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Abstract 
 
Background/Aim. Patients with severe clinical COVID-19 
are at higher risk of developing acute kidney injury (AKI). 
The aim of the study was to analyze the risk factors for 
AKI/AKI on chronic kidney disease (CKD) and the results 
of treatment using continuous renal replacement therapy 
(CRRT) in critically ill COVID-19 patients. Methods. The 
study included 101 COVID-19 patients with AKI treated 
with CRRT out of a total of 293 patients with AKI. The 
study was conducted from March 2020 to July 2021 at the 
University Clinical Center of Vojvodina, Serbia. Results. 
The average age of patients was 64.69 ± 9.71 years. Out of 
the total number of patients, 82.2% were male, of whom 
75.2% suffered from hypertension. On invasive mechanical 
ventilation (IMV) were 93.7% of patients, and 92.1% were 
on vasopressor therapy. The average length of IMV until 
the beginning of CRRT was 4.65 ± 4.57 days. In the first 
24 hrs after starting IMV, 60% of patients had to undergo 
CRRT. Before administering CRRT, the average Simplified 
Acute Physiology Score II was 39.13 ± 14.45, creatinine 312 

µmol/L [Interquartile Range (IQR) 208.0–437.5], procalci-
tonin 2.70 ng/L (IQR 0.62–7.20), while 10.9% of patients 
had SpO2/FiO2 index > 200 and 41.6% had anuria. The 
mean number of procedures was 2.01 ± 1.36. The most fre-
quent modality was hemodiafiltration in 67.3% of patients, 
and 46% used the oXiris® membrane. Using binary logistic 
regression, including demographic parameters, comorbidi-
ties, as well as clinical parameters before CRRT, it was 
found that patients with previous kidney disease were 3.43 
times more susceptible to developing AKI, and patients 
with SpO2/FiO2 index ≥ 200 were 69% less susceptible to 
developing AKI/AKI on CKD requiring CRRT in the first 
24 hrs from the start of IMV. Conclusion. Determining the 
risk factors for AKI/AKI on CKD is important for plan-
ning the prevention of these conditions that require the ap-
plication of CRRT with the correct choice of dialysis modal-
ity and dose, membrane/filter type, and anticoagulant dose.   
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Apstrakt 
 
Uvod/Cilj. Bolesnici sa teškom kliničkom slikom 
COVID-19 imaju viši rizik od razvoja akutnog oštećenja 
bubrega (AOB). Cilj rada bio je da se analiziraju faktori 
rizika od AOB/akutizacije bubrežne insuficijencije kod 
obolelih sa hroničnom bolešću bubrega (HBB), kao i 
rezultati lečenja primenom kontinuirane terapije zamene 
funkcije bubrega (KTZFB) kod kritično obolelih od 
COVID-19. Metode. Istraživanjem je obuhvaćen 101 
COVID-19 bolesnik sa AOB, od ukupno 293 bolesnika 
lečenih primenom KTZFB. Istraživanje je sprovedeno od 
marta 2020. do jula 2021. godine u Univerzitetskom 
Kliničkom centru Vojvodine, Srbija. Rezultati. Prosečna 

starost bolesnika bila je 64,69 ± 9,71 godina. Od ukupnog 
broja bolesnika, 82,2% bilo je muškog pola, od kojih je 
75,2% bilo obolelih od hipertenzije. Na invanzivnoj 
mehaničkoj ventilaciji (IMV) bila su 93,7% bolesnika, a 
92,1% na vazopresornoj terapiji. Prosečna dužina IMV do 
početka KTZFB bila je 4,65 ± 4,57 dana. U prva 24 sata 
od početka IMV, 60% bolesnika je zahtevalo KTZFB. Pre 
KTZFB, prosečna vrednost Simplified Acute Physiology Score 
II iznosila je 39,13 ± 14,45, kreatinina 312 µmol/L 
[Interquartile Range (IQR) 208,0–437,5], prokalcitonina 2,70 
ng/L (IQR 0,62–7,20), dok je 10,9% bolesnika imalo 
indeks SpO2/FiO2 > 200 i njih 41,6% anuriju. Prosečan 
broj procedura iznosio je 2,01 ± 1,36. Najčešći modalitet 
bio je hemodijafiltracija kod 67,3% bolesnika, a 46% je 
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koristilo oXiris® membranu. Korišćenjem binarne 
logističke regresije, uključujući demografske parametre, 
komorbiditete i kliničke parametre pre KTZFB, utvrđeno 
je da su bolesnici sa prethodnim oboljenjem bubrega imali 
3,43 puta veće šanse da razviju AOB, a bolesnici sa 
indeksom SpO2/FiO2 ≥ 200 su imali 69% manje šanse za 
AOB/akutizaciju bubrežne insuficijencije u miljeu HBB, 
zavisne od KTZFB, u prva 24 sata od početka IMV. 
Zaključak. Utvrđivanje faktora rizika od AOB/akutizacije 

bubrežne insuficijencije kod obolelih sa HBB značajno je 
za planiranje njihove prevencije, koja zahteva i primenu 
KTZFB uz pravilan izbor modaliteta i doze dijalize, vrste 
membrane/filtera i doze antikoagulansa.  
 
Ključne reči: 
bubreg, akutna insuficijencija; bubreg, zamena 
funkcije, kontinuirana; covid-19; kritična stanja; faktori 
rizika.

 

Introduction 

The clinical presentation of coronavirus disease 2019 
(COVID-19) varies from asymptomatic to severe, the latter 
being present in about 5% of patients. The severe clinical 
presentation was accompanied by the development of acute 
respiratory distress syndrome (ARDS), multi-organ dysfunc-
tion (MODS), and the development of septic shock 1–5. Pa-
tients with a severe clinical presentation of COVID-19 are at 
a higher risk of developing acute kidney injury (AKI). Ac-
cording to Chinese and American studies, AKI develops on 
average in 2.5–75.0% of patients 2–9. Potential risk factors of 
AKI are the following: direct viral damage to tubular cells, 
activation of the renin-angiotensin-aldosterone system, in-
flammatory reaction triggered by the immune system’s re-
sponse to the virus, thromboembolism, and nonspecific fac-
tors such as hypotension and hypoxemia 10. In cases of re-
duced or absent response to applied conservative treatment 
methods, renal replacement therapy (RRT) is applied. Appli-
cation of RRT is necessary in 5–55% of cases 2–9. In hemo-
dynamically unstable patients, continuous RRT (CRRT) is 
indicated because this modality ensures better volume con-
trol and nutritional balance, which are very important in the 
treatment of patients with COVID-19 11. The aim of the 
study was to analyze the risk factors for AKI/AKI on chronic 
kidney disease (CKD) and the results of CRRT treatment in 
critically ill COVID-19 patients. 

Methods 

The study included 101 COVID-19 patients with AKI 
in the MODS who required CRRT from March 2020 to July 
2021. They were hospitalized within one institution in the 
semi-intensive care units (SICU) and intensive care units 
(ICU). The study was approved by the University 
Clinical Center Vojvodina, Serbia, Ethics Committee (No 6-
00-102, from June 1, 2023). 

The following items were analyzed: demographic data; 
comorbidities; duration of illness, use of antibiotics before 
admission; first admission to the SICU/ICU; X-ray of the 
lungs on admission; vaccination status, need for invasive 
mechanical ventilation (IMV) and vasopressor therapy; 
AKI/AKI on CKD dependent on CRRT in the first 24 hrs 
from the start of IMV; duration of IMV until the beginning 
of CRRT; the beginning of CRRT since the hospital admis-
sion; modified index of oxygen saturation to fraction of in-
spired oxygen ratio (SpO2/FiO2), Simplified Acute Physiolo-

gy Score II (SAPS II) and presence of anuria before CRRT;  
thromboprophylaxis therapy and dose; length of hospitaliza-
tion; laboratory parameters before and after CRRT; type of 
CRRT modality; type of adsorptive membrane/filter; number 
of procedures; procedure parameters; changes in the dose of 
unfractionated heparin (UHF) during CRRT and reasons for 
ending of CRRT. A modified SpO2/FiO2 oxygenation index 
was used. Despite the arterial line being set for optimal mon-
itoring because of a large number of patients, frequent blood 
sampling for arterial blood gas analysis was unnecessarily 
numerous during the pandemic. The SpO2/FiO2 index is al-
ways available as a surrogate P/F ratio [Note: P/F ra-
tio equals the arterial pO2 (“P”) from the arterial blood gas 
divided by the FiO2 (“F”) – the fraction (percent) of inspired 
oxygen that the patient is receiving] to assess the severity of 
ARDS 12. Severe COVID-19 was defined as the presence of 
any of the following in each patient’s electronic medical rec-
ord only on admission: first – results of arterial blood gas 
analyses, followed by sedative drugs, anesthetics, or vaso-
pressor orders, along with diagnostic codes for ARDS and 
pneumonia associated with mechanical ventilators; second – 
procedure codes for insertion of an endotracheal tube or IMV 
in the course of hospitalization 13. Kidney Disease: Improv-
ing Global Outcomes (KDIGO) Clinical Practice Guideline 
for Acute Kidney Injury was used to define the AKI, AKI 
stage, and AKI on CKD 14. Indications for dialysis were dis-
cussed at nephrologist board meetings based on the current 
guidelines and adjusted individually depending on hyper-
volemia and/or sepsis.  

The choice of CRRT modes depended on the need to 
remove molecules of different molecular weights and 
volumes and the clinical status of the patient, and it was 
based on the availability of resources. 

Due to changes in the clinical condition of the patient 
and specific complications of the procedures, such as 
systemic coagulation, mode transitions were frequent. CRRT 
was performed on a Prismaflex standard high-flow 
Hemofilter (ST150 Gambro) with a high-flow multifiltrate 
filter (Kit 8 CVVHDF 1000). In septic patients, the 
following were used: oXiris® membrane (Gambro, 
membrane based on AN-69, surface treated with 
polyethyleneimine and heparin-grafted) and EMIC2 
hemofilter (Fresenius Medical Care, Bad Homburg, 
Germany, surface area 1.8 m2). UFH anticoagulation was 
used for the most part, whereas regional citrate 
anticoagulation was used in three patients, and fondaparinux-
sodium was administered in one patient. 
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Results 

The average age of the patients was 64.69 ± 9.71 years, 
and 82.2% of them were men. The most common comorbidi-
ty was hypertension in 75.2%, while previous kidney diseas-
es were present in 33.7% of patients. Out of the total number 
of patients, 61.4% were unvaccinated. Prior to admission to 
the SICU/ICU, 58% of patients used one, two, or more types 

of antibiotics, and 66% of them were initially admitted to the 
ICU with radiographically confirmed pneumonia, bilateral 
pneumonia in 88.1% of them. On IMV were 93.7% of pa-
tients, and 92.1% were on vasopressor therapy. The average 
length of IMV until the start of CRRT was 4.65 ± 4.57 days. 
In the first 24 hrs from the start of IMV, 60% of patients had 
to undergo CRRT, 10.9% of patients had SpO2/FiO2 > 200 
(Table 1), and 41.6% had anuria.  

Table 1  
Clinical parameters 

Parameter Values 
Gender, male  83 (82.2) 
Mean age (years)  64.69 ± 9.71 
Comorbidities   

hypertension 76 (75.2) 
diabetes mellitus 26 (25.7) 
coronary disease 20 (19.8) 
chronic obstructive pulmonary disease 9 (8.9) 
autoimmune diseases 5 (4.9) 
malignancy 5 (4.9) 
previous renal disease 34 (33.7) 
obesity 24 (22.7) 
other 32 (31.7) 
without comorbidity 8 (7.9) 

Duration of illness before admission (days)  7.2 ± 4.92 
Use of antibiotics before admission   

one antibiotic 29 (28.7) 
two or more antibiotics 30 (29.7) 
without antibiotics 16 (15.8) 
unknown 26 (25.8) 

Initial admission  
SICU 34 (34.0) 
ICU 67 (66.0) 

X-ray of the lungs on admission  
unilateral pneumonia 12 (11.9) 
bilateral pneumonia 89 (88.1) 

Vaccination status  
not vaccinated  62 (61.4) 
incompletely vaccinated 36 (35.6) 
unknown 3 (3.0) 

Noninvasive mechanical ventilation 6 (5.9) 
Invasive mechanical ventilation 89 (93.7) 
SpO2/FiO2 before CRRT   

≥ 200 11 (10.9) 
100–199 53 (52.5) 
< 100 37 (36.6) 

AKI/AKI on CKD day 1 of IMV 57 (60.0) 
Duration of IMV until the beginning of CRRT (days) 4.65 ± 4.57 
Vasopressors 93 (92.1) 
SAPS II before CRRT 39.13 ± 14.45 
Anuric patients before CRRT 42 (41.6) 
Start of CRRT from admission (days)  11.16 ± 7.61 
Therapy  

antivirals 13 (12.9) 
steroids 70 (69.3) 
tocilizumab 36 (35.6) 

Dose of thrombophylaxis (dalteparin-sodium)  
2,500 IU/12 hrs 77 (76.2) 
5,000 IU/12 hrs 13 (12.9) 
7,500 IU/12 hrs 11 (10.9) 

Length of hospital stay (days)  17.03 ± 12.44 
SICU – semi-intensive care unit; ICU – intensive care unit; CRRT – continuous renal 
replacement therapy; AKI – acute kidney injury; CKD – chronic kidney disease;  
IMV – invasive mechanical ventilation; SAPS – Simplified Acute Physiology Score; 
SpO2/FiO2 – oxygen saturation to fraction of inspired oxygen ratio. 
All values are expressed as numbers (percentages) or mean ± standard deviation. 
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The average number of CRRT procedures was 2.01 ± 
1.36. The most common mode was hemodiafiltration (HDF) 
in 67.3% of patients, and 46.5% of patients used the oXiris® 
membrane (Table 2).  

The mean values and differences between laboratory 
parameters before and after CRRT, obtained using the paired 

sample test, are shown in Table 3. A significant decrease in 
hemoglobin, platelet, urea, creatinine, sodium, aPPT, and fi-
brinogen values was found after CRRT. By using binary lo-
gistic regression, including demographic parameters, comor-
bidities, and clinical parameters before CRRT, the patients 
with previous kidney disease were found to have 3.43 times 

Table 2  
Parameters of continuous renal replacement therapy (CRRT) procedures 

Parameter Values 
Type of procedure  

CVVH 1 (1.0) 
CVVHD 27 (26.7) 
CVVHDF 68 (67.3) 
CVVHDF/CVVHD 3 (3.0) 
CVVHDF + ECMO 2 (2.0) 

Type of adsorptive membrane  
oXiris® 47 (46.5) 
ST-150 11 (10.9) 
EMIC2 27 (26.7) 
Kit 8 5.9 (6) 
2 membrane 9.9 (10) 

Average number of CRRT 2.01 ± 1.36 
Treatment parameters  

blood flow rate (mL/h)   200.3 ± 26.44 
replacement flow rate (mL/h)   1,986 ± 669.37 
dialysate flow rate (mL/h)   1,572 ± 456.37 
dose of CRRT (mL/kg/TT)   30.89 ± 6.42 
bolus dose of UFH (IU)   3,897 ± 923.52 
continuous dose of UFH (IU) 1,460 ± 469.63 
ultrafiltration rate (mL)   3,092 ± 2,035.64 

Reasons for interruption of the CRRT  
clotting circuit 8 (7.9) 
hemodynamic and/or respiratory instability 10 (9.9) 
problems with vascular access 4 (3.9) 
without interrupting CRRT 79 (78.2) 

Change in UFH dose during CRRT  
increased dose by 1/3 40 (39.6) 
increased dose by 1/2 14 (13.9) 
unchanged dose 25 (24.7) 
reduced dose 22 (21.9) 

CVVH – continuous venovenous hemofiltration; CVVHD – continuous venovenous 
hemodialysis; CVVHDF – continuous venovenous hemodiafiltration;  
ECMO – extracorporeal membrane oxygenation; UFH – unfractionated heparin. 
All values are expressed as numbers (percentages) or mean ± standard deviation. 

 
Table 3 

Differences in laboratory parameters before and after continuous renal replacement therapy (CRRT) 

Parameter (NR) Before CRRT After CRRT p 
Leukocytes (4.0–10.0 × 10–9 mm3/L) 26.72 ± 79.65 16.77 ± 8.61 0.845 
Hemoglobin (120–160 g/L) 105.44 ± 20.99 98.48 ± 15.60 0.000 
Platelets (140–400 × 10–9 mm3/L) 202.42 ± 94.66 174.42 ± 88.16 0.010 
C-reactive protein (< 5.0 mg/L) 155.30 ± 112.70 150.16 ± 143.72 0.709 
Procalcitonin (< 2.0 ng/L) 2.70 (0.62–7.20) 1.93 (0.63–4.64) 0.170 
Urea (2.5–7.5 mmol/L) 26.8 (19.65–36.50) 18.40 (13.25–25.25) 0.000 
Creatinine (50–98 µmol/L) 312 (208–437.5) 233 (163.5–303) 0.000 
Potassium (3.5–5.5 mmol/L) 4.8 (4–5.8) 5.4 (4.6–6.0) 0.649 
Sodium (136–145 mmol/L) 141 (138–147) 140 (138–142.5) 0.000 
aPTT (0.83–1.30 R) 1.07 (0.82–1.28) 1.79 (1.38–3.38) 0.000 
Prothrombin time (0.83–1.30 ratio) 1.12 (1.01–1.17) 1.18 (1.06–1.31) 0.114 
Fibrinogen (1.86–4.86 g/L) 5.04 (3.75–6.25) 3.90 (2.08–5.00) 0.000 
D-dimer (< 0.5 mg/L) 2,145 (1,239–4,727) 3,336 (1,345–6,311) 0.144 
NR – normal range; aPTT – activated partial thromboplastin time. 
All values are presented as mean ± standard deviation or as mean (interquartile range). 
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higher risks [odds ratio (OR) = 3.43; 95% confidence inter-
val (CI) = 1.08–10.84; p = 0.036] and patients with index 
SpO2/FiO2 ≥ 200 had a 69% lower risk (OR = 0.31; 
95%CI = 0.11–0.87; p = 0.025) of developing AKI/AKI on 
CKD which required CRRT in the first 24 hrs from the start 
of IMV (Table 4). The average hospital admission was on 
the seventh day, IMV to CRRT on the third day, the start of 
CRRT was on the tenth day from admission, and 60% of pa-
tients developed AKI/AKI on CKD which required CRRT on 
the first day of IMV. 

Discussion 

This study included 34% of critically ill COVID-19 pa-
tients who required the ICU out of a total of 293 with AKI 
treated with conservative therapy. Namely, the incidence of 
AKI in COVID-19 patients varies in different studies, as well 
as mortality from AKI, which ranges from 35–89%, the preva-
lence of RRT was 5–55%, and mortality from RRT was 70–
90% 2–9. The global record covered 168 hospitals from 16 
countries, with 20,608 patients, from February to November 
2020, and reported an incidence of AKI in the ICU of 42.4%, 
mortality of 40.8% in patients on IMV alone, and 71.68% on 
IMV, vasopressor therapy, and RRT 8. The same incidence of 
AKI of 75% was shown in two other studies: the first included 
575 patients, of whom 63% required vasopressors; the second 
included a total of 300 patients and the need for IMV was de-
termined in as many as 97% of patients with moderate to se-
vere ARDS. These authors also reported the same mortality of 
70% 3, 4. It should also be noted that the need for IMV increas-
es by ≥ 90% in critically ill patients with sepsis in KDIGO 
stage 3 on vasopressor therapy 15. Our study patients were pre-
dominantly men, with an average age of 64.69 ± 9.71 years. 
The relation of age to unfavorable outcomes has been reported 
in previous studies 16–18. The most prevalent comorbidities 
were hypertension 75.2% and previous stage 1–4 of CKD 
33.7%, which are also mentioned in other studies 14, 19. Name-
ly, it has already been established that patients with existing 
kidney damage have a higher chance of dialysis-dependent 

AKI 20. About two-thirds of the patients were initially admitted 
to the ICU with pneumonia, predominantly bilateral pneumo-
nia, which was probably the reason for seeking medical help 
later at the healthcare facility, given that the average duration 
of illness until admission was 7.2 ± 4.92 days, similar to the 
average duration published by Doher et al. 21. Moreover, dur-
ing that period, about two-thirds of the patients were not vac-
cinated, and they used one or two or more antibiotics at home. 
Unlike other studies, all our patients were in the ICU with 
multiorgan failure, and 93% of them were on IMV and vaso-
pressor therapy. A similar high percentage of patients with 
IMV requiring RRT was also shown by some authors 5, 14. In 
other words, AKI in COVID-19 can indirectly affect other or-
gans, such as the kidney, as part of lung-kidney cross-talk 22. 
There are several reasons for the development of AKI as a 
consequence of respiratory insufficiency: 1) systemic hypoxia, 
2) hypercapnia, 3) AKI leading to a severe inflammatory re-
sponse syndrome, and 4) IMV 23. Previous studies have shown 
that IMV is associated with a threefold increased risk of AKI 
in critically ill patients 24. After the start of IMV, 60% of our 
patients already had to undergo CRRT in the first 24 hrs. Simi-
lar results have already been shown, namely that AKI/AKI on 
CKD requiring CRRT usually occurs at the time of intubation, 
which indicates the role of hemodynamic changes as a poten-
tially important mechanism for AKI in COVID-19, as vaso-
pressors are often initiated at the time of intubation 9, 17, 21. 
Considering that previous kidney diseases were behind hyper-
tension in terms of the representation of comorbidities with 
33%, we tried to determine the number of patients undergoing 
CRRT on the first day of IMV and determined that it was over 
50%. We compared our results with the results of an American 
multicenter study, which included 3,099 critically ill patients. 
In both studies, previous kidney disease was present in a simi-
lar percentage. However, in a multicenter study, 74% of them 
were dialysis dependent with median values on the third day 
from IMV and the onset of CRRT on the fourth day, in 
contrast to our patients who underwent IMV on the first day, 
and the median start of CRRT was on the tenth day of admis-
sion 9. 

Table 4 
Association of AKI/AKI on CKD presenting on day 1 of invasive mechanical ventilation with demographic 
parameters, comorbidities, and clinical parameters before continuous renal replacement therapy (CRRT) 

Parameters  B Sig Exp(B) 95% CI for EXP(B) 
lower upper 

Female§ 0.855 0.161 2.35 0.71 7.78 
Hypertension arterialis § 0.007 0.990 1.01 0.33 3.04 
Coronary disease§ -0.101 0.874 0.90 0.26 3.16 
COPD§ -0.478 0.579 0.62 0.11 3.35 
Anuria before CRRT§ -0.009 0.985 0.99 0.38 2.60 
Vasoactive therapy§ -1.292 0.460 0.27 0.01 8.42 
SpO2/FiO2 index before CRRT# -1.168 0.025 0.31 0.11 0.87 
Age category¥ 0.195 0.725 1.22 0.41 3.61 
Previous renal disease§ 1.233 0.036 3.43 1.08 10.84 
Diabetes mellitus§ -0.193 0.722 0.82 0.28 2.39 
§Reference value for “yes”; #Reference value for SpO2/FiO2 < 100 before CRRT; ¥ Reference value for 35–59 age 
category.  
CI – confidence interval; COPD – chronic obstructive pulmonary disease. For other abbreviations, see Table 1. 
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The later onset of CRRT can be explained by the absence 
of end-stage CKD. It should also be taken into account that be-
fore CRRT, there was a slightly higher percentage of patients 
on IMV and almost twice the percentage of patients on vaso-
pressor therapy with an SpO2/FiO2 index of 100–199, which 
made our patients more hemodynamical and more unstable in 
terms of respiration, which indirectly indicates conclusion on 
the potential delayed onset of CRRT. Similar results were 
shown in a study by Doher et al. 21 in which AKI-RRT was 
predominantly present on the first day of IMV in 72% of pa-
tients, 17% of whom required RRT on day ten, i.e., three days 
after IMV. Strategies for initiating RRT in critically ill patients 
have been described in many studies 25, 26. Some authors be-
lieve that the decision to start CRRT in COVID-19 patients 
with AKI should be individualized and according to the clini-
cal context (e.g., starting CRRT due to hypervolemia in pa-
tients with severe hypoxemia) and not based only on the stage 
of AKI 14, 27. The most common modality was HDF in 67.3% 
of our patients, and 46% of them used the oXiris® membrane. 
The advantages of a specific CRRT modality are not yet 
known, so the choice of modality depends on hospital availa-
bility and available resources 11, 14. It is recommended that the 
dose of dialysis be adjusted according to the KDIGO guide 
and in accordance with changes in the clinical and/or metabol-
ic state of the patient 14. Coagulopathy in COVID-19 patients 
may be the cause of clot formation in the circuit of the CRRT 
modality and the subsequent interruption of the procedure. The 
aforementioned process will affect the initially applied dose of 
RRT, which must then be adapted to the new situation 11. 
About 50% of our patients had to be administered an increase 
in the dose of UFH by 1/2 or 1/3, and in 7.9% of patients, 
CRRT was discontinued due to clotting in the circuit of the 
CRRT modality. In our previous work, the use of pre-diluted 
HDF with an antithrombin membrane (oXiris®) with doses of 
UFH 1/3 to 1/2 higher than recommended in patients with 
COVID-19, resulted in prolonged life of filters in the treatment 
of patients with high inflammatory parameters and D-dimer 
and estimated risk for the development of deep vein throm-
bosis 28. On average, only two CRRT procedures were per-
formed per patient due to hemodynamic instability and other 
complications, as reported by Bezerra et al. 15. The need for a 
unique diagnostic strategy and optimization of the treatment of 
AKI in COVID-19 patients would contribute to determining 
the optimal approach to CRRT in these patients. The relation 
between specific laboratory values with adverse outcomes has 
been demonstrated in many studies 16–18. In order to determine 

which parameters had the greatest influence on AKI/AKI on 
CKD requiring CRRT on the first day of IMV, we used a bina-
ry logistic regression model, which included demographic pa-
rameters, comorbidities, and clinical parameters before CRRT. 
It was found that patients with previous kidney disease had 
3.36 times higher risks and 64% lower risks if the SpO2/FiO2 
index was ≥ 200, and these results were comparable to the 
previously mentioned multicenter study 9. By comparing stud-
ies with a similar design, it was determined that the obtained 
data were the following: 1) different significant predictors of 
AKI-RRT; 2) different modalities of RRT, anticoagulation, 
and other procedure parameters; 3) different testing periods 
which were included (in relation to the representation of vac-
cines and drugs); 4) the timing of the development of the AKI-
RRT, which depends on the type and size of the sample, the 
availability of the RRT, and the organization capabilities. For 
these three years, we learned that the priority is the correct se-
lection of patients for RRT, which included: age; the time pe-
riod from onset of illness to admission to hospital; time from 
admission to presenting the patient to a nephrologist; presence 
of comorbidities; existence of previous kidney disease and 
rhabdomyolysis; the influence of nephrotoxins.  

It should be emphasized that the key connection between 
the nephrologist and the intensivist lies in the presentation of 
the patient, which includes: SAPS II within 24 hrs, SpO2/FiO2 
index, vasopressor dose, volemia state, diuresis with or 
without diuretic stimulation, values of nitrogenous substances, 
electrolytes and the presence of secondary infections. 

The limitations of our study were: retrospective 
experience of a single center, absence of a control group, and 
having no complete data on volemia status and outcomes. 
Most patients were treated before recent clinical trials, which 
showed other drugs to be more effective. 

Conclusion 

Determining the risk factors for AKI/AKI on CKD is 
important for planning the prevention of these conditions that 
require the application of CRRT with the correct choice of 
dialysis modality and dose, membrane/filter type, and 
anticoagulant dose. 
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