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Table 2 | Staging of AKI

Stage Serum creatinine

Urine output
1 1.5-1.9 times baseline <0.5ml/kg/h for 6-12 hours
OR
=0.3mg/dl (=26.5 umol/l) increase
2 2.0-2.9 times baseline < 0.5 ml/kg/h for =12 hours
3 3.0 times baseline <0.3ml/kg/h for =24 hours
OR OR
Increase in serum creatinine to >4.0 mg/dl (=353.6 pmol/l) Anuria for =12 hours

OR
Initiation of renal replacement therapy
OR, In patients <18 years, decrease in eGFR to <35 ml/min per 1.73 m?

Clinical Practice Guidelines for Acute Kidney Injury 2012. http://www.kdigo.org/clinical_practice guidelines/AKI.php.
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Impact of Early Acute Kidney Injury on Management and Outcome in Patients With Acute
Respiratory Distress Syndrome: A Secondary Analysis of a Multicenter Observational Study.

McNicholas BA, Rezoagli E, Pham T, Madotio F, Guiard E, Fanelli V, Bellani G, Griffin MD, Ranieri M, Laffey JG; ESICM Trials Group and the Larga
observational study to UNderstand the Global impact of Severe Acute respiratory FailurE (LUNG SAFE) Investigators.

# Collaborators (888)

Hospital mortality increased from 31% in acute respiratory distress syndrome patients with no
acute kidney injury to 50% in mild-moderate acute kidney injury (p < 0.001 vs no acute kidney
injury) and 58% in severe acute kidney injury (p < 0.001 vs no acute kidney injury and mild-
moderate acute kidney injury). In multivariate analyses, both mild-moderate (odds ratio, 1.61;
95% CI, 1.24-2.09; p < 0.001) and severe (odds ratio, 2.13; 95% CI, 1.55-2.94; p < 0.001)

acute kidney. injury were independently associated with mortality.
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Pneumonia AE-COPD
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COVID 19 AKI - ETIOLOGIA

Table 1| Potential mechanisms of kidney damage and treatment strategies in COVID-19

Mechanism of kidney damage
Cytokine damage

Cytokine release syndrome Direct cytokine lesion
Increased cytokine generation

owing to ECMO, invasive mechanical

ventilation and/or CKRT

Haemophagocytic syndrome

Organ crosstalk

Cardiomyopathy and/or viral Cardiorenal syndrome type 1
myocarditis

Alveolar damage Renal medullary hypoxia
High peak airway pressure and Renal compartment syndrome
intra-abdominal hypertension

Rhabdomyolysis Tubular toxicity

Systemic effects

Positive fluid balance Renal compartment syndrome
Endothelial damage, third-space fluid  Renal hypoperfusion

loss and hypotension

Rhabdemyolysis Tubular toxicity

Endotoxins Septic AKI

Suggested treatment strategy

Cytokine removal using various
approaches: direct haemoperfusion using
a neutro-macroparous sorbent; plasma
adsorption on resin after separation from
whole blood; CKRT with hollow fibre filters
with adsorptive properties; high-dose
CKRT with MCO or HCO membranes

LVAD, arteriovenous ECMO

Venovenous ECMO

Venovenous ECMO, extracorporeal CO,
removal, CKRT

CKRT using a HCO or MCO membrane

Continuous ultrafiltration and diuretics

Vasopressors and fluid expansion

CKRT using a HCO or MCO membrane

Endotoxin removal using polysterene
fibres functionalized with polymyxin-B

AKI, acute kidney injury; CKRT, continuous kidney replacement therapy; ECMO, extracorporeal membrane oxygenation; HCO, high
cut-off; LVAD, left ventricular assist device; MCO, medium cut-off. “The pathways and mechanisms are interconnected and treatment

strategies will influence different aspects simultaneously.

MATURE REVIEWS | NEPHROLOGY

https://doi.org/10.1038/s41581-020-0284-7
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Table 1| Potential mechanisms of kidney damage and treatment strategies in COVID-19

Mechanism of kidney damage
Cytokine damage

Cytokine release syndrome Direct cytokine lesion

Increased cytokine generation
owing to ECMO, invasive mechanical
ventilation and/or CKRT

Haemophagocytic syndrome

y and/or viral Cardiorenal syndrome type 1
myocarditis
Alveolar damage Renal medullary hypoxia
High peak airway pressure and Renal compartment syndrome

intra-abdominal hypertension

Rhabdomyolysis Tubular toxicity
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Endothelial damage, third-space fluid  Renal hypoperfusion

loss and hypotension
Rhabdemyolysis Tubular toxicity
Endotoxins Septic AKI

Suggested treatment strategy

Cytokine removal using various
approaches: direct haemoperfusion using
a neutro-macroparous sorbent; plasma
adsorption on resin after separation from
whole blood; CKRT with hollow fibre filters
with adsorptive properties; high-dose
CKRT with MCO or HCO membranes

LVAD, arteriovenous ECMO

Venovenous ECMO

Venovenous ECMO, extracorporeal CO,
removal, CKRT

CKRT using a HCO or MCO membrane

Continuous ultrafiltration and diuretics

Vasopressors and fluid expansion

CKRT using a HCO or MCO membrane

Endotoxin removal using polysterene
fibres functionalized with polymyxin-B

AKI, acute kidney injury; CKRT, continuous kidney replacement therapy; ECMO, extracorporeal membrane oxygenation; HCO, high
cut-off; LVAD, left ventricular assist device; MCO, medium cut-off. “The pathways and mechanisms are interconnected and treatment

strategies will influence different aspects simultaneously.

MATURE REVIEWS | NEPHROLOGY

https://doi.org/10.1038/s41581-020-0284-7
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SARS-CoV-2

TMPRSS

Replication
complex

Ward, P et al. (2020), ‘COVID-19/SARS-CoV-2 Pandemic’, Faculty of Pharmaceutical Medicine blog, 6 April.
Available at: https://www.fpm.org.uk/blog/covid-19-sars-cov-2-pandemic/

Song et al., ‘Viruses’, 2019; Jiang et al., ‘Emerging Microbes and Infections, 2012; “The Economist’. .
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Renal corpuscle
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Xiu-wu Pan'?, Da Xu?®, Hao Zhang™’, Wang Zhou?*", Lin-hui Wang®" and Xin-gang Cui*'®
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Electron microscopy study: In the podocytes cytoplasm, vacuoles containing numerous spherical particles that had the
typical appearance of viral inclusion bodies reported with SARS-CoV-2.

https://doi.org/10.1016/j.kint.2020.04.006
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Renal histopathological analysis of 26 postmortem findings of
patients with COVID-19 in China

Study Cohort Light microscopy: Electron microscopy: SARS-CoV nuclear

ATI, RBC aggregates virus in tubules and PrOtQiij{getECtiOH
ww’m ] ~ podocytes {1 _, .

I1l

(6 autopsies in \ i W \\N
COVID-19 patients || ° ..~ ¢ " = o %
-death due to |

ool
respiratory failure i 5 G "
-average age 69 years “
-19 males; 7 females RBC.aggregates ||)
-9/26 showed clinical pgﬁﬁubtﬂaf caplllanes
S|gns of kldney |njury ¢ & 2

CONCLUSION:

Direct parenchymal infection of tubular
epithelial cells and podocytes with marked

% k.d acute tubular injury (ATI) and erythrocyte
| I ney Su et al, 2020 aggregation occurs in severe lethal COVID-19. I
" INTERNATIONAL

OFFICIAL JOURNAL OF THE INTERNATIONAL SOCIETY OF NEPHROLOGY
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Patient-Oriented, Translational Research: Research Article

Nephrology g

. . In this study, the effects of SARS-CoV-2 infection on re-
Coronavirus Disease 19 Infection Does Not nal function were explored through analyzing the clinical
Result in Acute Kidney Injury: An Analysis of 116 data of 116 hospitalized COVID-19-confirmed patients.
Hospitalized Patients from Wuhan, China However, the results of common renal impairment in
Luwen Wang® XunlLi® HuiChen¢ ShaonanYan? DonglLi® YanLi® COVID-19 PH.tiEI]tS were not observed in this Sl’l.ld}r Al-
Zuojiong Gong? though 12 patients (10.8%) without CKD showed mild in-

crease of BUN or SCr (<26 pmol/L within 48 h), and 8 pa-
tients (7.2%) showed trace or 1+ albuminuria after infection
with the virus and during the treatment of pneumonia, all
these patients did not meet the diagnostic criteria of AKI,
Moreover, these patients gradually returned to normal after
a follow-up without receiving special treatment for the kid-
neys. The temporary abnormal renal function is probably
supposed as secondary injury duo to hypoxemia in these

patients.
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www kidney-international.orge editorial: special report

Kidney disease is associated with
in-hospital death of patients with COVID-19

Yichun Cheng', Ran Luo™, Kun Wang'~, Meng Zhang', OPEN
Zhixiang Wang', Lei Dong’, Junhua Li', Ying Yao', . ;
Shuwang Ge' and Gang Xu' COVID-19. In this cohort, approximately

13% of patients had underlying kidney
disease. More than 40% had evidence
of abnormal kidney function and 5.1%
had acute kidney injury (AKI) during their
hospital stay. lhere was a dose-
' dependent relationship between AKI

stages and death, with an excess risk of
mortality by at least 4 times among
those with stage 3 AKIl. Kidney disease
Is @a major complication of COVID-19 and
a slgnlﬂcant nsk fa-:tnr of death. HD‘W‘-
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The Lancet Infectious Diseases

Caution on Kidney Dysfunctions of COVID-19 Patients

https://ssrn.com/abstract=3559601

dysfunctions, includi

On hospital admission, a remarkable fraction of patients had signs of kidney

though mild but worse than that in cases with other pneumonia.
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Characteristics of SARS-CoV-2 patients dying in Italy
Report based on available data on April 16", 2020

The present report describes characteristics of 19,996 SARS-CoV-2 patients dying in Italy.* Geographic

distribution across the 19 regions and 2 autonomous provinces of Trento and Bozen is presented in the
table below. Data are update to April 16%", 2020.

'Acute Respiratory Distress syndrome was observed in the majority of patients (96.7% of cases),
followed by acute renal failure (22.9%). Superinfection was observed in 12.4% and acute cardiac injury in

9.5% of cases.
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Table 7 Outcome, length of stay and organ support* for patients admitted to critical e Naper ouse
care with confirmed COVID-19 1CNAarc === b e

S www.icnarc.or, g
ars @

Critical care unit outcome Patients with Patients with viral
confirmed COVID-19 pneumonia

and critical care (non-COVID-19),
outcome reported 2017-19

Outcome at end of critical care, n (%)
Alive 1437 (48.9) 4184 (78.0)
Dead 1499 (51.1) 1183 (22.0)

Length of stay

Length of stay in critical care (days), median

(IQR)
Survivors 5 (2,9 6 (3,12)
Non-survivors 6 (4,10) 6 (2, 13)

Organ support (Critical Care Minimum Dataset)*

Receipt of organ support, at any point, n (%)

Advanced respiratory support 1795 (65.4) 2529 (47.1)
Basic respiratory support 1512 (55.1) 4375 (81.5)
Advanced cardiovascular support 698 (25.4) 1178 (21.9)
Basic cardiovascular support 2469 (90.0) 4978 (92.8)
Renal support 558 (20.3) 902 (16.8)
Liver support 10 (0.4) 44 (0.8)

Neurological support 139 (5.1) 292 (54)
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Table 8 Critical care outcomes, by receipt of respiratory support*

Patients receiving Patients receiving

advanced only basic
Critical care unit outcome respiratory support* respiratory
(N=1795) support*
(N=821)
Outcome at end of critical care, n (%)
Alive 586 (32.6) 661 (80.5)
Dead 1209 (67.4) 160 (19.5)

Length of stay
Length of stay in critical care (days), median (IQR)

Survivors 9 (6, 14) 3(2,5)
Non-survivors 7 (4,10 3(2,5
Organ support (Critical Care Minimum Dataset)*

Receipt of organ support, at any point, n (%)

Basic respiratory support 690 (38.4) 821 (100.0)
Advanced cardiovascular support 684 (38.1) 11 (1.3)
Basic cardiovascular support 1677 (93.4) 733 (89.3)
Renal support 517 (28.8) 31 (3.8)
Liver support 9 (0.5) 0 (0.0)

Neurological support 133 (7.4) 5 (0.6)

intensive care
national audit &
research centre
S
S o
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London WC1V 6AZ

lllll : COVID-19@icnarc.org
www.icnarc.org
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Table 9 Critical care outcomes, by receipt of renal support* - e o

1Icnarc=ss: 4es); T .
: i Patients not
Patients receiving kb e s
Critical care unit outcome any renal support* 9 }L
(N=558) SUppOIt
(N=2186)
Outcome at end of critical care, n (%)
Alive 111 (19.9)
Length of stay
Length of stay in critical care (days), median (IQR)
Survivors 10 (4, 16) 8 (2, 9)
Non-survivors 8 (5, 12) 5 (3, 8)

Organ support (Critical Care Minimum Dataset)*

Receipt of organ support, at any point, n (%)

Advanced respiratory support 517 (92.7) 1278 (58.5)
Basic respiratory support 168 (30.1) 1344 (61.5)
Advanced cardiovascular support 282 (50.5) 416 (19.0)
Basic cardiovascular support 519 (93.0) 1950 (89.2)

Liver support 7(1.3) 3 {0.1)
Neurological support 47 (8.4) 92 (4.2) A
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Akkor mit tehetunk ?
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Van —e vesekarosodasra hajlamosito tényezd?

ANAMNEZIS TERAPIA

Krénikus vesebetegség eGFR < 45 ml/perc/1,73 m? Diuretikum alkalmaz#
Cukorbetegség NIV FONTOS !
Akut vesekarosodas az anamnézisben Laz, megnovekedett
Szivelégtelenseg légzésszam
65 év feletti életkor
Rendszeresen szedett:
NSAID
ACE gatld Perspiratio insensibilis
ARB
SGLT2 gatlok

NEM

Obszervacio

Vesefunkci6 (Creatinin és urea) /24h
Folyadékegyenleg !!

Napi testsuly mérés !

Hdélyag katéter behelyezés megfontolandd !

Obszervacio
Vesefunkcid (Creatinin és urea) /48-72 h
Folyadékegyenleg !!
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Fontos, hogy mindig kovetni kell a adott korhazban érvényes eljarasrendet !

Allhat dehidracio a vesekarosodas hatterében ?

NEM IGEN

Vizelet gyors teszt (fehérje, vér, ...) és Folyadék Challenge”
egyéb okok keresése ” ;
megfontolandd ha a beteg
Képalkotd ( UH vagy nem kontrasztos CT) Iégzési elégtelensége ezt

Alsé hagyUti tiinetek lehetbvé teszi.
Sz0616 vese

Prosztata betegseg . ;
Vesekovesség Krisztalloid!
Allandé hélyag katéter

Kismedencei malignitas .
Gyorsan romlo vesefunkcié (nem Hypernatraemla!
reagal folyadékra)

NINCS szukség tovabbi extra folyadék
adasara ha keringési peraméterek
megfelelbek.

Alkalmazott gyogyszerek felllvizsgalata! === D6zis mddositasa




Konzilium kérés -eszkalacio

AKI 1-es stadium ONMAGABAN nem indikacié — szoros obszervacio!

Légzeési elégtelenseg eés AKI 2- Nincs Iégzési elegtelenség de
es, 3-as stadiuma
. Hyperkalaemia ( K 6mmmol/L)
1 . AKIl 2-es, 3-as stadiuma
. AKI + haematuria és proteinuria
ITO konzilium . Progrediaalo AKI
. AKIl mas okbdl

l

Nefroldgiai konzilium
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Konzervativ kezelések
Kacs diuretikum adasa megfontolhaté folyadek tultelitédésben.

Hyperkalaemia kezelése: Kalium- kotok
Calcium glukonat vagy calcium klorid
Inzulin — dextroz
Inh. salbutamol

Natrium — bikarbonat




COVID 19 Akut vesekarosodas

Folyamatos kezelések

CVVH
CVVHDF
CVVHD

— vesepotlo kezelések modjai

Peritonealis
Kezelések

Intermittalo
kezelések

IHD PD
IHDF APD
SLED

PIRRT
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Osszefoglalas NTM
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Az akut vesekarosodas COVID 19 betegsegben gyakori.

FONTOS!

Rizikobecslés — Betegszelekcio

MEGELOZES !

Korai eszkalacio !

Korai vizelet vizsgalat — proteinuria, haematuria ??7?

4

y N
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