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Renal support

m Continuous renal replacement therapy (CRRT) and fluids had significant supply issues in the first wave. Mutual aid from
trust renal services and more innovative solutions should be considered if this recurs. It should be recognised that renal
support for those patients outside of a CC setting should be undertaken in centres that are capable and experienced in
delivering dialysis services.

m London North West University Healthcare NHS Trust’s critical care unit worked with their renal service to meet CRRT demand
through use of mobile dialysis machines, traditionally used in the home setting. (2)

m Guys and St Thomas’' NHS Foundation Trust utilised resources in house to aseptically produce equivalent fluid used for CRRT
when external supplies of dialysis fluid were not available. However, this would only be feasible for relatively small volumes
and would need to be undertaken with the support of pharmacy colleagues. X
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Table 24. Critical care outcome by patient characteristics, admitted up to 30 March 58
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Patients with confirmed COVID-19 and outcome received (N=24,961)

Patient subgroup Discharged alive from Died in critical care
critical care n (%)
n (%)

This I1s need for RRT not AKI rates

Any very severe comorbidities *

No 14198 (62.8) 8426 (37.2)

Yes 922 (46.9) 1044 (53.1)
Any respiratory support *

Basic only 8725 (82.4) 1859 (17.6)

Advanced 6013 (43.8 7717 (56.2

Any renal support * 1244 (30.4) 2850 (69.6)
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Original research

BM)

Incidence of acute kidney injury and its
association with mortality in patients with
COVID-19: a meta-analysis

Panupong Hansrivijit < ," Chenchen Qian,' Boonphiphop Boonpheng,’
Charat Thongprayoon © , Saraschandra Vallabhajosyula,*
Wisit Cheungpasitporn,” Nasrollah Ghahramani®

Hansrivijit P, et al. J Investig Med 2020;68:1261-1270. doi:10.1136/jim-2020-001407 Q ﬁ)



BM)

Incidence of RRT
Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Z-Value p-Value
DuY, 2020 0.084 0048 0.177 -6.096 0.000 ——
Chen, 2020 0.080 0047 0.164 -6.588 0.000 -
Du, 2020 0.110 0.064 0.184 -6.830 0.000 ——
Guan, 2020 0.008 0.004 0.015 -14.235 0.000 n
Huang, 2020 0.070 0.022 0.200 -4.226 0.000 = =
Lei, 2020 0.024 0001 0.287 -2594 0.009 -
Lian, 2020 0.001 0000 0.010 -5205 0.000 ]
Ling, 2020 0.250 0063 0623 -1346 0.178 ——’
LiuY, 2020 0.038 0002 0403 -2232 0.026 —i :
Wang, 2020 0.015 0004 0.056 -5925 0.000 |
Zhou, 2020 0.050 0.027 0.092 -8.869 0.000 ' =
Arenlz, 2020 0.023 0.001 0.277 -2629 0.009 -
Cheng KI, 2020 0.001 0.000 0.011 -5.122 0.000 B
Yang, 2020 0.050 0.015 0.155 -4628 0.000 B
0.036 0018 0.071 -8950 0.000 E S

025 013 000 013 0.25
Incidence of RRT

Hansrivijit P, et al. J Investig Med 2020;68:1261-1270. doi:10.1136/jim-2020-001407
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Odds ratio for mortality from AKI R IR
Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Cao J, 2020 120.000 21.273 676.925 5.424 0.000 g
Chen Tao, 2020 51494 6.888 384960 3.840 0.000 —
Ding, 2020 53.369 3.185 894.375 2.765 0.006 ——
Yang, 2020 3400 0821 14077 1688 0.091 i
Zhou, 2020 136.000 17.716 1044.041 4.724 0.000 e—
Du R, 2020 4706 0.786 28.177 1.696 0.090 L
Cheng KI, 2020 6.340 3.471 11.582 6.007 0.000 8 if
Shi, 2020 1220 0.598 2490 0546 0.585 .
13.333 4.049 43810 4.259 0.000 Rt
0.01 0.1 1 10 100
Odds ratio for mortality
BM) Hansrivijit P, et al. J Investig Med 2020;68:1261-1270. doi: 10.1136/jim-2020-001407 [/ ”\\”
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Original Investigation Kidney360

Characteristics, Outcomes and 60-Day Hospital
Mortality of ICU Patients with COVID-19 and Acute
Kidney Injury

Jvotsana Thakkar," Sudham Chand,” Michael S. Aboodi,” Anirudh R. Gone," Emad Alahiri," David E. Schecter,’
David Grand,” Deep Sharma,” Matthew K. Abramowitz,' Michael J. Ross,’ Peter Dicpinigaitis,” and Sumit Kapoor(®~

KIDNEY360 1: 1339-1344, 2020. doi: https:/ /doi.org/10.34067 /KID.0004282020 RN



Characteristics, outcomes and 60-day hospital mortality of patients N
with Covid-19 pneumonia and AKI in the intensive care unit (ICU) K|dney360

Retrospective Observational

Characteristics of in-hospital

Montefiore 50 80/0 non-survivors at 60 days

ICU admissions

@b 110 74.60/0 (" 114) RAF
000y AL M Required Kidney Older
88503) April 11, 2020 (n = 224) Revlacement
Presented with or Therapy (KRT)
et COVID-19 developed AKI EY: Higher admission
pneumonia subsequent to 7 Oo /0 1l 'aetz’c:a ';;eak creatinine

admission
n =300 ﬁ r:t;:::tsy gl T Higher admission
50 s(y requiring KRT A hemoglobin
- o
66.5%

(n=113)

- Higher peak
AKl on Day 1 60-day hospital ' phosphate levels
of ICU admission mortality :

(0o ]y [ [TE o 13 BN oIV e By R WS T T o RSB RET [ IS R EEGTS EICH AT I  l Jyotsana Thakkar, Sudham Chand, Michael S. Aboodi, et al. Characteristics,
IET NN RV W M RS ET B R G R RIER ORI EIC G E R R il outcomes and 60-day hospital mortality of ICU patients with Covid-19
patients. The majority of Covid-19 patients with AKI in ICU developed and acute kidney injury. Kidney360. doi: 10.34067/KID.0004282020.
moderate to severe ARDS requiring invasive mechanical ventilation. Visual Abstract by Edgar Lerma, MD, FASN [/
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AKI Treated with Renal Replacement Therapy in
Critically Ill Patients with COVID-19

Shruti Gupta®,' Steven G. Coca®,? Lili Chan,? Michal L. Melamed,’

Samantha K. Brenner,*® Salim S. Hayek 3 ,° Anne Sutherland,” Sonika Puri,®

Anand Srivastava,” Amanda Leonberg-Yoo,'? Alexandre M. Shehata,"’

Jennifer E. Flythe,'*"* Arash Rashidi,' Edward J. Schenck,'® Nitender Goyal,'®

S. Susan Hedayati,'” Rajany Dy,'® Anip Bansal,'” Ambarish Athavale,?” H. Bryant Nguyen,?’
Anitha Vijayan,?? David M. Charytan®,?* Carl E. Schulze,?* Min J. Joo,”

Allon N. Friedman,”® Jingjing Zhang,”” Marie Anne Sosa,”® Eric Judd,”

Juan Carlos Q. Velez,*®*' Mary Mallappallil,** Roberta E. Redfern,’* Amar D. Bansal,**
Javier A. Neyra,” Kathleen D. Liu,*® Amanda D. Renaghan,” Marta Christov,*®

Miklos Z. Molnar @, Shreyak Sharma,’ Omer Kamal,' Jeffery Owusu Boateng,*®
Samuel A.P. Short®,"' Andrew J. Admon,** Meghan E. Sise,”® Wei Wang,***°

Chirag R. Parikh @ ,* David E. Leaf ®," and the STOP-COVID Investigators

Conclusions AKI-RRT is common among critically ill patients with COVID-19 and is associated with a
hospital mortality rate of >60%. Among those who survive to discharge, one in three still depends on
RRT at discharge, and one in six remains RRT dependent 60 days after ICU admission.

JASN 32: 161-176, 2021. doi: https://doi.org/10.1681/ASN.2020060897 [/ |\\||
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AKI Treated with Renal Replacement

Therapy in Critically Il Patients with

COVID-19

METHODS

" N = 3099 critically ill
S8  adults with COVID-19

Data from 67 hospitals
across the United
States

Logistic regression to
identify risk factors for
AKI-RRT

Multicenter cohort study

OUTCOME

21% of patients
developed AKI-RRT

63% of AKI-RRT

patients died in the
hospital

34% of survivors
remained RRT-
dependent on discharge

JOURNAL OF THE AMERICAN SOCIETY OF NEPHAOLOGY

Risk Factors for AKI-RRT

Varable Odds Rato (95%CH)

Maske Il
Non-white Race G
Hypertension = i
Diabetes Meiltus S ol
BMI (kg/'m?)
<25 (REF) i
25-299 ——
30-34.9 ——
35-39.9 | -
40 r—8—
CKD
No CKD (REF) o
CKDm [l
CKDIVAYV
Pa(),:l '0;
Not intubated (REF) 2]
Pa0,:FIO, 2200 -
Pa0;:FiO; 100-199 i
PO FIO; <100 | =
D-dimer (ng'ml) |
<1000 (REF) n
1000.2500 b—.—*\
>2500 y | =

Conclusion

AKI-RRT is common in critically ill patients with COVID-19 and is

associated with high inpatient mortality and persistent RRT
dependence among Survivors

doi: 10.1681/ASN.2020060897
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What’s the Mechanism of Infection? N

How Do Patients
Get AKI?
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» Viral entry requires SARS-CoV-2 spike (S)
glycoprotein binding to the ACE2 receptor
*
Fusion of SARS-CoV-2 with the host cell requires
transmembrane serine protease 2 (TMPRSS2) to
cleave the Spike protein at the S1/S2 cleavage site
+ S1 mediates receptor binding, whilst S2 is required
for membrane fusion; both are needed for
endocytosis into the host cell
SARS-CoV-2 Innate immunology in COVID-19 - A
infection LIVING REVIEW PART I: Viral entry,
sensing and evasion
S i S W SR
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What’s the Pathophysiology Behind AKI? céﬁéé‘éfé

Is it all ARDS

Related?
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Intensive Care Med (2020) 46654672
Nttps//c0i.0rg/10.1007/5001 34-019-05869-7
CONFERENCE REPORTS AND EXPERT PANEL
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Lung-kidney interactions in critically ill =t
patients: consensus report of the Acute Disease
Quality Initiative (ADQI) 21 Workgroup
Michael Joannidis' '@ Lui G. Forni®”, Sebastian J. Klein'# Patrick M. Honore®, Kianoush Kashani®,
Marlies Ostermann’, John Prowle®®, Sean M. Bagshaw'?, Vincenzo Cantaluppi' ', Michael Darmon'#'*™¢,
Xiaoqiang Ding'®, Valentin Fuhrmann'&!’, Eric Hoste'®'?, Faeq Husain-Syed?, Matthias Lubnow?’,
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Capdiary/alveolar injury /Q | Inflammation/immuno-mediated injury FULLY VIRTUAL
Protesn-rich oedema  / > e t Platelets/Platelet-cerived mecroparticles ARNE 58 200
Pulmonary hypertensson/RV dysfunction
Nephrotloxins
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Ventilated ARDS

Biotrauma
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Table 2 Pathophysiological processes involved in lung-kidney interactions

Effects of altered
acid-base status

Haemodynamic
effects

Inflammatory/
immune- mediated
effects

Effects of impaired
gas exchange

Neuro-hormonal
effects

Potential pathophysi-
ological mechanisms

Effects of acute pulmonary disease on kidney function

Increased release of
pro-inflammatory
mediators (IL-6, TNF-
q, IL-1 beta, TGF-,
substance P) [16-19]

Increased pulmonary
arterial pressure
leading to right ven-
tricular failure with
venous congestion

Increased oxygen
consumption in
the proximal renal
tubular system in
respiratory acidosis

[6,57]

Increased intra-abdom-
inal pressure [77, 83]
Increased intra-thoracic

pressure [57, 64]

Decreased release of
anti-inflammatory
mediators (IL-10)

[119]

Additional effects of positive pressure ventilation on kidney function

Excessive increase in

Effect of injurious ven-

intrathoracic pressure tilation:

leading to: increased release of
reduced venous return  IL-6, PAI-1, TNFR-1

[64] and TNFR-2 into

reduced left ventricu-
lar preload [64]

reduced cardiac
output [64]

increased right ven-
tricular afterload [57,
64] resulting in right
ventricular dysfunc-
tion and venous
congestion with
increased renal back
pressure [6, 57]

systemic circulation
[62]

induction of renal epi-
thelial cell apoptosis
and dysregulation of
extracellular ligands
[63]

As above

Hypercapnia
(pCO,>50 mmHg):
Loss of renal vaso-
dilatory response,
reduction of RBF and
change in diuresis
[46, 56]

Severe hypoxaemia
(pO,<40 mm Hg):
Reduction of RBF [45]

Permissive Hypercapnia:
as above

Hyperoxaemia: lack of
data

Activation of RAAS [65]

Increased aldosterone
secretion [65]

Reduction of ANP/BNP
levels [65]

Activation of the
sympathetic nervous
system [65]

Release of non-osmotic
vasopressin [48]

As above
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Other Potential Mechanisms?

ﬂascular consequences of SARS-CoV-2

induced coagulopathy

SARS-CoV-2 | Bapiliacy

3 - obstruction by
“e. red blood cells

Coagulation

activation

Fibrinold necrosis,
. Glomerular ischemia I

Kidney invasion via SARS-CoV-2 entry in proximal

tubular cells and podocytes

Proximal convoluted tubule

Acute proximal
tubular injury

Ha

S
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LN ® o
___rae 1_.\"_@9
~\ & (&>
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|

g
Imbalanced RAAS activation
Glamerular dysfunction, Inflammation,
fibrosis, vasoconstrion

I Lung/heart dysfunction

‘ High level of PEEP l~

Nephrotoxic drugs

[ Fluid restriction - \\ lCU

Haemodynamic

Distal convoluted tubule I ’ ‘ —— o

A

instability
Unspecific kidney injury factors
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Kidney invasion via SARS-CoV-2 entry in proximal \ s
tubular cells and podocytes

| Proximal convoluted tubule |

Acute proximal
tubular injury
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SO LN dysfunction
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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 P’°‘°"}(dete°t'°"
MAmp = s podocytes { _, kD
(6 autopsies in \ 7% Ea \
COVID-19 patients e oo b : J ,
-death due to RS Lt Al T T : A BN
respiratory failure P S ® éﬂ e iy
-averageage69vyears || oo .- ot . PN L
-19 males; 7 females RBC.aggregates in - " L) . R . e
-9/26 showed clinical peritubular capillaries . %‘ \ < 3
signs ofkidney injury - b . A st
't ‘ R | CONCLUSION:
Direct parenchymal infection of tubular
epithelial cells and podocytes with marked
k d acute tubular injury (ATI) and erythrocyte
I ne Su et al, 2020 aggregation occurs in severe lethal COVID-19.
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Viral RNA JNE 5-8. 200

detected by

RT-PCR or ISH

Electron microscopy
demonstration of
viral like particles

Viral proteins
detected by
immunocytochemistry

Does SARS-CoV-2
Infect the Kidney?

Recovery of live
viruses
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Clinical Kidney Journal, 2021, vol. 14, Suppl 1, 130-139 %{Dgé
< I I,. l']‘,
doi: 10.1093/ckj/sfab003 s
Advance Access Publication Date: 24 January 2021

CKJ Review

CKJ REVIEW

Pathology of COVID-19-associated acute kidney injury

Purva Sharma’?, Jia H. Ng ® !, Vanesa Bijol*>, Kenar D. Jhaveri** and
Rimda Wanchoo®?

'Division of Kidney Diseases and Hypertension, Donald and Barbara Zucker School of Medicine at Hofstra/
Northwell, Northwell Health, New Hyde Park, NY, USA, ’Glomerular Center at Northwell Health, Donald and
Barbara Zucker School of Medicine at Hofstra/Northwell, Northwell Health, New Hyde Park, NY, USA and
3Department of Pathology, Donald and Barbara Zucker School of Medicine at Hofstra/Northwell, Northwell
Health, New Hyde Park, NY, USA



FIGURE 1: Electron micrograph to the left shows a microvesicular body within
the podocyte cytoplasm (black arrow; original magnification x40000) and the
electron micrograph to the right shows multiple clathrin-coated vesicles in the
endothelial cell cytoplasm (black arrowheads; original magnification x50 000).
Both structures have been often confused with viral particles.
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What is the Site of Viral Entry?

Is it ACE-2?
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> medRxiv. 2020 Sep 18;2020.09.16.20190694. doi: 10.1101/2020.09.16.20190694. Preprint

KIM-1/TIM-1 is a Receptor for SARS-CoV-2 in Lung
and Kidney

Takaharu Ichimura, Yutaro Mori, Philipp Aschauer, Krishna M Padmanabha Das, Robert F Padera,
Astrid Weins, Mahmoud L Nasr, Joseph V Bonventre

PMID: 32995803 PMCID: PMC7523142 DOI: 10.1101/2020.09.16.20190694

AN

/ AT
&
1‘f’| _.ll_.II Iul ||

/

. i
N4



Evidence That C-19 Can Infect the Kidney? R 4D

CONGRESS

UNE 5-8 207

« KIM-1 is a receptor for SARS-CoV-2 with a high affinity
interaction with the receptor binding domain of the virus Tty
S1 subunit of the spike protein

« KIM-1 dependent uptake by lung and kidney cells can
be inhibited by anti-KIM-antibodies

| DAPI

Patient 3 Patient 4

=2 KIM-

« This may have important implications for viral entry,
triggering of the cytokine storm, and/or inactivation of

the virus




COVID-19 Associated Glomerular DiseasU Q S N

METHODS

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

OUTCOME

6 hospitalized patients of recent African
ancestry — 1/6 transplant recipient

for o2 By

COVID-19 and proteinuric AKI

Collapsing Glomerulopathy and
Podocytopathy with Tubulo-reticular
inclusions

Mild respiratory symptoms, 1/6 had
ICU stay, 2/6 had hemodialysis

Underwent biopsy and APOL1
genotyping

High risk
(G1/G2)

APOL1 High risk Donor Low risk
genotype (G1/G1) APOL1 (G1/G0)
High risk
(G1/G1)

3/3 patients tested had high risk APOL1 genotype.
The transplant recipient had high risk and donor had low risk APOL1 genotype

Conclusion: COVID-19 associated proteinuric kidney injury with

doi: 10.1681/ASN.2020060804

collapsing FSGS and/or podocytopathy may be linked to high
risk APOL1 genotype.

58
ERA-EDTA
CONGRESS

T JUNE 58.200




58

ERA-EDTA
AJ D Original Investigation ErONIGBE%S
—TrE %8 200

Multicenter Clinicopathologic Correlation of Kidney
Biopsies Performed in COVID-19 Patients Presenting
With Acute Kidney Injury or Proteinuria

Shreeram Akilesh, Cynthia C. Nast, Michifumi Yamashita, Kammi Henriksen, Vivek Charu, Megan L. Troxell,
Neeraja Kambham, Erika Bracamonte, Donald Houghton, Naila I. Ahmed, Chyi Chyi Chong, Bijin Thajudeen,
Shehzad Rehman, Firas Khoury, Jonathan E. Zuckerman, Jeremy Gitomer, Parthassarathy C. Raguram,
Shanza Mujeeb, Ulrike Schwarze, M. Brendan Shannon, Iris De Castro, Charles E. Alpers, Behzad Najafian,
Roberto F. Nicosia, Nicole K. Andeen, and Kelly D. Smith

@

Conclusions: Cases of even symptomatically

. - . - , mild COVID-19 were accompanied by acute
Setting & Participants: We identified 14 native kidney injury and/or heavy proteinuria that

and 3 transplant kidney biopsies performed for  ,rompted a diagnostic kidney biopsy. Although
cause In patients with documented recent or acute tubular injury was seen among most of
concurrent SARS-CoV-2 infection treated at 7 them, uncommon pathology such as collapsing
large hospital systems in the United States. glomerulopathy and acute endothelial injury
were detected, and most of these patients

progressed to irreversible kidney injury and

AJKD Vol 77 | Iss 1 | January 2021 dialysis. A\
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Multicenter Clinicopathologic Correlation of Kidney Biopsies CONGRESS
Performed in COVID-19 Patients Presenting With AKI or Proteinuria e
Setting Clinical Presentation Pathologic Findings
T st N =14 (82%) with MILD "
& J S D). COVID-19 symptoms Acute_tubularoln]ury
L AN 0% : N =15 (88%)
A\ AN (eg cough, fatigue)
7 large referral centers in US
oTrr N=17 Kidney disease manifested Collapsing glomerulopathy
SE2%% 9female, 8 male :31°) within 1 week of COVID-19 N =7 (41%)
aaaa 8Black, 5 Hispanic
Indication for biopsy: Y 7 P o _
14 native kidney .D N = 15 (88%) AKI SR Thrombotic microangiopathy
3 allograft kidney N =11 (65%) Proteinuria 4. |- N =6 (35%)
| CONCLUSION: Even with mild COVID-19 disease, patients can present with AKI
and/or proteinuria. Collapsing glomerulopathy and thrombotic microangiopathy
are frequently seen and can lead to irreversible injury reuiring dials.
Shreeram Akilesh, Cynthia C. Nast, Michifumi Yamashita, et al (2020)
@AJKDonline | DOI: 10.1053/j.ajkd.2020.10.001 |
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The Storm.....
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Cytokine Storm Syndromes S5
An Umbrella Term

Types of cytokine storm syndromes

Cytokine Storm Syndromes

* In hematology, these are known as 4/

MAS
* In oncology, leukemias and

' Infectio MAS
lymphomas may cause cytokine Assoc
storms

Virus CRS
— CAR T-cell therapy: CRS ASSOC. 9 wmale
» Familial/inherited HLH: affects ~1 in ARDS ‘ o
S0,000 |ive-bil’thS Familial

HLH
* Infection-induced HLH: caused by
viral infections
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