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Ce nu este cunoscut, deocamdata, la subiectul abordat

Afectarea renald in infectia cu COVID-19 este un aspect
putin studiat, datele existente fiind controversate.

Ipoteza de cercetare

Sistematizarea datelor de literatura referitoare la afec-
tarea renald in infectia cu COVID-19 ar permite unificarea
cunostintelor acumulate, cu formularea recomandarilor prac-
tice.

Noutatea adusa literaturii stiintifice din domeniu

Comorbiditatile renale, in special, insuficienta renal3, este
asociata cu o ratd sporita de mortalitate. Infectia cu SARS-
CoV-2, de asemenea, poate induce leziune renald acuta, in
cadrul leziunilor sistemice multiorgan. Monitorizarea creat-
ininemiei, cu utilizarea, la necesitate a metodelor extracor-
porale de epurarare sanguina sunt tratamentele de baza.

Rezumat

Introducere. Spectrul infectiilor care induc bolile renale
este foarte divers. Infectiile se manifesta sub forma de mai
multe sindroame clinice renale: injurie renald acuta (IRA),
glomerulonefrita acuta si cronicd, sindrom nefrotic, sindrom
nefritic. Noul coronavirus (SARS-CoV-2) are tropism catre
celulele renale, ceea ce indica la implicarea renala im cazul
COVID-19.

Material si metode. Sinteza narativa de literatura in

Afectarea renald in infectia cu COVID-19

[oNoIS

REVIEW ARTICLE

Kidney involvement in COV-
ID-19 disease: review article

Liliana Groppa't’, Svetlana Agachi't, Boris Sasu'f, Larisa
Rotaru', Ala Pascari-Negrescu'f, Eugeniu Russu'f, Lucia
Dutca't, Dorian Sasu'f

Discipline of rheumatology and nephrology, Department of internal medicine,
Nicolae Testemitanu State University of Medicine and Pharmacy, Chisinau, Re-
public of Moldova.

Manuscript received on: 20.05.2020
Accepted for publication on: 10.06.2020

Corresponding author:

Liliana Groppa, PhD, univ. prof.

Discipline of rheumatology and nephrology

Department of internal medicine

Nicolae Testemitanu State University of Medicine and Pharmacy

165, Stefan cel Mare si Sfant ave, Chisinau, Republic of Moldova, MD-2004
e-mail: liliana.groppa@usmf.md

What is not known yet about the topic

Renal impairment in COVID-19 infection is a little studied,
the existing data being controversial.

Research hypothesis

Systematization of literature data on renal impairment in
COVID-19 infection would allow the unification of the accu-
mulated knowledge, with the formulation of practical recom-
mendations.

Article’s added novelty on this scientific field

Renal comorbidities, especially renal failure, are associ-
ated with an increased mortality rate. SARS-CoV-2 infection
can also induce acute renal damage in multi-organ systemic
lesions. Monitoring creatinine, with the use, if necessary, of
extracorporeal methods of blood purification are the basic
treatments.

Abstract

Introduction. The spectrum of infections that induce
kidney disease is very diverse. Infections manifest them-
selves in the form of several clinical renal syndromes: acute
kidney injury (AKI), acute and chronic glomerulonephritis,
nephrotic syndrome, nephritic syndrome. The new corona-
virus (SARS-CoV-2) has tropism towards renal cells, indica-
ting renal involvement in COVID-19.

Material and methods. Narrative synthesis of literature
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baza publicatiilor selectate cu ajutorul motoarelor de cduta-
re in bazele internationale de date.

Rezultate. Virusul SRAS-CoV-2, de rand cu alte sisteme
de organe, afecteaza si rinichiul, producand leziuni ale dife-
ritor structuri renale prin citeva mecanisme de baza. Lezi-
unea renala directd, mecanismul tromboinflamator, furtuna
citokinica cat si hipotensiunea, hipovolemia, sepsisul, toxi-
citatea medicamentelor reprezinta mecanisme de implicare
renala in COVID-19.

Concluzii. In lipsa unui tratament etiotrop eficient, trata-
mentul in afectarea renala severa este substitutiv. Ratele de
deces in randul persoanelor cu IRA sunt net mai superioare.
Prevenirea este metoda cea mai recomandata, astazi.

Cuvinte cheie: SARS-CoV-2, COVID-19, afectare renala,
leziune renala acut3, sepsis.

Introducere

Spectrul infectiilor care induc bolile renale este foar-
te divers. Infectiile se manifesta sub forma de mai multe
sindroame clinice renale: injurie renald acuta (IRA), glo-
merulonefrita acuta si cronica, sindrom nefrotic, sindrom
nefritic-nefrotic acut, nefrita tubulointerstitiala acuta sau
cronica, glomerulonefrita progresiva rapida etc. Una dintre
cele mai frecvente manifestari este IRA, care poate aparea
fie de novo, fie pe fondul unei boli renale cronice preexis-
tente (BCR). Aproximativ 40% dintre pacientii care se recu-
pereaza dupa IRA au disfunctie renala persistenta si multi
dezvolta BCR [27]. La cei cu BCR preexistentd, infectiile ade-
sea accelereaza rata progresiei si pot duce la stadiul final al
bolii renale.

Coronavirusii suntagenti patogeni care vizeaza, in principal,
tractul respirator uman. Focarele anterioare de coronavirusi,
inclusiv, sindromul respirator acut sever (SARS) si sindromul
respirator din Orientul Mijlociu (MERS), s-au dovedit a fi ex-
trem de periculoase pentru sanatatea publica. Coronavirusii
includ o familie numeroasa de virusi care sunt responsabili
pentru un subset de boli care variaza de la o raceala simpla la
infectii mai severe, inclusiv SARS, MERS si boala cu Coronavi-
rus 2019 (COVID-19). Cel mai recent tip de raspandire la om
este COVID-19 [56]. Sindromul respirator acut sever cu Coro-
navirus 2 (SARS-CoV-2) este cauza COVID-19 [11]. In prezent,
COVID-19 este raspandit la nivel mondial, ceea ce este conside-
rat o pandemie a secolului [18].

Spre deosebire de alti coronavirusi care afecteaza, mai
ales, tractul respirator uman, virusul nou poate afecta di-
verse organe, inclusiv, pulmonii, ficatul, rinichii, intestinul si
celulele imune. Acesta este motivul pentru care pacientii au,
de obicei, multiple disfunctii si, in cele din urma, decedeaza.
Studiile au aratat dezvoltarea insuficientei renale acute in
timpul MERS si SARS, dar SARS este mai putin probabil sa
afecteze celulele epiteliale renale. in schimb, a fost observati
insuficienta renala acuta la multi pacienti cu MERS care in-
fluenteaza severitatea bolii [48].
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based on selected publications using search engines in inter-
national databases.

Results. The SARS-CoV-2 virus, along with other organ
systems, also affects the kidney, causing damage to various
kidney structures through several basic mechanisms. Direct
renal injury, thromboinflammatory mechanism, cytokine
storm as well as hypotension, hypovolemia, sepsis, drug tox-
icity are mechanisms of renal involvement in COVID-19.

Conclusions. In the absence of effective etiotropic treat-
ment, treatment in severe renal impairment is substitutive.
Death rates among people with IRAs are significantly higher.
Prevention is the most recommended method today.

Key words: SARS-CoV-2, COVID-19, renal impairment,
acute renal injury, sepsis.

Introduction

The spectrum of infection induced kidney diseases is di-
verse. Infections manifest in form of several renal clinical
syndromes: acute kidney injury (AKI), acute and chronic glo-
merulonephritis syndrome, nephrotic syndrome, acute ne-
phritic-nephrotic syndrome, acute or chronic tubulo-inter-
stitial nephritis, and rapidly progressive glomerulonephritis
etc. One of the most common presentation is AKI which may
occur either de novo or on the background of pre-existing
chronic kidney disease (CKD). About 40% of patients who
recover from AKI have persistent renal dysfunction and
many develop CKD [27]. In those with pre-existing CKD,
infections often accelerate the rate of progression and may
lead to end stage renal disease.

Coronaviruses are major pathogens that mainly target
the human respiratory tract. The previous outbreaks of coro-
naviruses, including Severe Acute Respiratory Syndrome
(SARS) and Middle East Respiratory Syndrome (MERS),
showed to be highly threatening for public health. Corona-
viruses include a large family of viruses that are responsible
for a subset of diseases varying from the common cold to
more severe infections including SARS, MERS, and Coro-
navirus Disease 2019 (COVID-19). The latest type of them
spreading to humans is COVID-19 [56]. Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) is the cause of
COVID-19 [11]. Nowadays, COVID-19 is spread worldwide,
resulting in the century pandemic [18].

Unlike other coronaviruses that mostly affect the human
respiratory tract, the virus can affect various organs, includ-
ing respiratory tissues, liver, kidneys, intestine, and body’s
immune cells. That is why patients usually have multiple
dysfunctions and finally pass away. Studies showed acute re-
nal failure during MERS and SARS, but SARS is less likely to
affect kidney epithelial cells. In contrast, acute renal failure
was observed in many patients with MERS influencing the
severity of disease [48].
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Material si metode

Pentru a gasi relatia dintre infectia cu COVID-19 si bo-
lile de rinichi, in acest reviu au fost folosite bazele de date
internationale, inclusiv, Web of Science, PubMed, Scopus, Go-
ogle Scholar etc. Cuvintele cheie au fost ,COVID-19”, ,boala
coronavirus”, ,SARS-CoV-2", ,rinichi”, ,functie renald”, ,leziune
renald acutd” si ,insuficientd renald acutd”, sau o combinatie
a acestora in titlu / rezumate. Pentru sensibilitatea cautarii,
dupa examinarea titlurilor, studiile irelevante au fost elimi-

nate, iar studiile ramase au fost evaluate.

Rezultate

Insuficienta renald acuta - complicatie a COVID-19

Insuficienta renala acuta este o complicatie frecventa a
mai multor infectii. In epidemiile SARS-CoV din 2003, inci-
denta IRA a fostin jur de 6% [5]. Nu se cunoaste cu exactitate
incidenta IRA in SARS-CoV-2. Este o diversitate a incidentei
IRA in studiile care au analizat acest subiect. Explicatie pen-
tru aceasta diversitate ar putea fi atribuita neconcordantei
definitiei IRA sau din motivul variabilitatii genetice care ar
merita studii suplimentare [41].

Unele studii au demonstrat o incidenta semnificativa a
IRA, pe cand altele - doar o incidenta limitata. Guan W. si co-
legii au observat in cohorta de pacienti confirmati COVID-19
o incidenta a IRA de 0,5%. in cazurile grave de COVID-19,
aceasta a crescut panala 2,9% [13].

In alte 2 studii de cohorts, incidenta raportati a IRA a fost
semnificativ mai mare. Intr-o cohorti de 193 de pacienti, in-
cidenta medie a fost de 28%, iar in cazurile severe - de 66%
[41]. Intr-un alt studiu de cohortd cu 191 de pacienti, inci-
denta IRA la pacientii care au decedat a fost de 50% [53]. In
studiul efectuat de Hu si colegii, IRA a fost prezentd la 17 pa-
cienti din 323 (5,3%), insd incidenta IRA la pacientii cu CO-
VID-19 in stare critica a ajuns la 38,5%. De asemenea, In acest
studiu, pacientii care au avut IRA (14 din 17) au decedat [15].

In mod interesant, intr-un studiu retrospectiv pe 116
pacienti, s-a observat ca schimbarile functiei renale pe par-
cursul bolii au fost subtile; acest studiu a inclus si 5 pacienti
care urmau tratament prin hemodializa cronica inainte de
infectare, toti au avut forme severe, dar au supravietuit. in
pofida faptului ca s-au depistat schimbari ale functiei renale,
niciun pacient din cohorta nu a indeplinit criteriile definitorii
ale IRA, nici cele 7 cazuri decedate care au fost raportate [43].
Concluzia acestui studiu a fost ca IRA si alte boli renale nu au
o importanta clinica esentiala la pacientii cu COVID-19 [43].

Patogeneza IRA poate fi multifactoriald. Sunt sugerate
urmatoarele mecanisme: efect citopatic direct asupra tesu-
tului renal indicat de extragerea ARN-ului viral din probele
urinare [4]; efectul citopatic al receptorilor ACE2 si clivarea
proteinei Spike in podocite si celulele epiteliale din tubul
proximal [45]. Aceste dovezi experimentale sunt de o im-
portanta esentiald si pot explica proteinuria la pacientii cu
COVID-19. Un studiu experimental a raportat un numar va-
riabil de proteine S clivate, astfel, putem spune ca exista o
expresie scazuta la persoanele din rasa chineza in compara-

Afectarea renald in infectia cu COVID-19

Material and methods

To find the relationship between COVID-19 infection
and kidney diseases, in this review, international databases,
including the Web of Science, PubMed, Scopus, and Google
Scholar. Keywords were COVID-19, coronavirus disease,
SARS-CoV-2, kidney, renal function, acute kidney injury, and
acute renal failure, or a combination of them in title / ab-
stracts. For the sensitivity of the search, after examining the
titles, irrelevant studies were removed, and the remaining
studies were assessed.

Results

AKI - complication of COVID-19

Acute kidney injury is a common complication of several
infections. In the previous SARS-CoV outbreak in 2003, the
incidence of AKI was as low as 6% [5]. There is heterogene-
ity among studies as regard the reported incidence of AKI.
The reason for this heterogeneity may be attributed to in-
consistencies in applying AKI definitions or due to genetic
variability that merits further studies [41].

Some reports have shown that the incidence of AKI is sig-
nificant, while others report that the incidence is marginal.
Guan and colleagues have shown, in their large cohort of
confirmed COVID-19 cases that the prevalence of AKI was as
low as 0.5%. This increased in patients with severe COVID-
19 to 2.9% [13].

In two cohorts the reported incidence of AKI was nota-
bly higher. In a cohort of 193 patients, the overall incidence
of AKI was 28% and the incidence in severe cases was 66%
[41]. In another cohort of 191 patients, the incidence of AKI
in non survivors was 50% [53]. In the study by Hu and col-
leagues, AKI was present in 17 out of all 323 patients (5.3%)
however, the incidence of AKI in patients with critical CO-
VID-19 was 38.5%. also in this cohort most patients who had
AKI (14 out of 17) had unfavorable outcome [15].

Interestingly, one retrospective study of 116 patients
showed that the changes in kidney functions throughout the
disease course were subtle; this study included 5 patients
on maintenance hemodialysis, all of them had severe disease
but survived. In spite the subtle changes in kidney functions,
none of patients in this cohort met the defining criteria of
AK]I, including seven deaths that were reported. This report
concluded that AKI and other kidney diseases are not of par-
amount clinical significance in patients with COVID-19 [43].

The pathogenesis of AKI may be multifactorial. Sug-
gested mechanisms are: direct cytopathic effect on kidney
tissues as denoted by the retrieval of the viral RNA from
urine samples [4], the cytopathic effect of ACE2 receptors
and a cleavage Spike protein in podocytes and proximal
tubular cells [45]. This experimental evidence is of para-
mount importance and can explain proteinuria in patients
with COVID-19. Interestingly, the latter experiment reports
variable expression of cleaved S protein such that there
is low expression in Chinese race as compared to Cauca-
sians. Important pathological evidence was reported by
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tie cu cea caucaziana. O dovada importanta a fost raportata
de Diao si colegii, care au confirmat vizualizarea particulelor
virale a SARS-CoV-2 in celulele renale tubulare la examenul
rinichilor post-mortem [6, 42].

Diferenta de tropism a SARS-CoV si SARS-CoV-2 poate fi
atribuita afinitatii diferite cu receptorii ACE2 din rinichi. Hi-
poxia tisularg, in contextul secretiei masive de citokine, este
un mecanism important nefropatogen. in citeva cazuri, au
fost observate rabdomioliza si cresterea creatinin-kinazei
[13]. Intr-un studiu de cohort3, a fost observat ci IRA apare
ca urmare a leziunii cardiace acute, sugerand ideea ca exista
o relatie temporald intre IRA si leziunea cardiaca si posibila
aparitie a sindromului cardio-renal [53]. Intr-un raport de
caz, a fost descrisa glomeruloscleroza focal segmentala, for-
ma colabanta, la biopsia renala la o pacienta Afro-America-
na, care a fost testata pozitiv cu COVID-19. Pacienta s-a pre-
zentat cu stare confuzionala si deteriorarea rapida a functiei
renale, iar starea s-a Imbunatatit semnificativ dupa initierea
dializei [25].

Impactul COVID-19 este acum mai evident, deoarece s-a
demonstrat ca exista o exprimare excesiva atat a receptori-
lor ACE2, cat si a proteinei de clivare Spike in podocite si ce-
lule tubulare proximale [45].

Rinichii - organ vulnerabil in COVID-19

Sa considera ca rinichii sunt vulnerabili si au un risc po-
tential de a fi afectatti in infectia cu COVID-19 [50]. Studiile
au ardtat ca atat 2019-nCoV, cat si SARS-CoV au acelasi re-
ceptor celular, enzima de conversie a angiotensinei 2 (ACE2)
[14, 54]. In acest fel, expresia ACE2 in diferite organe, tesu-
turi si tipuri de celule ar putea descoperi riscul potential
pentru infectia 2019-nCoV. ACE2 este prezent la om in celu-
lele epiteliale pulmonare, ale intestinului subtire, cordului,
ficatului si rinichilor [26]. In probele de autopsie obtinute de
la pacienti cu SARS, examenul imunohistochimic a evidentiat
virioni SARS-CoV, ARN si antigen in plaman si alte organe,
inclusiv, rinichi [12]. Unul din studiile in vitro [32] a stabilit
ca SARS-CoV cu celule epiteliale tubulare proximale prezinta
o infectie persistenta si productiva, care a fost, partial, core-
lata cu expresia ACE2.

Folosind tehnica state-of-art single cell, Zou et al. [55] a
stratificat organele in cele cu risc ridicat si cele cu risc sca-
zut, In functie de nivelul de expresie al ACE2. in analiza lor,
rinichii ar trebui sa fie enumerati printre organele cu risc
ridicat. Aceste descoperiri indica posibilitatea infectarii ce-
lulelor renale in 2019-nCoV.

Mecanismul patogenetic al implicarii renale este deo-
camdata neclar [7]. Se presupune ca ar rezulta dintr-o com-
binatie de mai multi factori, asa cum a fost demonstrat de
Mubarak si Nasri [29]. Aceste mecanisme ar putea fi, In prin-
cipal, explicate prin:

= starea de deshidratare, ceea ce duce la insuficienta pre-

renala cu necroza tubulara acuta;

= jlterarea tubulara toxicd, indusa de furtuna citokinica

sau rabdomioliza;

= actiune citopatica, indusa de virusul care ataca recep-

torii ACE2 exprimati pe celulele renale;
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Diao and colleagues. The pathology team managed to con-
firm the visualization of the SARS-CoV-2 viral particles in
the renal tubular cells of post mortem kidney biopsies [6, 42].

The difference in kidney tropism between SARS-CoV and
SARS-CoV-2 may be attributed to the affinity to ACE2 recep-
tors in the kidneys. Tissue hypoxia, in the context of massive
cytokine secretion is a key nephropathogenic mechanism.
Rhabdomyolysis and raised creatinine kinase have been ob-
served in few cases [13].

It was also noticed in one cohort, that AKI occurs later
to acute cardiac injury, suggesting a temporal relationship
between cardiac injury and AKI and the possible occurrence
of cardio renal syndrome [53]. In a recent single case report,
collapsing variant of focal segmental glomerulosclerosis
was diagnosed on renal biopsy of African American woman,
which then tested positive to COVID-19. Patient presented
with confusion and rapidly deteriorating kidney functions,
she improved markedly with the initiation of dialysis [25].

COVID 19 is now more evident as it has been shown that
there is over expression of both ACE2 receptors and a cleav-
age Spike protein in podocytes and proximal tubular cells
[45].

The kidney - an vulnerable organ to COVID-19

Studies have shown that both 2019-nCoV and SARS-CoV
shared the same cell entry receptor, angiotensin-converting
enzyme 2 (ACE2) [50]. In this way, ACE2 expression patterns
in different organs, tissues, and cell types could uncover the
potential risk to 2019-nCoV infection. ACE2 is expressed in
humans in the epithelia of the lung, small intestine, heart,
liver, and kidney [26]. In autopsy samples obtained from
patients with SARS, immunohistochemical examination re-
vealed SARS-CoV virions, RNA, and antigen in the lung and
other organs, including the kidney. One in vitro study [32]
established that SARS-CoV with proximal tubular epithelial
cells showed persistent and productive infection, which was
partly correlated with ACE2 expression. Using state-of-art
single cell techniques, Zou et al. [55] stratified organs into
high and low risk according to the expression level of ACE2.
In their analysis, the kidney should be listed as high risk.
These findings indicate the possibility of 2019-nCoV infec-
tion of kidney cells [12].

The pathogenetic mechanism of renal involvement is
still unclear [7]. It is supposed to result from a combination
of several contributing factors, as clearly summarized by
Mubarak and Nasri [29]. These mechanisms could be mainly
related to:

= state of dehydration, leading to pre-renal failure with

acute tubular necrosis;

= toxic tubular damage, induced by cytokine storm or

rhabdomyolysis;

= cytopathic action, induced by the virus that invades

ACE2-expressing kidney cells;
= drug-induced nephrotoxicity.
The autoptic practice could give an important contribu-



* nefrotoxicitatea indusa de medicamente.

Experienta bazata pe autopsii ar putea aduce o contribu-
tie importantd la studierea cu atentie a leziunilor histopa-
tologice asociate cu infectia. Examinarea organelor si tesu-
turilor ar putea clarifica rolul diferitelor toxine patogene in
declansarea leziunilor renale, asa cum s-a intamplat In mai
multe tipuri de glomerulopatii legate de infectii virale, cum
ar fi glomerulopatia din HIV. Utilizarea microscopiei electro-
nice de transmisie si scanare pentru identificarea particule-
lor virale in materialul autoptic a fost raportata in literatura
de specialitate [22]. Aceasta metoda ar putea permite in-
vestigarea problemei daca SARS-CoV-2 prezintd un tropism
pentru celulele renale specifice si daca afectarea renala re-
zulta dintr-un efect citopatic viral direct sau daca este exclu-
siv secundara unei afectari sistemice a bolii.

Detectarea recentd a ARN-lui viral in probele de urina
sustine imperios dovezile de tropism viral pentru tesutul
renal, dar tinta specificd nu este deocamdata cunoscuta.
Studiile ultrastructurale ar putea fi aplicate si pentru exami-
narea altor organe sau tesuturi, cum ar fi sistemul nervos
central. Desi contributia investigatiilor moleculare este un
avantaj incontestabil, nu este mai putin importanta valoarea
microscopiei electronice. Desi analiza moleculara asigura
identificarea rapida a ARN-lui viral, microscopia electronica
ar putea avea avantajul de a furniza date morfologice supli-
mentare privind localizarea virusului in situsurile celulare
si subcelulare. Dovada implicarii celulare si subcelulare spe-
cifice de catre microscopia electronica si tehnologia imuno-
gold ne-ar putea permite sa intelegem mai bine modificarile
specifice ale structurii fine si circuitele biologice, o modali-
tate puternici de a descoperi abordari terapeutice tinta. In-
trebarile referitoare la mecanismele patogenetice care stau
la baza COVID-19 depasesc raspunsurile de pana acum. in
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tion to carefully study the histopathological lesions associ-
ated with the infection. The examination of organs and tis-
sues could clarify the role of the various pathogenic noxae
in triggering kidney damage, as happened in several kinds of
glomerulopathies related to viral infections, such as collaps-
ing glomerulopathy during HIV. The use of transmission and
scanning electron microscopy for the identification of viral
particles in autoptic specimens has been reported in the lit-
erature [22]. It could allow us to investigate if SARS-CoV-2
shows a tropism for a specific renal cell and to explore if the
kidney damage results from a direct viral cytopathic effect
or if it is exclusively secondary to a systemic involvement of
the disease.

The recent detection of the viral RNA in urine samples
strongly supports the evidence of viral tropism in renal tis-
sue but the specific target s still unknown. The ultrastructur-
al studies could be also applied for the examination of other
organs or tissues, such as the CNS. While the contribution
of molecular investigations is of undeniable advantage, not
less important is the value of EM. Although molecular anal-
ysis provides fast identification of the viral RNA, EM could
have the advantage to provide additional morphological
data concerning the virus localization in cellular and subcel-
lular sites. The evidence of specific cellular and subcellular
involvement by EM and immunogold could allow us to bet-
ter understand specific fine structure changes and biologic
circuits, a powerful way to discover target therapeutic ap-
proaches. The questions regarding the pathogenetic mech-
anisms underlying COVID-19 exceed the answers so far. In
this complex scenario, pathologists could give an important
contribution in unravelling this enigmatic and unpredictable
disease, thus supporting an evidence-based practice.
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Fig. 1 Abordari terapeutice potentiale pentru COVID-19 mediat de ACE2 in urma infectiei SARS-CoV-2 [51].
Fig. 1 Potential therapeutic approaches for ACE2-mediated COVID-19 following SARS-CoV-2 infection [51].
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acest scenariu complex, nefropatologii ar putea aduce o con-
tributie importanta la dezvaluirea acestei boli enigmatice si
imprevizibile, sustinand, astfel, o practica bazata pe dovezi.

Tratamentul

Tratamentul actual al COVID-19 cu IRA include manage-
mentul general si cel de sustinere, la fel - terapia de substi-
tutie renala. Terapia de sustinere si, anume, repausul la pat,
suportul nutritional si fluidic, mentinerea tensiunii arteriale
si oxigenarea sunt masuri importante, ca si pentru toti paci-
entii bolnavi critici. Alte masuri includ prevenirea si trata-
rea complicatiilor, prin furnizarea de suport pentru organe
afectate, mentinerea stabilitatii hemodinamice si preveni-
rea infectiilor secundare. Primordial este considerata era-
dicarea cat mai precoce a virusului prin indicarea terapie
antivirale care, actualmente intens se cerceteaza, folosirea
plasmei convalescentilor. Sunt dovezi si despre eficacitatea
cloroquinei/hidroxiclorochinei [15, 52], a inhibitorilor IL-6.
Anticorpul monoclonal indreptat impotriva domeniului RBD
(de legare a receptorului) al proteinei S ai MERS-CoV s-a do-
vedit cd are activitate de neutralizare in testele pe placa in
vitro [34].

Metode extracorporale

Terapia de substitutie renala continua (SRC) a fost folosi-
ta cu success 1n tratamentul infectiilor SARS, MERS si sepsis
[1, 5]. Hemofiltrarea cu volum mare de 6 1/ora a eliminat ci-
tokinele proinflamatorii (IL-6) si a imbunatatit Scorul sec-
vential de evaluare a esecului de organ (SOFA) la ziua a 7-ea
la pacientii cu sepsis [9]. Totusi, trebuie evaluat rolul poten-
tial al tehnicilor de terapie extracorporala [36].

Mecanismele potentiale de implicare renala la acesti pa-
cienti pot fi Impartite stiintific In trei aspecte: deteriorarea
indusa de citokine, implicarea Incrucisata a organelor si
efectele sistemice. Aceste mecanisme sunt profund interco-
nectate si au implicatii importante pentru terapia extracor-
porala (Tabelul 1).

Influenta citokinelor

Sindromul de eliberare a citokinelor (SEC), denumit si
Jfurtuna citokinelor”, poate aparea in diverse afectiuni, in-
clusiv sepsis, sindrom hemofagocitar si in terapia celulara cu
antigenul himeric al receptorul T limfocitar (CAR) [31]. Apa-
ritia SEC In COVID-19 a fost documentata de la primele ra-
portari ale acestei boli [16, 44]. La pacientii cu SEC, IRA poa-
te aparea ca urmare a inflamatiei intrarenale, permeabilita-
tii vasculare crescute, depletiei volemice si cardiomiopatiei,
care poate duce la sindrom cardiorenal de tip 1. Sindromul
include leziuni endoteliale sistemice, care se manifesta clinic
prin efuziuni pleurale, edem, hipertensiune intraabdomina-
13, pierdere lichidiang, reducerea lichidului intravascular si
hipotensiune arteriala.

IL-6 este considerata a fi cea mai importanta citokina
care ar cauza SEC. In randul pacientilor cu COVID-19, con-
centratia plasmatica a IL-6 este crescuta la cei cu sindromul
de detresa respiratorie acuta [44]. Oxigenarea membranara
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Treatment

The current treatment of COVID-19 with AKI includes
general and supportive management and kidney replace-
ment therapy. Supportive care, namely bed rest, nutritional
and fluid support, and maintenance of blood pressure and
oxygenation are important measures, as for all critically ill
patients. Other measures include prevention and treatment
of complications by providing organ support, maintaining
hemodynamic stability, and preventing secondary infection.
Primarily it is considered the eradication of the virus as ear-
ly as possible by indicating antiviral therapy, which is cur-
rently being intensively researched, the use of convalescent
plasma; here is also evidence of the efficacy of chloroquine
/ hydroxychloroquine [15, 52], IL-6 inhibitors. The mono-
clonal antibody directed against the RBD (receptor binding)
domain of the MERS-CoV protein S has been shown to have
neutralizing activity in in vitro plaque assays [34].

Extracorporeal therapies

Continuous renal replacement therapy (CRS) has been
used successfully in the treatment of SARS, MERS and sepsis
infections [1, 5]. High volume hemofiltration of 6 1/h elimi-
nated proinflammatory cytokines (IL-6) and improved the
Sequential Organ Failure Assessment Score (SOFA) on day 7
in patients with sepsis [9]. However, the potential role of ex-
tracorporeal therapy techniques needs to be assessed [36].

The potential mechanisms of kidney involvement in
these patients can be didactically divided into three aspects:
cytokine damage, organ crosstalk and systemic effects.
These mechanisms are profoundly interconnected and have
important implications for extracorporeal therapy (Table 1).

Cytokine damage

Cytokine release syndrome (CRS), also termed “cytokine
storm”, can occur in various conditions including sepsis,
haemophagocytic syndrome and chimeric antigen recep-
tor (CAR) T cell therapy [31]. The occurrence of CRS in CO-
VID-19 has been documented since the first reports of this
disease [16, 44]. In patients with CRS, AKI might occur as
a result of intrarenal inflammation, increased vascular per-
meability, volume depletion and cardiomyopathy, which can
lead to cardiorenal syndrome type 1. The syndrome includes
systemic endothelial injury, which manifests clinically as
pleural effusions, oedema, intra-abdominal hypertension,
third-space fluid loss, intravascular fluid depletion and hy-
potension.

Pro-inflammatory IL-6 is considered to be the most im-
portant causative cytokine in CRS. Among patients with
COVID-19, the plasma concentration of IL-6 is increased in
those with ARDS [44]. Extracorporeal membrane oxygen-
ation (ECMO), invasive mechanical ventilation and continu-
ous kidney replacement therapy (CKRT) can also contribute
to cytokine generation. Tocilizumab - the anti-IL-6 monoclo-
nal antibody is widely used to treat SEC in patients who have
undergone CAR therapy associated with old age, increased



extracorporala (ECMO), ventilatia mecanica invaziva si tera-
pia continua de substitutie renala pot contribui, de aseme-
nea, la generarea citokinelor. Tocilizumab - anticorpul mo-
noclonal anti-IL-6 este utilizat pe scara larga pentru tratarea
SEC la pacientii care au fost supusi terapiei CAR asociate cu
varsta inaintatd, indicele crescut de masa corporald, diabet
zaharat, antecedente de insuficienta cardiaca, hipertensiune
pulmonara si o dezvoltare rapida a insuficientei secventiale
a organelor [33].

Producerea excesiva de citokine este implicata in dezvol-
tarea leziunilor bidirectionale pulmonare si renale. Epiteliul
tubular renal lezat promoveaza reglarea IL-6, iar In studi-
ile la om si animale, cresterea concentratiei serice de IL-6
in IRA a fost asociata cu permeabilitate alveolara-capilara
crescutd si hemoragie pulmonara [19]. Mecanismul direct
al leziunii prin IL-6 asupra celulelor epiteliale si endoteliale
pulmonare ramane de explorat in continuare [19]. Un studiu
retrospectiv, efectuat pe 201 pacienti cu pneumonie confir-
mata cu COVID-19 in China, a aratat ca 41,8% au dezvoltat
sindromul de detresa respiratorie acuta (SDRA) [44]. Varsta
inaintatd, hipertensiunea arteriala si diabetul au fost asoci-
ate cu dezvoltarea SDRA. Desi concentratia serica mai mare
de IL-6 nu a fost un factor de risc pentru dezvoltarea SDRA,
totusi, el a fost un factor de risc pentru deces la pacientii
care au dezvoltat SDRA. Intr-o altd cohorti de 41 de pacienti
cu pneumonie confirmata cu COVID-19, prevalenta SDRA a
fost de 27%, iar cea a IRA a fost de 7% [17]. Concentratia
de IL-6 a fost similara Intre pacientii care au fost internati
la Terapie Intensiva (39%) si cei care nu au primit ingrijire
la Terapie Intensivd, in timp ce concentratia plasmatica a IL-
10 a fost mai mare la pacientii care au fost internati la Tera-
pie Intensiva. O concentratie excesiv de mare de mediatori
antiinflamatori ar putea fi ddunatoare, deoarece ar putea
predispune pacientul la o stare de imunosupresie relativa.
In mod evident, existi o diferentd uriasa in prevalenta IRA
la pacientii cu SDRA secundara pneumoniei cu COVID-19
(4,5%), comparativ cu SDRA din cauza pneumoniei cu alte
cauze (68%) [33]. Motivele pentru aceastd diferenta inca
mai trebuie sa fie elucidate. Interdependenta inima-rinichi
ar putea contribui, de asemenea, la IRA la pacientii cu CO-
VID-19. De exemplu, cardiomiopatie CRS si miocardita virala
acuta poate contribui atat la congestie renala, hipotensiune
arteriala si hipoperfuzie renald, ceea ce duce la o reducere a
ratei de filtrare glomerulara. ECMO ofera sprijin atat pentru
inim3, cat si pentru plamani si poate fi utilizat impreuna cu
SRC. Este recomandabil sa se conecteze circuitul SRC direct
la aparatul ECMO.

Efecte sistemice

Retentia fluidelor poate duce la un dezechilibru al lichi-
delor la pacientii cu soc. O astfel de expansiune are un efect
negativ in SDRA, deoarece creste fluxul alveolar-capilar si in
IRA, deoarece agraveaza congestia venei renale. Se presupu-
ne ca apare o situatie similara la pacientii cu COVID-19; cu
toate acestea, starea echilibrului hidroelectrolitic nu a fost
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body mass index, diabetes, a history of heart failure, pulmo-
nary hypertension and rapid development of sequential or-
gan failure [33].

Cytokine overproduction is involved in lung-kidney bi-
directional damage. Injured renal tubular epithelium pro-
motes the upregulation of IL-6, and in human and animal
studies increased IL-6 serum concentration in AKI was as-
sociated with higher alveolar-capillary permeability and
pulmonary haemorrhage [19]. The direct mechanism of IL-6
injury to lung epithelial and endothelial cells remains to be
further explored [19]. A retrospective study of 201 patients
with confirmed COVID-19 pneumonia in China showed that
41.8% developed ARDS and 4.5% developed AKI [44]. Older
age, hypertension and diabetes were associated with ARDS
development. Although higher serum concentration of IL-6
was not a risk factor for the development of ARDS, it was a
risk factor for death in patients who developed ARDS. In an-
other cohort of 41 patients with confirmed COVID-19 pneu-
monia, the prevalence of ARDS was 27% and that of AKI was
7% [17]. IL-6 concentration was similar between patients
who were admitted to the ICU (39%) and those who did not
receive ICU care, whereas the plasma concentration of the
anti-inflammatory cytokine IL-10 was higher in patients who
were admitted to the ICU. An excessively high concentration
of anti-inflammatory mediators might be harmful as it could
predispose the patient to a state of relative immunosuppres-
sion. Clearly, a huge difference exists in the prevalence of AKI
in patients with ARDS secondary to COVID-19 pneumonia
(4.5%) compared with ARDS due to pneumonia with other
causes (68%) [33]. The reasons for this difference are yet to
be elucidated. Heart-kidney crosstalk could also contribute
to AKI in patients with COVID-19. For example, CRS cardio-
myopathy and acute viral myocarditis can both contribute to
renal vein congestion, hypotension and renal hypoperfusion,
leading to a reduction in glomerular filtration rate. ECMO pro-
vides support to both the heart and the lungs and can be used
in conjunction with CKRT. It is advisable to connect the CKRT
circuit directly to the ECMO device.

Systemic effects

Fluid retention may lead to positive fluid balance in pa-
tients with shock. Such expansion has a detrimental effect
in ARDS, as it increases alveolar-capillary leakage, and in
AK]I, as it worsens renal vein congestion, leading to renal
compartment syndrome. We speculate that a similar clini-
cal picture occurs in patients with COVID-19; however, fluid
balance status was not reported in the recent publications.
Rhabdomyolysis, metabolic acidosis and hyperkalemia can
also occur in patients with COVID-19 and are almost always
associated with haemodynamic instability. There are en-
courages the use of CKRT in these patients [31], preferen-
tially with MCO or T cell therapy and is now also being used
empirically in patients with severe COVID-19.

Extracorporeal therapies have also been proposed as ap-
proaches to remove cytokines in patients with sepsis [10]
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raportatd in publicatiile recente. Rabdomioliza, acidoza me-
tabolica si hiperkaliemia pot aparea, de asemenea, la paci-
entii cu COVID-19 si sunt aproape Intotdeauna asociate cu
instabilitatea hemodinamica. Utilizarea SRC la pacientii cu
COVID-19 sever este, deocamdata, empirica [31].

Au fost propuse terapii extracorporeale ca abordari pen-
tru eliminarea citokinelor la pacientii cu sepsis [10] si ar pu-
tea fi benefice la pacientii cu boala critica cu COVID-19 [37].
Ratiunea utilizarii acestor terapii este indepartarea citoki-
nelor, ce ar putea preveni deteriorarea organelor induse de
SEC. Patru abordari diferite pot fi utilizate pentru indeparta-
rea citokinelor: hemoperfuzia directa cu ajutorul unui sor-
bent neutro-macroporos; adsorbtia plasmatica pe o rasina
dupa separarea plasmei de sangele integral; SRC cu filtre de
fibre tubulare cu proprietati adsorbtive; SRC cu membrane
cu cut-off mediu (MCO) sau cu cut-off inalta (HCO).

Indepirtarea citokinelor se efectueazi, in principal, cu
ajutorul unui sorbent neutro-macroporos. Hemoperfuzia
trebuie utilizata timp de =2ore in 3 zile consecutive. Anti-
coagulare cu heparind sau citrat ar trebui sa fie utilizata in
timpul procedurii, impreuna cu fluxul de sange >120 ml/
min pentru a preveni coagularea precoce a circuitului. Capa-
citatea adsorbtiva a cartusului este, de obicei, epuizata dupa
4 ore si se incheie terapia. Filtre SRC cu membrane speciale
(acrilonitril si sulfonat de sodiu plus polietilendiamina sau
polimetilmetacrilat) de asemenea, adsorb citokinele. Aceste
filtre ar trebui sa fie schimbate la fiecare 24 de ore din cauza
saturatiei suprafetelor adsorbtive.

Interrelatia organelor interne

Descoperirile recente au confirmat relatia stransa dintre
leziunile alveolare si tubulare - axa pulmonaro-renala - in
SDRA [33].1n 2019, un studiu retrospectiv, care a inclus 357
de pacienti cu SRDA si care nu au avut boala renala cronica
sau IRA Tnainte de prezentarea SRDA, a raportat ca pneumo-
nia a fost cauza SRDA la 83% dintre pacienti, iar 68% din-
tre pacienti au dezvoltat IRA [33]. Stadiul 3 al IRA a aparut
la aproape jumatate dintre pacientii cu insuficienta renala.
Varsta naintat3, severitatea mai mare a bolii, diabetul zaha-
rat si echilibrul pozitiv al lichidelor au fost asociate indepen-
dent cu dezvoltarea IRA. in plus, severitatea IRA a corelat cu
membranele HCO. De notat, in comparatie cu membranele
HCO (high cut-off), membranele MCO (medium cut-off) au
densitate mai mare a porilor, cu uniformitate mai importan-
td in distributia dimensiunii porilor in intervalul care permi-
te indepartarea eficienta si selectiva a moleculelor mijlocii,
cum ar fi mioglobina (17 kDa), IL-6 (21 kDa) si IL-10 (18
kDa). Important, caracteristicile intrinseci, cum ar fi confi-
guratia tridimensionala, hidrofilitatea, legarea proteinelor si
sarcina electrica sunt la fel de importante ca dimensiunea
porilor in determinarea clearance-ului cu minimizarea pier-
derii albuminei.

Infectiile suprapuse pot aparea la pacienti In timpul unei
periode lungi de tratament in terapia intensiva. Astfel, atunci
cand lipopolizaharida exprimata in membrana bacteriilor
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and could potentially be beneficial in critically ill patients
with COVID-19 [37]. The rationale for use of these therapies
is that cytokine removal could prevent CRS-induced organ
damage. Four different approaches can be used for cytokine
removal: direct haemoperfusion using a neutro-macropo-
rous sorbent; plasma adsorption on a resin after plasma
separation from whole blood; CKRT with hollow fibre filters
with adsorptive properties; and high-dose CKRT with me-
dium cut-off (MCO) or high cut-off (HCO) membranes.

Cytokine removal is mainly carried out using a neutro-
macroporous sorbent. Haemoperfusion should be used for 22
hours on 3 consecutive days. Anticoagulation with heparin or
citrate should be used during the procedure along with blood
flow >120 ml/min to prevent premature clotting of the circuit.
The adsorptive capacity of the cartridge is usually exhausted
after 4 hours and the therapy is concluded. CKRT filters with
special membranes (acrylonitrile and sodium methallyl sulfo-
nate plus polyethyleneimine or olymethylmethacrylate) also
adsorb cytokines. These filters should be changed every 24
hours owing to the saturation of the adsorptive sites.

Organ crosstalk

Recent findings confirmed the close relationship be-
tween alveolar and tubular damage - the lung-kidney axis
- in ARDS [33]. In 2019, a retrospective study that includ-
ed 357 patients with ARDS who did not have chronic kid-
ney disease or AKI before ARDS presentation reported that
pneumonia was the cause of ARDS in 83% of patients, and
68% of patients developed AKI [33]. Stage 3 AKI occurred
in almost half of the patients with kidney injury. Older age,
greater severity of illness, diabetes mellitus and positive flu-
id balance were independently associated with AKI develop-
ment. In addition, the severity of AKI was HCO membranes.
Of note, compared with HCO membranes, MCO membranes
have higher pore density and more uniformity in pore size
distribution in the range that enables effective and selective
removal of middle molecules such as myoglobin (17 kDa),
IL-6 (21 kDa) and IL-10 (18 kDa). Importantly, intrinsic
characteristics such as tridimensional configuration, hydro-
philicity, protein binding and electrical charge are equally as
important as pore size in determining the clearance of sol-
utes while minimizing albumin loss.

Superimposed infections can occur in patients during a
long ICU stay. When metabolized by enzymes in the blood,
lipopolysaccharide expressed in the membrane of Gram-
negative bacteria becomes endotoxin, which can cause sep-
tic shock. In the Chinese cohort of 1,099 patients mentioned
above, septic shock was present in 11 of 173 (6.4%) patients
with severe COVID-19 [46].

It is supposed that septic AKI may occur in such patients
and act synergistically with other mechanisms of kidney
damage. Haemoperfusion should be used for 2 hours a day
for 2 subsequent days. The recommendation for use of anti-
coagulation during cytokine adsorption also applies to en-
dotoxin adsorption and we suggest a blood flow of around



gram-negative este metabolizata de enzime in sange, ea de-
vine endotoxini, care poate provoca soc septic. In cohorta
chineza de 1099 de pacienti, socul septic a fost prezentla 11
din 173 (6,4%) pacienti cu COVID-19 sever [46].

Se presupune ca IRA septica poate aparea la astfel de pa-
cienti si sa actioneze sinergic cu alte mecanisme de afectare
a rinichilor. Hemoperfuzia trebuie utilizata timp de 2 ore pe
zi timp de 2 zile consecutive. Recomandarea de utilizare a
anticoagulantelor in timpul adsorbtiei citokinelor se aplica,
de asemenea, adsorbtiei endotoxinelor si se recomanda un
flux sanguin de aproximativ 100-120 ml/min. Filtrele SRC
cu acrilonitril si sodium metalil sulfonate plus polietilendia-
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100-120 ml/min. CKRT filters with acrylonitrile and sodium
methallylsulfonate plus polyethyleneimine also have ad-
sorptive capacity for endotoxins. Daily changes of all CKRT
filters are recommended irrespective of their composition
[23].

A number of studies have analyzed patients’ comorbidi-
ties. The prevalence of CKD was variable across studies rang-
ing from 0.7 to 6.5% [52]. Only in one cohort of 710 patients,
it was reported that 40% of patients had CKD in the form
of deranged kidney function, hematuria or proteinuria [4].
Most studies that used regression analysis to predict poor
outcome have not identified chronic kidney disease as an

Tabelul 1. Mecanisme potentiale de afectare a rinichilor si strategii de tratament in COVID-19.
Table 1. Chronic kidney disease as a predisposing comorbidity in the event of COVID-19

Cai Mecanism de afectare renala
Pathway Mechanism of kidney damage

Strategia de tratament sugerata
Suggested treatment strategy

Leziune mediata citokinic // Cytokine damage

Sindromul de eliberare de citokine

Cytokine release syndrome

Generare crescuta de citokine datorita ECMO,

ventilatiei mecanice invazive si/sau SRC Leziuni directe prin citokine
Increased cytokine generation owing to ECMO, Direct cytokine lesion
invasive mechanical ventilation and/or CKRT.

Sindromul hemafagocitar

Haemophagocytic syndrome

Interrelatia organelor interne // Organ crosstalk

Cardiomiopatie si/sau miocardita virala
Cardiomiopathy and/or viral myocarditis

Sindromul cardiorenal tip 1
Cardiorenal syndrome type 1

Distrugere alveolara
Alveolar damage

Hipoxie medulara renala
Renal medullary hypoxia

Presiunea ridicatd in cdile respiratorii si hiper-

tensiunea intraabdominala Sindrom de compartiment renal
High peak airway pressure and intra-abdominal Renal compartment syndrome
hypertension

Toxicitate tubulara
Tubular toxicity

Rabdomioliza
Rhabdomyolisis

Efecte sistemice // Systemic effects

Bilant pozitiv al fluidelor
Positive fluid balance

Sindrom de compartiment renal
Renal compartment syndrome

Leziuni endoteliale, pierderea de lichid in

spatiul al treilea si hipotensiune arteriala Hipoperfuzie renala

Endothelial damage, third-space fluid loss and Renal hypoperfusion
hypotension

Rabdomioliza Toxicitate tubulara
Rhabdomyolysis Tubular toxicity
Endotoxine IRA septica
Endotoxins Septic AKI

Indepartarea citokinelor utilizind diverse abordiri: hemoperfuzie directi cu
sorbent neutro-macroporos; adsorbtia plasmatica pe rasina dupa separarea de
sangele integral; SRC cu filtre de fibre tubulare cu proprietati adsorbtive; SRC
cu membrane MCO sau HCO.

Cytokine removal using various approaches: direct heamoperfusion using
a neutro-macroporous sorbent; plasma adsorption on resin after separa-
tion from whole blood; CKRT hollow fibre filters with adsorbtive proper-
ties; high-dose CKRT with MCO or HCO membranes.

LVAD, ECMO arterio-venos
LVAD, arteriovenous ECMO

ECMO venovenos
Venovenous ECMO

ECMO venovenos, indepartare extracorporald de CO,, SRC
Venovenous ECMO, extracorporeal co, removal, CKRT

SRC utilizand o membrand HCO sau MCO
CKRT using a HCO or MCO membrane

Ultrafiltrare continua si diuretice
Continuous ultrafiltration and diuretics

Vasopresoare si repletie volemica
Vasopressors and fluid expansion

SRC utilizand o membrana HCO sau MCO
CKRT using a HCO or MCO membrane

indepartarea endotoxinei folosind fibre de polisteren functionalizate cu
polimixina-B
Endotoxin removal using polysterene fibres functionalized with polymixin-B

Nota: IRA - insuficientd renald acutd; SRC - terapie de substitutie renala continua; ECMO - oxigenara transmembranard extracorporald; HCO - membrana cu cut-
off Tnalt; LVAD - dispozitiv de asistenta a ventricolului stang; MCO - membrana cu cut-off mediu.

Note: AKI - acute kidney injury; CKRT - continuous kidney replacement therapy; ECMO - extracorporeal membrane oxygenation; HCO - high cut-off; LVAD - left ven-

tricular assist device; MCO - medium cut-off.
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mind au, de asemenea, capacitatea adsorbtiva pentru endo-
toxind. Se recomanda schimbul zilnic al tuturor filtrelor SRC,
indiferent de compozitia lor [23].

O serie de studii au analizat comorbiditatile pacientilor.
Prevalenta bolii cronice renale (BCR) a fost variabila, fiind
cuprinsa intre 0,7 si 6,5% [52]. Doar intr-una din cohorte,
cea de 710 pacienti, s-a raportat ca 40% dintre ei aveau BCR
sub forma de functie renald dereglatd, hematurie sau pro-
teinurie [4]. Mai multe studii care au utilizat analiza de re-
gresie pentru prezicerea unui efect nefavorabil, nu au iden-
tificat ca boala renala cronica sa fie un factor important de
prognostic [13]. Lipsa mentiondrii BRC printre factorii pro-
gnostici ai SARS-CoV-2, denota faptul ca pacientii cu BCR nu
prezinta un risc mai mare de infectie cu SARS-CoV-2 [52].

Dar totusi, e cunoscut faptul ca pacientii cu boala croni-
ca renala in stadiu final, aflati la hemodializa, au rezistenta
imuna mai slaba fata de diverse tipuri de infectii. Impactul
infectiei cu COVID-19 asupra pacientilor hemodializati me-
rita investigatii suplimentare. Un studiu a analizat datele a
230 pacienti in Wuhan. Caracteristicile clinice ale pacientilor
dializati, asa cum au fost raportate In aceastd cohorta, au fost
de o expresie moderate. Au fost 7 decese printre pacientii
dializati In timpul declansarii focarului de infectie, cu toate
acestea, cauzele de deces nu au fost atribuite COVID-19 [30].

Mortalitatea specifica renala cauzatda de COVID-19

Principalele cauze ale mortalitatii la pacientii infectati cu
COVID-19 sunt sepsisul si sindromul de detresa respiratorie
acuti. Acest fapt a fost observat in mai multe cohorte. Intr-
un studiu prospectiv amplu, s-a demonstrat ca dezvoltarea
IRA la pacientii infectati cu COVID-19 a fost asociata cu o
mortalitate de 4 ori mai mare [4].

In alte rapoarte, cauzele renale specifice nu au fost cele
mai comune sau de planul doi dupa frecventa a mortalita-
tii de COVID-19. Intr-un studiu retrospectiv pe 101 pacienti
cu COVID-19 care nu au supravietuit, incidenta IRA a fost de
23%; nu a existat diferenta semnificativa intre pacientii care
au murit in decurs de 3 zile si pacientii care au murit ulterior
in ceea ce priveste incidenta IRA (25% vs 21%, p = 0,611).1n
aceasta cohorta, IRA a fost a 3-a principala cauza de deces,
dupa cele respiratorii si cardiovasculare.

intr-un singur studiu centralizat in China, boala cronica
a rinichilor a fost prezenta la 7 din 323 de pacienti (2%).
Cresterea de BUN >88 mmol/l a fost asociata cu cresterea de
2 ori a riscului pentru un rezultat clinic mai rezervat. Nivelul
creatininei serice initiale mai mic de 88 mmol/l s-a asociat
cu reducerea consecintelor nefavorabile cu 63%. In alt ra-
port, din 82 de pacienti cu COVID-19 confirmat si care nu au
supravietuit, procentul de IRA a fost de 31% [49].

Prevenirea si atenuarea COVID-19 la pacientii dializati
Pana la momentul redactdrii acestei lucrdri, nu exista
niciun consens si nicio aprobare formald a vreunei medica-
tii pentru COVID-19 la pacientii dializati. Acest fapt impu-
ne utilizarea exhaustiva a tuturor masurilor de prevenire a
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important prognostic factor [13]. The lack of stratification
of CKD among the prognostic factors of SARS-CoV, denotes
that patients with CKD are not particularly at a higher risk of
SARS-CoV-2 infection [52].

However, patients with end stage renal disease on he-
modialysis have a lower immunity status to various types
of infections. The impact of COVID-19 infection on haemodi-
alysis patients merits further investigations. The only study
involved 230 in Wuhan. During COVID-19 outbreak, 37
patients and 4 health care providers became infected. The
clinical features of haemodialysis patients as reported in this
cohort were mild. 7 deaths occurred among dialysis patients
during the outbreak; however causes of death were not at-
tributed to COVID-19 [30].

Renal specific mortality due to COVID-19

The leading causes of mortality in COVID-19 infected pa-
tients are sepsis and ARDS. This has been observed in sev-
eral cohorts. In a large prospective study, it was shown that
the development of AKI in patients infected with COVID-19,
was associated with four fold increase in the mortality [4].

In other reports, renal specific causes were not the most
common or the second most common of mortality of COVID-
19. In a retrospective study of 101 non surviving COVID-19
patients, the incidence of AKI was 23%, there was no signifi-
cant difference between patients who died within 3 days and
patients who died later as regards AKI incidence (25% vs
21%, p = 0.611). In this cohort AKI was the 3 leading cause
of death after respiratory and cardiovascular causes.

In a single centered study in China, chronic kidney dis-
ease was present in 7 out of 323 patients (2%), 4 patients
and 3 had non severe disease. The elevation of of BUN >88
mmol/L was associated with 2 fold increase in the chance
of poor clinical outcome. Baseline serum creatinine of less
than 88 mmol/L was associated with 63% reduction in the
development of poor outcome. In another report of 82 non
surviving patients with confirmed COVID-19, the AKI per-
centage was 31% [49].

Prevention and mitigation of COVID-19 among dialy-
sis patients

Up till the time of writing of this paper, there is no con-
sensus and formal approval of any medication for COVID-19.
This fact mandates exhausting all measures to prevent the
transmission of infection. In this respect, the centers for dis-
ease control and prevention (CDC) have issued an interim
guideline for hemodialysis centers. The guideline emphasiz-
es the importance of early recognition and isolation of cases
while attending their scheduled sessions [24]. This mandate
treating confirmed cases of COVID-19 hemodialysis in desig-
nated rooms with droplet infection prevention precautions;
patients with confirmed of suspected COVID 19 should be
separated by 6 feet distance (1,80 meters).

The instructions for hemodialysis patients should be
centralized around reporting any new symptoms of fever,



transmiterii infectiei. In acest sens, Centrele pentru contro-
lul si prevenirea bolilor (CDC) au emis un ghid provizoriu
pentru centrele de hemodializa. Ghidul subliniaza importan-
ta recunoasterii timpurii si izolarea cazurilor [24]. Acesta
mandateaza tratarea cazurilor confirmate de COVID-19 cu
hemodializa in camere desemnate, cu masuri de prevenire a
infectiilor cu raspandire prin picaturi; pacientii cu COVID-19
confirmat sau suspectat trebuie separati printr-o distanta de
6 picioare (1,80 metri).

Instructiunile pentru pacientii aflati la hemodializa ar
trebui sa fie centralizate in jurul semnaldrii oricaror noi
simptome de febra, tuse. Pacientii trebuie sa fie instruiti cu
privire la utilizarea corectd a mastilor de fata si utilizarea
servetelelor n timpul stranutului sau tusei pentru preveni-
rea raspandirii infectiei [2].

Este de anticipat o presiune extraordinara asupra unita-
tilor de hemodializa. In paralel, existd o serie de sugestii de
corespundere a resurselor. Aceste sugestii practice vizeaza
reducerea suprasolicitarii asupra unitatilor de hemodializa.
Una dintre sugestiile posibile este schimbarea formei regi-
mului de dializa de trei ori pe sdaptdmana la doua ori pe sap-
tamana.

Concluzii

Evolutiile medicamentelor au permis vindecarea multor
boli si maladii induse de infectii. Anti-microbienele si vacci-
narile au protejat fiintele umane de multe boli transmisibile.
in mod clasic, BCR nu este considerati o maladie transmisi-
bila [39], diabetul si hipertensiunea arteriala fiind etiologiile
cele mai comune. Bolile cronice glomerulare si interstitiale
sunt si in continuare printre principalele cauze, in particular,
in regiunile In curs de dezvoltare si cele subdezvoltate ale
lumii [20].

Infectiile prin diferite mecanisme provoaca un sir de boli
renale, care variaza de la IRA, glomerulonefrita acuta si cro-
nic3, nefrite interstitiale, pielonefrita si uropatii, de multe ori
obstructive. Asocierea dintre diversi agenti infectiosi a fost
constatata In numeroase sindroame renale, inclusiv, BRC de
etiologie necunoscuta, raportata in diverse parti ale lumii.

Multi pacienti cu IRA progreseaza spre BRC, adic3, de la
anomalii urinare asimptomatice - proteinurie, hematurie,
acidificare urinara si defecte de concentrare pana la faza ter-
minald a BCR, care necesita dializa sau transplant renal [7,
54].

In anumite parti ale lumii, unde infectiile riman frec-
vente in randul populatiei, contributia directa si indirecta a
infectiilor la dezvoltarea si progresia disfunctiei renale nu
poate fi subestimata. Controlul infectiilor In multe parti ale
lumii este limitat din cauza saraciei, comportamentului soci-
al, densitatii mari a populatiei, defrisarii, accesului inadecvat
la apa potabila sigura si a unui serviciu medical precar [21].
Reactivarea unor diverse infectii si aparitia noilor microor-
ganisme este o tendinta mai recenta In lumea dezvoltata,
conducand la provocari diagnostice si rezultate incerte [28].

Penuria datelor nu permit o evaluare exacta a impactului
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cough. Patients should be instructed on the proper use of
face masks and using tissues when sneezing or coughing to
prevent spread of infections [2].

There is an anticipated extraordinary strain on hemodi-
alysis facilities. In parallel, there are a number of suggestions
to match the resources. These practical suggestions aim at
reduction of the strain on hemodialysis units. One of the
possible suggestions is changing the dialysis regimen form
three times weekly to twice weekly.

Conclusions

Evolutions in medicines led to cure of many diseases and
infection related diseases are one of them. Anti-microbials
and vaccinations prevented human beings from many com-
municable diseases. Classically, CKD is considered a non-
communicable disease [39], and diabetes and hypertension
are common etiologies. Chronic glomerular and interstitial
diseases are still amongst the leading causes especially in
developing and underdeveloped parts of the world [20].

Infections by various mechanisms cause spectrum of
renal disease ranging from AKI, acute and chronic GN, in-
terstitial nephritis, pyelonephritis and many times obstruc-
tive uropathies. Association of various infectious agents has
been implicated in many renal syndromes including CKD of
unknown etiology (CKDu) reported from various parts of
the world.

Many patients with AKI progress to CKD i.e., form asymp-
tomatic urinary abnormalities i.e., proteinuria, hematuria,
urinary acidification and concentration defects to ESRD re-
quiring dialysis or renal transplantation [7, 54].

In parts of the world where infections remain common
in the population, the direct and indirect contribution of in-
fections on development and progression of renal dysfunc-
tion cannot be underestimated. Infection control practices in
large parts of the world is limited by poverty, social behavior,
high population density, deforestation, inadequate access to
safe drinking water and poor health care facilities [21]. Re-
emergence of various infections has been a recent pattern
in the developed world leading to uncertain diagnostic chal-
lenges and the outcomes [28].

Limited data in literature limits an accurate assessment
of impact of infections on prevalence of kidney disease. Early
detection and aggressive treatment of infections with effec-
tive anti-microbial agents may limit the degree of renal inju-
ry. Many forms of infectious AKI may be prevented by effec-
tive vector control practices. Proper referral and follow-up is
imperative to identify those with higher risk of progressive
renal disease.
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