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Abstract. Current recommendations for themanagement of patients with COVID-19 and acute kidney injury (AKI) are
largely based on evidence from resource-rich settings, mostly located in high-income countries. It is often unpractical to
apply these recommendations to resource-restricted settings. We report on a set of pragmatic recommendations for the
prevention, diagnosis, andmanagement of patientswithCOVID-19 andAKI in low- andmiddle-incomecountries (LMICs).
For the prevention of AKI among patientswith COVID-19 in LMICs, we recommend using isotonic crystalloid solutions for
expansion of intravascular volume, avoiding nephrotoxic medications, and using a conservative fluid management
strategy in patients with respiratory failure. For the diagnosis of AKI, we suggest that any patient with COVID-19 pre-
senting with an elevated serum creatinine level without available historical values be considered as having AKI. If serum
creatinine testing is not available,wesuggest that patientswith proteinuria shouldbeconsidered tohavepossibleAKI.We
suggest expansion of the use of point-of-care serum creatinine and salivary urea nitrogen testing in community health
settings, as funding and availability allow. For the management of patients with AKI and COVID-19 in LMICS, we
recommend judicious use of intravenous fluid resuscitation. For patients requiring dialysis who do not have acute
respiratory distress syndrome (ARDS), we suggest using peritoneal dialysis (PD) as first choice, where available and
feasible. For patients requiring dialysis who do have ARDS, we suggest using hemodialysis, where available and feasible,
to optimize fluid removal. We suggest using locally produced PD solutions when commercially produced solutions are
unavailable or unaffordable.

INTRODUCTION

Acute kidney injury (AKI) is a major cause of morbidity and
mortality worldwide.1 Hypotension and dehydration, which
are common complications of acute infection, are among the
leading causes of AKI, and infection-associated AKI has
been associated with higher severity of illness, longer hos-
pital stays, and increased mortality among hospitalized
patients.1–3 Like other viral respiratory infections such as
influenza,4,5 many patients with COVID-19 develop AKI, and
a recent systematic review and meta-analysis of AKI in
COVID-19 found the incidence of AKI in this setting to be
12.3%.6 Acute kidney injury in the setting of COVID-19 fre-
quently develops during the second week of infection.7

The causes of COVID-19–associated AKI are likely multi-
factorial, and are thought to include direct viral injury to
kidney cells, dehydration, sepsis-mediated hypotension or
immunologic injury, and microvascular disease.8,9 Care of
patients with COVID-19 should include screening for AKI,
prevention of AKI development or worsening, and treatment
of AKI, including treatment of renal failure. Each of these
important clinical components can be challenging, as clini-
cians seek to balance the risks and benefits of treatments
such as fluid resuscitation, antiviral medications, antibiotics
for bacterial superinfection, and anti-inflammatory medica-
tions. These challenges are further impacted by limited hu-
man and physical resources. Here, we review the current
literature on prevention, detection, and treatment of AKI

among patients with COVID-19 in low- and middle-income
countries (LMICs).

METHODS

A full description of the methods is provided in the Appen-
dix. In brief, we formulated a set of questions regarding AKI for
patientswith suspectedor confirmedCOVID-19 in LMICs. The
list of questions was reviewed for content and clarity by other
members of the COVID-LMIC Task Force. After approval, the
AKI subgroup assigned onemember to search the literature for
evidence to answer each question. The literature search was
performed in PubMed and OVID, including articles pertaining
to COVID-19, other respiratory viruses, and infection-related
AKI.Weselected relevantpublications, appraised the evidence,
and classified the quality of evidence as high, moderate, low, or
very low. Recommendations were rated as strong or weak,
depending on the quality of evidence and several other factors
such as availability, affordability, and feasibility in LMICs. A
strong recommendation was worded as “we recommend. . .”
and a weak recommendation as “we suggest. . .,” followed by
the quality of evidence. The recommendations were reviewed
by the AKI subgroup in an iterative process and were later
reviewed by the entire task force in two rounds.

QUESTIONS

We formulated four clearly defined questions regarding AKI:

1. In patients with COVID-19 in LMICs, what are the available
strategies to prevent AKI?

2. How should AKI be diagnosed in COVID-19 patients in
LMICs?
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3. How should AKI be treated among COVID-19 patients in
LMICs who do not require renal replacement therapy (RRT)?

4. In patients with COVID-19–related AKI in LMICs, what
strategies can be used to optimize efficiency and avail-
ability of dialysis?

These questions and recommendations are discussed
below.
Question 1: In patients with COVID-19 in LMICs, what

are the available strategies to prevent AKI? Rationale. It
remains unclear how AKI can best be prevented in patients
with COVID-19. Understanding of the pathophysiology of
COVID-19–related AKI is evolving, and approaches to pre-
vention of COVID-19–related AKI will depend on this
knowledge.8–11 Several mechanisms for AKI in the setting of
COVID-19 have been suggested, including endothelial dys-
function, cardiogenic or vasodilatory shock, hypovolemia,
cytokine storm, hypercoagulability causing microthrombi or
infarction, direct cellular injury via angiotensin-converting
enzyme 2 receptor-mediated acute tubular necrosis (ATN), or
damage secondary to nephrotoxic drugs.10,12,13 Currently,
most preventive measures for AKI in COVID-19 patients are
based on the literature on AKI in the context of infection and
acute hypoxemic respiratory failure.12,14

Search results. PubMed and OVID were searched through
August 14, 2020 using combinations ofMeSH terms and free-
text words. A search for “acute kidney failure,” “COVID-19/
SARS CoV-2,” “prevention,” and “developing countries” or
MeSH terms mapping to these terms produced no results.
Similarly, a search for “acute kidney failure,” “low-income
countries,” and “COVID-19/SARS CoV-2” with mapping
terms produced no results, and a search for “acute kidney
failure,” “developing countries,” and “COVID-19” with map-
ping terms and free text did not produce any results. Broad-
ening the search to “acute kidney failure” and “developing
countries” produced 19 results and “acute kidney failure” and
“low-income countries” produced 13 results. One study
appeared in both searches. Of the 31 studies, seven studies
were eliminatedbasedon abstracts becauseof irrelevance.Of
the remaining 24 studies, four studies had the same heading
(one article published simultaneously in multiple journals). Of
the remaining 21 studies, eight were reviews, three were
systematic reviews or meta-analyses, two prospective and
two retrospective observational studies, three comments, two
research agendas (modified Delphi method), and one cross-
sectional study. No studies specifically discussed COVID-
19–associated AKI.
A search using the terms “acute kidney failure,” “COVID-19/

SARSCoV-2,” and “prevention” found 11 results. Broadening
the search to “acute kidney failure” and “COVID-19/SARS
CoV-2” produced 71 results on PubMed, of which nine were
not in the English language. After removal of non-English
studies, 62 studies remained. Of these, nine were eliminated
after abstract screening. The remaining 53 studies included10
reviews, six systematic reviews, 10 retrospective observa-
tional studies, one prospective observational study, 15
comments/letters, three clinical trials, two guidelines, and six
case reports/case series. Nonewere exclusively fromanLMIC
origin. An additional 22 relevant studies were identified after
reference review.
Evidence. Given the absence of specific data on AKI pre-

vention in the setting of COVID-19, we here review the general

literature on prevention of infection-associated AKI. The Kid-
neyDisease: ImprovingGlobal Outcomes (KDIGO) guidelines,
published in 2012, recommend the implementation of a bun-
dle of supportive measures in patients at high risk for AKI.15

Key elements included in this bundle are close monitoring of
serum creatinine and urine output, optimization of hemody-
namic parameters and volume status, establishment of func-
tional hemodynamic monitoring, discontinuation of all
nephrotoxic agents, avoidance of hyperglycemia, and con-
sideration of alternatives to radiocontrast agents.
Volume depletion is a widely known cause of AKI, yet

studies are lacking to compare the renal effects of early liberal
versus conservative fluid resuscitation strategies in the setting
of COVID-19. Most guidelines suggest targeting euvolemia,
as the administration of fluids in the setting of initial hypo-
volemia (often secondary to increased insensible losses due
to fever and increased respiratory effort) is thought to be
protective, although fluid overload has been shown to in-
crease mortality.16–18 A large randomized controlled trial
showed that a conservative strategy of fluid management
improved lung function and shortened the duration of me-
chanical ventilation and intensive care in patients with acute
respiratory distress syndrome (ARDS)without increasing non-
pulmonary organ failure.19 It has also been shown that pa-
tients with net positive fluid balance after an episode of AKI
have worse outcomes.20 Studies comparing the difference
between use of crystalloids versus colloids for fluid re-
suscitation have found that although albumin is safe to use, it
is not more effective than crystalloids.21 Hydroxyethyl starch
(HES) is sometimes used to treat hypovolemia, but studies
have shown that hyperoncotic starches such as HES are as-
sociated with increased risk of AKI and mortality.22

One of the most effective methods of preventing AKI is the
avoidance of nephrotoxic agents. Nephrotoxic agents are the
third most common cause of AKI in intensive care units, and
the list of potentially nephrotoxic agents is extensive.23 Al-
though the exactmechanismof AKI in the setting ofCOVID-19
is unclear, it is important to note that nephrotoxic agents can
have additive or synergistic effects with respect to toxicity,23

and therefore may worsen the AKI caused by COVID-19.
Implementation of the KDIGO supportive care guidelines,24

especially those regarding avoidance of nephrotoxic agents,
is likely to reduce theoccurrence and severity of AKI inCOVID-
19.25 Daily reviewof the necessity ofmedicines that can cause
or worsen AKI is prudent, and their cessation is warranted
unless use is essential.26

The use of diuretics in the management of AKI is not rec-
ommended, although data specific to COVID-19 are lacking.
The National Institute for Health and Care Excellence guide-
lines on COVID-19–related AKI stress that euvolemia should
be the aimand that it is important to be aware that strategies to
optimize ventilation management, such as diuretics, will put
patients at risk for AKI.26 A 2019 review of the use of loop
diuretics in AKI prevention and treatment concluded that loop
diuretics are not beneficial for AKI treatment, and their use for
AKI prevention can be associated with favorable outcomes
only if euvolemia is preserved.27

Availability, feasibility, affordability, and safety. Most strat-
egies recommended by KDIGO are of low cost, but availability
and feasibility are suboptimal in some resource-limited set-
tings because of insufficient supplies.15 Isotonic crystalloids
are generally readily available in LMICs. A survey of 66
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intensive care facilities in the Democratic Republic of the
Congo reported that crystalloids were available in 100% of
units.28 Costs for IV crystalloids vary, although are generally
low. One source reports the cost of 0.9% saline to be ap-
proximately US$1/L, and that of Ringer’s Lactate to be
US$1.10/L on average.29 The role of 5% human albumin in
volume resuscitation is still debated, but the most relevant
drawback for use in LMIC settings is its high cost, which is
reported as US$0.22–$0.78/mL.30,31 A single-center Indone-
sian study evaluated the cost effectiveness of crystalloids and
a crystalloid and colloid combination for the resuscitation of
individuals with dengue fever, and found a 9% higher mean
cost of hospitalization in those who received a crystalloid and
colloid combination.32

While achieving euvolemia in the early resuscitation of pa-
tients with infection is recommended to prevent AKI, how to
achieve euvolemia safely and effectively in all clinical settings
remains unclear. Several randomized clinical trials in LMICs
have demonstrated harm from aggressive early resuscitation
with both crystalloids and colloids.33,34 Further research re-
mains to be carried out to establish the safest and most fea-
sible approaches to resuscitation in LMICs.
Recommendations and suggestions (Table 1).

1. In patientswithCOVID-19 in LMICs,we recommend using
isotonic crystalloid solutions rather than colloids for ex-
pansion of intravascular volume (strong recommendation,
moderate quality of evidence).

2. In patients with COVID-19–related respiratory failure and
AKI in LMICs, we recommend the use of a conservative
fluid management strategy (strong recommendation,
moderate quality of evidence).

3. In patients with COVID-19 in LMICs, we suggest the
avoidance or cessation of nephrotoxic drugs when their
use is not essential (moderate recommendation, weak
quality of evidence).

Question 2: How should AKI be diagnosed in COVID-19
patients in LMICs? Rationale. Diagnosis of AKI in resource-
limited settings can be challenging. Previous research has
found that, relative to high-income country (HIC) settings,
patients in some LMIC settings experience delayed identifi-
cation of infection-associated AKI, higher serum creatinine
levels on AKI recognition, and later initiation of dialysis.1,35,36

In the setting of COVID-19, the diagnostic need has become
more urgent, given the reported high prevalence of AKI in
patients with COVID-19, as well as associations between AKI
and increased in-hospital mortality among these patients.37

Search results. A search in PubMed through August 17,
2020 for “acute kidney failure,” “COVID-19,” and “resource-
limited” or MeSH terms mapping to these the terms yielded
one result which was eliminated because of irrelevance. A
search for “acute kidney failure,” “COVID-19,” and “LMICs”
yielded no results, as did a search for “acute kidney failure,”
“COVID-19,” and “low-resource settings.”A search for “acute
kidney failure” and “LMICs” yielded nine results, “acute kidney
failure” and “low-resource settings” yielded 28 results, and
“acute kidney failure” and “resource-limited” yielded 43 re-
sults on PubMed. Four studies appeared in two searches, and
one study had the same heading. Of the 75 studies, 58 were
eliminated because of irrelevance. Of the remaining 17 stud-
ies, there were four retrospective observational studies, four
prospective observational studies, three surveys, one

literature review, one consensus recommendation report, one
cross-sectional study, and three case reports. An additional
11 studies were identified on examination of the references
and “similar articles” section from the initial 17 studies. There
were four literature reviews, four prospective observational
studies, one retrospective observational study, and two
cross-sectional studies. Additional studies of interest were
those based in LMICs that identified the diagnostic methods
used to identify AKI in completing the study.
A search “AKI diagnosis” and “low-resource settings”

yielded 13 results, and a search for “AKI diagnosis” and “re-
source-limited” yielded five results. All studies had already
appeared in a previous search. A search for “AKI diagnosis”
and “resource-limited” yielded 18 results. Fourteen studies
appeared in a previous search, and the remaining four were
eliminated because of irrelevance. A search for “point-of-care
(POC) creatinine” and “low-resource settings” yielded four
results. One search study appeared in an earlier search, and
two were eliminated because of irrelevance. The remaining
study was a cross-sectional study. A search for “point-of
care,” creatinine,” and “cost” yield 65 results, only two of
whichwere relevant and pertaining to LMICs.One appeared in
a previous search. The second was a comparative cost anal-
ysis.One additional cross-sectional studywas identified in the
reference section of these search results.
All included studies were either based in LMICs, or were

multinational studies that included data collected fromLMICs.
All literature reviews referenced AKI in LMICs. No specific
studies about AKI in COVID-19 patients in LMICs were found.
Evidence. Acute kidney injury diagnostic capabilities vary

widely in LMICs. Although not available in all low-resource
settings, serum creatinine laboratory values are the most
commonly used tools to identify AKI.1,35,38–50 A 2015 multi-
national cross-sectional study showed that the diagnosis of
AKI was made with serum creatinine values alone in 63% of
participating facilities, followedby serumcreatinine alongwith
urine output in 28%of participating facilities in LMICs.1 A2018
qualitative study surveying AKI identification and manage-
ment practices among160 intensivists based in provincial and
regional hospitals in Thailand showed that the KDIGO criteria
for AKI were most commonly used (37%), followed by the
AKIN (27.7%) and RIFLE (26.1%) criteria, respectively.45 A
common challenge with the use of serum creatinine values to
diagnose AKI is the lack of historical laboratory values for
many patients presenting with elevated serum creatinine due
to the lack of electronic health record infrastructure in LMICs,
leading to a delay in AKI diagnosis.35,51 One published con-
sensus recommendation focused on LMICs suggests
addressing this problem by treating any elevated serum cre-
atinine in a patient as AKI until proven otherwise.51

Other AKI diagnostic and assessment tools most com-
monly used in LMICs include urinalysis, renal ultrasound, and
renal biopsy.52 In two cross-sectional studies, these tools
were shown to be used in > 70%, approx. 50%, and 4% of
patients diagnosedwithAKI in LMIC facilities, respectively.1,45

Multiple studies have shown that there is a higher incidence of
proteinuria in patients with COVID-19 and AKI, relative to
those with COVID-19 and no AKI, with incidence in AKI
ranging from 42% to 83%.53–55 Given its excellent availability
in LMICs, urinalysis may currently be one of the most feasible
ways to identify AKI in patients with COVID-19 in LMICs.
Salivary urea nitrogen dipstick test utilization has also proven
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to be an inexpensive and effective diagnostic test for AKI in
sub-Saharan Africa with good specificity and sensitivity.56–58

Other devices for measuring creatinine that do not require
refrigeration are also being investigated.59,60

Availability, feasibility, affordability, and safety.Availability of
these diagnostic resources widely varies by practice location.
A 2016 study surveyed 160 healthcare workers providing
kidney care in low-resource settings around the world to
evaluate resource availability for AKI diagnosis and manage-
ment.61 In rural health centers, 84% of respondents stated
that AKI diagnosis was made mostly based on clinical judg-
ment, suggesting a lack of access to diagnostic tools in these
settings. Only 63% and 85% of providers reported sufficient
laboratory support for AKI diagnosis in district- and regional-
level hospitals, respectively.61 Practice location also affects
personnel availability. In community and rural settings,
physicians are often unavailable. First contacts with the
healthcare system are often made through allied health
professionals, nurses, and other community health leaders,

who may have less working knowledge about AKI.1,62,63 The
lack of both nephrology services and AKI awareness among
community providers in low-resource settings can lead to
delayed diagnosis.64,65

Improved AKI diagnosis heavily relies on both personnel and
laboratory resource expansion in LMICs. Therefore, feasibility
and affordability will vary by practice location. For example, ex-
pansion of POC serum creatinine testing, a relatively affordable
diagnostic tool, could facilitate earlier AKI identification in the
community setting and expedite time to treatment; however, the
proper and safe useof POC testing requires access to electricity,
specific storage conditions, trained personnel, and expensive
calibration equipment.66–68 A 2019 comparative cost analysis of
clinic-based POC versus centralized laboratory-based testing to
monitor HIV treatment in South Africa found clinic-based POC
testing to be more expensive than centralized laboratory-
based creatinine testing, costing USD$9 per patient versus
$3/patient.69 Despite the higher cost per patient, POCcreatinine
testingmight still bemore immediately feasible in somesettings,

TABLE 1
Recommendations and suggestions for the prevention and care of AKI among patients with COVID-19 in LMICs

1 Prevention of AKI In patients with COVID-19 in LMICs, we recommend using isotonic
crystalloid solutions rather than colloids for expansion of intravascular
volume (strong recommendation, moderate quality of evidence).

1 Prevention of AKI InpatientswithCOVID-19–related respiratory failure andAKI in LMICs,we
recommend the use of a conservative fluid management strategy
(strong recommendation, moderate quality of evidence).

1 Prevention of AKI In patients with COVID-19 in LMICs, we suggest the avoidance or
cessation of nephrotoxic drugs when their use is not essential
(moderate recommendation, weak quality of evidence).

2 Diagnosis of AKI We suggest that any patient with COVID-19 presenting with an elevated
serum creatinine level without available historical values be considered
as having AKI until proven otherwise to prevent treatment delay (weak
recommendation, very low quality of evidence).

2 Diagnosis of AKI In the absence of ability to test serum creatinine, we suggest the use of
urinalysis in patients with COVID-19 to identify proteinuria. Patients
with proteinuria should be considered as having possible AKI until
proven otherwise, to prevent treatment delay (weak recommendation,
very low quality of evidence).

2 Diagnosis of AKI We suggest the expansion of the use of point-of-care serum creatinine
and salivary urea nitrogen testing in community health settings, as
funding and availability allow (weak recommendation, low quality of
evidence).

2 Diagnosis of AKI We suggest the implementation of AKI awareness and training initiatives
among all levels of healthcare providers. Provider education should
ideally includeeducationon theprevalenceof AKI inCOVID-19patients
in addition to training on the presentation and diagnosis of AKI using
available resources at individual healthcare facilities (ungraded, best
practice statement).

3 AKI treatment, non-dialysis We recommend the judicious use of intravenous fluid resuscitation using
crystalloids for early management of AKI in all COVID-19 patients
(strong recommendation, low quality of evidence).

3 AKI treatment, non-dialysis We recommendmore conservative fluid management for critically ill
COVID-19 patients. Negative fluid balance should be maintained, if
possible (strong recommendation, low quality of evidence).

3 AKI treatment, non-dialysis We suggest the use of lung-protectivemechanical ventilation strategies,
where applicable, to prevent renal injury from associated cytokine
release (weak recommendation, very low quality of evidence).

4 AKI treatment, dialysis ForAKI patients in LMICswithCOVID-19andnoARDS,wesuggestusing
PDasfirst choice,whereavailableand feasible (weak recommendation,
low quality of evidence).

4 AKI treatment, dialysis For AKI patients in LMICs with COVID-19 and ARDS, we suggest using
hemodialysis, where available and feasible, to optimize fluid removal
(weak recommendation, low quality of evidence).

4 AKI treatment, dialysis We suggest using locally produced PD solutions when commercially-
produced solutions are unavailable or unaffordable (weak
recommendation, low quality of evidence).

AKI = acute kidney injury; ARDS = acute respiratory distress syndrome; LMICs = low- and middle-income countries; PD = peritoneal dialysis. Grading: See Appendix for detail.
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as expansionof centralized laboratory testing capabilitieswould
require more resources, infrastructure, and up-front costs. In
addition, the use of POC creatinine testing has already proven
feasible in some cross-sectional studies from LMICs.68,70

Overarching healthcare provider training initiatives may be
the most feasible and affordable first step, although imple-
mentation of efforts to improve AKI diagnostic capabilities
should be adapted based on local infrastructure, cultural be-
liefs, and current facility capabilities to be most effective.
Recommendations and suggestions.

1. We suggest that any patient with COVID-19 presenting
with an elevated serum creatinine level without available
historical values be considered as having AKI until proven
otherwise to prevent treatment delay (weak recommen-
dation, very low quality of evidence).

2. In the absence of ability to test serum creatinine, we sug-
gest the use of urinalysis in patients with COVID-19 to
identify proteinuria. Patients with proteinuria should be
considered as having possible AKI until proven otherwise,
to prevent treatment delay (weak recommendation, very
low quality of evidence).

3. We suggest the expansion of the use of POC serum cre-
atinine and salivary urea nitrogen testing in community
health settings, as funding and availability allow (weak
recommendation, low quality of evidence).

4. We suggest the implementation of AKI awareness and
training initiatives among all levels of healthcare providers.
Provider education should ideally include education on the
prevalence of AKI in COVID-19 patients in addition to
training on the presentation and diagnosis of AKI using
available resources at individual healthcare facilities (un-
graded, best practice statement).

Question 3: How should AKI be treated among COVID-
19 patients in LMICs who do not require RRT? Rationale.
Treatment of AKI poses unique and widely varying challenges
in LMICs. As studies emerge noting high prevalence of AKI in
COVID-19 patients, as well as associations between AKI and
in-hospital mortality in this population, further assessment of
resources available to treat AKI in these settings is crucial.37

Search results. A search in PubMed for “AKI” and “COVID-
19” orMeSH termsmapping to these terms yielded 76 results.
One non-English study was eliminated, as were 59 other ir-
relevant studies. Of the remaining 16 results, 12were literature
reviews, one was an observational study, one was a system-
atic review, and two were practice guidelines. Further explo-
ration of the references of these results yielded five additional
studies. Three were retrospective observational studies, and
two were case reports. Five additional relevant studies were
discovered using these search terms on Google Scholar; of
these, three were retrospective observational studies and two
were case reports. Studies of interest were selected based on
the inclusion of data related to the pathophysiology, histo-
pathology, or management of AKI in COVID-19 patients.
A title/abstract search on PubMed for “volume manage-

ment” and “COVID-19” yielded two results. One was elimi-
nated because of irrelevance, and the remaining study was a
literature review. Exploration of the references and “similar
articles” section associatedwith this study yielded 10 relevant
studies. Four were literature reviews, three were prospective
observational studies, one was a retrospective observational
study, and one was a systematic review. Studies of interest

were selected based on the inclusion of data related to fluid
management in AKI or COVID-19, or similar conditions in-
volving acute lung disease or sepsis.
Five relevant studies appearing in search results for other

questions in theguidelineswere alsoused. Twowere literature
reviews, twowere prospective observational studies, and one
was a cross-sectional study. All studies published before
August 17, 2020 were included in this search. All COVID-19–
related AKI studies were based in HICs, as no literature re-
garding COVID-related AKI was found from LMICs. Three
studies regarding volume management did include data from
LMIC settings.
Evidence. Incidence of AKI in COVID-19 patients among

studies fromHICs ranges from 4.7% to 75%.25,53–55,71–73 The
development of AKI in this population has been independently
associated with old age, mechanical ventilation, ARDS, va-
sopressor dependence, chronic comorbidities, and increased
mortality.53,54,71,72,74,75 Because of high incidence and con-
tribution to poor outcomes, targeted management of AKI in
COVID-19 patients is of great concern; however, the patho-
physiology of AKI in these patients is still being elucidated.
Studies to date suggest that the pathophysiology of this
condition is likely multifactorial.76–78 Histopathology sugges-
tive of ATN has been the most consistent finding across
postmortem kidney biopsy reports of COVID-19 patients with
AKI.25,79–83 The largest study of kidney biopsy results in pa-
tients with COVID-19 and AKI, enrolling 26 patients from one
institution, noted ATN in every patient.79 This finding has been
attributed to renal hypoperfusion, infection-related cytokine
activity, and nephrotoxic drugs. Some postmortem kidney
biopsy studies reported the presence of viral inclusions in
biopsied cells, collapsing glomerulopathy, and renal capillary
fibrin thrombi, suggesting other potential etiologies of AKI,
such as direct viral infection of renal tissue and ischemia
resulting from microthrombi caused by COVID-19–induced
hypercoagulability.10,79,81,84,85 Other biopsy results have
suggested cytokine-mediated kidney damage10; however,
these findings are less consistent across studies.
As a result of a largely undifferentiated etiology for this

condition, there is currently no protocolized management for
AKI in the setting of COVID-19. Current recommendations
focus on supportive care. Fluid management with crystalloids
has been suggested to prevent renal hypoperfusion25,26,86–89;
however, this intervention would need to be very closely
monitored. Positive fluid balance has been associated with
poorer outcomes in patients with acute lung injury and sepsis,
whereas conservative fluid management has been shown to
improve lung function and decreased ventilator and ICU
days.19,87,90–93 Recommendations for the treatment of AKI in
COVID-19 patients also include the reduction of barotrauma
and volutrauma in mechanically ventilated patients to prevent
further release of damaging cytokines.25

Availability, feasibility, affordability, and safety. Wide varia-
tion in healthcare infrastructure, staffing, and funding within
and across LMICs results in a broad range of treatment ca-
pabilities. A 2015 cross-sectional study of the identification
and management of AKI in various healthcare facilities
showed that crystalloid fluid was used as initial management
in 92% of all patients in LMICs. In addition, 73.9% of these
patients were administered antibiotics. Diuretics were used in
36.1% of patients.1 A 2016 survey of 160 physicians treating
kidney disease in low-resource settings found that nearly all
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regional hospitals had access to oral and intravenous hydra-
tion solutions, and antibiotics, whereas only 60% and 52% of
rural healthcare providers had access to intravenous fluids
and antibiotics for AKI management, respectively.61

Feasibility and affordability of AKI treatment has been an
ongoing challenge in LMICs, especially in remote and com-
munity healthcare settings. Intravenous fluids are the most
commonly available resource for the management of AKI in
both urban and community settings in LMICs and could be
used to the benefit of AKI patients early in their disease
courses. However, emerging evidence indicating increased
adverse outcomes amongAKI, ARDS, and critically ill patients
receiving excessive fluid resuscitation poses safety concerns
if this treatment is improperly implemented by providers with
little working knowledge of fluid management.89,92,94,95 One
observational study of 1,808 patients with sepsis across ICUs
in 84 countries found an increased risk of death in those with
higher fluid balance.96 Multiple reviews regarding fluid man-
agement in the setting of COVID-19 therefore recommend
maintaining a negative fluid balance to improve outcomes,
especially in critically ill patients dependent on mechanical
ventilation.87,97

Recommendations and suggestions (Table 1).
1. We recommend the judicious use of intravenous fluid re-

suscitation using crystalloids for early management of AKI
in all COVID-19 patients (strong recommendation, low
quality of evidence).

2. We recommend more conservative fluid management for
critically ill COVID-19 patients. Negative fluid balance
should bemaintained, if possible (strong recommendation,
low quality of evidence).

3. We suggest the use of lung-protective mechanical venti-
lation strategies, where applicable, to prevent renal injury
from associated cytokine release (weak recommendation,
very low quality of evidence).

Question 4: In patients with COVID-19–related AKI in
LMICs, what strategies can be used to optimize efficiency
and availability of dialysis? Rationale. AKI secondary to
COVID-19 is common, and is associated with increased
mortality.98–100 A review of AKI in sub-Saharan Africa demon-
strated significantly reduced mortality with the provision of di-
alysis.101 Unfortunately, dialysis for the treatment of AKI is often
scarce in LMICs because of limitations of equipment, human
resources, and funding.Basic supplies, suchascleanwater and
electricity, are also, at times, limited or unavailable.102 Improved
efficiency and availability of dialysis is critical to optimize out-
comes of patients with AKI and COVID-19 in LMICs.
Search results. PubMed was searched using the following

terms, either as MeSH terms or as free-text words up to the
date of August 14, 2020: “AKI,” “resource-limited,” “COVID,”
“lower-middle income countries,” “low-resource settings,”
“underdeveloped countries,” “RRT,” “hemodialysis (HD),”
“peritoneal dialysis (PD),” “cost-effectiveness,” and “cost,”
“barriers,” “efficiency.” Forty studies were identified. Review
of the references of these studies produced another six
studies. A large majority of the studies identified were obser-
vational studies and reviews. Nearly half of all studies identi-
fied were randomized controlled trials or cost analysis
and feasibility studies. Two systematic reviews were also
identified. Studies regarding RRT options in both HICs and
LMICs were included; 18 studies were based in LMICs.

Evidence. The need for dialysis is common among patients
with AKI in LMICs.1,35,43,101 Dialysis for AKI is mostly available
solely through regional healthcare facilities,61 and even in
these settings, access is not consistent. Whereas some AKI
studies from LMICs report that all study participants requiring
dialysis received the treatment, other studies reported diffi-
culties accessing this therapy. A 2015 study of outcomes
among AKI patients in Uganda reported a 21% hospital
mortality rate, with most deaths among patients whose con-
ditions required HD or care in an ICU, both of which were
resources not available at the treating facility.43 Another study
investigating AKI outcomes in sub-Saharan Africa found that
only 33% of adult patients in the study received dialysis when
it was needed.101 Barriers to dialysis treatment, in addition to
access, include financial limitations, as dialysis is often anout-
of-pocket patient expense.103–106 In LMIC facilities with
available treatment, intermittent HD is themost available, with
reported utilization of 69–95% when dialysis is required.1,45

Sustained low-efficiency dialysis (SLED) and PD were also
used in facilities with dialysis capabilities.1,35

Provision of acute PD treatments is one practical approach
to the management of AKI.106 The 0by25 initiative, developed
by the International Society of Nephology (ISN), has placed
focus on the importance of diagnosis and treatment of AKI,
especially in LMICs. The Saving Young Lives program (a
consortium of the ISN, International Society for PD, In-
ternational Pediatric Nephrology Association, Euro-PD, and
the Sustainable Kidney Care Foundation) has promoted the
useof PD to treat AKI in LMICs. Theprogramhas endorsed the
training of doctors and nurses, provided technical assistance,
and helped to offset cost for PD supplies.107,108

Vasudevanet al. 109reported that evenwith the availability of
PD, HD, continuous RRT, and SLED in 23 of the 26 centers
surveyed in India, PD was the most preferred modality be-
cause of lower cost and simplicity. Furthermore, Abdou et al.
report that PD is the most commonly used RRT modality in
Africa.110 With respect to the use of PD in AKI, a recent ran-
domized clinical trial in Brazil showed that outcomes were
comparable with respect to metabolic control, infectious and
mechanical complications, renal function recovery, patient
survival, andmortality with the use of PD comparedwith HD in
AKI.111 An earlier study conducted in eastern Nepal showed
that nursing staff, technicians, and doctors can be easily
trained in the use of PD for AKI.112 One systematic review of
AKI in sub-Saharan Africa revealed that there was nomortality
difference between children who received HD and those who
received PD.101 Another systematic review performed in 2013
concluded that there is no significant difference in outcomes
between PD and HD.113 Another study performed in Nigeria
showed that that both PD and HD were comparably effective
in the control of uremia, with significant reductions in serum
urea, creatinine, and potassium levels.114

COVID-19–specific research for the management of AKI is
still emerging. Many studies are reviews that explore the
challenges of delivering RRT to patients with COVID-19. Al-
though most of the reviews are focused on high-resource
settings, they are important in the context of shortages of
equipment andmanpower in apandemic, and therefore reflect
practices that could be adapted in LMICs, where shortages
are more common. Hemodialysis modalities used for AKI in
COVID-19 have resulted in the observation that many of the
COVID-19 patients have abnormalities of coagulation and
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repeated clotting of extracorporeal circuits, reflective of the
hypercoagulability, and therefore that PD is a suitable alter-
native. Counter arguments state that because the primary
manifestation of COVID-19 is respiratory in the form of ARDS,
PD should not be the first choice in these patients where fluid
removal may be necessary, as PD has limitations in that
respect.115,116One study that lookedat the safety andefficacy
of PD catheter placement in COVID-19 patients concluded
that placement with a two-person team was feasible and that
the need for the recommended break-in period of 2 weeks
after PD catheter placement is safe to forego in acute set-
tings.117 Currently, there are no data showing virus spread
from PD effluent. A report published recently suggested this
may be the case, but it was argued that it is not clear whether a
positive PCR for SARS-CoV-2 means contagious virus is
present, and there are no other cases reported.118 A review
article published fromSouth Africa on the use of PD in COVID-
19 patients with AKI summarizes the advantages and chal-
lenges facedwith the use of PD.115 This review stresses oneof
the most important advantages of PD in COVID-19 as being
that it requires a lower nursing ratio and less interventions by
the nurse per session, thereby making it ideal for a scenario of
a pandemic. Another letter stresses that because the timing of
exchange of fluids for PD is controllable, it could be timed to
coincidewith other interventions for thepatient.119 An editorial
mentioning experience of AKI in COVID-19 mentions that a
major advantage of PD during this pandemic has been the
ability to train non-nursing staff in the PD procedure, which is
safe and straightforward.120

Availability, feasibility, affordability, and safety.Availability of
dialysis treatment in LMICs is highly variable.Costmayalsobe
a challenge in expanding dialysis access. Although both HD
andPDarecommonly used in LMICs,PDhasproven tobe less
costly, with one 2011 study finding that PDwas half the cost of
HD.121,122 In addition, PD requires less equipment, technol-
ogy, and electricity to be implemented than HD, making it a
more feasible treatment option in some rural or community
settings.123

In addition to the cost and infrastructure challenges in
providing dialysis, the lack of trained personnel is also a
barrier in many low-resource settings.123,124 Countries are
addressing this shortage of providers in different ways. One
study piloting a 5-week training program to increase health-
care provider aptitude in performing PD in Tanzania was
successful in developing competency among trained nurses,
allowing them to properly administer PD where resources
were available.124

One of the most important barriers to dialysis treatment is
high out-of-pocket expenses for patients. Some countries
have successfully worked to address this challenge. For ex-
ample, in 2007, Thailand implemented a universal coverage
dialysis program, the “PD First” Policy, through which dialysis
was reimbursed through the government insteadof beingpaid
out-of-pocket by patients requiring services. This increased
utilization of PD over HD from less than 10–23.1% in 2012.125

Physician partnership with government and nongovernmental
organizations can potentially improve access to funding to
make dialysis more affordable to patients. One study of the
cost of provision of PD in Africa found that the minimum re-
quirements for conducting guideline-based PD involves the
following costs per day: fluid, ranging from US$24–40; PD
catheter ranging fromUS$6.60–30, depending onwhether it is

a rigid or flexible catheter; and catheter insertion and care
providedby healthcare providers. These last costs represent a
relatively small proportion of the total overall cost.126 In Tan-
zania, the average cost per full PD treatment for an AKI case
was US$788, making it highly cost effective as per WHO
categorization in this setting.126 In another study conducted in
northern Tanzania,124 a follow-up analysis of the cost of acute
PD per case treated (variable number of days of dialysis re-
quired) was performed. A comparison using subsidized cost
versus cost based on market price was performed based on
14 cases. The average cost per AKI course of treatment with
PD when subsidized was US$420, whereas the same treat-
ment, if privately procured, was US$788.126 Likewise,
Obiagwa and Abdu showed that PD was particularly cheaper
in children than HD.127

By contrast, one study found that in countries such as India,
Brazil, Nigeria, and South Africa, the cost of HD and PD
treatments are roughly the same.128 This study, however, in-
cluded the annual PD and HD costs for chronic kidney dis-
ease. Therefore, the analysis does not reflect the costs
associated with AKI alone.
Given the cost and logistical difficulties of procuring com-

mercially prepared dialysis solutions, one center in South
Africa has reported their experience using locally produced
PD solutions using intravenous fluids.129 They found a 4%
incidence of peritonitis (2/49 patients) and no cases of
electrolyte disturbances secondary to the PD. Multiple other
studies conclude that as the use of PD becomes more
common, more local solutions will be produced.130 One
study which compared the use of locally produced PD so-
lution with commercially produced PD solutions found peri-
tonitis occurred in 16% of patients treated with the local
solutions, identical to the percentage seen with commer-
cially made solution.131

Recommendations and suggestions (Table 1).
1. For AKI patients in LMICswith COVID-19 and noARDS,we

suggest using PD as first choice, where available and
feasible (weak recommendation, low quality of evidence).

2. For AKI patients in LMICs with COVID-19 and ARDS, we
suggest using HD, where available and feasible, to optimize
fluid removal (weak recommendation, low quality of evidence).

3. We suggest using locally produced PD solutions when
commercially produced solutions are unavailable or
unaffordable (weak recommendation, low quality of
evidence).
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APPENDIX

Development of recommendations and suggestions.
Selection of Task Force members. The selection of the
groupmembers was based on interest in specific aspects of
novel coronavirus disease (COVID–19) and direct experi-
ence in low– and middle–income countries (LMICs). Alfred
Papali and Marcus Schultz contacted potential team mem-
bers through email and in person early in the COVID-19
pandemic, and created ten subgroups assigned to separate
areas in COVID–19 management, i.e., ‘triage’, ‘safety’, ‘or-
ganization’, ‘diagnostics’, ‘acute respiratory failure’, ‘acute
kidney injury’, ‘coagulopathy, ‘therapeutics’, ‘shock’ and
‘support after initial care’. In total, there were 38 Task Force
members representing fivemedical specialties or disciplines
(emergency medicine, intensive care, infectious diseases,
internalmedicine and critical care nursing) from five out of six
World Health Organization (WHO) geographic regions. The
Task Force consisted of 16 full-time LMIC members, 16 full-
time high-income country (HIC) members—all with direct

TABLE A1
Quality of evidence

A Randomized clinical trials High
B Downgraded randomizedclinical trial(s) or

upgraded observational studies
Moderate

C Observational studies Low
D Downgraded observational studies or

expert opinions
Very low

Factors that may decrease strength of evidence include high likelihood of bias;
inconsistency of results, including problems with subgroup analyses; indirectness of
evidence (other population, intervention, control, outcomes, comparison); imprecision of
findings; and likelihood of reporting bias. Factors that may increase strength of evidence:
largemagnitudeof effect (direct evidence, relative risk>2withnoplausible confounders); very
large magnitude of effect with relative risk > 5 and no threats to validity (by two levels); and
dose–response gradient. Adapted from Dondorp AM, Dünser MW, Schultz MJ, eds., 2019.
Sepsis Management in Resource–limited Settings. Springer. doi.org/10.1007/978-3-030-
03143-5.

AKI AND COVID-19 IN LMICS 97



LMIC experience—and 6 members with joint LMIC/HIC
appointments.
Selection of subgroup members. Kristina Rudd, Elif Çiz-

meci, Gabriela Galli, Ganbold Lundeg, Marcus Schultz, and
Alfred Papali were assigned to this subgroup based on their
specific expertise and interest in the prevention, diagnosis,
and treatment of infection-associated acute kidney injury in
LMICs.
Meetings. An initial online meeting of the subgroup heads

was held to establish the procedures for literature review and
drafting of tables for evidence analysis. The subgroup heads
continued to coordinate work across the project via the in-
ternet. Several meetings occurred through teleconferences
and electronic–based discussions among the subgroup
heads and with members of other subgroups.
In the first meetings, a set of clearly defined questions was

outlined. These were reviewed for content and clarity by the
subgroup members and heads from the other subgroups.
After approval by the subgroupmembers and heads from the
other subgroups, the subgroup members performed a liter-
ature review, seeking evidence for recommendations re-
garding the specific questions posed. During this process,
questions could be combined, so the subgroup heads were
finally left with four major questions. The subgroup heads
summarized the evidence in an online supplement, and for-
mulated a set of recommendations and suggestions after online
discussions. These were communicated among the subgroup
members. After their approval, the subgroup heads summarized
the evidence in a report, which was sent for approval by all mem-
bers of the Task Force.

Search techniques. The literature search was performed in
PubMed and OVID, including articles pertaining to COVID-19,
other respiratory viruses, and infection-related AKI. Further-
more, the subgroup members evaluated the references of the
identified papers to identify additional relevant publications.
The search for questions 1 and4wasperformedonAugust 14,
2020 and the search for questions 2 and 3 was performed on
August 17, 2020. These searches included all results pub-
lished through the date of the search.
Grading of Recommendations. The subgroup members

classified quality of evidence as high, moderate, low, or very
low, and recommendations as strong or weak. The factors
influencing this classification are presented in Table 1.
The subgroup members paid extensive attention to avail-

ability, feasibility, affordability, and safety in LMICs. A strong
recommendationwasworded as ‘we recommend’ and aweak
recommendation as ‘we suggest’ (Table 2).
Reporting. The report was edited for style and form by

Kristina Rudd and Alfred Papali, with final approval by sub-
group heads and then by the entire ‘COVID–LMIC Task
Force’.
Conflicts of interest. No members of the ‘Acute Kidney

Injury’ subgroup represented industry, and there was no
industry input into guidelines development. No member of
the ‘Acute Kidney Injury’ subgroup received honoraria for
any role in the guideline development process. None re-
ported conflicts of interest.
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TABLE A2
Strong vs. weak recommendations*

What is Considered How it affects the recommendation

High evidence The higher the quality of evidence, the more likely a strong recommendation.
Certainty about the balanceof benefits vs.
harms and burdens

The larger/smaller the difference between the desirable and undesirable consequences and the
certainty around that difference, the more likely a strong/weak recommendation.

Certainty in or similar values The more certainty or similarity in values and preferences, the more likely a strong
recommendation.

Resource implications The lower/higher the cost of an intervention compared to the alternative the more likely a strong/
weak recommendation.

Availability and feasibility iLMICs The less available, the more likely a weak recommendation.
Affordability for LMICs The less affordable, the more likely a weak recommendation.
Safety of the intervention in LMICs The less safe in an LMIC, the more likely a weak recommendation.
Adapted from Dondorp AM, Dünser MW, Schultz MJ, eds., 2019. Sepsis Management in Resource–limited Settings. Springer. doi.org/10.1007/978-3-030-03143-5.
* In case of a strong recommendation we use ‘we recommend . . .’; in case of a weak recommendation we use ‘we suggest . . .’
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