring and active intervention should
be performed for those elderly patients at high risk. In
participants with early RRT, the mortality reduced to
50%, which was lower than that in other retrospective
studies involving critically ill COVID-19 during the same
period in Wuhan [26-28]. In general, RRT in the ICU was
prescribed referring to the diagnosis of AKI stage 3 or
even urgent complications [25]. Differently, the trigger-
ing time of RRT in our ICU had been moved up ahead of
traditional indications. Early initiation of RRT reduced
the risk of in-hospital overall mortality in ICU patients
with COVID-19 by 72% in our study.

Several randomized controlled trials have focused on
the “early” versus “late” initiation of RRT in critical care
patients. In AKIKI [15] and IDEAL-ICU [18] studies,
which mainly included sepsis patients, RRT in early strat-
egy was started within 6-8 h when diagnosed as AKI stage
3 but without life-threatening complications related to
AKI. No significant difference with regard to mortality
was found in those two studies. The latest STARRT-AKI
study among critically ill patients with AKI also indicated
that an accelerated renal-replacement strategy in AKI
stage 2 or 3 was not associated with a lower risk of death
at 90 days compared to a standard strategy [16]. In con-
trast, in the ELAIN study which mainly enrolled postop-
erative patients with AKI [17], early RRT was initiated
within 8 h of diagnosis of AKI stage 2, earlier than the
above studies, and results showed that early RRT reduced
mortality over the first 90 days.

In addition to renal function support, the main pur-
pose of RRT application in sepsis or other cytokine storm-
related diseases was to eliminate endotoxin, cytokines, or
other harmful substances in the early stage, which had
been considered to play an important role in severe acute
respiratory syndrome, Middle-East respiratory syn-
drome, and other sepsis treatment [23, 29, 30]. So, the
triggering time of RRT in our ICU was moved up before
AKI development and multi-organ impairment, and our
results demonstrated that it may be of great significance
to start RRT earlier than the traditional indications in
critically ill patients with COVID-19. Besides clinical
signs in our study, it was worth to screen out the specific
indicators of early RRT initiation in further studies [31,
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32]. Serum IL-6, one of the major pro-inflammatory cy-
tokines of cytokine storm syndrome [33], might be the
most potential candidate of triggers for the initiation of
RRT, considering its strong association with mortality,
which was also proven in our study.

Contrary to expectation, early RRT had not reduced
the mean and the maximum levels of cytokines, as well as
the incidence rate of multi-organ injuries, compared with
the control group, nor did it increase the risk of AKI [28,
34, 35]. Interestingly, we found a remarkable reduction of
SUD in COVID-19 in participants with early RRT.

SUD in COVID-19 has never been reported before but
was found in nearly 20% severe to critically ill patients
with COVID-19, which accounted for up to 30% of non-
survivors in our study. No clinical signs or biomarkers
can yet predict the SUD, so more public attention on SUD
should be raised during clinical treatment of COVID-19.

The known causes of death in COVID-19 such as severe
myocarditis, could not completely explain the rapid pro-
gression of the disease but the mild abnormalities in labora-
tory features in those seemingly “stable” patients with SUD
in ICU. Thrombotic and microvascular complications
most likely attributed to the SUD in COVID-19 [36]. Au-
topsy and clinical reports on high morbidity of thrombotic
complications in patients with COVID-19 were increas-
ingly prominent [37-45]. Even in patients receiving thera-
peutic anticoagulation, anticoagulation failure occurred as
well. A recent cohort study revealed that endotheliopathy
was present in COVID-19 and was likely to be associated
with critical illness and death [46]. Experimental studies
confirmed that SARS-CoV-2 directly invaded endothelial
cells via angiotensin-converting enzyme 2, which was ex-
pressed on the endothelial cell surface, then the subsequent
endothelial inflammation, complement activation, throm-
bin generation, platelet and leukocyte recruitment, and the
initiation of innate and adaptive immune responses includ-
ing cytokine storm syndrome culminate in immunothrom-
bosis, ultimately causing thrombotic or microthrombotic
complications such as deep vein thrombosis, pulmonary
embolism, and stroke [47, 48]. COVID-19-associated co-
agulopathy, characterized by increased thrombotic and mi-
crovascular complications, was an important feature of
SARS-CoV-2 pathogenesis. Given that thrombotic compli-
cations are central determinants of the high mortality rate
in COVID-19, strategies to prevent thrombosis are of crit-
ical importance. Participants with SUD in our study had
higher D-dimer and fibrinogen degradation product levels
and shorter activated partial thromboplastin time, indicat-
ing a status of hyperfibrinolysis and high probability of
thrombotic complications.

Early Renal-Replacement Therapy in
Severe COVID-19

It is valuable that early RRT can prevent SUD in CO-
VID-19 and then reduce the all-cause mortality, which
may be of clinical utility in managing severe to critically
ill patients with COVID-19. However, the underlying
mechanisms are multiple and not entirely clear for now.

We proposed that early RRT might prevent thrombot-
ic events not through therapeutic anticoagulation but by
removing certain substances such as procoagulant sub-
stance or regulators of coagulation system in upstream
and downstream, thus reducing SUD in critically ill CO-
VID-19. The usage and dose of anticoagulant in partici-
pants with early RRT were similar with those without ear-
ly RRT. Second, elevated serum levels of pro-inflamma-
tory cytokines including IL-6 and IL-1p, as well as IL-2
and TNF, were exhibited substantially in severe and crit-
ically ill patients with COVID-19, characterized as a cy-
tokine storm and could interact between inflammation
and coagulation [48-50]. Early RRT could probably pre-
vent the secondary endothelial inflammation by means of
cutting the sudden fatal peak load of the cytokine storm.
Moreover, early RRT as one of major life-support thera-
pies could prolong survival time and gain time for key
treatments of the primary disease.

Some study limitations should be considered in the in-
terpretation of the results. First, this was a retrospective
observational and small sample-size cohort study, so it
was difficult to attribute direct causality between early
RRT and the mortality of COVID-19. Second, the initia-
tion of early RRT was decided by a medical treatment
team, rather than randomization. Third, scoring systems
in evaluating severity and prognosis such as sequential or-
gan failure assessment (SOFA) were unavailable in most
original medical records. Moreover, modes of RRT used
in our target population included only continuous veno-
venous hemofiltration/continuous veno-venous hemodi-
afiltration due to availability. Therefore, large sample-size
randomized clinical trials on different modes of early RRT
in COVID-19 will be needed in further studies.

Conclusions

In summary, early initiation of RRT can potentially
prolong survival time and create necessary therapy op-
portunity, then reduce the all-cause in-hospital mortality,
especially SUD in ICU patients with severe COVID-19,
but not improve multi-organ impairment or increase the
risk of AKI. Early initiation of renal-replacement therapy
merits an optional strategy in severe to critically ill pa-
tients with COVID-19.
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