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ARTICLE INFO ABSTRACT

Keywords: Objective: To analyze the diagnosis and treatment of patients with chronic renal failure complicated with novel
Chronic renal failure coronavirus pneumonia, and to evaluate the effect of blood purification technology on the treatment and
SARS-CoV-2 prognosis of such patients.

COVID-.19 ) Methods: Two COVID-19 cases undergoing hemodialysis with chronic renal failure were retrospectively analysed
Hemodialysis in our hospital.

CVVHDF

Results: Two COVID-19 patients were admitted to hospital due to cough, with or without fever. Laboratory tests
showed decreased lymphocyte count, elevated PCT, IL-10, IL-6, TNF-a, IL-2R, high-sensitivity cardiac troponin I,
NT-proBNP, creatinine, and urea nitrogen. Chest CT scan showed multiple blurred plaques and patchy shadows
in both patients. Two patients received continuous venovenous hemodiafiltration (CVVHDF) every other day for
4-6 h everytime, in addition to the standard treatment. After CVVHDF, not only cytokines were reduced, but also
liver function and cardiac function significantly improved. Both patients did not develop severe pneumonia.
They were discharged on March 1, 2020 when meeting the discharge criteria.

Conclusion: Two COVID-19 patients on maintenance hemodialysis discharged after a month of hospitalization.
The removal of cytokines through blood purification technology may be beneficial for the recovery of COVID-19

Cytokine storm

patients.

1. Introduction

Since December 2019, multiple cases of unexplained viral pneu-
monia have been detected in Wuhan, Hubei Province [1,2]. On January
8, 2020, the Chinese Center for Disease Control and Prevention offi-
cially announced the pneumonia was caused by a new type of cor-
onavirus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) [2]. As of March 3, 2020, SARS-CoV-2 has infected a total of 80,422
people in China, with a mortality rate of 3.71%. More than 12,000
people were diagnosed outside China, showing a global pandemic
trend. At present, the treatment of COVID-19 has become a research
hotspot. However, relevant information about clinical characteristics,
treatment options, prognosis of chronic renal failure patients infected
by SARS-CoV-2 has not been reported. Two COVID-19 patients with
chronic renal failure in Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology were retrospectively
analysed.

2. Case presentation
2.1. Medical history

Case 1, male, 79 years old, was admitted to the community hospital
on January 25, 2020 because of “fever and cough for 2 days”. After
receiving antibiotic, he felt no relief and came to our hospital for fur-
ther treatment. Physical examination: T 37.7 °C, P 88 bpm, R 20 times/
min, BP 120/57 mmHg, clear consciousness, rough breathing sounds of
both lungs. Medical history: hypertension for more than 30 years, hy-
perlipidemia for 2 years, gout for more than 2 years, chronic renal in-
sufficiency for 2 years, right nephrectomy for hydronephrosis in 1986,
coronary stent implantation on December 19, 2019. Arteriovenous fis-
tula of left upper limb for hemodialysis was performed on December 25,
2019. No history of diabetes, no history of hepatitis, tuberculosis, etc.

Case 2, female, 40 years old, was admitted to our hospital on
January 27, 2020 for “cough and wheezing for a week”. In the out-
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Table 1
Laboratory data of chronic renal failure patients with COVID-19 before and
after dialysis.

Laboratory test Casel Case2
Before After Before After
CVVHDF CVVHDF CVVHDF CVVHDF
Total white cell count 8.59 7.90 15.49 5.68
(x10° /L NR
3.5-9.5)
Lymphocyte count 0.92 0.74 1.01 0.58
(x10°/L NR
1.10-3.20)
Hemoglobin 85 92 35 83
(g/L NR 130-175)
PCT 0.8 0.58 1.59 1.40
(ng/mL NR
0.02-0.05)
ALT (U/LNR =< 41) 57 6 11 15
AST (U/L NR = 40) 51 23 16 16
Creatinine 776 245 1175 558
(umol/L NR
59-104)
Urea 26.93 20.70 33.71 24.3
(mmol/L NR
3.6-9.5)
eGFR 5.2 20.8 3.1 7.6
(ml/min/1.73 m*
NR <90)
Hypersensitive cardiac 85.4 67.8 24.3 30.4
troponin
(pg/ml NR <34.2)
NT-proBNP >70000 22,490 11,218 2481
(pg/ml NR (486)
IL-6 (pg/ml NR <7) 88 41.06 124.9 15.07
IL-10 (pg/ml NR <9.1)  36.7 6.3 <5.0 10.8
IL-2R 2575 2091 1622 1200
(pg/ml NR
223-710)
TNF-a(pg/ml NR <8.1) 28.2 28.6 12.7 16.7

Note: CVVHDF, continuous venovenous hemodiafiltration; PCT, procalcitonin;
ALT, alanine aminotransferase; AST, aspartate aminotransferase; NT-proBNP,
Amino terminal brain natriuretic peptide precursor; IL, Interleukin; TNF-
a,Tumor necrosis factor-a.

patient department of respiratory medicine, supportive treatment and
antibiotics (anseima, ceftin, et al) were given. Physical examination on
admission: T 36.2 °C, P 102 bpm, BP 142/94mmhg, R 23 times/min,
clear consciousness, severe anemia, rough breathing sound in both
lungs. Past history: glomerulonephritis and chronic renal failure for
10 years, hypertension for seven years. No history of diabetes, no his-
tory of hepatitis, tuberculosis, etc.

2.2. Laboratory test

After admission, the blood routine, serum biochemistry, procalci-
tonin (PCT), cytokines and other test indicators are shown in Table 1.
Laboratory test of case 1 showed normal white blood cells, decreased
lymphocyte count and hemoglobin, increased levels of PCT, IL-10, TNF-
a, [L-2R, high-sensitivity cardiac troposin I, NT-proBNP, creatinine and
other indicators. In case 2, laboratory examination showed increased
white blood cells, decreased lymphocyte count and hemoglobin, in-
creased PCT, IL6, TNF-a, IL-2R, high-sensitivity cardiac troponin I, NT-
proBNP, creatinine and other indicators. After CVVHDF, serum cyto-
kines were mostly reduced, meanwhile creatinine and amino terminal
brain natriuretic peptide precursor were significantly improved
(Table 1). Case 1 tested positive for new coronavirus nucleic acid from
pharynx swab (Magnetic viral RNA extraction Kit on PAN9600 Auto-
mated Nucleic Acid Extraction System supplied by Tianlong Tech Co.
LTD), and case 2 tested positive for serum IgM antibody with rapid
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detection kit for new coronavirus (Serum IgM antibodies against SARS-
CoV-2 detected by chemiluminescence kit supplied by Yhlo Biotech Co.
LTD).

2.3. Imageological diagnosis

Case 1: Chest CT scan showed strong dual lung texture, and multiple
fuzzy plaques in both lungs. Bilateral pleural effusion, bilateral pleural
thickening, adhesion. Left ventricular enlargement, pericardial effusion,
multiple calcifications in aortic and coronary artery walls. (Fig. 1A, B).
Case 2: Chest CT scan showed scattered ground glass patches and smut
shadows in both lungs. Pleural effusion on both sides, poor lung dilation
(Fig. 1C, D).

2.4. Clinical diagnosis and treatment

Case 1 was diagnosed as: 1. New coronavirus pneumonia; 2. Heart
failure, level IV; 3. Chronic renal failure; 4. Ischemic coronary heart dis-
ease; 5. Hypertension, grade III; 6. Paroxysmal atrial tachycardia; 7.
Hyperlipidemia. Case 2 was diagnosed as: 1. New coronavirus pneumonia;
2. Chronic renal failure, 3. Hypertension, grade II; 4. Severe anemia.

In accordance with the “Trial Version 6“ issued by the National
Health and Health Commission, they received supportive treatment,
water and electrolyte balance, closely monitoring on vital signs and
oxygen saturation. Besides, we provided effective oxygen therapy, an-
tiviral therapy (arbidol in both patients) and antibacterial therapy
(cefoperazone/sulbactam intravenousinfusion in case 1, oral cefdinir
dispersible tablet in case 2) in time. Both of them received continuous
venovenous hemodiafiltration (CVVHDF), which was performed every
other day for 4-6 h. Case 2 received blood transfusion because of severe
anemia. During hospitalization, none of the two patients progressed to
severe pneumonia. Both of whom were discharged on March 1, 2020
after disappearance of symptoms for three days and negative pharynx
swab test for twice.

3. Discussion

SARS-CoV-2 is an enveloped, single-stranded RNA beta coronavirus
[3-5]. COVID-19 is not only harmful to respiratory system character-
ized by viral pneumonia, but also combined with damage to kidney,
heart, blood, nervous system and other organs.

Hyperviremia and cytokine storm are important causes for COVID-
19’s evolution to severe pneumonia, even to multiple organ dysfunction
in a few cases [6]. In addition, comorbidities such as diabetes, heart
failure and acute renal failure indicate poor prognosis®. According to
the research on SARS-CoV and MERS-CoV, human coronavirus can re-
plicate to a high titer at early stage. This high replication may lead to
enhanced cytopathic effects and higher levels of pro-inflammatory cy-
tokines produced by infected epithelial cells. These cytokines, in turn,
induce large numbers of inflammatory cells penetrating into the lung
[7-10]. Disrupting the antiviral response by antagonizing IFN can
achieve innate immune delay or immune evasion [10-14]. Excessive
release of inflammatory cytokines and the formation of a series of self-
amplifying cytokines activate a cascade of reactions, causing damage to
diffuse alveolar, transparent membranes formation and fibrotic protein
exudation. In severe cases, cytokine storm can induce hemodynamic
instability, DIC, and multiple organ dysfunction. Increased levels of IL-
6, IL-10, TNF-a and other inflammatory cytokines in COVID-19 patients
are related to poor prognosis [15]. This is consistent with the phe-
nomenon that two cases suffered from multiple organ dysfunction, with
serum cytokines significantly increased.

To date, there are currently no effective antiviral drugs against
SARS-CoV-2. Although glucocorticoids can inhibit the excessive acti-
vation of inflammatory factors, large doses of glucocorticoids will delay
the elimination of new coronavirus due to immunosuppressive effects
[16]. Compared with other COVID-19 patients, these 2 cases receive
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Fig. 1. Characterized chest CT scan of COVID-19 patients with chronic renal failure. A: Case 1: Multiple blurred plaques and patchy shadows were seen in both lungs.
B: Left ventricular enlargement, pericardial effusion, and multiple calcification of the aorta and coronary artery wall. C: Case 2 with scattered ground glass patches
and smut shadows on both lungs, left upper lobe cord shadow, D: Bilateral pleural effusion, small heart, pericardial effusion.

continuous venovenous hemodiafiltration, every other day for 4-6 h
due to chronic renal failure. CVVHDEF is suitable for patients with acute
and chronic renal failure, especially those with the following condi-
tions: Routine dialysis is prone to hypotension, refractory hypertension,
excessive body fluids and heart failure that conventional hemodialysis
cannot control, severe secondary hyperparathyroidism, uremia neuro-
pathy, unstable cardiovascular function, and multiple organ failure.
Moreover, blood purification can be applied more widely, such as
persistent inflammatory fever, acute respiratory distress syndrome,
volume overload, combined with extracorporeal membrane oxygena-
tion (ECMO) treatment, et al. [17]. Both patients met the above in-
dications. CVVHDF can remove small and medium molecules such as
chemical toxins, endotoxins, bilirubin, urea nitrogen, creatinine, cyto-
kines, inflammatory factors and water. Thus the reduction of excessive
cytokine may relieve cytokine storm and multi-organ function failure
for COVID-19 patient. So it is speculated that blood purification tech-
nology can protect COVID-19 patients from severe pneumonia via cy-
tokine purification and organ function support. Furthermore, COVID-19
patients with over-activated inflammatory reactions may benefit from
blood purification, such as plasma exchange, adsorption, perfusion, and
blood/plasma filtration if available, with or without renal failure. These
speculations require more clinical trials to verify.

COVID-19 patients with abnormal chest CT imaging, even in
asymptomatic patients, characterized by unilateral focal or bilateral
diffuse scrub-like changes within 1-3 weeks [18].When the new cor-
onavirus nucleic acid test was positive, chest CT showed a sensitivity of
97% for COVID-19 [19]. Chest CT has a high diagnostic sensitivity for
COVID-19, which can be used as the main tool for COVID-19 detection
in epidemic areas. Chest CT scan of these two cases showed multiple
blurred plaques and patchy shadows in both lungs, similar with COVID-
19 patients without chronic renal failure.
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4. Conclusions

In summary, two COVID-19 patients on maintenance hemodialysis
were cured after a month of hospitalization. Blood purification technology
seems to be helpful for preventing COVID-19 patients with chronic renal
failure from severe pneumonia or even multiple organ dysfunction.
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