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Perspective Piece
Stratification of Acute Kidney Injury in COVID-19
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Abstract. Despite myriad improvements in the care of COVID-19 patients, atypical manifestations are least appre-
ciated during the current pandemic. Because COVID-19 is primarily manifesting as an acute respiratory illness with
interstitial and alveolar pneumonia, the possibility of viral invasions into the other organs cannot be disregarded. Acute
kidney injury (AKI) has been associated with various viral infections including dengue, chikungunya, Zika, and HIV. The
prevalence and risks of AKI during the course of COVID-19 have been described in few studies. However, the existing
literature demonstrate great disparity across findings amid variations in methodology and population. This article un-
derscores the propensity of AKI among COVID-19 patients, limitations of the exiting evidence, and importance of timely
identification during the case management. The prevalence of AKl is variable across the studies ranging from 4.7% to
81%. Evidence suggest old age, comorbidities, ventilator support, use of vasopressors, black race, severe infection, and
elevated levels of baseline serum creatinine and d-dimers are independent risk factors of COVID-19 associated with AKI.
COVID-19 patients with AKI also showed unsatisfactory renal recovery and higher mortality rate as compared with
patients without AKI. These findings underscore that AKI frequently occurs during the course of COVID-19 infection and

requires early stratification and management.

Recent research advances on COVID-19 have explicitly
underscored the classical respiratory symptoms associated
with the disease. However, the growing body of evidence
describes numerous atypical manifestations in association
with the disease course. Acute kidney injury (AKI) is recently
emerged as a potential complication during the course of
COVID-19." However, current investigations demonstrate
wide disparities in the prevalence and mechanisms of
COVID-19 associated with AKI. Arecent case series by Wang
et al.? reported that AKI is uncommon among COVID-19
patients and even not seen in preexisting chronic kidney
disease (CKD). Given the differences across findings, we felt
inclined to share our point of view regarding the propensity of
AKI during the course of COVID-19. We believe that odds of
AKI occurrence among COVID-19 patients are substantially
higher and must be considered during the case manage-
ment. Because of unprecedented COVID-19 cases, clini-
cians are primarily engaged in the case management along
with virus containment to avoid the disease spillover, and
there is high propensity that healthcare professionals may
overlook a slight rise in serum creatinine (SCr) among
patients.

Because COVID-19 is primarily manifested as an acute re-
spiratory illness with interstitial and alveolar pneumonia, the
possibility of viral invasions into other organs cannot be dis-
regarded. It is pertinent to mention that AKI remained
neglected intricacy during various viral infections and was
later emerged as highly morbid and fatal complication.®*
Dengue-associated AKl is such an example which was initially
least appreciated during various outbreaks and was sub-
sequently evolved as a serious complication.® Although Wang
and others did not observe any substantial rise in SCr among
patients, a firm conclusion cannot be drawn amid small
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sample size (N = 116) in their study.? Recent investigations
accentuate the involvement of multiple organs in COVID-19%7
and report AKI in 6-36.6% of cases.®'° Subsequent studies
reported that COVID-19 presents with massive albuminuria
(834%), elevated blood urea nitrogen (27 %), proteinuria along
with hematuria (44%), and increased SCr (15.5%),1'2 either
on admission and or during hospitalization. A Chinese study
indicated abnormal urine dipstick in 75.4% hospitalized pa-
tients.' A large cohort study from New York showed that
52.2% patients receiving mechanical ventilation developed
AKI within 24 hours following intubation, suggesting me-
chanical ventilation as a significant predictor of AKL.'® Fur-
thermore, serious concerns have also been raised about the
impending shortage of renal replacement therapy for COVID-
19 patients.'® Moreover, AKI has also been estimated as an
independent predictor of in-hospital mortality among COVID-
19 patients.'®'® On the other hand, a Japanese study showed
that COVID-19 portends higher mortality (16.2%) among di-
alysis patients than the general population (5.3%), suggesting
hospitalization of these patients." Table 1 describes the de-
scriptive summary of studies illustrating renal involvement
during the course of COVID-19.

The renal injury during the course of COVID-19 is multifac-
eted, involving various triggers. Renal hypoperfusion—-related
acute tubular necrosis or cellular damage, dysregulated in-
flammatory response, microcirculatory dysfunction, meta-
bolic reprogramming, cytokine storm syndrome precipitated
by sepsis, and direct viral injury are the possible etiopatho-
logical mechanisms (Figure 1)."® Moreover, the presence of
angiotensin-converting enzyme 2 receptors in renal tissues
could also facilitate viral invasion, resulting in direct injury."”®
Viral RNA has been isolated from the urine sample of one
patient (6.9% of 58 cases), suggesting kidney as a vulnerable
target for infection.'® Viral particles have also been detected in
the postmortem kidney samples of COVID-19 fatal cases.?°
These findings underscore the capability of the virus to cause
renal damage either by direct invasion into the renal paren-
chyma or through other secondary mechanisms.


mailto:yusrahabib@ymail.com

2165

COVID-19 AND ACUTE KIDNEY INJURY

*Adesay} Juswaoe|dal [euss = | HY ‘sawooino [eqo|b Buiroidwi :aseasip Asupiy = ODIAY ‘ulUllEessd wniss = 1OS ‘uabo.iu eain poolq = NNg ‘Anful Asupiy ainoe = |yy

IMV Inoyum
89S0y} Uey} ajel Ajjerow

JoyBiy pey |3y yum sjusied

Sosed
1ybie :(uoissiwpe Jo sinoy
2/ Je)fe padojanap) My o¥e

sased g1 :(sinoy
2/ uiyum padojanep) My Ape

‘%G°G | Sem a1el Ajjeriow |[BJen0 %1'8L ‘9LL/LC MV MY AUQ  solew %6°9G ‘sieak gg :abe uesy 9LL=N EBulyd EeleInd
abeyosip (Adessy Juswaoe|das Bupinbai
uo sisAJelp Uo paurewsis %9'0g IMV € ebe}s pey sosed g9 ‘IMV
‘Adessyy uswaoe|dai Buuinbai paJinbai Adesay) Juswaoe|dal
IMVY Yyum syusized Buowy Asupiy-uou pey seseo 9| 1.‘g)
‘abieyosip
e A1an0oai [eusl pamous %t/
‘144 noyum sjuaired |y Buowy mmo,m\vmw.m MV MY AUO  solew %8G ‘sieak g9 :obe uepsy 1596=N VSN g 81BN
seseo /g
MV PeYy  :gobeis ‘saseo g :g obe)ls ‘saseo 2z 1ew®
S9SBD gg ‘Saseo U1eap 62 |[eJon0 ¥ 1| o6e1S) %18 ‘001/18 :IMV IMV AUO  sejew 94,0/ ‘sieak gG :obe uelps|n 00L=N ©douelq ydesop
UOI3E|1}USA [eoluBYODW
pue 9Seas|p Je|ndSeAoIpIed
‘afe p|o alom papn|oul |1y (%11 (seseo g/) +&
4O s10}08} Sl ‘AHEHOW Yim :¢ obels ‘% 1ge 1¢ obels ‘%G op ueloid (%6°0f) BUNOIADONNS| o le1e
pojeroosse Ajleueisans wm\s MV | oBeIs) %9°9¢ ‘67 G/E661 MY (%G°9¢) BUNjBWSH SBJBW 9%6°09 ‘SIedA 9 :abe ueips|y 6YY'G=N VSN YosiiH
sisAlelp
uo pabJueyosip sem juaied
BUO ‘saseD 9| Ul POAISSJO Sem (%2°€L
K1ano2al [eual ‘MY pey saseo g obeis ‘o4 | °G| g obels (%1°29)
PaIP €1/2} ‘14Y painbai sesed 1 ‘91| 1| 96eIS) 9% /°6€ ‘€L/6C [IMV eunuigjold (9G°0g) BUNJEWSH  SS[eW %¢g"09 ‘siedk G :obe uesy €L=N Uukelyeg . eleseyel
Aisn0o8) [BUBI POMOYS
(e papuedxa Aq paulep)
S8SED MV GE/9 1 0 IO ‘(LSO (%2°19)
Jayye Aq pauljep MY pey BL9IIO ODIAY papuedxs eunyewsy ‘(%8°G9) eunuigjoid
$9SBO 02) 62 ‘AH[EHOW |[BISAO AQ %G L PUB BLIBIIO ODIAMAD %L v (%1'G2) SIUSWISAIOAUI [BUSI |[BIOAQ  SB[BW 9L 'HG ‘Sieak g g :obe ues|y €EE=N ®BUYD  , 'eld8ied
(%2°92) eUNEWSY
(%6°ct) eunuelold (% 1°g1)
uolssiwpe [eydsoy uo Zw €271 Jed snuiw/Jw
‘Ajlepow Ym pajeloosse alom DS pajens|e yum sjusijed uowe 09 >> 8jeJ uoljelyl} Jejniawolb
(g @be1s) 1My pue ‘eunuisioid J8ybiy sem My jo aousenasd ‘9% L'€1) NNg paeas|e Rt
‘eunyewsy ‘NNg 408 Eﬁ%_m ‘Aeys [eydsoy Buunp 9 1°G MY VO (%71 1) J0S Pelens|e YO solew %t'gS ‘siesh g9 :obe ueipsiy lI0L=N eulyd Busyo
sjuae
paJano2al yum pasedwod 9% | :SOSED PaJaA0DaI Ul MY (191
SEe S9sed peap Ul UOWWOoD %Gg :SOSED Palp Ul MY (969°09) BUNjEWSY palenooal ‘gl |
8JoM s8lewoue [eual 8y % |} “HOYO02 [e10} Ul [MY (%09) BUNUBI0Id (% L L) MY SBBW %g/ ‘sieak 09 :abe ueipsiy pesp) y/2=N BUIYD [0 UsyD
SHIBWBI/SOWOINO IMV JO @ousjenaid saljjewouqe [eual jo adA | sojydesBowaq azis a|dweg Anuno) Jeak ‘sioyiny

uonodlul 6 L-aIAOD BuuNnp MY 40 eouseasid pue saljfewIoude [eua) 8y} Buiquossep saipnss jo Aewwng

| I1av]



2166 MALLHI AND OTHERS

Risk factors of COVID-19 induced
Acute Kidney Injury (AKI)
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Ficure 1. Risk factors for the development of acute kidney injury (AKI) during COVID-19 infection.

Some additional studies suggest association of COVID-
19-induced AKI with advance age and preexisting comor-
bidities.?! Available studies'®'"?2-2% have reported various
risk factors for the development of AKI during the course of
COVID-19 as described in Figure 1. Taken together, in con-
trast to the results of Wang et al.,2 these findings underscore
that AKI is frequently encountered'® highly morbid and fatal
complication'®'%22:2% during COVID-19 and warrant the dire
need of nephrology consultation. However, these studies are
accompanied by potential limitations including the less num-
ber of patients, unavailability of baseline SCr, disparity in AKI
diagnostic criteria, and lack of follow-up to ascertain the renal
recovery. Future studies must be conducted in light of these
limitations, so findings could be appropriately incorporated
into the clinical practice. The use of baseline SCr is subjected
to wide variations and depends on the individual clinical set-
tings. Moreover, diagnostic criteria of AKI must be followed to
ascertain the true estimate. Clinicians must adhere to the
kidney disease: improving global outcomes criteria on clas-
sification and treatment of AKI to establish the uniformity
across the literature.

Before the era of CKD staging, AKI was considered as re-
versible with satisfactory renal outcomes. However, with the
recent advancements in renal care, it is widely accepted that
patients who survive an episode of AKI might recover ade-
quate renal functions, but still such patients are at risk of de-
veloping CKD.® Considering the widespread nature of the
disease and substantial number of patients with atypical
manifestations, subsequent renal deterioration following an
episode of AKI may pose substantial risks of CKD among
survivors. We urge early stratification of AKI during COVID-19
case management which would provide opportunity to clini-
cians for appropriate management in a timely manner.

Moreover, the follow-up of patients to ascertain the renal re-
covery will be of paramount importance to design and im-
plement intervention strategies for high-risk patients.

Received July 2, 2020. Accepted for publication October 17, 2020.
Published online October 27, 2020.

Acknowledgment: Publication charges for this article were waived due
to the ongoing pandemic of COVID-19.

Authors’ addresses: Taugeer Hussain Mallhi and Yusra Habib Khan,
Department of Clinical Pharmacy, Al-dJouf University, Sakaka, Saudi
Arabia, E-mails: taugeer.hussain.mallhi@hotmail.com and yusrahabib@
ymail.com. Azreen Syazril Adnan, Management and Science University,
Medical and Nephrology, Shah Alam, Selangor, Malaysia, and Chronic
Kidney Disease Resource Center, Hospital Universiti Sains Malaysia,
Kota Bahru, Kelantan, Malaysia, E-mail: azreenadnan1@gmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Kikuchi K et al., 2020. COVID-19 in dialysis patients in Japan:
current status and guidance on preventive measures. Ther
Apher Dial 24: 361-365.

2. WangL,LiX,ChenH,YanS,LiD,LiY, Gong Z,2020. Coronavirus
disease 19 infection does not result in acute kidney injury: an
analysis of 116 hospitalized patients from Wuhan, China. Am J
Nephrol 24: 361-365.

3. Mallhi TH, Khan AH, Adnan AS, Sarriff A, Khan YH, Jummaat F,
2015, Incidence, characteristics andrisk factors of acute kidney
injury among dengue patients: a retrospective analysis. PLoS
One 10: e0138465.

4. Mallhi TH, Khan AH, Adnan AS, Sarriff A, Khan YH, Gan SH, 2018.
Short-term renal outcomes following acute kidney injury among


mailto:tauqeer.hussain.mallhi@hotmail.com
mailto:yusrahabib@ymail.com
mailto:yusrahabib@ymail.com
mailto:azreenadnan1@gmail.com
https://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

COVID-19 AND ACUTE KIDNEY INJURY

dengue patients: a follow-up analysis from large prospective
cohort. PLoS One 13: e0192510.

. Mallhi TH, Khan AH, Sarriff A, Adnan AS, Khan AH, Jummaat F,

2016. Defining acute kidney injury in dengue viral infection by
conventional and novel classification systems (AKIN and RI-
FLE): a comparative analysis. Postgrad Med J 92: 78-86.

. Wang D et al., 2020. Clinical characteristics of 138 hospitalized

patients with 2019 novel coronavirus—infected pneumonia in
Wuhan, China. JAMA 323: 1061-1069.

. Yang X et al., 2020. Clinical course and outcomes of critically ill

patients with SARS-CoV-2 pneumonia in Wuhan, China: a
single-centered, retrospective, observational study. Lancet
Respir Med 8: 475-481.

. Guan Wj et al., 2020. Clinical characteristics of 2019 novel coro-

navirus infection in China. MedRxiv.

. ChenNetal., 2020. Epidemiological and clinical characteristics of

99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. Lancet 395: 507-513.

Hirsch JS et al., 2020. Acute kidney injury in patients hospitalized
with COVID-19. Kidney Int 98: 209-218.

Cheng Y et al., 2020. Kidney impairment is associated with in-
hospital death of COVID-19 patients. MedRxiv.

Wang T et al., 2020. Caution on kidney dysfunctions of 2019-
nCoV patients. MedRxiv.

Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V, 2020.
The Novel Coronavirus 2019 epidemic and kidneys. Kidney Int
97:824-828.

Pei G et al., 2020. Renal involvement and early prognosis in pa-
tients with COVID-19 pneumonia. J Am Soc Nephrol 31:
1157-1165.

Goldfarb DS, Benstein JA, Zhdanova O, Hammer E, Block CA,
Caplin NJ, Thompson N, Charytan DM, 2020. Impending
shortages of kidney replacement therapy for COVID-19 pa-
tients. Clin J Am Soc Nephrol 15: 880-882.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2167

ZhouF et al., 2020. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet 395: 1054-1062.

Mizuiri S, Ohashi Y, 2015. ACE and ACE2 in kidney disease. World
J Nephrol 4: 74-82.

South AM, Tomlinson L, Edmonston D, Hiremath S, Sparks MA,
2020. Controversies of renin-angiotensin system inhibition
during the COVID-19 pandemic. Nat Rev Nephrol 95: 305-307.

Ling Y et al., 2020. Persistence and clearance of viral RNA in 2019
novel coronavirus disease rehabilitation patients. Chin Med J
133: 1039-1043.

Su H et al., 2020. Renal histopathological analysis of 26 post-
mortem findings of patients with COVID-19 in China. Kidney Int
98:219-227.

Fanelli V, Fiorentino M, Cantaluppi V, Gesualdo L, Stallone G,
Ronco C, Castellano G, 2020. Acute kidney injury in SARS-
CoV-2 infected patients. Crit Care 24: 155.

Joseph A, Zafrani L, Mabrouki A, Azoulay E, Darmon M, 2020.
Acute kidney injury in patients with SARS-CoV-2 infection. Ann
Intensive Care 10: 117.

Cui X et al., 2020. Acute kidney injury in patients with the coro-
navirus disease 2019: a multicenter study. Kidney Blood Press
Res 45: 612-622.

Taher A, Alalwan AA, Naser N, Alsegai O, Alaradi A, 2020. Acute
kidney injury in COVID-19 pneumonia: a single-center experi-
ence in Bahrain. Cureus 12: €9693.

Chen T et al., 2020. Clinical characteristics of 113 deceased pa-
tients with coronavirus disease 2019: retrospective study. Bmj
2020 Mar 26: 368.

Ng JH et al., 2020. Outcomes among patients hospitalized with
COVID-19 and acute kidney injury. Am J Kidney Dis 2020 Sep
19.



