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Dear Editor

We,  Gustavo  Aroca- Martínez,  MD.  PhD.,  Carlos  G.  Musso,  MD.  PhD.,  Lil  

Avendaño- Echavez,  MD ., Henry  J. González- Torres,  MSc,  María  Vélez-

Verbel,  MD.,  Stefani  Char touni- Narvaez,  MD.,  William  Peña- Vargas,  

MD.,  Antonio  Acosta- Hoyos,  MD.Leila  Fer reyra  MD.  , Andrés  Cadena-

Bonfanti ,  MD.  MSc  are sending an original article regarding:                                         

IMPACT  OF  FRAILTY  AND  VIRAL  LOAD  ON  ACUTE  KIDNEY  

INJURY  EVOLUTION  IN  PATIENTS  AFFECTED  BY  COVID- 19

We hope you will find it very interesting and well done enough for being published in Saudi

Journal of Kidney Disease and Transplantation

Thank you very much

Yours sincerely

Carlos Guido Musso, MD. PhD

Physiology Department 

Instituto Universitario del Hospital Italiano de Buenos Aires, Argentina.

24



IMPACT  OF  FRAILTY  AND  VIRAL  LOAD  ON  ACUTE  KIDNEY  

INJURY  EVOLUTION  IN  PATIENTS  AFFECTED  BY  COVID- 19

Abstrac t

Introd u c t i o n:  This  paper  describes  the  main  charac t e r i s t ics  of  COVID-

19  patient s  suffering  from  acute  kidney  injury  (AKI)  assis ted  at  a  high  

complexity  clinic  in  Barranq uilla  (Colombia).  Material  & Meth o d : The  

patient s  included  in  this  study  (n:  48)  were  those  with  a  positive  

diagnosis  of  COVID-19  confirmed  by  PCR  detection  of  SARS- CoV-2,  who

had  developed  AKI during  their  hospital  stay.  Serum  and  urine  

parame t e r s ,  as  well  patient ´ s  viral  load  and  clinical  frailty  scale  (CFS)  

were  recorded.  A statis tical  analysis  of  the  recorded  param e t e r s ,  such  

as  comparisons ,  and  correla tions  betwee n  variables  of  interes t ,  were  

explored .  Resul t s : The  prevalence  of  COVID-19  induced  AKI was  41%,  

being  the  majori ty  of  them  classified  as  AKIN  3,  with  a  renal  

replace m e n t  therapy  require m e n t  of  29%,  and  an  associa ted  mortali ty  

of  73%.  AKI patient s ´  mortali ty  showed  a  significant  positive  correla t ion

(33%)  with  patien ts ´  CFS  score  but  not  with  their  viral  load.  

Conclu s i o n:  COVID-19  induced  AKI significantly  correla t ed  with  

patient s ´  frailty  status  but  not  to  their  viral  load

Key  words:  COVID-19,  acute  kidney  injury,  frailty
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Introd u c t i o n  

In  Decembe r  2019,  the  first  cases  of  a  lung  disease  of  unknown  etiology

began  to  be  described  in  the  province  of  Wuhan  (China).  These  were  

later  att ribute d  to  a  new  variety  of  coronavirus  i.e.,  the  severe  acute  

respira to ry  syndrom e  coronavirus  2  (SARS- CoV-2),  and  the  disease  it  

causes  i.e.,  COVID-19 .1,2

COVID-19  can  affect  many  other  organs  in  addition  to  the  respira to ry  

system,  par ticula r ly  in  the  kidney,  hear t ,  digestive  tract,  blood,  and  

nervous  system. 3As for  the  kidney  altera t ions ,  preliminary  repor t s  

indicated  an  incidence  of  3%–9%.  However ,  it  has  been  proposed  that  

this  varies  depending  on  the  specific  type  of  repor t ed  renal  affecta t ion:  

albuminu ri a  (34%),  proteinuria  (63%),  hematu r ia  (27%),  proteinu ria  

with  hematu r ia  (44%),  and/or  increas e  in  serum  creatinine  and  urea  

levels  (14%–27%) .4  Direct  delete rious  action  of  this  virus  on  the  kidney  

has  been  demons t r a t e d  by  the  histopa thological  analysis  of  samples  of  

this  organ  collected  from  patient s  who  died  of  COVID-19.  Findings  

include  loss  of  the  brush  border  and  non- isomet r ic  tubula r  vacuola tion,  

microvascula r  luminal  occlusions  (glomerula r  and  peritubula r )  

consis ting  mainly  of  erythrocytes ,  endothelial  damage ,  and  pigment e d  

casts  detec t ed  in  associa tion  with  high  serum  levels  of  crea t ine  

phosphokinas e  (rhabdomyolysis).  

In  addition,  elect ron  microscopy  evidence d  spherical  viral  particles  

charac t e r i s t ic  of  coronavirus  in  podocytes  and  the  proximal  tubula r  

24



epithelium,  which  were  associat ed  with  effaceme n t  of  the  pedicels,  

occasional  vacuola tion,  and  detachm e n t  of  podocytes  from  the  

glomerula r  basal  membr a n e ,  with  the  viral  presence  being  confirmed  

by  immunofluore sce nc e .5

There  is  growing  evidence  that  acute  kidney  injury  (AKI)  is  prevalent  in  

SARS- CoV-2  infection,  with  a  repor t ed  incidence  of  8%–17%,  reaching  

35%  in  critical  patient s ,  and  that  this  condition  is  considere d  a  poor  

prognos t ic  factor. 6  In  this  sense,  the  developme n t  of  AKI in  the  context  

of  COVID-19  has  an  associa ted  mortali ty  of  91.7%. 7 Among  the  risk  

factors  associa ted  with  its  developme n t ,  the  following  have  been  

identified:  presence  of  malignan t  pathology,  sepsis,  right  hear t  failure,  

and  dissemina t ed  intravascula r  coagula t ion. 8  It  has  been  proposed  that  

the  mechanis m  by  which  the  virus  produces  renal  injury  has  multiple  

causes ,  including  direct  cytopa thic  effects  mediat ed  by  viral  binding  to  

angiotensin- conver t ing  enzyme  II  recep to r s ,  as  well  as  acute  tubula r  

necrosis  trigge red  by  factors  such  as  volume  depletion,  cytokine  storm,  

hypoxia,  shock  or  rhabdomyolysis  and,  finally,  immune  complex  

deposi tion .9

This  paper  describes  the  main  charac t e r i s t ics  of  patient s  with  COVID-

19  and  AKI assisted  at  a  high  complexity  clinic  in  Barranq uilla,  

Colombia,  including  their  par ticula r  featu re s ,  and  evaluat es  the  impact  

of  viral  load  and  prior  patient  frailty  on  the  clinical  evolution  of  AKI.

Meth o d s
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A complet e  review  of  the  medical  records  of  all  patients  admit ted  to  the

institution  from  April  01,  2020  to  July  11,  2020  and  suspec te d  of  having  

COVID-19  was  performe d.  The  patient s  included  were  those  with  a  

positive  diagnosis  of  COVID-19  confirmed  by  polymeras e  chain  reaction

(PCR)  detect ion  of  SARS- CoV-2,  who  had  developed  AKI during  their  

hospital  stay  in  the  emerge ncy  room,  genera l  hospitaliza tion  room,  and  

intensive  care  unit.  Sample  handling  and  processing  for  SARS- CoV-2  

diagnosis  were  conduc te d  in  accordanc e  with  the  reverse  transc r ip tion  

real- time  PCR  (RT-PCR)  guidelines  (Diagnos tic  detec tion  of  2019- nCoV  

by  real- time  RT-PCR  Charité  Virology,  Berlin,  Germany). 10  AKI was  

defined  as  an  increase  in  creat inine mia  >0.3  mg/dL  relative  to  the  

hospital  admission  value.  In  addition,  each  documen t e d  episode  of  AKI 

was  classified  according  to  the  AKIN  criteria  (Table  1). 11  Additionally  to  

creat inine mia ,  the  following  patient  param e t e r s  were  recorded:  serum  

urea  values,  blood  urea  nitrogen,  serum  elect rolytes,  blood  count,  liver  

function  tests  [bilirubin,  transa mina s e ,  lacta te  dehydrogen a s e  (LDH)],  

serum  ferritin,  D-dimer,  coagula t ion  param e t e r s  [par tial  thromboplas t in

time  (PTT),  prothrom bin  time  (PT),  and  interna t ional  normalized  ratio  

(INR)],  troponin,  and  viral  load,  as  well  as  the  presenc e  of  proteinu ria ,  

hematu ri a ,  and  leukocytu ria .  Moreover ,  to  establish  the  degree  of  pre-

existing  frailty,  the  Clinical  Frailty  Scale  (CFS)  was  used  (Table  2). 12

A statistical  analysis  of  the  recorde d  values  (mean,  standa r d  deviation,  

minimum,  maximum,  range,  among  others)  was  perform ed  (Studen t  t  
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test).  Mean  or  median  comparisons  between  levels  of  frailty  or  viral  

load  value  and  clinical  param e t e r s  of  intere s t  were  made,  and  

correla tions  between  variables  of  interes t  were  also  explored.  Finally,  a  

correspond e nc e  analysis  in  R-CRAN  was  carried  out  among  all  the  

variables  evaluate d .

This  study  was  approved  by  Ethical  Committe e  of  Clinica  de  la  Costa,  

Barranquilla  (Colombia),  and  informed  consen t  was  obtained  from  all  

patient s .

Resul t s  

From  a  population  of  762  patien t s  admit ted  to  Clínica  de  la  Costa  

(Barranq uilla,  Colombia)  with  COVID-19- compatible  symptoms,  117  

patient s  tested  positive  for  SARS- CoV-2  confirmed  by  PCR  at  the  time  of

evalua tion  (April  2020–July  2020),  48  developed  AKI (41%  prevalence) .  

AKI was  docume n t e d  4  ±  3.4  days  after  admission,  and  most  of  these  

patient s  were  in  the  intensive  care  unit  (75%).  With  respec t  to  the  

subgroup  that  developed  AKI,  the  mean  age  was  61  ±  15  years,  with  a  

clear  predominanc e  of  males  (79%),  and  average  creat inine mia  and  

uremia  values  of  3.35  ±  1.74  mg/dL  and  106.91  ±  26.9  mg/dL  at  

diagnosis,  respect ively  (Table  3).  The  most  common  stage  of  AKI was  

AKIN  3  (46%),  followed  by  AKIN  1  (40%)  and  AKIN  2  (14%).  A total  of  

29%  of  patient s  required  renal  replace m e n t  therapy,  predomina n tly  

intermit te n t  hemodialysis  (76%).  In  contras t ,  the  AKIN  stage  correla t e d

inversely  and  significantly  with  survival  so  that  for  each  increas e  in  
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AKIN  stage,  the  patient’s  survival  decreas e d  by  29%  (R:  0.2956,  p-−

value:  0.04).  Approximate ly  18.8%  (n:  9)  and  12.5%  (n:  6)  patient s  

regained  their  kidney  function  in  whole  or  in  par t ,  respec t ively.  

Documen t e d  urinary  abnorm ali ties  in  associa tion  with  AKI were,  in  

decreasing  order ,  proteinu ria  (35%),  hematu r ia  (31%),  and  leukocytu ria

(4%).  Regarding  signs  and  symptoms  seconda ry  to  COVID-19,  the  

following  stood  out  in  the  AKI subgroup:  fever  (100%),  dyspne a  (85%),  

marked  asthenia  (48%),  and  myalgia  (40%).  Among  the  inflammato ry  

biochemical  and  systemic  compromise  marke rs  (direc t  and  indirec t)  

which  changed  (increase d)  the  most,  the  following  stood  out:  C-reactive

protein,  ferritin,  and  D-dimer  (Table  4).  In  relation  to  the  backgroun d  of

the  patient s  who  developed  AKI,  69%  were  robus t  (CFS:  1–3),  21%  were

frail  (CFS:  4–5),  and  10%  were  very  frail  (CFS:  6–7).  In  terms  of  the  

impact  of  the  frailty  condition  prior  to  the  developme n t  of  AKI 

seconda ry  to  COVID-19,  significantly  higher  white  blood  cell  counts  (p  

=  0.007),  serum  LDH  levels  (p  =  0.003),  and  mortali ty  (p  =  0.006)  were

documen t e d  among  frail  patient s  when  compare d  with  those  in  robust  

ones.  Mortality  increas ed  by  33%  with  each  rise  in  the  patient’s  degree  

of  frailty  (0.33,  p  =  0.02).  When  the  comorbidi ties  were  evaluat ed ,  the  

most  prevalen t  in  decreas ing  order  of  frequency  were:  high  blood  

pressu re  (58%),  obesity  (40%),  chronic  kidney  disease  (CKD)  (23%),  

diabet e s  mellitus  (23%),  chronic  obst ruc t ive  pulmona ry  disease  (19%),  

and  conges t ive  hear t  failure  (13%).  As for  the  overall  evolution  of  these  
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patient s ,  most  required  adminis t r a t ion  of  inotropic  drugs  (87%)  and  

ventilatory  suppor t  (93%),  mainly  invasive  ventilation  (67%).  Finally,  

the  mortali ty  of  patien t s  with  AKI was  73%.  When  all  the  variables  

evalua ted  in  these  patien ts  were  correla t ed  with  the  need  for  renal  

replace m e n t  therapy,  a  significantly  positive  correla t ion  was  found  with

previous  CKD  (p  =  0.04),  serum  leukocyte  count  (p  =  0.04),  

hemoglobine mia  (p  =  0.03),  troponin  (p  =  0.03),  LDH  (p  =  0.05),  

bilirubinemia  (p  =  0.02),  and  INR  (p  =  0.01)  (Table  5).  It  should  be  

noted  that  the  viral  load  (3.12  ±  0.3)  in  our  study  did  not  correla t e  

significantly  with  the  degree  of  frailty,  the  need  for  renal  replacem e n t  

therapy,  or  with  patient  mortali ty.

In  the  correspond e n c e  analysis,  only  a  significant  correspond e n c e  was  

found  between  the  “robust”  condition  and  the  serum  ferritin  level.  

Likewise,  the  D-dimer  level  was  located  at  an  interm e dia t e  point  

between  the  condition  of  "frail  " and  "very  frail".

Discu s s i o n

This  study  found  that  the  prevalence  of  AKI in  the  context  of  COVID-19  

was  41%,  ranging  from  5%  to  76%  of  the  prevalence  repor t ed  by  other  

studies,  a  difference  that  possibly  depends  on  whethe r  inpatien t s  in  

genera l  are  included  in  the  study  or  only  those  admit ted  to  the  intensive

care  unit. 13–16  Similar  to  other  repor ts ,  the  onset  of  AKI was  within  the  

first  week  of  admission. 15  Likewise,  the  finding  of  a  predominanc e  for  

this  condition  in  older  adults  (61  ±  15  years),  particula rly  males,  also  
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coincides  with  what  has  been  observed  by  other  authors . 14  With  respec t

to  the  AKI subtype  (AKIN),  based  on  our  experienc e ,  the  most  common  

class  was  AKIN  3  and  the  least  frequen t  was  AKIN  2,  a  propor t ion  that  

matches  that  of  most  previous  repor ts ,  with  the  exception  of  some  

authors  who  repor t ed  that  AKIN  1  was  the  most  common  class,  followed

by  AKIN  3. 14,15  It  could  be  specula t ed  that  this  difference  in  the  AKIN  

type  prevalence  could  be  att ribu te d  to  the  evolution  time  at  which  AKI 

was  diagnosed  in  each  study.                                                                      

Renal  replace m e n t  therapy  (RRT)  was  required  in  29%  of  the  patient s  

affected  by  AKI due  to  COVID-19,  a  clinical  picture  that  Meijers  et  al.  

have  proposed  to  be  designa te d  as  “COVAN.” 17  This  percen t ag e  of  

patient s  receiving  RRT  is  in  line  with  what  has  been  repor t ed  in  the  

litera tu r e ,  where  RRT  use  oscillates  betwee n  14%  and  38%. 14,15  In  our  

study,  the  percen t a g e  of  COVAN  patient s  who  recovered  during  

internm e n t ,  either  totally  or  par tially,  was  approxima te ly  31%.  The  

percen t ag e  of  recovery  described  by  other  publica tions  oscillates  

between  17.4%  and  50%. 15

As for  the  urinary  manifes ta t ions  of  COVAN,  proteinuria  was  

predomina n t  (35%),  followed  by  hematu r ia  (31%),  and  to  a  lesse r  extent

leukocytu ria  (4%).  This  order  of  frequency  is  commonly  repor t ed  in  

scientific  publica tions ,  with  some  variations  depending  on  the  various  

clinical  contexts:  proteinuria  (44%–84%),  hematu r ia  (25%–81%),  and  

leukocytu ria  (4%–60%). 15,18,19  The  origin  of  these  abnormali t ies  has  been
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att ribu ted  to  the  various  mechanis ms  of  kidney  damage  detailed  below.  

However ,  it  has  been  postula ted  that  the  clear  preponde r a n c e  of  

proteinuria ,  whose  prevalence  exceeds  even  the  propor t ion  of  patient s  

developing  AKI,  may  be  seconda ry  to  the  febrile  state  inheren t  to  this  

condition  or  to  the  activation  of  glomerula r  hyperfil t ra t ion  in  the  

context  of  a  systemic  inflamm ato ry  state . 15,19- 21  Mechanis ms  identified  as

a  cause  of  COVID-19- related  kidney  injury  or  COVAN  include 13,14,16- 28

1) Direct  cytopathic  action  of  the  virus  becaus e  studies  have  

detec t ed  it  in  the  urine  and  renal  tissue  (podocytes  and  proximal  

tubules),  where  angiotensin  II-conver ting  enzyme,  considere d  the  

puta t ive  recep to r  of  the  virus  media ting  cell  entry,  is  expresse d  in

abunda nce .  It  is  worth  mentioning  that  some  authors  deny  this  

mechanism.   

2) Acute  tubula r  necrosis  genera t e d  by  various  factors  such  as  

bacte rial  sepsis,  cytokine  storm,  tissue  hypoxia,  rhabdomyolysis ,  

and  nephro toxic  drug  use.

3) Injury  caused  by  immune  complexes  due  to  viral  antigen  

deposi tion.  

It  should  be  noted  that  the  developm en t  of  COVAN  is  a  risk  factor  for  

admission  to  the  intensive  care  unit,  RRT  requirem e n t ,  and  death. 15,16  

CKD  (6%)  and  end- stage  kidney  disease  (2%)  have  also  been  repor te d  

as  COVAN  sequelae . 19  Regarding  the  symptoma tology  charac t e r is t ic  of  

COVID-19,  other  repor t s  have  also  described,  as  in  our  study,  fever  
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(100%)  as  well  as  respira to ry  (76%)  and  muscle  (43%)  symptoms. 22  As 

in  other  studies,  among  the  inflamm ato ry  biochemical  and  systemic  

compromise  marke rs  (direc t  and  indirec t) ,  C-reactive  protein,  ferritin,  

and  D-dimer  stood  out.  This  reinforces  the  idea  that  the  renal  and  

systemic  damage  genera t e d  by  COVID-19  is  fundame n t a lly  reactive,  

induced  by  the  patien t’s  own  immune  system  and  by  a  series  of  

mediato r s  (cytokines)  released  during  the  so- called  “inflammato ry  

storm.” 16,23  When  assessing  the  comorbidi ties  of  our  patients ,  they  

coincided  in  type  and  propor t ion  with  those  repor t ed  in  other  studies,  

the  most  significant  ones  being  high  blood  pressur e  (60%),  obesi ty  

(30%),  CKD  (34%),  diabe te s  mellitus  (30%),  chronic  obstruc t ive  

pulmona ry  disease  (14%),  and  oncological  pathology. 13  In  line  with  the  

litera tu r e ,  the  vast  majority  of  patient s  also  required  inotropic  and  

ventilatory  suppor t  (80%–90%).  Never thele ss ,  mortali ty  was  very  high  

(73%)  when  compare d  with  previous  repor t s ,  where  it  ranged  betwee n  

16.1%  and  62%. 13- 15,25  This  phenome non  may  be  linked  to  the  

considera ble  propor tion  of  frail  patient s  repor t ed  in  this  popula tion  

(31%),  as  discussed  below.  The  homeos ta t ic  capacity  of  individuals  

allows  them  to  successfully  cope  with  clinical  situa tions  that  jeopardize  

their  body  integri ty.  This  capacity  can  be  measur e d  by  applying  a  

validated  scale  (the  CFS)  (Table  2).  To  assess  the  impact  of  this  clinical  

condition  on  the  evolution  of  COVAN,  the  degree  of  frailty  of  the  study  

popula tion  was  dete rmined  and  its  relationship  with  the  evolution  of  the
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disease  was  analyzed.  The  resul ts  showed  that  69%  of  the  patien ts  who  

developed  AKI were  robust  (CFS:  1–3),  21%  were  frail  (CFS:  4–5),  and  

10%  were  very  frail  (CFS:  6–7).  The  degre e  of  frailty  was  significan tly  

correla t ed  with  mortali ty,  with  a  33%  increas e  for  each  rise  in  the  

degree  of  frailty,  which  is  reasonable  given  the  effect  that  a  reduced  

functional  reserve  has  on  the  patient’s  evolution.

Viral  load  (3.12  ±  0.3  copies/mL)  was  not  significantly  correla te d  with  

the  degre e  of  frailty,  renal  replace m e n t  requirem e n t ,  or  mortali ty.  

Although  a  previous  repor t  noted  that  viral  load  (6.2  copies  /mL,  RIC:  

3.0–8.0)  showed  a  significan t  independ e n t  associa tion  with  mortali ty,  

the  viral  loads  were  much  higher  than  in  the  popula tion  we  studied 26 . It  

could  also  be  hypothesized  that  the  air  way  viral  load  did  not  correla t e  

with  AKI severi ty,  since  renal  damage  depends  on  the  urine  (tubula r)  

viral  load  or,  even  probably  more,  on  the  sort  of  the  patient ´ s  

immunological  response  28- 30 .                                                                     

Regarding  the  significant  correspond e n c e  observed  betwee n  the  robus t  

condition  and  the  serum  ferritin  level,  as  well  as  between  the  frailty  

status  and  the  D-dimer  value,  this  could  be  interp r e t e d  as  follows:  31- 38    

Ferri t in,  transfe r r in ,  IL6,  D-dimer,  fibrinogen,  and  C-reactive  protein  

are  among  the  param e t e r s  described  as  charac t e r i s t ic  of  the  systemic  

inflammato ry  syndrom e  associa ted  with  acute  infection  by  COVID  19.  

With  respec t  to  ferritin  it  is  an  intracellular  iron  storage  protein.  In  

moments  of  systemic  stress ,  ferritin  in  the  blood  comes  from  the  acute  
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dest ruc t ion  of  cells  previously  at  rest  such  as  hepa tocytes ,  

macroph a g e s  or  cells  of  the  bone  marrow.  By increasing  suddenly  in  the

blood,  ferritin  is  responsible  for  the  systemic  stimula tion  of  cells  of  

innate  immunity  such  as  macropha g e s .  The  macroph ag e  response  is  the

secre t ion  of  cytokines  genera t ing  the  so- called  cytokine  storm,  the  

activation  of  recrui tm e n t  mechanism s  of  acute  inflamm ato ry  mediato r s  

and  subsequ e n t ly  the  presen t a t ion  of  antigens .  32- 38                                   

Regarding  the  D-dimer  in  blood,  it  is  a  marke r  of  thrombin  genera t ion  

and  fibrinolysis.  During  coagula t ion,  thrombin  is  genera t e d  that  resul ts  

in  the  conversion  of  fibrinogen  to  fibrin  and  degrada t ion  produc ts ,  

among  them  D-dimer.  There  is  a  constan t  interac t ion  between  the  

immune  system  and  the  coagula t ion  system  in  response  to  infection  by  

any  microorganis m  to  preven t  its  indiscrimina te  spread,  causing  the  

condition  called  dissemina te d  intravascula r  coagula tion  (DIC).  This  

parame t e r  is  related  to  the  presence  of  previously  existing  endothelial  

damage  or  activation,  which  can  be  acute  or  chronic.  Differences  in  the  

host ' s  previous  status  at  the  time  of  SARS- CoV2  virus  infection  may  be  

the  factor  that  dete rmines  the  degre e  of  existing  endothelial  stress .  The

progress ion  of  the  predominan t  biomarke r s  in  the  evolution  of  the  

systemic  inflammato ry  syndrom e  would  be  the  resul t  of  the  combina tion

of  variables  betwee n  the  host  and  the  virus.  In  a  previously  robus t  

organism  and  without  appare n t  prior  pathology,  the  poor  evolution  of  

COVID-19  infection  would  depend  on  the  way  in  which  the  immune  
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system  orches t r a t e s  its  response .  In  this  sense,  an  acute  serum  ferritin  

elevation  as  the  predomina n t  systemic  inflamm ation  mechanism  will  

cause  cytokine  storm  and  organ  damage .  In  contras t ,  in  a  fragile  

organism,  previously  chronically  stresse d ,  forms  of  severe  endothelial  

inflammation  occur.  In  this  case,  SARS- CoV-19  infection  could  

potentia t e  the  host  frailty  status ,  inducing  an  acute  microth rom bo t ic  

activity  which  significantly  elevates  dimer  D levels  in  blood.  This  

biomarke r  would  also  determine  the  poor  clinical  evolution  due  to  

microt rom bo e m b olic  activity  or  dissemina t ed  intravascula r  coagula t ion  

(DIC). 35

Conclu s i o n s

In  this  study,  AKI seconda ry  to  COVID-19  (COVAN)  showed  a  

prevalence  of  41%  in  a  hospitalized  populat ion  with  a  positive  diagnosis

of  SARS- CoV2  by  PCR.  Most  cases  were  AKIN  3,  with  a  renal  

replace m e n t  require m e n t  of  29%,  and  a  mortali ty  of  73%.  The  clinical  

frailty  of  patien ts  was  significantly  correla t ed  with  COVAN  mortali ty  

but  not  with  the  viral  load.
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Table  1:  Acute  kidney  injury  (AKI)  stag e s  (KDIGO  2012)

AKIN  
stag e Defin i t io n

1 Increas e  in  serum  crea tinine  levels  > 0.3  mg/dL  or  1.5–1.9  
times  the  baseline  creat inine  value,  and/or  decreas e d  urine  
output  to  0.5  mL/kg/h  for  6  h.

2 Increas e  in  serum  crea tinine  levels  2–2.9  times  the  baseline  
creatinine  value,  and/or  decreas e d  urine  output  to  0.5  
mL/kg/h  for  12  h.

3 Increas e  in  serum  crea tinine  levels  3  times  the  baseline  
creatinine  value,  increas e  of  serum  crea tinine  > 4  mg/dL,  
initiation  of  RRT  and/or  decreas e d  urine  output  to  0.3  
mL/kg/h  for  24  h  or  anuria  for  12  h.

sCr:  Serum  crea tinine,  RRT : Renal  replacem e n t  therapy,  KDIGO : 

Kidney  Disease  Improving  Global  Outcomes.
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Table  2:  Clinica l  Frailty  Scale

1- Very  fit

Robust ,  active,  energe t ic,  and  motivated  
persons.  These  persons  commonly  exercise  
regula rly.  They  are  among  the  most  fit  for  
their  age.

2- Well

Persons  who  have  no  active  diseases  and  no  
symptoms,  but  who  are  less  fit  than  those  in  
the  previous  category.  They  often  exercise  or  
are  very  active  from  time  to  time.

3- Mana g i n g  
well

Persons  whose  medical  problems  are  well  
controlled  but  are  not  regula r ly  active  beyond  
routine  walking.

4- Vulnerabl e

While  not  depend en t  on  others  for  daily  help,  
their  symptoms  often  limit  activities.  A 
common  complain t  is  being  “slowed  up”  
and/or  being  tired  during  the  day.

5- Mildly  frail

These  persons  often  have  more  evident  
slowing  and  need  help  with  more  complex  
activities  (managing  their  finances ,  medicines ,
transpor t a t ion,  and  heavy  housework).

6- Mod erat e ly  
frail

These  persons  need  help  with  all  outdoor  
activities.  Indoors,  they  need  help  with  
cleaning  and  often  have  problems  climbing  
stairs .  They  also  need  help  bathing  and  may  
need  minimal  assistance  to  get  dressed .

7- Sever e ly  
frail

Completely  depend e n t  for  personal  care  either
due  to  physical  or  cognitive  reasons.  Even  so,  
they  seem  stable  and  not  at  high  risk  of  dying.

8- Very  
sever e ly  
frail

Completely  depend e n t ,  and  close  to  the  end  of  
their  life  (within  6  months).

9- Termin al ly  
ill

Approaching  the  end  of  life.  This  category  
applies  to  anyone  with  a  life  expectancy  <6  
months,  who  is  not  evidently  fragile.
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Table  3:  Renal  funct io n  mark er s  

Averag e SD Min Max

Norm al  

rang e  

sCr  (mg/dL) 3.35 1.74 0.55 17.12 0.6- 1.2

Urea  

(mg/dL) 106.91 26.90 19.94 253.77

15- 38

BUN  

(mg/dL) 50.31 12.01 11.56 113.77

9-20

Na  

(mmol/L) 142.96 2.17 134.77 156.09

137- 145

SD : standa r d  deviation,  s Cr : serum  creat inine ,  BUN : blood  urea  

nitrogen,  CRP : C-reactive  protein
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Table  4 : Bioc h e m i c a l  mark er s  of  inflam m a t i o n  and  syst e m i c  

compr o m i s e

Averag e SD Min Max

Normal

rang e

Hem o g l o b i n  (g/dL) 11.22 1.74 8.30 15.54 13- 16

Leukocyt e s  (mm 3) 15,927 6,360 4,600 44,015

4,500-

11,000

Neutro p h i l s  (%) 33.4 32.5 0.76 93.4 40- 60

Lympho cyt e s  (%) 25.24 18.95 0.02 63.3 20- 40

Platel e t s  (mm 3 ) 278,950 105,443 40,666 601,333

150,000-

450,000

LDH  (U/L) 740.7 586,.6 201 3,856 120- 246

Total  bilirubi n  

( mg/dL ) 1.21 0.72 0.57 4.65

0.2- 1.3

ALT ( UI/L ) 77.2 80.3 16.4 441 17- 59

AST  ( UI/L ) 100.0 86.2 24 449 11- 45

PTT  (sec ) 39.4 10.8 17.6 78.3 25- 45

PT  (sec ) 15.9 6.6 11.3 38.0 9-12

INR  1.5 0.7 1.0 4.3 0.9- 1.3

Troponi n  (0–0.0 3  

ng/ ml ) 1.56 3.9 0.01 17.0

0-0.03

PaO 2 /FIO 2  ratio 133,1 69,1 0,6 244,7 >  300

D- dimer  ( ng/ml ) 4,919 10,552 92.93 70,645 0-255
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C-react ive  protei n  

( mg/dL ) 16.3 11 0.40 46.5

0-1

Ferri t in  (Ug/L ) 1,558.6 1561.9 1.15 7,834 20- 200

SD : standa r d  deviation
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Table  5:  Main  correla t i o n s  with  renal  replac e m e n t  therapy

Rho P

Chronic  kidn ey  

disea s e  0.60 4 4 0.03 6 9

Leukocyt e s  (mm 3 ) 0.30 1 1 0.03 9 0

Neutro p h i l s  (mm 3 ) 0.1687 0.2474

Lympho cyt e s  (mm 3 ) 0.0728 0.6178

Platel e t s  (mm 3 ) -0.0331 0.8206

LDH  (U/L) 0.29 3 3 0.04 6 7

Total  bilirubi n  

(mg/dL) -0.3361 0.02 1 2

ALT (UI/L) 0.1456 0.3182

AST  (UI/L) 0.1390 0.3407

PTT  (s) 0.0331 0.8206

PT  (s) -0.2069 0.1605

INR -0.36 2 4 0.01 3 0

Troponi n  (ng/ mL) 0.32 6 7 0.03 2 2

D- dimer  (ng/ mL) 0.0500 0.7432

C-react ive  protei n  

(mg/dL) 0.0884 0.6061

Ferritin  (Ug/L) 0.2349 0.1151

24



24



Refere n c e s

1. World  Health  Organization.  New  Coronavirus . China;  2020.

2. Gorbalenya  AE,  Baker  SC,  Baric  RS,  et  al.  The  species  and  its  

viruses—a  statem e n t  of  the  Coronavirus  Study  Group.  Biorxiv . 2020:1-

15.

3. Wang  D,  Hu  B,  Hu  C,  et  al.  Clinical  charac t e r i s t ics  of  138  

hospitalized  patient s  with  2019  novel  coronavirus- infected  pneumonia  

in  Wuhan,  China.  JAMA . 2020;323(11):1061- 1069.

4. Naicker  S,  Yang  CW,  Hwang  SJ,  Liu  BC,  Chen  JH,  Jha  V. The  

Novel  coronavirus  2019  epidemic  and  kidneys.  Kidney  Int . 

2020;97(5):824- 828.  doi: 10.1016/j.kint.2020.03.001 .

5. Su  H,  Yang  M,  Wan  C,  et  al.  Renal  histopa thological  analysis  of  26

postmor t e m  findings  of  patient s  with  COVID-19  in  China.  Kidney  Int . 

2020;98(1):219- 227.  doi: 10.1016/j.kint.2020.04.003 .

6. Gabar r e  P,  Dumas  G,  Dupont  T,  Darmon  M,  Azoulay  E,  Zafrani  L.  

Acute  kidney  injury  in  critically  ill patient s  with  COVID-19.  Intensive  

Care  Med . 2020;46(7):1339- 1348.  doi: 10.1007/s0013 4- 020- 06153- 9 .

7. Cheng  Y, Luo  R,  Wang  K, et  al.  Kidney  Impairme n t  is  associa ted  

with  in-hospital  death  of  COVID-19  patient s . medRxiv . 2020:1- 21.  

doi: 10.1101/2020 .02.18.20023 2 4 2 .

24

about:blank
about:blank
about:blank
about:blank


8. Sang  L,  Chen  S,  Zheng  X, et  al.  The  incidence,  risk  factors  and  

prognosis  of  acute  kidney  injury  in  severe  and  critically  ill patient s  with  

COVID-19  in  Mainland  China:  a  retrospec t ive  study.  Research  Square ;  

2020.

9. Shafi  ST.  Covid- 19  and  acute  kidney  injury:  recen t  update s .  Pak  J 

Kidney  Dis . 2020;4(2):225- 227.

10.         Corman  V , Landt  O,  Kaiser  M  , Molenka mp  R , Meijer  A, Chu  

D , Bleicker  T,  Brünink  S,  Schneide r  J, Schmidt  ML,  Mulders  

D, Haagm a ns  B,  van  der  Veer  B , van  den  Brink  S,  Wijsman  L, Goderski  

G,   Romet te  JL , Ellis  J , Zambon  M  , Peiris  M,  Goossens  H,   Reusken  

C , Koopmans  M,  Drosten  C. Detection  of  2019  novel  coronavirus  (2019-

nCoV)  by  real- time  RT-PCR.  EURO  Surveill.  2020;25(3):23- 30  

doi: 10.2807/1560- 7917.ES.2020.25.3.2000 04 5 .

11. KDIGO  Clinical  practice  guideline  for  acute  kidney  injury.  Kidney  

Int  Suppl . 2012;2(1):1- 38.

12. Musso  CG,  Jauregui  JR,  Macías  Núñez  JF.  Frailty  phenotype  and  

chronic  kidney  disease:  a  review  of  the  litera tu r e .  Int  Urol  Nephrol . 

2015;47(11):1801- 1807.

13. King- Vela  E,  Muñoz  J, Rico- Fontalvo  J, et  al.  Acute  kidney  injury  in

Colombian  patient s  with  COVID-19  who  received  kidney  suppor t  

24

about:blank
https://www.eurosurveillance.org/search?value1=Christian+Drosten&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Marion+PG+Koopmans&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Chantal+Reusken&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Herman+Goossens&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Malik+Peiris&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Maria+Zambon&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Joanna+Ellis&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Jean-Louis+Romette&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Gabriel+Goderski&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Lisa+Wijsman&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Sharon+van+den+Brink&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Bas+van+der+Veer&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Bart+L+Haagmans&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Daphne+GJC+Mulders&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Marie+Luisa+Schmidt&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Julia+Schneider&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Sebastian+Br%C3%BCnink&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Tobias+Bleicker&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Daniel+KW+Chu&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Adam+Meijer&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Richard+Molenkamp&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Marco+Kaiser&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Olfert+Landt&option1=author&noRedirect=true
https://www.eurosurveillance.org/search?value1=Victor+M+Corman&option1=author&noRedirect=true


therapy  with  genius ®  90  technology.  J Clin  Nephrol . 2020;4(3):056-

060.

14. Gondo- an  K, Temel  S,  Baran  Ketencio- lu  B,  Rabah  B,  Tutar  N,  

Sungur  M.  Acute  kidney  injury  in  SARS- CoV-2  infected  critically  ill 

Patient sTurkish .  J Nephrol . 2020;29:185- 189.

15. Chan  L, Chaudha ry  K, Saha  A, et  al.  on  behalf  of  the  Mount  Sinai  

COVID  Informatics  Cente r  (MSCIC).  AKI in  hospitalized  patient s  with  

COVID-19.  JASN  Septem b e r  2020.  doi: 10.1681/ASN.202005 0 6 1 5 .

16. Cheng  Y, Luo  R,  Wang  K, et  al.  Kidney  disease  is  associa t ed  with  

in-hospital  death  of  patient s  with  COVID-19.  Kidney  Int . 

2020;97(5):829- 838.

17. Meijers  B,  Hilbrands  LB.  The  clinical  charac t e r i s t ics  of  

coronavirus- associa ted  nephropa t hy.  Nephrol  Dial  Transplant . 

2020;35(8):1279- 1281.

18. Shafi  ST.  Covid- 19  and  acute  kidney  injury:  recen t  update s .  PJKD . 

2020;4(2):225- 227.

19. Molina- Barraga n  AM,  Pardo  E,  Galichon  P,  et  al.  SARS- COV2  

renal  impairme n t  in  critical  care:  A retrospec t ive  study  of  42  cases—Kid

COVID  Stud y . Resea rch  Square .  doi: 10.21203/ r s .3 . r s- 64088/v1 .

24

about:blank
about:blank


20. Golmai  P,  Larsen,  DeVita  M,  et  al.  Histopa thologic  and  

ultras t ruc t u r a l  findings  in  postmor t e m  kidney  biopsy  mate rial  in  12  

patient s  with  AKI and  COVID-19.  JASN . 2020;31:1944- 1947.  

doi: 10.1681/ASN.202005 0 6 8 3 .

21. Batlle  D,  Soler  MJ,  Sparks  MA,  et  al.  and  on  behalf  of  the  COVID.  

19  and  ACE2  in  cardiovascula r ,  lung,  and  Kidney  Working  Group.  Acute

kidney  injury  in  COVID-19:  emerging  evidence  of  a  distinct  

pathophysiology.  J Am  Soc  Nephrol . 2020;31(7):1380- 1383.  

doi: 10.1681/ASN.202004 0 4 1 9 .

22. Sise  ME,  Bagge t t  MV,  Shepard  JO,  Stevens  JS,  Rhee  EP.  Case  17-

2020:  A 68- year- old  man  with  Covid- 19  and  kidney  acute  injury.  N  Engl  

J Med . 2020;382(22):2147- 2156.

23. Su  H,  Yang  M,  Wan  C,  et  al.  Renal  histopa thological  analysis  of  26

postmor t e m  findings  of  patient s  with  COVID-19  in  China.  Kidney  Int . 

2020;98(1):219- 227.  doi: 10.1016/j.kint.2020.04.003 .

24. Naicker  S,  Yang  CW,  Hwang  SJ,  Liu  BC,  Chen  JH,  Jha  V. The  

Novel  coronavirus  2019  epidemic  and  kidneys.  Kidney  Int . 

2020;97(5):824- 828.

25. Hernand ez- Arroyo  CF,  Varghese  V, Moham ed  MMB,  Velez  JCQ.  

Urinary  sedimen t  microscopy  in  acute  kidney  injury  associa ted  with  

24

about:blank
about:blank
about:blank


COVID-19.  Kidney360 . 2020;1(8):819- 823.  

doi: 10.34067/KID.000335 20 2 0 .

26. Pujadas  E,  Chaudhry  F,  McBride  R,  et  al.  SARS- CoV-2  viral  load  

predicts  COVID-19  mortali ty.  Lancet . 2020;8(9):e70.

27.        Khan  S,  Chen  L , Yang  CR,  et  al.  Does  SARS- CoV-2  Infect  the  

Kidney?  JASN.2020;31:  1-3  doi: https://doi.org/10.1681/ASN.2020081229

28.       Braun  F,  Huber  T,  Puelles  V. Proximal  tubula r  dysfunction  in  

patient s  with  COVID-19:  what  have  we  learnt  so  far?  Kidney  Int . 2020  

Nov;  98(5):  1092–1094.  doi:  10.1016/j.kint.2020.09.002

29 .       González  C,  Yama  E,  Yomayusa  N,  et  al.  [Colombian  Consens us  

of  Exper ts  on  Evidence- Informed  Recomme n d a t ions  for  the  Prevention,  

Diagnosis  and  Manage m e n t  of  SARS- CoV-2  / COVID-19  Acute  Kidney  

Injury].  Rev.  Colomb.  Nefrol.  [Interne t ] .  2  de  junio  de  2020  [citado  1  de  

noviembre  de  2020];7(Supl.2).  

https:// revis tan ef rologia.org/index.php/ rcn/a r t icle/view/473

30.       Lee J, Silberzweig J, Akchurin O, et al.  Characteristics of Acute Kidney Injury in 

Hospitalized COVID-19 Patients in an Urban Academic Medical Center. CJASN. 

2021;16:1-3  doi: https://doi.org/10.2215/CJN.07440520

31 . Jingyuan  Liu,  Yao  Liu,  Pan  Xiang  et  al.  Neut rophil- to- Lymphocyte  

Ratio  Predic ts  Severe  Illness  Patients  with  2019  Novel  Coronavirus  in  

the  Early  Stage .  

https://doi.org/10.1101/2020 .02.10.2002 1 5 8 4

32.  Fei  Zhou,  Ting  Yu,  Ronghui  Du  et  al.  Clinical  course  and  risk  factors

for  mortali ty  of  

24

https://doi.org/10.1101/2020.02.10.20021584
https://doi.org/10.2215/CJN.07440520
https://dx.doi.org/10.1016%2Fj.kint.2020.09.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7480737/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Puelles%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=32916178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huber%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=32916178
https://www.ncbi.nlm.nih.gov/pubmed/?term=Braun%20F%5BAuthor%5D&cauthor=true&cauthor_uid=32916178
about:blank


adult  inpatien t s  with  COVID-19  in  Wuhan,  China:  a  ret rospec t ive  cohort

Study.  Lancet  

2020;  395:  1054- 62

33.  Qiurong  Ruan  , Kun  Yang,  Wenxia  Wang  et  al.  Clinical  predicto r s  of  

mortali ty  due  to  

COVID-19  based  on  an  analysis  of  data  of  150  patient s  from  Wuhan,  

China.  Intensive  

Care  Med  2020.  Intensive  Care  Med  (2020)  46:846–848  

https://doi.org/10.1007/s001 34- 020- 05991- x

34.  Páramo  Fernánd ez  J. Coagulación,  Dímero  D y COVID-19.  Sociedad  

Española  de  Trombosis  y Hemosta si a  (SETH)

https://www.se t h . e s /index.php/no ticias/noticias /noticias- de- la- seth/1588-

coagulacion- dimero- d-y-covid- 19.html

35.  Pérez  G.  Coronavirus .  Impacto  cardiovascula r .  Sociedad  

Intera m e r ic an a  de  Cardiología.  

http://www.siaca rdio.com/noved ad e s /covid- 19/coronavirus- y-su-

impacto- cardiovascula r /

36.  Driggin  E,  Madhavan  MV,  Bikdeli  B,  Chuich  T,  Laracy  J, Bondi-

Zoccai  G,Brown  TS,  Nigoghossian  CD,  Zidar  DA, Haythe  J, Brodie  D,  

Beckman  JA, Kirtane  AJ, Stone  GW,  Krumholz  HM,  Parikh  SA,  

Cardiovascula r  Considera t ions  for  Patient s ,  Health  Care  Workers ,  and  

Health  Systems  During  the  Coronavirus  Disease  2019  (COVID-19)  

Pandemic,  Journal  of  the  American  College  of  Cardiology  (2020),  doi:  

https://doi.org/10.1016/j.jacc.2020.03.031.

24

https://doi.org/10.1007/s00134-020-05991-x


37.  Qin  C,  Zhou  L, Hu  Z et  al.  Dysregula tion  of  immune  respons e  in  

patient s  with  COVID-19  in  Wuhan,  China.  Clint  Infect  Dis  2020.  

https://doi.org/10.1093/cid/ciaa248

38.  Mehta  P,  McAuley  DF,  Brown  M,  Sanchez  E,  Tatte rs all  RS,  Manson  

JJ. COVID-19:  

consider  cytokine  storm  syndrom es  and  immunosupp r e s s ion.  Lancet  

2020.  

https://doi.org/10.1016/S0140- 6736(20)30628- 0

24

https://doi.org/10.1093/cid/ciaa248

