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ABSTRACT

Background. Haemodialysis patients are at risk of developing
severe forms of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection: coronavirus disease 2019 (COVID-
19). In March 2020, hydroxychloroquine (HCQ) and azithro-
mycin (AZI) were proposed as potential treatments of COVID-
19, but with warnings concerning their possible toxicity. No
data are available regarding the toxicity of this treatment in hae-
modialysis patients.

Methods. We report the use of HCQ and AZI in a cohort of
COVID-19 haemodialysis patients with focus on safety
concerns.

Results. Twenty-one patients received 200 mg HCQ thrice daily
during 10 days, and AZI 500 mg on Day 1, and 250 mg on the
four following days. HCQ plasma concentrations were within
the recommended range (0.1-1.0 pig/mL) in all patients except
one, in which maximum concentration was 1.1 pg/mL. HCQ
concentration raised until the third day and remained stable
thereafter. No cardiac event occurred in spite of progressive
lengthening of corrected QT interval (QTc) during the treat-
ment. One patient experienced a long QTc syndrome
(QTc>500 ms) without any arrhythmia episode, although HCQ
concentration was in the target range. Five (23.8%) patients expe-
rienced hypoglycaemia, a well-known HCQ side-effect. SARS-
CoV-2 RNA remained detectable in nasopharyngeal swabs for a
long time in haemodialysis patients (mean time 21 days).
Conclusions. HCQ and AZI are safe in haemodialysis patients at
these doses but can lead to long QT¢ syndrome and hypoglycae-
mia. HCQ concentrations were not correlated with side effects.
We recommend monitoring of the QTc¢ length throughout treat-
ment, as well as glycaemia. SARS-CoV-2 could persist for longer
in haemodialysis patients than in the general population.

Keywords: azithromycin, COVID-19, haemodialysis, hydrox-
ychloroquine, SARS-CoV-2

INTRODUCTION

In December 2019, the city of Wuhan in China was the starting
point of an outbreak of pneumonia caused by a novel coronavi-
rus later designated as severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). Despite protection barriers and
quarantine of the population, the virus spread through the
country and rapidly became pandemic at the world scale [1, 2].

Pulmonary symptoms and fever are the most frequent clini-
cal presentation of the disease, but other symptoms such as
headache, diarrhoea, vomiting, anosmia, ageusia and myocardi-
tis, or even asymptomatic patients, have been described. The
disease was called coronavirus disease 2019 (COVID-19). On
hospital admission, kidney failure was described in 13.1% of
patients and proteinuria in 43.9%, but renal pathogenesis of the
disease is not well known at this point [3].

Although most patients exert mild forms of pneumonia,
14% of patients show severe presentation and almost 5% are
critical with acute respiratory distress syndrome (ARDS) neces-
sitating mechanical ventilation, leading to death in 2.3% of
patients in China [2, 4]. Several risk factors for developing se-
vere forms have been recognized: ageing, hypertension, diabetes
mellitus, cardiovascular diseases, cancer and chronic kidney
disease (CKD) [3, 5].

To date, no specific treatment has been clearly identified, but
many molecules tested on the previous Middle East respiratory
syndrome coronavirus and SARS-CoV epidemics have been
proposed for COVID-19 treatment. Yao et al. showed that
remdesivir and hydroxychloroquine (HCQ) inhibit virus
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KEY LEARNING POINTS

What is already known about this subject?

o Hydroxychloroquine (HCQ) and azithromycin (AZI)
are candidate treatments for coronavirus disease 2019
(COVID-19). The dosage and side effects are well
known in the general population, but no data are
available in haemodialysis patients. There are no data
on HCQ accumulation in haemodialysis patients.

What this study adds?

e HCQ during 10days associated with AZI during
5days for COVID-19 treatment is safe in haemodial-
ysis patients. Corrected QT interval (QTc) increases
during the treatment, but plasma HCQ concentra-
tions are not correlated with QTc length.
Hypoglycaemia is a frequent HCQ side effect in hae-
modialysis patients.

What impact this may have on practice or policy?

o Electrocardiography QTc monitoring must be per-
formed during HCQ and AZI treatment, especially in
the last days of the treatment course. Determination
of plasma HCQ concentration is not useful in these
patients. Blood glucose should be monitored and
antidiabetic drugs reduced because of the risk of
hypoglycaemia.

replication in vitro [6, 7]. Gao et al. suggested that HCQ may
have efficacy in the treatment of COVID-19-associated pneu-
monia [8].

In March 2020, a French team from Marseille conducted a
small trial testing an association of HCQ and azithromycin
(AZI) treatment in 24 patients with COVID-19, but describing
mild or no symptoms [9]. At Day 6, 75% of treated patients had
no SARS-CoV-2 RNA in nasal swabs detected by real-time
quantitative polymerase chain reaction (RT-PCR). Authors
compared their results with patients with few or no symptoms
who did not receive treatment with HCQ-AZI from Avignon
and Nice, nearby cities. At Day 6, 90% of these untreated
patients were still positive for COVID-19 in the nasal swabs,
suggesting an antiviral effect of this treatment. The same team
published a larger study with the same trend in favour of the as-
sociation HCQ-AZI [10]. Other trials were in favour of efficacy
of HCQ, but some were not peer-reviewed [11].

Since then, several studies have shown conflicting results. A
small randomized controlled trial showed no efficacy of HCQ
in the rate of positive RT-PCR in nasal swabs at Day 7 of treat-
ment [12]. Another small prospective trial found no evidence of
benefit with HCQ, but this trial included only 11 patients [13].
In a wider randomized prospective study in 150 patients, Tang
et al. found no benefit of daily 800 mg HCQ treatment in nega-
tive conversion of SARS-CoV-2 at Day 28 compared with stan-
dard care [14]. Finally, Geleris et al. in a large observational
study in 1446 patients found no benefit of HCQ on COVID-19
clinical outcomes [15].

Hydroxychloroquine in haemodialysis for COVID-19

Several large randomized controlled trials are in progress to
assess if this strategy is clinically relevant, but results will not be
available for several weeks, and the debate on the benefit of
HCQ is still ongoing. Unfortunately, the pandemic in Europe is
a fast-growing outbreak with many deaths due to ARDS.
Capacities of intensive care units (ICUs) cannot face the needs
in some cluster regions, urging a treatment to emerge. In this
context, the French government authorized the treatment of
COVID-19 by HCQ in March 2020 in specific conditions (in
hospital settings, after careful evaluation, collegial medical deci-
sion and patient information; www legifrance.gouv.fr).

Haemodialysis patients are at high risk of ARDS, and many
cases were diagnosed day after day in our haemodialysis facility.
We thus decided to keep hospitalized all patients diagnosed
with COVID-19, and to propose the treatment to these patients
in compliance with the health authorities.

HCQ has been used for many years to avoid malaria or for
lupus treatment, and AZI is frequently used in pulmonary in-
fection, but these molecules warrant specific concerns in CKD,
particularly in haemodialysis patients in which they may accu-
mulate and cause more secondary effects (arrhythmia, myocar-
ditis and retinopathy). Higher HCQ concentrations were
observed in systemic lupus erythematosus patients with chronic
renal insufficiency patients, but only three of them were dia-
lysed and no impact was reported [16]. No impact was expected
on AZI regarding its high molecular weight and hepatic metab-
olism associated with a biliary excretion. Hypokalaemia, a fre-
quent condition at the end of haemodialysis sessions, might
also increase cardiac arrhythmia. As no data are available on
the use of this treatment, we describe in this study the use of the
association HCQ-AZI in 21 haemodialysis patients, focusing on
safety concerns.

MATERIALS AND METHODS
Population

All haemodialysis patients of the Phocean Institute of
Nephrology with COVID-19 treated with HCQ and AZI at the
Clinique Bouchard, Marseille, France, between 17 March and
10 April 2020 were included in this observational retrospective
study. After the first patient was found positive in our centre, all
haemodialysis patients were screened by SARS-CoV-2 RNA
RT-PCR by nasopharyngeal swab, explaining why some
patients were diagnosed without symptoms.

All patients had three conventional haemodialysis sessions
per week with a polysulphone membrane (Polyflux 21,
Baxter®). Time of sessions was reduced to 3h (instead of 4h
usually) because of organizational constraints and the time
needed for disinfection. All patients were on arteriovenous fis-
tula or a polytetrafluoroethylene graft with a minimal blood
flow of 300 mL/min.

COVID-19 diagnosis

Haemodialysis patients were considered as COVID-19
patients as soon as one nasopharyngeal swab tested positive for
SARS-CoV-2. Two different RT-PCR assays were used:
Bosphore Novel Coronavirus (2019-nCoV) Detection kit
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(Launchdiagnostics®) and, from 8 April 2020 Abbott RealTime
SARS-CoV-2 (Abbott®). RT-PCR was considered as positive if
C; < 35, as recommended by the manufacturer.

PCR for SARS-CoV-2 RNA in nasopharyngeal swabs was
performed every 7 days to check if patients were cured of the vi-
rus. Patients were considered cured if SARS-CoV-2 RNA was
undetectable in nasopharyngeal swab (C; > 35), but as some
patients had again a positive RT-PCR after one negative swab,
they were controlled for 48 h after a first negative swab.

Management of COVID-19 haemodialysis patients

All patients diagnosed with COVID-19 were hospitalized in
a COVID-19-specific department. Medical and paramedical
staff had specific barriers against virus transmission, including
protective masks and glasses, waterproof disposable gowns and
gloves.

Haemodialysis sessions were also performed in a specific
COVID-19 department. The usual parameters preceding infec-
tion were maintained for all patients except dialysate potassium
concentration, which was set at 3 mmol/L during HCQ treat-
ment to avoid hypokalaemia at the end of the dialysis session.
Medications which lengthen corrected QT interval (QTc) were
avoided when possible (citalopram, escitalopram, hydroxyzine
and domperidone).

All patients were informed of the treatment. Patients re-
ceived HCQ 200 mg three times daily (TID) for 10 days and
AZI 500 mg on the first day and then 250 mg/day on the four
following days as proposed by Gautret ef al. [9]. HCQ plasma
concentration was determined at both the beginning and at the
end of each dialysis session during the whole course of treat-
ment for the first patients treated in our centre. HCQ assay was
developed using a previously validated liquid chromatography-
tandem mass spectrometry method and validated according to
the European Guidelines on Bioanalytical Method Validation
[17]. However, as all observed plasma concentrations achieved
rapidly the recommended range, considering the cost-effective-
ness of the therapeutic drug monitoring, we decided to stop af-
ter the 13 first patients. Therapeutic drug monitoring results
were obtained 24 h after blood sampling and the recommended
range recommended was 0.1-1.0 pg/mL [Recommendations
for Therapeutic Drug Monitoring of Lopinavir/ritonavir and
HCQ in Patients Treated for SARS-CoV-2 (COVID-19)
Infection, available on the website: sfpt-fr.org].

Electrocardiogram (ECG) analysis with monitoring of QTc
was performed daily by a cardiologist. Correction of QT to cal-
culate QTc was performed as recommended using Bazett for-
mula and a QTc>500ms was considered as requiring
treatment interruption [18-20]. Delta QTc was the difference
between the first measured QTc before treatment or on the first
day of treatment and the daily QTc.

Data collection

Clinical, biological and haemodialysis data were retrospec-
tively obtained from medical files. Patients had a whole blood
test at each haemodialysis session (thrice weekly) including
white blood cell (WBC) count, haemoglobin, platelets, potas-
sium, C-reactive protein and procalcitonin, ferritin, hepatic
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enzymes and ultrasensitive troponin T. HCQ plasma concen-
trations, ECG and QTc length were collected as well.

Statistical analysis

A descriptive analysis was carried out on socio-
demographic, clinical, biological and para-clinical bases to sum-
marize the population data. Results are shown as their means
*+ standard deviation (SD) or percentages. Linear regression
was performed to compare quantitative values. P-value was
considered as significant if <0.05.

Ethical statement

This study has been registered in the public directory of the
French National Institute of Health Data on 30 May 2020. In
compliance with the European Regulation n°2016/679, the so-
called General Data Protection Regulation, patients were in-
formed, and gave their non-opposition to the use of the data for
research.

RESULTS
Study population

Between 17 March and 10 April, among 270 patients of our
haemodialysis centres, 24 (8.6%) patients had a positive naso-
pharyngeal swab for SARS-CoV-2. Among the 24 patients, 3
were excluded from the study: 2 patients died before receiving
HCQ and 1 did not receive HCQ because he presented a myo-
carditis with elevated troponin T level. Baseline characteristics
of the 21 patients of our cohort are reported in Table 1.

COVID-19 symptoms

COVID-19 symptoms at diagnosis and during follow-up are
reported in Table 2. Within our cohort, five (23.8%)

Table 1. Baseline characteristics of patients at diagnosis

Total population (n = 21)

Baseline characteristics

Age, years 68.1 £ 15.7
Male gender (%) 57.1
Dialysis vintage, months 65.9 +78.7
BMI, kg/m* 262 *5.6
Nephropathy, 7 (%)
Vascular 6 (28.6)
Diabetic 5(23.8)
Glomerular 3(14.3)
Interstitial nephritis 1(4.8)
Myeloma 2(9.5)
Undetermined 4 (19.0)
Comorbidities, 7 (%)
Obesity with BMI >30 kg/m? 3(14.3)
Diabetes mellitus 9 (42.9)
Hypertension 21 (100)
Immunosuppression 5(23.8)
Pulmonary disease 5(23.8)
Heart failure 4(19.0)
HIV infection 1(4.8)

Immunosuppression was defined as active or past chemotherapy for cancer, immuno-
suppressive treatment for auto-immune or organ transplantation or HIV infection. Data
are provided in number (percentages) or mean * SD.

HIV, Human immunodeficiency virus; BMI, body mass index.

P. Giaime et al.


http://sfpt-fr.org

Table 2. Clinical and biological COVID-19 symptoms at admission and during follow-up

COVID-19 symptoms

At diagnosis During follow-up

Clinical symptoms, n (%)

No symptoms

Fever >38°

Cough

Dyspnoea requiring oxygen

Sore throat

Confusion

Headache

Myalgia

Diarrhoea

Nausea or vomiting

Anosmia or ageusia
Biological parameters, n (%)

Leucopaenia (WBC <4 g/L)

Anaemia (haemoglobin <100 g/L)

Lymphopaenia (lymphocytes <1.0 g/L)

Thrombopaenia (platelets <150 g/L)

Ferritin >800 ng/mL

C-reactive protein >10 mg/L

Procalcitonin >0.25 ng/mL

Abnormal hepatic enzymes (ASAT or ALAT >2x NV)

Myocarditis (troponin T >50 pg/mL)
Number of days with need for oxygen, mean * SD
Number of days with fever >38°C, mean * SD

(n=21) (n=21)

5(23.8) 1(4.8)
9 (42.9) 13 (61.9)
13 (61.9) 17 (81)
9 (42.9) 12 (57.1)
5(23.8) 8 (38.1)
0 (0) 1(4.8)

3 (14.3) 3(14.3)
3 (14.3) 5(23.8)
3(14.3) 3 (14.3)
1(4.8) 4(19.0)
0 (0) 2(9.5)
14 (66.7) 17 (81.0)
5(23.8) 17 (81.0)
13 (61.9) 17 (81.0)
13 (61.9) 14 (66.7)
11 (55) 16 (80.0)
18 (85.7) 19 (90.5)
18 (90.0) 20 (95.2)
1(4.8) 3 (14.3)
15 (71.4) 18 (85.7)
_ 40+49
_ 1.5+20

ASAT, aspartate aminotransferase; ALAT, alanine aminotransferase; NV, normal value.

asymptomatic patients were diagnosed during screening, but
four of them developed COVID-19 symptoms during the fol-
lowing days. Only one patient remained asymptomatic during
the whole follow-up. Clinical presentation of COVID-19 in our
patients did not differ from previously described cohorts [21]
Fever >38°C occurred in 13 (61.9%) patients and 12 (57.1%)
had dyspnoea that required oxygen, but the most frequent
symptom was cough, which occurred in 17 (81%) of the
COVID-19 patients.

Biological parameters are also reported in Table 2. They
were also similar to what has been previously described in the
literature. High ferritin levels in these patients have already
been reported elsewhere [22]. Troponin T levels in our patients
were high at diagnosis in 15 (71.4%) of patients, with mean con-
centration of 104 = 98 pg/mL, but only three patients had levels
>100 pg/mL corresponding to myocarditis.

HCQ plasma concentrations

The first 13 COVID-19 patients had plasma HCQ concen-
tration determination before and after each haemodialysis ses-
sion of treatment and 10 of them were also monitored a few
days after stopping the treatment. As described in Figure 1A,
HCQ concentration increased during the first 3 days and then
remained stable during the seven following days of treatment.
At the end of treatment, HCQ concentrations reduced drasti-
cally within 48 h.

HCQ concentrations achieved the recommended range of
0.1-1 pg/mL in the majority of cases. Only one patient had
once a high HCQ concentration at 1.1 pg/mL, but was once

Hydroxychloroquine in haemodialysis for COVID-19

again within the recommended range 2 days later (performed
before the treatment was modified because of the 48-h delay of
laboratory results).

Mean pre-dialysis and post-dialysis HCQ concentration
between Days 3 and 10 of treatment [time during which the
HCQ concentrations remained relatively stable in our cohort
(Figure 1A)] were, respectively, 0.43 [95% confidence interval
(CI) 0.37-0.49] pg/mL and 0.32 (95% CI 0.28-0.36) pg/mL
(Figure 1B and C). HCQ concentration was reduced to 0.12
(95% CI 0.08-0.16) pg/mL during haemodialysis sessions.
Mean post-/pre-haemodialysis HCQ concentration ratio was
0.76 (95% CI 0.67-0.85). HCQ plasma concentrations were
not influenced by age, gender or body mass index, but the
small number of patients in our cohort should be considered
(data not shown).

In one patient already receiving HCQ at 200 mg twice daily
for several months for a lupus, the dose was raised to 200 mg
TID for the 10 days after COVID-19 was diagnosed. This pa-
tient displayed similar plasma concentrations as the others.

Cardiac tolerance

A mean of 8.5 daily ECGs per patient was available for analy-
sis. As reported in Figure 2, QTc raised slowly during the treat-
ment and was the longest in the late days of treatment. QTc was
not correlated with HCQ concentration (r=0.01; P=10.89),
nor was the delta QTc (r=0.002; P = 0.89).

Only one patient had a QTc >500 ms, which is the upper
tolerated limit requiring treatment stop, but he did not exert
any cardiac rhythm disturbance, or conduction trouble. Plasma

1349



A 15-
=
S
k=)
=2 .
& 10
g . .
= [¢]
g . oo 3
o o . o0 [
% 0.5f = 2 . &
8 : . T+ 2
: T +ix+ £ jﬁ i
g ° o ° S
EC RS
,_;},,,,,%a,,, _e%_ -
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 Stop Stop Stop Stop
Time of treatment (days) +1 +2  +3  +4
B 15 C15.
p=0.001
= —
E E
2 . 2
S 100 Stol
G o 8 D
z [0] = [0
g . g 8 g
c ° ° 3 8 3
3 ° 3 Q 3
] o @
£ 05 = : 2 205 3
8 o 3 g &
8. %00g00° 0028 o o o
s 3 g 3
O 0030 000 «Q «Q
T o 0g [ % @
L L 0 L L
Before After Before After
dialysis dialysis dialysis dialysis

FIGURE 1: HCQ plasma concentrations in COVID-19 haemodialysis patients. (A) Daily HCQ plasma concentrations during and after
treatment. Recommended range between 0.1 and 1.0 pg/mL. Data are provided as mean * SD. (B) HCQ concentrations before (purple)
and after (pink) haemodialysis session from Days 3 to 10 of treatment. Data are provided as mean = SD. (C) HCQ concentrations before

and after each haemodialysis session from Days 3 to 10 of treatment.

concentration was within the recommended range (0.55 g/
mL) in this patient, pre-dialysis potassium concentration at that
time was between 4.2 and 4.8 mmol/L and magnesium was in
the normal range.

Other side effects

Side effects of treatment are reported in Table 3.
Hypoglycaemia occurred in five patients with diabetes mellitus.
Within them, one had no treatment (neither insulin nor oral
antidiabetic treatment), involving a specific role for HCQ. Four
patients had nausea or vomiting during the treatment but it is
not clear if these symptoms are attributable to treatment or
COVID-19. No patient complained of visual impairment, and
we did not conduct an examination by an ophthalmologist.

Outcomes

The study was not designed to estimate the efficacy of the
treatment. Considering the 24 COVID-19 patients of our cen-
tre, 4 (16.7%) died, 1 (4.2%) needed mechanical ventilation in
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ICU and then recovered, and the 19 (79.2%) others had favour-
able outcome without mechanical ventilation.

All deceased patients were old (mean age 84.6 + 2.8 years),
had severe respiratory symptoms of COVID-19, and, accord-
ing to age and comorbidities, were not transferred in our
ICU. Mean delay between diagnosis and death was short.
One patient had received no HCQ treatment, while the others
had received, respectively, 2, 4 and 5 days of treatment before
death.

The patient who was transferred in the ICU was aged
51 years old. He had received 48 h of HCQ before he was put on
mechanical ventilation, but treatment was continued in ICU
and he recovered.

Among the 18 patients for whom the regular follow-up of
RT-PCR was available, 3 still had positive nasopharyngeal
swabs at the end of the study (respectively, on Days 21, 37 and
39). Fifteen patients became RT-PCR negative at a mean delay
of 21.1 = 8.5 days. Within them, one was negative at Day 7 but
was positive again at Day 20, and finally negative on Day 23.

P. Giaime et al.
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FIGURE 2: QTc interval in COVID-19 haemodialysis patients
treated with HCQ and AZI. A. Daily QT¢ during treatment
(mean and 95% CI). The long QTc syndrome is defined by a
QTc¢ >500 ms and requires treatment interruption because of the
risk for ventricular arrhythmia. In part (A) the QTc >500 ms ob-
served on Days 8-10 were in the same patient. (B) Daily changes
in QTc during treatment (mean and 95% CI).

DISCUSSION

Our study is the first reporting tolerance of treatment with AZI
and HCQ prescribed for COVID-19 treatment in haemodialy-
sis patients.

Haemodialysis patients are at high risk of COVID-19:
patients meet each other three times a week during several
hours, need a medicated shuttle each time and often caregivers
nursing at home [23]. Scarpioni et al. described that 16% of
their centre had COVID-19 [24]. At the time of this study, 24
(8.8%) out of 270 haemodialysis patients had COVID-19, but
the epidemic is still ongoing.

As haemodialysis patients are often aged and comorbid indi-
viduals, the COVID-19-associated rate of mortality is high:
some units reported a mortality rate up to 41% [24]. In France,
on 20 April 2020, the REIN registry described 209 (19.2%)

Hydroxychloroquine in haemodialysis for COVID-19

Table 3. Side effects of therapy

Side effects Total population
(n=21), n (%)

Nausea or vomiting 4(19)

Allergy or dermatitis 0 (0)

Visual impairment 0 (0)

Cardiac

Long QTc syndrome (>500 ms) 1(4.8)

Cardiac rhythm disturbances 0 (0)

Hypoglycaemia

Insulin treated 3 (14.3)

Oral antidiabetic 1(4.8)

No treatment 1(4.8)

Other 0 (0)

deaths in 1089 patients (https://www.agence-biomedecine.fr/
IMG/pdf/bulletin_no4_versionl.pdf). Treatments with HCQ
and AZI were provided to our patients to try to reduce these
very high mortality rates, as these molecules were proposed as a
treatment for COVID-19 by experts [9].

Our main objective was to describe the safety of this treat-
ment, especially the cardiac tolerance in haemodialysis patients
with potassium homoeostasis disturbances and cardiac abnor-
malities. AZI and HCQ are known to elongate QTc. Chorin
et al. have reported recently an 11% rate of QT'c >500 ms (long
QTc syndrome) after treatment with HCQ 200 mg twice daily
and AZI [20]. In their cohort of 84 non-CKD patients, the max-
imal average QTc occurred at 3.6 days of treatment, which is
the time at which the HCQ concentrations became relatively
stable in our cohort (Figure 1A). In our population, QTc in-
creased during the whole duration of treatment. Although it is
not possible to differentiate the respective role of each of the
drugs, this may be more in favour of HCQ being the culprit, as
AZIwas only prescribed for 5 days.

As in the study from Chorin et al, we performed a daily
ECG monitoring, and had no cardiac arrhythmia event.
Although HCQ dose was higher in our patients (200 mg TID),
we only noticed one long QT¢ syndrome, which occurred at the
seventh day of treatment, raising concerns about tissue accu-
mulation. This effect was not associated with an elevated HCQ
concentration and the patient had no hypokalaemia.

The lack of correlation between plasma HCQ concentrations
and QTc in our population could be explained by an accumula-
tion of the drug in the whole blood or tissue compartments,
which might explain the increase in QTc length observed dur-
ing the treatment, but we did not determine HCQ concentra-
tion in these compartments. A role for AZI in QTc elongation
could also be hypothesized.

HCQ plasma concentrations were determined in only 13 out
of 21 patients, which is a limit of our study. Since almost no pa-
tient had high HCQ plasma concentration and these concentra-
tions were not correlated with QTc length, we believe that HCQ
plasma concentration monitoring is not necessary to prevent
cardiac toxicity in this population. We rather recommend ECG
and potassium monitoring, throughout treatment.

Five patients experienced hypoglycaemia during the treat-
ment. Because of COVID-19, many patients had mild anorexia,
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ate less and lost weight, which led to lessening of their dry
weight during haemodialysis. Poor intakes might have favoured
hypoglycaemia, but the occurrence of hypoglycaemia in a pa-
tient with no antidiabetic treatment favours a side effect of
HCQ. This has already been reported in the diabetic population
and even in peritoneal dialysis [25, 26]. HCQ improves insulin
sensitivity and reduces insulin degradation [27]. Thus, blood
glucose level should be monitored during treatment and anti-
diabetic treatment dosing might need to be reduced during the
treatment. No patients had a visual complaint, which was not
surprising given the very short course of treatment: visual im-
pairment has been described after treatment of several months.

We did not determine HCQ metabolites concentrations,
which might accumulate in haemodialysis patients; so far, no
HCQ metabolites have been clearly identified and considered as
more accurate in order to evaluate the efficacy or toxicity of the
drug [28].

Our study was not designed to analyse the efficiency of HCQ
and AZI in COVID-19 and we did not have any control group.
The effect of HCQ-AZI is based on its ability to avoid mem-
brane-cell fusion, therefore avoiding the entry of the virus into
the cell [29]. One can hypothesize that the best effect of the
treatment would be obtained if given early after diagnosis. We
cannot conclude on the efficacy of HCQ-AZI in this situation,
but given these crude data, the treatment could be more effi-
cient if started early. Interestingly, the long delay between diag-
nosis and COVID-19 cure is in contrast to the substantially
shorter delay of 6 days previously described [9] . This could be
related to the different type of population (haemodialysis versus
general population) and the immunocompromised status of
haemodialysis patients. Haemodialysis patients should thus re-
main in quarantine longer than the general population.

In conclusion, HCQ 200 mg TID during 10 days associated
with AZI during 5 days for COVID-19 treatment in haemodial-
ysis patients was safe. We recommend electrocardiography
monitoring because QT¢ increases during the treatment. Blood
glucose should also be monitored because of the risk of hypo-
glycaemia. HCQ plasma monitoring seems not to be useful
since side effects were not associated with HCQ plasma concen-
trations and HCQ remained within the recommended range.
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ABSTRACT

Background. Novel coronavirus disease 2019 (COVID-19)
emerged in Wuhan and rapidly spread, affecting >10 million
cases worldwide. Caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and primarily manifesting as an
acute respiratory failure with interstitial and alveolar pneumo-
nia, it can also affect multiple organs. Kidney involvement was
underestimated in early reports and its role remains controver-
sial. The aim of this study was to analyse the role of kidney dam-
age in COVID-19 outcome.

Methods. This is a prospective cohort study of 1603 consecutive
patients admitted in a University Reference Hospital in the
heart of the European outbreak.

Results. Median age was 64years, 40.4% were female,
15.2% presented diabetes mellitus, 35.7% hypertension and
20.3% obesity. On admission, the prevalence of elevated se-
rum creatinine (sCr), proteinuria, leucocyturia and haema-
turia were 21.0, 37.8, 31.8 and 45.6%, respectively. In total,
43.5% of those with an elevated sCr had previous chronic
kidney disease (CKD) and 11.4% of those with normal sCr
developed an in-hospital acute kidney injury (AKI); 17

patients needed acute haemodialysis; and 197 patients died
during hospitalization. Cox proportional hazard regression
confirmed that elevated baseline sCr [hazard ratio (95%
confidence interval) 2.40 (1.79-3.22)], previous CKD [1.59
(1.06-2.37)], haematuria [1+ 1.68 (0.92-3.06), 2-3 +2.69
(1.49-4.87)] and in-hospital AKI [1.50 (0.92-2.44)] were
independent risk factors for in-hospital death after adjust-
ing for age, sex and comorbidity.

Conclusion. The prevalence of acute and chronic kidney dis-
ease on admission and in-hospital AKI is higher than previously
reported in Wuhan, and is associated with high in-hospital
mortality. We should increase our awareness towards kidney in-
volvement and design specific strategies for management of
COVID-19 in these patients.

Keywords: acute kidney injury, chronic kidney disease,
COVID-19, outcomes, SARS-CoV-2

INTRODUCTION

Clusters of pneumonia cases occurring in the city of Wuhan,
Hubei Province, China in December 2019 led to the eventual
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