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Abstract 
Introduction: SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavi-
rus 2) causes an acute respiratory disease with interstitial and alveolar pneu-
monia, which can affect several organs including the kidneys [1] [2] [3]. As 
Mali is no stranger to this pandemic, we report our experience of the manage-
ment of cases of kidney failure observed in the COVID-19 intensive care unit 
at the Point G University Hospital Centre (CHU). The aim of this work was 
to characterise acute renal failure in COVID-19 patients in intensive care, 
describing the management methods used and determining the vital progno-
sis. Materials and Methods: This was a retrospective descriptive study, cov-
ering an 18-month period from April 2020 to September 2021. We included 
all patients admitted to the COVID-19 intensive care unit on the basis of a 
positive RT-PCR and/or the presence of ground-glass images on thoracic com-
puted tomography. Results: We selected 232 patients admitted for COVID-19. 
Acute Renal Failure (ARF) developed in 71 patients (30.6%). The stages of AKI 
according to KDIGO were Stage 1 in 28.2%, Stage 2 in 18.3% and Stage 3 in 
53.5%. The mean age was 63.96 years, with a standard deviation of 16.6, and 
males accounted for the majority (71.8%). Organic ARF was found in 80.3% 
of cases. Risk factors and comorbidities for ARF included advanced age (60.6%), 
male sex (71.8%), hypertension (52.1%), diabetes (21.1%), invasive mechanical 
ventilation (71.8%) and septic shock (56.3%). Extra renal purification (hae-
modialysis) was used in 29.6% of patients. Admission to intensive care ranged 
from 7 days to 14 days in 43.7% of cases. More than half the patients (52.1%) 
were in critical condition on admission. Death occurred in 76.1% of patients. 
Conclusion: ARF appears to occur more frequently in patients with severe 
COVID-19. It is associated with a poor prognosis. 
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1. Introduction 

December 2019 is an epidemic of infectious pneumonia. Known as Coronavirus 
Disease-19 (COVID-19), this infectious pneumonia is caused by an emerging virus 
of the coronavirus family, SARS-CoV-2 [1] [2] [3]. SARS-CoV-2 (Severe Acute 
Respiratory Syndrome Coronavirus 2) causes acute respiratory disease with in-
terstitial and alveolar pneumonia, and can affect several organs including the kid-
neys, heart, digestive tract and nervous system [4].  

Acute renal failure (ARF) is defined by an abrupt and reversible decrease in 
Glomerular Filtration Rate (GFR) [5].  

The pathogenesis of ARF in COVID-19 is multifactorial, ranging from renal 
hypoperfusion related to mechanical ventilation, sepsis and cytokine storm, to 
direct toxicity of the virus on tubular cells [6]. 

In intensive care units, early studies estimated its prevalence at 23% (14% - 35%) 
[6] [7], although European data report higher prevalences of up to 50% [8] [9]. The 
occurrence of ARF during SARS-CoV-2 infection is strongly correlated with mor-
tality [8] [10] [11]. European data suggest that haemodialysis is used in 13% - 28% 
of patients, and this organic support is associated with high mortality [12]. 

The use of Renal Replacement Therapy (RRT) varies from study to study, and 
may be indicated in 73% of patients with ARF [13]. We report our experience in 
the management of cases of renal failure observed in the COVID-19 intensive care 
unit of the Point G University Hospital Centre (CHU).  

The aim of this work was to characterise acute renal failure in COVID-19 pa-
tients in intensive care by describing the management methods and determining 
the vital prognosis. 

2. Materials and Methods 

This was a retrospective descriptive study over a period of 18 months (April 
2020 to September 2021). All patients hospitalised in the COVID-19 intensive 
care unit were included in the study. The diagnosis of SARS-CoV-2 infection 
was based on a positive RT-PCR and/or the presence of a ground-glass image on 
a chest CT scan. We included patients with at least one criterion from the KDIGO 
2012 classification (Table 1). We did not include patients with a length of stay of 
less than 24 hours or patients with chronic renal failure. We collected exhaustive 
socio-demographic, clinical, biological, therapeutic and evolutionary data from 
medical records, hospitalisation registers and dialysis diaries. 
• Sociodemographic data: 

○ Age, sex, and time from onset of symptoms to admission to intensive care 
unit, length of hospital stay. 
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Table 1. Staging criteria for acute kidney injury (KDIGO 2012)*. 

Stage 

Measures acute renal failure (any of the following for each stage) 

Increase in plasma  
creatinine 

Decrease in diuresis 
Renal replacement  

therapy 

1 
≥0.3 mg/dL (26.52  
micromoles/L) or  

1.5 - 1.9 times baseline 

0.5 mL/kg/h for  
6 - 12 h 

Not indicated 

2 2 - 2.9 times baseline 
<0.5 mL/kg/hr for  

≥12 h 
Not indicated 

3 
≥4.0 mg/dL (353.60  
micromoles/L) or 
≥3 times baseline 

0.3 mL/kg/hr for  
≥24 hours or anuria  

for ≥12 hrs 
Indicated 

*Data from KDIGO (Kidney Disease: Improving Global Outcomes) Acute Kidney Injury 
Work Group: KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney Inter 
Suppl. 2: 1-138, 2012. 

 
• Clinical data: 

○ Time to admission to intensive care, vital parameters (respiratory rate 
(cycles/min), pulsed O2 saturation (SpO2), heart rate (beats/min), blood 
pressure (mmHg), diuresis, temperature (˚C), glasgow score. 

• Biological data: 
○ Blood gas, C-Reactive Protein (C-RP), blood count, transaminases (ALAT, 

ASAT), plasma urea/creatininemia, procalcitonin, blood ionogram. 
• Type of acute renal failure according to the plasma urea/creatinine ratio: 

 

Type of ARF Functional ARF Organic ARF 

Plasma urea/creatinine <50 (molar expression) >100 (molar expression) 

 
• Therapeutic data: 

○ Conditioning, respiratory assistance, anti-infective treatment, heparin ther-
apy, correction of hypovolemia, extra renal purification, catecholamines, 
insulin therapy. 

• Evolution: 
○ Patient outcome. 

The data were entered and analysed using IBM SPSS software (version 21.0). 
Descriptive analysis was used to describe the different variables. Data were kept 
anonymous. 

3. Results 

We have colligé 232 files of admitted patients in reanimation for COVID-19 among 
which the IRA is survenue at 71 patients is a frequency of 30.6%. The mean age 
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was 63.9 years with a standard deviation of 16.6 and the predominant sex was 
male (71.8%). Table 2 summarises the characteristics of the patients. The me-
dian time to admission to intensive care was 10 days. More than half the patients 
were at the critical stage of COVID-19 on admission. According to the urea/plasma 
creatinine ratio, AKI was organic in 80.3% of cases. Risk factors and comorbidi-
ties included advanced age (60.6%), male sex (71.8%), hypertension (52.1%), di-
abetes (21.1%), use of invasive mechanical ventilation (71.8%), and septic shock 
(56.3%) (Table 2). Figure 1 summarises the distribution of patients according to 
the KDIGO classification. Extra renal purification was performed in 29.6% of 
patients, with an average of 2.5 sessions ± 1.25 per patient. The characteristics of 
haemodialysis are shown in Table 3. Hypoglycaemia and arterial hypotension 
were the most frequent incidents during dialysis. The associated management 
measures are shown in Table 4. The mortality rate was 76.1%. Most deaths oc-
curred in the setting of multivisceral failure. 

4. Discussion 

We conducted a retrospective, single-centre study. This demonstrated the few 
limitations of this work. The incidence of acute renal failure was 30.6%. This rate 
was lower than those found by some authors [8] [11], i.e. 76% and 46%, respec-
tively. This could be explained by the fact that conversion enzyme levels are 
higher in males. According to the KDIGO classification, 53.5% of patients had 
Stage 3 ARF. This is confirmed in the literature, with rates ranging from 30% to 
53.5% [13] [14] [15]. This rate is supported by the results of the Pepsi et al. This 
rate is supported by those of Pei et al. [16] in China, i.e. 57.1%. The mean age 
of the patients was 64.47 years, similar to others in the literature [13] [14] [17]. El-
derly, patients are more likely to suffer from the physiological and anatomical 
changes associated with age, multiple medications and associated chronic dis-
eases. In this study, the majority of patients were male (72.9%), with a sex ratio 
(M/F) of 2.68. This could be explained not only by genetic factors but also by the 
combination of risk factors and comorbidities [18].  
 

 
Figure 1. Classification of AKI according to KDIGO 2012. Patients suffering from ARF 
on COVID-19 were at Stage 3 of the KDIGO 2012 definition in 53.5% of cases. 
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Table 2. Patient characteristics. 

Patient characteristics Number of patients Percentage 

Age 

<40 years old 7 9.9 

40 - 59 years old 11 15.5 

60 - 79 years old 38 53.5 

≥ 80 years old 15 21.1 

Sex 
Male 51 71.8 

Female 20 28.2 

Risk factor 

Age > 65 43 60.6 

Male 51 71.8 

Smoking 24 33.7 

BMIa > 30 4 5.6 

Mechanical ventilation 51 71.8 

Use of vasopressors 40 56.3 

Comorbidities 

HTAb 37 52.1 

Diabetes 15 21.1 

COPDc 3 4.2 

Stroked 4 5.6 

Heart disease 3 4.2 

Asthma 1 1.4 

Cancer 1 1.4 

Clinical severity 

Critical 37 52.1 

Severe 31 43.7 

Moderate 3 4.2 

Associated organic 
failure 

Respiratory 67 94.4 

Circulatory 34 47.9 

Neurological 26 36.6 

a: Body Mass Index; b: High blood pressure; c: Chronic Obstructive Pulmonary Disease; d: 
Accident cerebrovascular. 
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Table 3. Characteristics of dialysis. 

Characteristics Numbers Percentage 

Indication 

Metabolic acidosis (pH < 7.20) 7 9.9 

Hyperkalemia > 6.5 mmol/l 11 15.5 

Urea > 30 mmol/l 20 28.2 

OAP* 3 4.2 

 Right femoral 16 76.2 

 Left femoral 4 19.0 

 Right inner chinstrap 1 4.8 

Session no.  1st- 2nd- 3rd- 4th- 5th- 

Duration 

1H 1 0 0 0 0 

1H30 0 0 0 0 0 

2H 16 3 1 0 0 

2H30 0 6 2 0 0 

3H 4 4 2 2 1 

3H30 0 3 1 1 0 

4H 0 0 4 1 1 

UF** 

0 L 2 2 0 0 0 

0.5 L 3 1 1 0 0 

1 L 10 4 4 1 0 

1.5 L 4 3 0 0 0 

2 L 0 5 1 1 1 

2.5 L 1 1 1 0 0 

3 L 1 0 3 2 1 

Incident and 
accident 

Hypoglycemia 6 2 1 0 1 

Hypotension 6 6 3 2 0 

Hypertension 1 0 0 0 0 

Hyperthermia 1 2 0 0 0 

Heart failure 0 1 0 0 0 

*: Acute lung edema; **: Ultrafiltrate. 
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Table 4. Other management measures. 

Treatment Numbers Percentage 

Respiratory 

Mask 70 98.6 

NAV* 31 43.7 

Invasive ventilation 51 71.8 

Other support  
measures 

Antibiotic therapy 71 100.0 

Anticoagulation 67 94.4 

Corticosteroid therapy 64 90.1 

Catecholamine 40 56.3 

Transfusion 15 21.1 

*: Nebulisation Artificial Ventilation. 

 
During the study, 29.6% were dialysed. This could be explained by the high 

rate of KDIGO Stage 3 and the delay in management. The incidence of ARF 
requiring intensive care EER in COVID-19 patients is high, ranging from 10.7% to 
23.2% [8] [13] [14]. The indications for EER were similar to those for non- 
COVID-19 patients. The incidence and impact during dialysis were mainly ar-
terial hypotension and hypoglycaemia. The literature has reported cases of dialy-
sis filter thrombosis; we have not found any cases of filter thrombosis. All our 
patients requiring dialysis were on heparin. 

The main risk factors and comorbidities identified appeared to be advanced age 
(60.6%), male sex (71.8%), mechanical ventilation (71.8%), septic shock (56.3%), 
hypertension (52.1%) and diabetes (21.1%). These main factors and comorbidi-
ties have also been reported in the literature [11] [13] [19].  

ARF was organic in 80% of patients. This can be explained by the predominant 
involvement of the proximal convoluted tubule by SARS-CoV-2 [20]. The involve-
ment of the proximal convoluted tubule could be explained by the co-expression of 
Angiotensin-Converting Enzyme 2 (ACE2) receptors and TMPRSS proteases 
(necessary for the virus to enter the host cell) [21] [22] [23].  

The mortality rate in our study was 76.1%, a result similar to that reported in 
the literature [24] [25] [26]. In a study conducted in Ireland, mortality from ARF 
in COVID-19 patients admitted to the Intensive Care Unit (ICU) was greater 
than 75%. Our data are similar to the Irish data [25]. ARF is associated with in-
creased in-hospital mortality [27] [28]. 

Several hypotheses have been put forward to explain this renal damage, in-
cluding renal hypoperfusion linked to mechanical ventilation, sepsis and the cy-
tokine storm, or direct toxicity of the virus on tubular cells [29]. 

Artificial ventilation is recognised as a factor in renal aggression [30]. The 
humoral consequences of artificial ventilation, namely activation of the re-
nin-angiotensin-aldosterone system and inhibition of atrial-natriuretic factor, 

https://doi.org/10.4236/ojneph.2023.134036


D. Boubacar et al. 
 

 

DOI: 10.4236/ojneph.2023.134036 392 Open Journal of Nephrology 
 

may contribute to changes in renal perfusion [30]. This stress may be indirect, 
due to changes in systemic haemodynamics, or direct, independently of the re-
duction in cardiac output. Positive pressure ventilation may reduce venous re-
turn and/or increase right-sided ventilatory afterload, resulting in a reduction in 
cardiac output and renal blood flow, with redistribution to the medulla [31]. The 
increase in intra-abdominal pressure associated with ventilation may alter renal 
perfusion by increasing intra-parenchymal pressure and/or pressure in the veins 
[32] [33].  

Although the results were positive, our study was not without its limitations in 
terms of its retrospective and monocentric nature, and the fact that certain ex-
aminations, such as renal biopsy, were not performed during the cold phase of 
the disease. 

5. Conclusion 

The occurrence of AKI appears to be more frequent in elderly male patients with 
a severe form of COVID-19 with organ failure. It is associated with a poor prog-
nosis, hence it is important to take preventive measures in our context. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Zhu, N., et al. (2020) A Novel Coronavirus from Patients with Pneumonia in China, 

2019. The New England Journal of Medicine, 382, 727-733.  
https://doi.org/10.1056/NEJMoa2001017 

[2] Ren, L.-L., et al. (2020) Identification of a Novel Coronavirus Causing Severe Pneu-
monia in Human: A Descriptive Study. Chinese Medical Journal, 133, 1015-1024.  
https://doi.org/10.1097/CM9.0000000000000722 

[3] World Health Organization (2020) Timeline of WHO’s Response to COVID-19.  
https://www.who.int/emergencies/diseases/novel-coronavirus-2019   

[4] Naicker, S., Yang, C.W., Hwang, S.J., Liu, B.C., Chen, J.H. and Jha, V. (2020) The 
Novel Coronavirus 2019 Epidemic and Kidneys. Kidney International, 97, 824-828.  
https://doi.org/10.1016/j.kint.2020.03.001 

[5] Kanfer, A., Kourilsky, O., Peraldi, M.N. and Combe, C. (2014) Néphrologie et troubles 
hydro électrolytiques. Elsevier Masson, Gainesville.  
https://doi.org/10.1016/B978-2-294-73759-6.00017-1 

[6] Wang, D., Hu, B, Hu, C., et al. (2020) Clinical Characteristics of 138 Hospitalized 
Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA, 
323, 1061-1069. https://doi.org/10.1001/jama.2020.1585 

[7] Hu, L., Chen, S., Fu, Y., et al. (2020) Risk Factors Associated with Clinical Out-
comes in 323 COVID-19 Hospitalized Patients in Wuhan, China. Clinical Infectious 
Diseases, 71, 2089-2098. https://doi.org/10.1093/cid/ciaa539 

[8] Hirsch, J.S., Ng, J.H., Ross, D.W., et al. (2020) Acute Kidney Injury in Patients Hos-
pitalized with COVID-19. Kidney International, 98, 209-218.  

https://doi.org/10.4236/ojneph.2023.134036
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1097/CM9.0000000000000722
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1016/B978-2-294-73759-6.00017-1
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1093/cid/ciaa539


D. Boubacar et al. 
 

 

DOI: 10.4236/ojneph.2023.134036 393 Open Journal of Nephrology 
 

https://doi.org/10.1016/j.kint.2020.05.006 

[9] The ICNARC COVID-19 Team, Richards-Belle, A., Orzechowska, I., et al. (2020) 
COVID-19 in Critical Care: Epidemiology of the First Epidemic Wave across Eng-
land, Wales and Northern Ireland. Intensive Care Medicine, 46, 2035-2047.  
https://doi.org/10.1007/s00134-020-06267-0 

[10] Chen, R., Liang, W., Jiang, M., et al. (2020) Risk Factors of Fatal Outcome in Hos-
pitalized Subjects with Coronavirus Disease 2019 from a Nationwide Analysis in 
China. Chest, 158, 97-105. https://doi.org/10.1016/j.chest.2020.04.010 

[11] Chan, L., Chaudhary, K., Saha, A., et al. (2020) AKI in Hospitalized Patients with 
COVID-19. Journal of the American Society of Nephrology, 32, 151-160.  
https://doi.org/10.1681/ASN.2020050615 

[12] Joseph, A., Zafrani, L., Mabrouki, A., Azoulay, E. and Darmon, M. (2020) Acute 
Kidney Injury in Patients with SARS-CoV-2 Infection. Annals of Intensive Care, 10, 
Article No. 117. https://doi.org/10.1186/s13613-020-00734-z 

[13] Robbins-Juarez, S.Y., Qian, L., King, K.L., et al. (2020) Outcomes for Patients with 
COVID-19 and Acute Kidney Injury: A Systematic Review and Meta-Analysis. Kid-
ney International Reports, 5, 1149-1160. https://doi.org/10.1016/j.ekir.2020.06.013 

[14] Bellomo, R. and Ronco, C. (1999) Renal Replacement Therapy in the Intensive Care 
Unit. Critical Care and Resuscitation, 1, 13-24.  
https://doi.org/10.1016/S1441-2772(23)00644-0 

[15] Rubin, S., Orieux, A., Prevel, R., et al. (2020). Characterization of Acute Kidney In-
jury in Critically Ill Patients with Severe Coronavirus Disease 2019. Clinical Kidney 
Journal, 13, 354-361. https://doi.org/10.1093/ckj/sfaa099 

[16] Pei, G., Zhang, Z., Peng, J., et al. (2020) Renal Involvement and Early Prognosis in 
Patients with COVID-19 Pneumonia. Journal of the American Society of Nephrol-
ogy, 31, 1157-1165. https://doi.org/10.1681/ASN.2020030276 

[17] Yang, X., Yu, Y., Xu, J., et al. (2020) Clinical Course and Outcomes of Critically Ill 
Patients with SARS-CoV-2 Pneumonia in Wuhan, China: A Single Centered, Re-
trospective, Observational Study. The Lancet Respiratory Medicine, 8, 475-481.  
https://doi.org/10.1016/S2213-2600(20)30079-5 

[18] Pan, X., Xu, D., Zhang, H., et al. (2020) Identification of a Potential Mechanism of 
Acute Kidney Injury during the COVID-19 Outbreak: A Study Based on Single-Cell 
Transcriptome Analysis. Intensive Care Medicine, 46, 1114-1116.  
https://doi.org/10.1007/s00134-020-06026-1 

[19] Commereurc, M., Rondeau, E. and Ridel, C. (2014) Insuffisance rénale aigue chez la 
personne âgée: Aspect diagnostic et thérapeutiques. La Presse Médicale, 43, 341-347.  
https://doi.org/10.1016/j.lpm.2013.07.030 

[20] Beck, L.H. (1998) Changes in Renal Function with Aging. Clinics in Geriatric Medi-
cine, 14, 199-209. https://doi.org/10.1016/S0749-0690(18)30113-7 

[21] Martin, J.E. and Sheff, M.T. (2007) Rénal Ageing. The Journal of Pathology, 211, 
198-105. https://doi.org/10.1002/path.2111 

[22] Xia, P., Wen, Y., Duan, Y., et al. (2020) Clinicopathological Features and Outcomes 
of Acute Kidney Injury in Critically Ill COVID-19 with Prolonged Disease Course: A 
Retrospective Cohort. Journal of the American Society of Nephrology, 31, 2205-2221.  
https://doi.org/10.1681/ASN.2020040426 

[23] Su, H., Yang, M., Wan, C., Yi, L.X., Tang, F., Zhu, H.Y., et al. (2020) Renal Histo-
pathological Analysis of 26 Postmortem Findings of Patients with COVID-19 in Chi-
na. Kidney International, 98, 219-227. https://doi.org/10.1016/j.kint.2020.04.003 

[24] Intensive Care National Audit & Research Centre (2020) ICNARC Report on 

https://doi.org/10.4236/ojneph.2023.134036
https://doi.org/10.1016/j.kint.2020.05.006
https://doi.org/10.1007/s00134-020-06267-0
https://doi.org/10.1016/j.chest.2020.04.010
https://doi.org/10.1681/ASN.2020050615
https://doi.org/10.1186/s13613-020-00734-z
https://doi.org/10.1016/j.ekir.2020.06.013
https://doi.org/10.1016/S1441-2772(23)00644-0
https://doi.org/10.1093/ckj/sfaa099
https://doi.org/10.1681/ASN.2020030276
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1007/s00134-020-06026-1
https://doi.org/10.1016/j.lpm.2013.07.030
https://doi.org/10.1016/S0749-0690(18)30113-7
https://doi.org/10.1002/path.2111
https://doi.org/10.1681/ASN.2020040426
https://doi.org/10.1016/j.kint.2020.04.003


D. Boubacar et al. 
 

 

DOI: 10.4236/ojneph.2023.134036 394 Open Journal of Nephrology 
 

COVID-19 in Critical Care, 2020.  
https://www.icnarc.org/DataServices/Attachments/Download/c31dd38d-d77b-ea11
-9124-00505601089b  

[25] Zhou, F., Yu, T., Du, R., et al. (2020) Clinical Course and Risk Factors for Mortality 
of Adult Inpatients with COVID-19 in Wuhan, China: A Retrospective Cohort Study. 
The Lancet, 395, 1054-1062. https://doi.org/10.1016/S0140-6736(20)30566-3 

[26] Cheng, Y., Luo, R., Wang, K., et al. (2020) Kidney Disease Is Associated with 
In-Hospital Death of Patients with COVID-19. Kidney International, 97, 829-838.  
https://doi.org/10.1101/2020.02.18.20023242 

[27] Nin, N., Lombardi, R., Frutos-Vivar, F., et al. (2010) Early and Small Changes in 
Serum Creatinine Concentrations Are Associated with Mortality in Mechanically 
Ventilated Patients. Shock, 34, 109-116.  
https://doi.org/10.1097/SHK.0b013e3181d671a6 

[28] Koyner, J.L. and Murray, P.T. (2009) Mechanical Ventilation and the Kidney. Blood 
Purification, 29, 52-68. https://doi.org/10.1159/000259585 

[29] Nasr, S.H. and Kopp, J.B. (2020) COVID-19-Associated Collapsing Glomerulopathy: 
an Emerging Entity. Kidney International Reports, 5, 759-761.  
https://doi.org/10.1016/j.ekir.2020.04.030 

[30] Kuiper, J.W., Groeneveld, A.B., Slutsky, A.S. and Plotz, F.B. (2005) Mechanical Venti-
lation and Acute Renal Failure. Critical Care Medicine, 33, 1408-1415.  
https://doi.org/10.1097/01.CCM.0000165808.30416.EF 

[31] Hall, S.V., Johnson, E.E. and Hedley-Whyte, J. (1974) Renal Hemodynamics and 
Function with Continuous Positive-Pressure Ventilation in Dogs. Anesthesiology, 
41, 452-461. https://doi.org/10.1097/00000542-197411000-00009 

[32] Doty, J.M., Saggi, B.H., Sugerman, H.J., Blocher, C.R., Pin, R., Fakhry, I., Gehr, T.W. 
and Sica, D.A. (1999) Effect of Increased Renal Venous Pressure on Renal Function. 
The Journal of Trauma: Injury, Infection, and Critical Care, 47, 1000-1003.  
https://doi.org/10.1097/00005373-199912000-00002 

[33] Kirk Patrick, A.W., Colistro, R., Laupland, K.B., Fox, D.L., Konkin, D.E., Kock, V., 
Mayo, J.R. and Nicolaou, S. (2007) Renal Arterial Resistive Index Response to Intra 
Abdominal Hypertension in a Porcine Model. Critical Care Medicine, 35, 207-213.  
https://doi.org/10.1097/01.CCM.0000249824.48222.B7 

 
 
 
 

https://doi.org/10.4236/ojneph.2023.134036
https://www.icnarc.org/DataServices/Attachments/Download/c31dd38d-d77b-ea11-9124-00505601089b
https://www.icnarc.org/DataServices/Attachments/Download/c31dd38d-d77b-ea11-9124-00505601089b
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1101/2020.02.18.20023242
https://doi.org/10.1097/SHK.0b013e3181d671a6
https://doi.org/10.1159/000259585
https://doi.org/10.1016/j.ekir.2020.04.030
https://doi.org/10.1097/01.CCM.0000165808.30416.EF
https://doi.org/10.1097/00000542-197411000-00009
https://doi.org/10.1097/00005373-199912000-00002
https://doi.org/10.1097/01.CCM.0000249824.48222.B7

	Acute Renal Failure in COVID-19 Patients in Intensive Care at the CHU du Point G in Mali
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

