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When the pandemic struck, it was clear that maintenance 
haemodialysis (MHD) patients were at high risk of being 
infected with the acute respiratory distress syndrome associ-
ated with the coronavirus (SARS-CoV-2) [1]. Nephrologists 
were responsible for screening procedures for counteract-
ing a SARS-CoV-2 outbreak in haemodialysis facilities, and 
for the management of cases in ambulatory and in-hospital 
settings. Although the mortality risk for maintenance hae-
modialysis patients was higher than for the general popula-
tion [1, 2], clinical phenotypes of COVID-19 were hetero-
geneous in this cohort, ranging from asymptomatic to fatal 
[2–5]. Advanced age, cardiovascular disease (CVD), multi-
morbidities and frailty, thought to increase vulnerability to 
COVID-19 complications, were inconsistently associated 
with mortality in dialysis patients [2–5], making the trend 
of the disease in individual cases unpredictable. These fac-
tors, and the lack of an effective treatment, meant that neph-
rologists needed to find equitable, time-effective ways of 
allocating healthcare resources.

As we now face a second pandemic wave, it is imperative 
that we re-evaluate our recent experience and improve proce-
dures for screening, managing and treating dialysis patients 
affected by COVID-19.

By discussing the approaches developed by the COVID-
19 Renal Working Group at the Hospital Santi Paolo & 
Carlo (Milan) during the early months of 2020, we tried to 
answer four crucial questions, which are now being proposed 
for further discussion.

1. How should HD patients be screened: universal or 
restricted criteria?

  The Santi Paolo & Carlo hospital group is comprised 
of the San Paolo (SPH) and San Carlo (SCH) hospitals, 
each with its own dialysis unit. Maintenance haemodial-
ysis patients at these hospitals were monitored between 
March 1st and June 30th, 2020. The precautions against 
viral transmission within the hospitals’ haemodialysis 
facilities have been described elsewhere in detail [6]. 
Before admittance to the dialysis rooms, the patients’ 
vital parameters (body temperature and peripheral 
arterial oxygen saturation) were assessed and patients 
were asked about COVID-19-related symptoms (cough, 
dyspnoea, dysgeusia, gastrointestinal discomfort), and 
about contact with a SARS-CoV-2 positive subject. 
While the purpose of universal screening was to limit 
viral transmission [7], in accordance with other cen-
tres, more restrictive screening criteria were adopted at 
our institution [2, 3]. Patients were categorized in three 
groups: symptomatic, contact and screening. Those 
found to be positive based on the check-list described 
above or that had a fever (body temperature > 37.5 °C), 
hypoxia (SpO2 < 92% in ambient air) or other symp-
toms were categorized as symptomatic. Maintenance 
haemodialysis patients testing positive after admission 
to the emergency room were included in this group. 
Patients who had received haemodialysis in the same 
room as a patient who subsequently tested positive, or 
shared transport with someone in this category, were 
categorized as contacts. Those admitted to hospital for 
elective diagnostic or therapeutic procedures not related 
to COVID-19, were classified as screening patients. A 
nasopharyngeal swab for real time PCR was routinely 
performed for symptomatic and screening patients at 
both hospitals. Contacts systematically received a naso-
pharyngeal swab only at the San Paolo Hopital.
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  Positive outpatients underwent home isolation and 
received haemodialysis on dedicated shifts for COVID-
19 patients, as previously described [6]. Positive patients 
requiring hospitalization were admitted to specific 
COVID-19 wards at the San Paolo Hospital (COVID-
Nephrology, COVID-Pneumology) or at the San Carlo 
Hospital (COVID-Internal Medicine, COVID-Pneu-
mology). Patients received bedside-haemodialysis 
using portable osmosis in the hospitalization rooms at 
the San Paolo Hospital and in a dedicated haemodialy-
sis ward at the San Carlo Hospital. Given its potential 
anti-inflammatory properties, the Theranova ® dialyzer 
(Baxter, USA) was preferred for expanded haemodialy-
sis in positive patients [8].

  Of 307 patients, 107 (35%) were tested. Twenty-one 
(20%) of them tested positive, i.e. we found a 7.0% prev-
alence of SARS-CoV-2 infection for the entire cohort, in 
agreement with the 7.6% rate for maintenance haemodi-
alysis patients in Lombardy (Italy) [1]. The number of 
positive patients in the symptomatic, contact and screen-
ing subgroups were 13 (31%), 8 (19%) and 0 (–), respec-
tively (S. Table 1a). The different screening approaches 
at the two hospitals led to a higher percentage of total 
patients tested (61% vs 20%), patients testing positive 
(21% vs 17%) and contact patients tested (61% vs 5%) 
at the San Paolo Hospital compared with the San Carlo 
Hospital. Although screening at the former location 
detected a 19% positivity rate among tested contacts, 
there was no outbreak of the virus at the latter location, 
where most of the tested patients were symptomatic. 

None of the contacts who tested positive were subse-
quently hospitalized.

  On the basis of our experience, therefore, we may sug-
gest that, when healthcare operators have been trained 
and the facility workflow allows it, screening sympto-
matic patients alone can be cost-effective [7].

2.  Do all MHD patients who test positive for SARS-CoV-2 
require hospitalization, or present with respiratory insuf-
ficiency and risk death?

  Data concerning symptoms, hospitalization, ven-
tilation, and survival were analysed for 28 patients, 
including 7 cases referred from external facilities (S. 
Table 1b).

  Most patients (79%) were symptomatic; the most 
common symptoms were fever, dyspnoea, and cough (S. 
Table 2). Fourteen patients (50%) were hospitalized (S. 
Table 1b). None of the contacts testing positive needed 
hospital admission. Five hospitalized patients (36%) 
required oxygen via a mask or nasal prongs; 7 (50%) 
required non-invasive ventilation (continuous-positive-
airway pressure or non-invasive mechanical ventilation, 
delivered by helmet or full-face mask, respectively) (S. 
Table 3). None were intubated. The overall mortality 
rate was 18% (S. Tables 1, 2). Crude mortality was in 
agreement with other centres [2, 3] and was however 
lower than the 32% mortality rate for HD patients in 
Lombardy [1]. Mortality was absent in outpatients, 36% 
in hospitalized patients and 57% in ventilated patients 
(Fig. 1).

Fig. 1  Mortality rate according 
to hospitalization and ventila-
tion need
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  On the basis of our experience we can therefore sup-
port the literature data and confirm that COVID-19 
presentation in dialysis patients varies considerably [7, 
9]. Mortality is almost null in outpatients, higher in hos-
pitalized patients, and even higher in those requiring 
ventilation. However, maintenance haemodialysis should 
not represent an independent contraindication for sub-
intensive care in COVID-19 MHD patients.

3. Should outcomes be predicted and resources allocated 
using an age- and comorbidity-driven approach, clinical 
presentation or both?

  Age and cardiovascular diseases were descriptively 
associated with hospitalization, ventilation and mortality 
(S. Table 2, S. Fig. 1). The Charlson Comorbidity Index 
(CCI) increased between hospitalized, ventilated and 
deceased patients (S. Table 2), reaching borderline sig-
nificance as a predictor of outcomes only for univariate 
models (S. Tables 4, 5). In terms of signs and symptoms, 
univariate analysis revealed a direct association between 
hospitalization and fever, dyspnoea and other symp-
toms. Ventilation and mortality were associated with 
dyspnoea and lower SpO2 at presentation. On the basis 
of multivariate regression, SpO2 < 97% predicted ven-
tilation independently from hospitalization; ventilation 
predicted mortality independently from age and CVD 
(S. Table 4). Among inflammatory markers, C-reactive 
protein was associated with hospitalization, ventilation 
and survival only at univariate analysis (S. Tables 2, 4). 
A lower eosinophil count was associated with hospitali-
zation (S. Tables 2, 4); eosinopenia improved in patients 
who were admitted and survived but not in patients who 
died after being hospitalized (S. Table 6, S. Fig. 2).

  On the basis of our experience, and of the review of 
the literature, we therefore suggest that disease pres-
entation and clinical trend appear to be more reliable 
predictors of outcome than age and comorbidities [4]. 
Dyspnoea and even a mild reduction in SpO2 levels at 
diagnosis can be taken as strong predictors of respira-
tory failure and fatal outcomes. Although low comorbid-
ity (CCI < 7) is associated with better survival, clinical 
presentation should always be taken into account when 
estimating the prognosis of elderly and high comorbid-
ity patients. Thus, in delivering both sub-intensive and 
intensive care, younger and low comorbidity dialysis 
patients with severe COVID-19 should be given prior-
ity. Eosinopenia may represent an early sign of infection; 
its subsequent improvement may conversely be a marker 
of recovery from COVID-19.

4. How should viral clearance be managed?
  Extended viremia has been reported in MHD patients, 

raising uncertainties about the risk of viral transmission 
by patients with a persisting positive nasopharyngeal 
swab, in clinical remission [9]. Longer hospitalization 

was recently reported in maintenance haemodialy-
sis patients requiring non-invasive ventilation [4]. A 
prolonged median time for viral clearance of 32 days 
(IQR 22–46) and for hospital discharge of 49 days (IQR 
46–55) was confirmed in our population (S. Fig. 3). A 
history of hypertension was the only characteristic sig-
nificantly associated with a longer viral clearance time 
at sensitivity analysis (S. Fig. 3). Clinical severity and/or 
impossibility to guarantee home quarantine before viral 
clearance may have accounted for long in-hospital stays.

  On the basis of our experience, and in keeping with 
the literature, prolonged viral clearance can be expected 
in MHD patients. Careful evaluation of the patient’s 
social setting is crucial in planning post-hospital quar-
antine to avoid the saturation of in-hospital healthcare 
resources.

Conclusions

The healthcare system was unprepared for the first pan-
demic wave.

The haemodialysis techniques and treatments which can 
improve the survival of chronic haemodialysis patients 
with COVID-19 have not yet been fully assessed; in our 
experience daily haemodialysis that was delivered at bed-
side showed a potential life-saving effect.

In facing the second wave, being on chronic dialysis per 
se should not limit critically ill COVID-19 patients’ access 
to intensive care. However, advanced directives in favour 
of or against intubation could be pro-actively proposed to 
frail and elderly dialysis patients or their relatives, respect-
ing the patients’ wishes and dignity and contributing to the 
wise allocation of healthcare resources [5].
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