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Abstract

Background: Coronavirus Disease 2019 (COVID-19) has substantially impacted the provision of medical services.
During the pandemic, many medical services, including facilities providing care to patients with end stage renal
disease faced challenges in safeguarding patients and staff while providing clinical care. This study aims to identify
the extent, range, and nature of articles related to COVID-19 and maintenance hemodialysis to understand the
research gaps and propose recommendations for future research.

Methods: Using the terms: “Dialysis” OR “RRT” OR “Renal replacement therapy” AND “SARS-COV-2” OR “COVID-19”
OR “novel coronavirus” OR “2019-nCov”, we performed a multi-step systematic search of the literature in the English
language in Pubmed, Scopus, Embase, and Web of Science published from December 1, 2019, to May 13, 2020.
Two authors separately screened the title and abstracts of the documents and ruled out irrelevant articles. We
obtained a full report of the papers that met our inclusion criteria and screened the full texts. We conducted a
descriptive analysis of the characteristics of the included articles and performed a narrative synthesis of the results.
We conducted this scoping review in accordance with the PRISMA-ScR Checklist.

Results: We included 22 articles in this scoping review. Perspectives (n = 9), editorials (n = 4), and case series (n = 5)
were the most common types of articles. Most articles were from Italy and the United States. Seventeen (77.3%) of
the articles focused on the topic of recommendation for outpatient hemodialysis units. While many of the
recommendations overlapped in several articles, there were also many unique recommendations.

Conclusions: most of the articles are based on single-center experience, which spontaneously developed best
practices. Many of these practices have formed the basis for policies and guidelines that will guide future
prevention of infection and management of patients with End Stage Renal Disease (ESRD) and COVID-19.
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Background
In late 2019, a cluster of patients with respiratory complaints
was admitted to hospitals in Wuhan, Hubei province, China
[1]. In one patient, the results of bronchoalveolar lavage and
high throughput genome sequencing revealed a new virus of
the Coronaviridae family [2]. The novel virus was named
severe acute respiratory syndrome coronavirus (SARS-
COV-2). This family was the causative agent of Severe
Acute Respiratory Syndrome (SARS) in 2003 and Middle
East Respiratory Syndrome (MERS) in 2012 [3]. The name
“SARS-COV-2” was changed to Coronavirus Disease 2019
(COVID-19). During the next few weeks, this disease spread
worldwide, and the World Health Organization (WHO) de-
clared a pandemic state on March 11, 2020.
The median incubation period is 5.2 days [4]. The dis-

ease ranges in severity from mild symptoms in most cases
to a harsh and deadly course [5, 6]. The majority of symp-
toms are constitutional and involve the respiratory tracts,
but cardiac, renal, neurological, and gastrointestinal mani-
festations of COVID-19 have also been reported [6–9].
Due to the high burden of comorbidities, and their

impaired immune response, patients with ESRD are more
likely to develop severe complications of coronavirus
disease [10, 11]. Global quarantine and social distancing
measures aim to mitigate further spread of the disease [12],
but they are not feasible for patients receiving in-center
hemodialysis, or for the facilities providing dialysis care [6].
These patients require regular sessions that involve close
interaction with staff in a limited physical space which in-
creases the possibility of spread of infectious diseases [11].
Furthermore, many patients need to be repeatedly treated
at the same dialysis area and require transportation, fre-
quently public and shared, several times per week [13].
Given sub-optimal immune status, older age, and comor-
bidities of dialysis patients, dialysis units may be potential
centers for the rapid spread of COVID-19 [11, 14–16].
Although there are numerous publications relating to

dialysis and COVID-19, many are in the form of prelimin-
ary reports on small number of patients from single cen-
ters. The relative paucity of reliable available information
about the infection among dialysis units and dialysis
patients [13] presents a challenge in obtaining the most
useful information that would help patient care efforts.
We conducted a scoping review to identify the extent,
range, and nature of articles related to COVID-19 and
outpatient maintenance hemodialysis that have been pub-
lished as of May 13, 2020, and to identify research gaps
and to propose recommendations for future research.

Methods
Review questions
This systematic review was based on the recommenda-
tions of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement.

We attempted to address the following questions in
the era of COVID-19:

� How can we provide a safe environment to prevent
the spread of COVID-19 in the chronic outpatient
hemodialysis unit?

� How can outpatient hemodialysis center
administrators improve protocols to optimize staff
performance and patient satisfaction?

Search strategy
We performed a multi-step search strategy (Fig. 1). A
limited preliminary search was done in Google Scholar,
Scopus, and Pubmed to identify papers on this topic.
We analyzed the keywords of the titles and abstracts to
choose the most relevant and comprehensive terms.
All authors discussed the terms and finalized the
search strategy. Based on the output of the first step,
two authors systematically searched the literature in
the English language in Pubmed, Scopus, Embase, and
Web of Science published from December 1, 2019, to
May 13, 2020. We used the following keywords in our
search (“Dialysis” OR “RRT” OR “Renal replacement
therapy”) AND (“SARS-COV-2” or “COVID-19” OR
“novel coronavirus” OR “2019-nCov”) (Table 1). There
were a total of 105 papers in our first search from De-
cember 12,019 to April 27,2020 (PubMed n = 32; Sco-
pus n = 19; Embase n = 21; Web of science n = 33).
After removing the duplicate articles, the final result
was 31 papers. Two authors separately screened the
title and abstracts of the documents and ruled out ir-
relevant articles. We obtained a full report of the pa-
pers that met our inclusion criteria, screened the full
texts, and excluded 11 articles that did not meet our
standards: editorials, commentaries, and prospective
with insufficient information. We searched databases
another time from April 28 to May 13, 2020, that re-
sulted in 82 papers, of which finally five was included
in our study; two articles with duplicate reports were
excluded. The final output was 22 papers. Authors
were not blinded, and they independently participated
in all phases of the project, including initial screening,
and checking for eligibility.

Inclusion criteria
We included both quantitative and qualitative studies if
they met the conditions listed below:

1. The study assesses dialysis patient conditions during
the COVID-19 pandemic

2. The study population was dialysis patients
3. The study was published in English
4. The study was published in a peer-reviewed journal.
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5. The study was published between December 1,
2019, to May 13, 2020.

Exclusion criteria

1. Not related to COVID-19
2. Not related to dialysis
3. Exclusively reporting on the renal complication of

COVID-19
4. Studies about extracorporeal membrane

oxygenation for severe pneumonia

5. Studies indirectly mentioning RRT
6. Studies reporting exclusively on acute kidney

injury (AKI)

Data extraction
The data were extracted from the included studies
following this list:

1. Publication data (author, year of publication, the
country of the first author).

2. Study type (perspective, review, guideline, case
report/series, editorial, comment)

3. Patient population (ESRD/AKI population).
4. Results about recommendations for hemodialysis

units, resource management, frequency of
dialysis.

5. Limitations/biases.

Analysis of information needs:
We conducted a descriptive analysis of the characteris-

tics of the included articles and performed a narrative

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram of the study

Table 1 Search strategy

databases Search strategy

Pubmed, Embase [Title/Abstract] (“Dialysis” OR “RRT” OR “Renal
replacement therapy”) AND (“SARS-COV-2” OR
“COVID-19” OR “novel coronavirus” OR “2019-nCov”)

Web of sciences,
Scopus

[Title/Abstract/Keywords] (“Dialysis” OR “RRT” OR
“Renal replacement therapy”) AND (“SARS-COV-2” or
“COVID-19” OR “novel coronavirus” OR “2019-nCov”)
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synthesis of the results. Characteristics included: type of
article, topic of article, patient population, publication
year, country of publication, and source. We categorized
the types of articles into perspectives, editorial, case
reports, case series, guidelines, reviews, and comments.
We conducted this scoping review in accordance with
the PRISMA-ScR Checklist.

Results
We retrieved 188 articles, and after removing the
duplicate and unrelated records, 36 full-text articles
were assessed for eligibility. Twelve articles were
deemed ineligible (insufficient information about dia-
lysis: n = 10; news report: n = 1; reported exclusively
on AKI: n = 1). Twenty-two articles were included in
the final analysis.
The article type varied vastly, which we broadly cate-

gorized into seven types (Table 2). Perspectives (n = 9;
40%), editorials (n = 4; 18%), and case series (n = 5;
22.7%) were the most common types of articles. Fifteen
(68%) articles focused on the topic of recommendation
for hemodialysis units. The patient populations studied
were adults with end-stage renal disease (ESRD) in 20
articles and children with ESRD in 2 articles. All of the
articles were published in the year 2020. We have cate-
gorized the recommendations into three categories,
based on the intended stakeholder: 1) patients, 2) dia-
lysis staff, and 3) hemodialysis facilities. For each one
of the stakeholder groups, we have highlighted the re-
curring themes identified in the articles.

Patient-related recommendations

� Education
○ Educate patients about COVID-19 symptoms

and prevention, including hand hygiene, the
use of Personal Protective Equipment (PPE),
coughing etiquette, and discarding contaminated
items [17–20, 29, 36].

○ Provide guidance about nutrition and mental
support [36].

○ Encourage patients to call the dialysis unit if
they are symptomatic [37].

○ Educate patients about the risk of unnecessary
talking or eating during dialysis [36].

� Screening:
○ Patients should call the dialysis unit prior

to their shift to respond to screening
questions (symptoms, potential exposure,
travel) [20, 31, 37].

○ If a phone call is not possible, all patients should
be screened upon entering the dialysis unit [14,
17–20, 22, 34]. As the epidemic evolves, the
screening questions should be changed [22].

� Temperature check:
○ The typical recommendation is to check the

patients’ temperature before entering the
dialysis unit [14, 17–19, 22, 29, 34, 36, 37], and
also during dialysis [14].

○ The red flag temperature ranges between 37.3
and 38 degrees Celsius (°C) [14, 17].

� Personal Protective Equipment (PPE):
○ Wear a face mask when entering the unit, and

throughout dialysis, or if symptomatic [14, 17,
18, 22, 29, 31, 32, 34, 36].

○ Change shoes and clothes upon entering the
unit [29].

� Observe social distancing:
○ Stay at home while off dialysis and on non-

dialysis days, and avoid unnecessary travel [15].
○ Use private transportation to and from

dialysis facilities, avoid public
transportation [15, 31].

○ Arrive at the time of dialysis to avoid exposure
in the waiting area [36].

○ Wait in the personal vehicle until the time of
dialysis [20].

○ Seek virtual medical care when possible [36].
○ Avoid contact with children, if possible [15].

� Accompanying persons:
○ The number of accompanying persons should

be limited [36].
○ Accompanying persons should receive

education and information about COVID-19,
its prevention, and the use of PPE [6, 36].

Table 2 Characteristics of the COVID-19 and dialysis articles
Included in the scoping review, December 1, 2019, to May 13,
2020 (n = 22)

Number

Type of article

Perspective [17–25] 9

Editorial [14, 26–28] 4

Case series [29–33] 5

Case reports [34, 35] 2

Guideline [36] 1

Review [15] 1

Topic

Recommendation for hemodialysis units
[14, 15, 17–20, 22–25, 27, 28, 33, 34, 36]

15

Management / Implementation [29, 30, 32, 35] 4

Frequency of dialysis [21, 26] 2

Epidemiology [31] 1

Patient population

End stage renal disease (adult) [14, 15, 17–32, 34, 35] 20

End stage renal disease (pediatrics) [33, 36] 2
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○ Accompanying persons should wear mask,
answer screening questions [6, 36], and their
temperature should be checked before
entering the dialysis unit [15, 36].

○ Close contacts of patients with suspected or
confirmed COVID-19 should be monitored for
14 days after the most recent contact [36] and
should be tested for COVID-19 [18].

○ Contact tracing, assessment of exposure,
and optimal symptom-based testing
strategies are essential to prevent outbreaks
of SARS-CoV-2 [33].

� Suspected or COVID-positive patients:
○ Patients with symptoms of fever, upper

respiratory illness, cough, or conjunctivitis
should be referred for testing and evaluation
before allowing entry to the dialysis unit
[18, 34, 36].

○ Symptomatic patients who are awaiting test
results, and those with positive contacts,
should be treated as positive and should be
admitted [20] for dialysis if dialysis cannot be
postponed [18].

○ The choice of providing either intermittent
hemodialysis or CRRT should be based on a
patient’s clinical status and the facility’s
resources [38]. It is noteworthy that during
the exponential surge of new cases of COVID-
19 requiring RRT, there was a
significant shortage of dialysis supplies,
including CRRT solutions, particularly in the
United States [39].

○ For infection control purposes, healthcare
personnel exposed to patients with suspected
or confirmed COVID-19 should be limited to
those essential for their care [38].

○ Patients with a positive test should be dialyzed
in the isolation room [18, 20, 30].

▪ If no isolation room is available, they should
be cohorted in a designated shift, a
designated facility, or a corner or end of row
chair/bed [20].

▪ The duration of isolation precautions should
be determined on a case-by-case basis in
conjunction with local, state, and federal
health authorities until the information is
available regarding viral shedding after
clinical improvement [15].

▪ Single-center reports have recommended
that patients with a positive test should be
tested periodically [27], and should not
return to the regular dialysis unit until they
have had two negative tests (24-h apart) [36].
However, the Centers for Disease Control and

Prevention (CDC) recommends that a
symptom-based strategy should be used to
guide the decision to discontinue transmission-
based precautions, except among patients who
are severly immunocompromised [40].

Staff-related recommendations

� Education: Staff should receive education and
training regarding the COVID-19 epidemic,
epidemic prevention, use of PPE, respiratory
hygiene, coughing etiquette, how to dispose
contaminated items, and how to take nasopharynx
swabs for COVID-19 [6, 19, 36].

� Screening:
○ Staff should self-monitor symptoms, including

twice-daily temperature check [17, 36], and
should report any temperature of ≥37.3 °C [6]
to their supervisor.

○ Staff should inform the supervisor if they, or
their family members, develop symptoms
suggestive of COVID-19 infection, or if
suspected or confirmed contact or travel to an
epidemic area [36].

▪ In the event of a history of close contact with
a COVID-positive person, staff should only
return to work if testing by SARS-CoV-2
nucleic acid is negative [6].

▪ If there is any suspected history of exposure,
staff should self-quarantine for at least 14
days [22, 36].

○ Staff should undergo “at gate” infectious risk
assessment (travel, occupation, contact, and
clustering), and temperature check [19] [22].

○ All dialysis staff should be tested periodically [27].
� PPE:

○ All personnel involved in the direct care of
patients suspected or affected by COVID-19
must use full protection PPE including air-
purifying respirators, protective glasses/goggles,
disposable gloves, waterproof disposable gown,
head covering, for the entire duration of
dialyzing COVID-19 positive patients
[14, 15, 17, 18, 27, 29, 31, 34, 36].

○ During the pandemic, and when dialyzing
non-COVID positive patients, dialysis staff
should wear masks, goggles, face screens,
head covering, protective isolation gown,
gloves, and shoe covers for connecting
patients, blood draws, injections, or any
other intervention with the risk of contact
with the patient’s blood and body fluids
[14, 17, 20, 22, 30, 36].
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Dialysis facility-related recommendations

� Maintain physical distancing:
○ Observe general social distancing

recommendations [14]
○ Reduce group rounds and activities and

transition to phone or online activities. When
gathering is necessary, wear protective
equipment [17] or hold meeting outdoors, if
possible [29].

○ Distance between dialysis chairs should be at
least 6 ft [20, 29].

○ Adapt waiting rooms for social distancing [14].
○ Encourage stable patients to wait outside or in

their personal vehicle [15].
○ As an added measure to social distancing and to

create an additional barrier, curtains should be
drawn around the patient during treatment [36].

� Isolate and cohort:
○ Notify direct patient care staff of the presence

of a symptomatic patient [37] [37].
○ Every effort should be made to keep COVID-

positive patients out of the non-designated dia-
lysis units [18] and to separate suspected and
confirmed cases [15].

○ Isolation dialysis units should be established
in COVID-19–designated hospitals to
manage COVID-19–positive patients on
hemodialysis by dedicated staff to avoid
cross-infection [6, 15].

○ In non-COVID-19 designated hospitals,
designated areas for dialyzing suspected and
confirmed COVID-positive patients should be
identified [15, 27, 30, 31, 34].

○ Suspected or confirmed COVID-19 patients
and a designated healthcare team should be
cohorted in the same section of the unit and/
or on the same shift (e.g., consider the last
shift of the day). Only the assigned healthcare
team should enter the isolation room/cohort
area [6, 15, 19, 36].

○ A separate transportation system devoted
solely to COVID-19 positive patients should
be established [29].

○ Patients with shared transportation should be
dialyzed in the same section of the dialysis
unit treated with the same nurses to allow for
tracing of contacts of those who become
positive [14].

○ COVID-positive dialysis patients in remote
areas without the possibility of isolation,
infectious diseases specialist, and intensive care
units should be transferred to centralized
hospitals [18].

○ Resources from different dialysis organizations
should be coordinated to enable easy
cohorting and management of patients with
COVID-19.

� Avoid cross-contamination:
○ Supplies and equipment (including dialysis

machines) dedicated to the isolation area,
should remain in the isolation area between
dialysis sessions [14, 36], and should be used
only for COVID-19 patients [34].

○ The units should dedicate a space for gowning
and de-gowning of staff [30].

○ If possible, each patient should use the same
dialysis machine at every treatment [36], and
patients should be discouraged from
unnecessary change of dialysis units [6, 36].

○ The units should maintain a relatively fixed
medical staff to patients group [22].

� Preserve resources:
○ Avoid staffing shortage by efficient use of

workforce:
▪ Recruit retired nurses and diversify training

of new nurses [18].
○ Encourage judicious use of PPE [19], keep

track of PPE inventory, and prioritize and
preserve PPE .

○ Consider extended use of eye and face
protection and consider recycling of PPE .

○ To avoid unnecessary use of hospital beds,
judicious recommendations for admissions are
critical [14].

� Maintain staff morale:
○ Foster an environment of transparency, where

staff and patients feel valued and safe [19].
○ Supervisors should maintain visible presence

and leadership, communicating with patients
and staff, sharing current-state information
and plan, and seeking input [14, 19]. Recognize
everyday heroes who inspire others, who
promote optimism, and who are doing things
right [24].

○ Address the mental and physical well-being of
staff [36].

○ Ensure adequate rest to avoid accidental
contamination due to exhaustion [36].

� Considerations for home dialysis [15, 18, 25, 35, 36]:
○ For patients who are eligible, home dialysis

(peritoneal dialysis [PD] or home
hemodialysis) may be an attractive
alternative, as it combines dialysis with
social distancing and elimination of
transportation needs [35].

○ Special precautions are needed for patients
on PD:
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▪ Air the room at least twice daily for 30 min
each time, by opening windows and doors
when PD is not running [36].

▪ Sweep and clean the floor before the PD
treatment once a day, and then carry out
ultraviolet disinfection [25, 36].

▪ Disinfect the procedure table and the
automated PD machine (if applicable), before
and after each PD treatment [36].

▪ Disinfect the drainage fluid [36].
○ PD and home hemodialysis patients should use

telehealth rather than in-person visits to avoid
unnecessary travel and clinic/hospital visits
[15, 18, 36].

○ For home dialysis patients, consider the option
of visit by laboratory services to draw blood
for monthly tests [28].

� Role of CRRT or variations of maintenance
hemodialysis for ESRD patients admitted to the
hospital during the pandemic:
○ Critically ill maintenance hemodialysis patients

with suspected or confirmed COVID-19
should undergo CRRT in cohorted units. This
decreases dialysis nurse exposure to patients
with COVID-19 [6, 36].

○ Other options, in addition to CRRT,
include sustained, low-efficiency dialysis
(SLED), prolonged intermittent renal
replacement therapy, or high-volume
hemofiltration (6 L/hr), with adsorbent
membranes to remove inflammatory
cytokines and endotoxins [29].

○ Urgent start peritoneal dialysis is an option
when hemodialysis supply is low [23].

○ Opinions differ concerning decreasing the
frequency of hemodialysis during the
pandemic. While some see twice-weekly
hemodialysis only as an option of last resort
[26], others cite the potential benefits as less
exposure to COVID-19 for the patients and
staff; reduction in dialysis staff work, a
greater spacing of patients; reduced
transportation needs; and conservation of
PPE [21].

� Other recommendations:
○ Place clear signs with consistent messages [19]

to direct symptomatic or exposed patients to a
designated screening location in an
appropriate space, where the triage protocol
can be implemented.

○ Maintain appropriate ventilation in all the
rooms, including the waiting room [15].

○ Disinfect all the rooms and machines at the
start of each shift [29].

○ Maintain a checklist for implementation of
disinfection of areas previously not routinely
addressed [19].

○ Discard all dialyzers and blood tubing as
infectious waste [34].

Conclusions
This scoping review provides a synopsis of articles relating
to COVID-19 and maintenance outpatient hemodialysis.
Most of the articles on COVID-19 and dialysis were fo-
cused on single-center experience and recommendations
and were surprisingly almost non-existent in some fields,
such as clinical research. Given the implications of COVID-
19 in care of patients with end-stage renal disease, and also
the need for renal replacement therapy among patients
who develop acute kidney injury in the setting of COVID-
19 infection, we anticipated a more significant number of
articles discussing the clinical care and outcomes. The
majority of articles were perspectives and editorials focusing
on recommendations for adults with end-stage renal dis-
ease on hemodialysis. While we identified many overlap-
ping recommendations, there were also several unique
ideas: fostering an environment of transparency, with visible
leadership and clear and transparent communication [14,
19], and recognizing staff who inspire others [24]; address-
ing the mental and physical well-being of staff, and ensur-
ing adequate rest [36]; changing the screening questions, as
the pandemic evolves [22]; shortening dialysis time or fre-
quency, or decreasing dialysate flow rate to preserve re-
sources [21]; dialyzing patients with shared transportation
in the same section of the outpatient dialysis unit treated
with the same nurses to allow for contact tracing [14]; re-
checking temperature with mercury or ear thermometer if
T > 37.3 °C [17]; changing shoes and clothes upon entering
the unit [29], and considering home visits for lab draws
[28]. We conclude that, given the rapidly evolving nature of
the pandemic, while there were no pre-existing guidelines,
clinical centers developed best practices. There is paucity of
data regarding the outcomes resulting from implementa-
tion of recommendations and comparison of recommenda-
tions. Many of these practices have formed the basis for
policies and guidelines that will guide future prevention of
infection and management of patients with ESRD and
COVID-19. This review underscores the need for extensive
sharing of information between centers, large and small
and within the healthcare community, as well as systematic
reviews and meta-analyses which will form the basis for
evidence-based guidelines.
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