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Abstract
Background:  This  work  aims  to  identify  and  validate  a  risk  scale  for  admission  to  intensive  care
units (ICU)  in  hospitalized  patients  with  coronavirus  disease  2019  (COVID-19).
Methods:  We  created  a  derivation  rule  and  a  validation  rule  for  ICU  admission  using  data  from  a
national registry  of  a  cohort  of  patients  with  confirmed  SARS-CoV-2  infection  who  were  admitted
between March  and  August  2020  (N  =  16,298).  We  analyzed  the  available  demographic,  clinical,
Viral  infection;
General  linear  model

radiological,  and  laboratory  variables  recorded  at  hospital  admission.  We  evaluated  the  per-
formance  of  the  risk  score  by  estimating  the  area  under  the  receiver  operating  characteristic
curve (AUROC).  Using  the  �  coefficients  of  the  regression  model,  we  developed  a  score  (0---100
points) associated  with  ICU  admission.

� Please cite this article as: Ena J, Segura-Heras JV, Fonseca-Aizpuru EM, López-Reboiro ML, Gracia-Gutiérrez A, Martín-Oterino JA, et al.
erivación y validación de una puntuación de riesgo de ingreso en la Unidad de Cuidados Intensivos para pacientes con COVID-19. Rev Clin

sp. 2022;222:1---12.
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Results:  The  mean  age  of  the  patients  was  67  years;  57%  were  men.  A  total  of  1420  (8.7%)
patients were  admitted  to  the  ICU.  The  variables  independently  associated  with  ICU  admission
were age,  dyspnea,  Charlson  Comorbidity  Index  score,  neutrophil-to-lymphocyte  ratio,  lactate
dehydrogenase  levels,  and  presence  of  diffuse  infiltrates  on  a  chest  X-ray.  The  model  showed
an AUROC  of  0.780  (CI:  0.763−0.797)  in  the  derivation  cohort  and  an  AUROC  of  0.734  (CI:
0.708−0.761) in  the  validation  cohort.  A  score  of  greater  than  75  points  was  associated  with
a more  than  30%  probability  of  ICU  admission  while  a  score  of  less  than  50  points  reduced  the
likelihood of  ICU  admission  to  15%.
Conclusion:  A  simple  prediction  score  was  a  useful  tool  for  forecasting  the  probability  of  ICU
admission  with  a  high  degree  of  precision.
© 2021  Elsevier  España,  S.L.U.  and  Sociedad  Española  de  Medicina  Interna  (SEMI).  All  rights
reserved.
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Derivación  y  validación  de  una  puntuación  de  riesgo  de  ingreso  en  la  Unidad  de
Cuidados  Intensivos  para  pacientes  con  COVID-19

Resumen
Fundamento:  Identificar  y  validar  una  escala  de  riesgo  de  ingreso  en  las  unidades  de  cuidados
intensivos  (UCI)  en  pacientes  hospitalizados  con  enfermedad  por  coronavirus  2019  (COVID-19).
Métodos:  Realizamos  una  regla  de  derivación  y  otra  de  validación  para  ingreso  en  UCI  uti-
lizando los  datos  de  un  registro  nacional  de  cohortes  de  pacientes  con  infección  confirmada
por SARS-CoV-2  ingresados  entre  marzo  y  agosto  del  año  2020  (N  =  16.298).  Analizamos  varia-
bles demográficas,  clínicas,  radiológicas  y  de  laboratorio  disponibles  en  el  ingreso  hospitalario.
Evaluamos  el  rendimiento  de  la  escala  de  riesgo  mediante  estimación  del  área  bajo  la  curva
de característica  operativa  del  receptor  (AROC).  Utilizamos  los  coeficientes  �  del  modelo  de
regresión  para  elaborar  una  puntuación  (0  a  100  puntos)  asociada  con  ingreso  en  UCI.
Resultados:  La  edad  media  de  los  pacientes  fue  67  años;  57%  varones.  Un  total  de  1.420  (8,7%)
pacientes ingresaron  en  la  UCI.  Las  variables  independientes  asociadas  con  el  ingreso  en  UCI
fueron: edad,  disnea,  índice  de  comorbilidad  de  Charlson,  cociente  neutrófilos-linfocitos,  lac-
tato deshidrogenasa  e  infiltrados  difusos  en  la  radiografia  de  tórax.  El  modelo  mostró  un  AROC
de 0,780  (IC:  0,763−0,797)  en  la  cohorte  de  derivación  y  un  AROC  de  0,734  (IC:  0,708−0,761)
en la  cohorte  de  validación.  Una  puntuación  >  75  se  asoció  con  una  probabilidad  de  ingreso  en
UCI superior  a  un  30%,  mientras  que  una  puntuación  <  50  redujo  la  probabilidad  de  ingreso  en
UCI al  15%.
Conclusión:  Una  puntuación  de  predicción  simple  proporcionó  una  herramienta  útil  para  pre-
decir la  probabilidad  de  ingreso  en  la  UCI  con  un  alto  grado  de  precisión.
© 2021  Elsevier  España,  S.L.U.  y  Sociedad  Española  de  Medicina  Interna  (SEMI).  Todos  los
derechos  reservados.
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s  of  April  16,  2021,  the  number  of  COVID-19  cases  caused
y  SARS-CoV-2  (severe  acute  respiratory  syndrome  coron-
virus  2)  in  Spain  was  3,407,283.  Of  them,  340,130  (9.98%)
equired  hospital  admission  and  31,054  (0.91%)  were  admit-
ed  to  intensive  care  units  (ICU)1.

The  clinical  spectrum  of  SARS-CoV-2  infection  varies
rom  mild  symptoms  of  fever  and  cough  followed  by

xpectoration  and  fatigue  to  severe  symptoms  in  crit-
cal  patients,  including  sepsis,  coagulopathy,  respiratory
ailure,  and  onset  of  severe  acute  respiratory  distress
yndrome2.

r
s
b

2

Cumulative  mortality  in  Spain  as  of  April  16,  2021  was
6,981  (2.25%)  patients,  but  among  patients  admitted  to
he  ICU,  mortality  was  31%3.  Various  studies  concur  that  the
isk  factors  associated  with  mortality  include  advanced  age,
resence  of  kidney  failure,  low  oxygen  saturation  levels,  and
igh  C-reactive  protein  values4,5.

Early  identification  of  patients  who  are  going  to  need  crit-
cal  care  may  be  important  for  providing  more  appropriate
reatment  and  optimizing  available  resources.

The  purpose  of  this  study  is  to  use  an  extensive  national
egistry  of  patients  with  COVID-19  in  order  to  develop  a  risk

cale  for  ICU  admission  applicable  to  patients  who  have  just
een  admitted  to  the  hospital.
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ata  source

he  data  source  was  the  SEMI-COVID-19  registry,  an  ongoing
etrospective  cohort  that  includes  the  majority  of  patients
ho  were  discharged  or  died  following  hospitalization  for
onfirmed  COVID-19  in  150  Spanish  hospitals  from  March
,  2020  until  September  1,  20206.  The  sample  comprised
6,298  patients.

utcomes

he  outcome  evaluated  was  admission  to  the  ICU,  measured
rom  the  time  of  admission  to  the  hospital.

redictor  variables

o  develop  the  prediction  rule,  we  used  variables  that  were
outinely  available  at  the  time  of  hospital  admission  and
hich  have  been  associated  with  ICU  admission  in  other

tudies.  These  variables  included:  (1)  demographics,  age,
nd  sex;  (2)  comorbidities  and  Charlson  Comorbidity  Index;
3)  signs  or  symptoms,  including  dyspnea,  confusion,  hemop-
ysis;  (4)  laboratory  data,  oxygen  saturation  in  ambient  air,
DH  levels,  the  neutrophil-lymphocyte  ratio,  and  C-reactive
rotein  levels.

erivation  model

n  the  derivation  model,  we  randomly  selected  two-thirds
n  =  10,865)  of  the  sample.  To  create  the  derivation  model,
e  conducted  a  multiple  logistic  regression  analysis  with

CU  admission  as  the  primary  outcome  and  the  previously
escribed  clinical  parameters  as  predictor  variables.  Using
he  �  coefficients,  we  created  a  scoring  system  that  divided
atients  into  different  risk  categories.

alidation  model

he  validation  model  was  created  using  the  remaining  one-
hird  (n  =  5433)  of  the  sample.

tatistical  analysis

e  followed  the  recommendations  of  the  TRIPOD  guidelines
n  developing  the  multivariate  analysis  model7.  Continuous
ariables  are  expressed  as  means  and  standard  devia-
ions.  Categorical  variables  are  expressed  as  frequencies
nd  percentages.  The  chi-square  test  was  used  to  com-
are  categorical  variables  and  Student’s  t-test  was  used
o  compare  continuous  variables  between  groups.  Val-
es  of  p  <  .05  were  considered  statistically  significant.

 multiple  logistic  regression  analysis  was  conducted  in
he  derivation  sample  to  estimate  probability  of  ICU

dmission.

To  build  the  derivation  model,  variables  with  a  p
alue  lower  than  .10  on  the  univariate  model  were
elected.  The  odds  ratio  (OR)  and  95%  confidence  inter-

t
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als  (95%  CI)  were  estimated  based  on  the  regression
oefficients.  Various  regression  models  were  built  and  the
ne  that  was  simplest  and  most  explicative  based  on  the
osmer-Lemeshow  goodness  of  fit  test  was  selected  for
pplication  to  the  validation  cohort.  Nagelkerke’s  R2 was
sed  to  estimate  the  proportion  of  variation  explained  by
he  model.

The  model’s  final  performance  was  evaluated  by  means  of
he  receiver  operating  characteristic  (ROC)  curve  and  calcu-
ation  of  the  area  under  the  ROC  curve.  Finally,  based  on  the

 coefficients,  we  created  a  scoring  system  for  establishing
ifferent  risk  levels  for  ICU  admission.

The  statistical  analysis  was  conducted  using  the  free
 software,  version  4.0.2  (Free  Software  Foundation,  Inc.
oston,  MA).

thical  considerations

ersonal  data  were  processed  pursuant  to  Law  14/2007,  of
uly  3,  on  Biomedical  Research;  Regulation  (EU)  2016/679
f  the  European  Parliament  and  of  the  Council  of  27  April
016,  General  Data  Protection  Regulation;  and  Organic  Law
/2018,  of  December  5,  on  Personal  Data  Protection  and
uarantee  of  Digital  Rights.

The  SEMI-COVID-19  Registry  was  approved  by  the
esearch  Ethics  Committee  of  the  Province  of  Málaga.  The
epartment  of  Medicines  for  Human  Use  of  the  Spanish
gency  of  Medicines  and  Health  Products  (AEMPS,  for  its  ini-
ials  in  Spanish),  in  accordance  with  the  applicable  precepts,
as  designated  the  study  to  be  a  ‘‘non-post-authorization
bservational  study.’’

esults

haracteristics  of  patients  admitted  to  the  ICU

 total  of  1420  (8.7%)  patients  were  admitted  to  the  ICU
Table  1).  Patients  who  were  admitted  to  the  ICU  were
ounger  (mean  age  63.3  ±  12.3  years)  than  those  who  were
dmitted  to  conventional  hospitalization  wards  (67.7  ±  16.4
ears)  (p  <  .001).  Male  sex  was  associated  with  greater  risk
f  ICU  admission  (69.5%  vs.  56.3%;  P  <  .001).

There  were  comorbidities  that  were  associated  with
reater  risk  of  ICU  admission,  including  obesity,  among
thers,  whereas  others  were  associated  with  a  lower  fre-
uency  of  ICU  admission,  such  as  chronic  kidney  disease,
OPD,  or  chronic  heart  failure.  Smoking  was  a  risk  factor
or  ICU  admission.  A  greater  proportion  of  patients  who
ere  admitted  to  the  ICU  presented  with  dyspnea  at  the

ime  of  admission  (75.4%  vs.  56%,  p  <  .001)  as  well  as
 lower  rate  of  altered  consciousness  (8.4%  vs.  12.2%,  p

 .001),  a  greater  frequency  of  presence  of  diffuse  infil-
rates  on  a chest  x-ray  on  admission  than  patients  who
ere  admitted  to  the  ICU  (43%  vs.  29.3%  p  <  .001),  and

ower  oxygen  saturation  levels  (SpO2)  than  patients  admit-
ed  to  conventional  hospitalization  wards  (89%  vs.  93.3%,  p

 .001).

Regarding  laboratory  variables,  patients  hospitalized  in

he  ICU  had  a  greater  neutrophil-lymphocyte  ratio  (9.7%
s.  7.0%,  p  <  .001)  and  higher  d-dimer  (2,969.8  vs.  1,906.6
g/mL,  p  =  .004),  glucose  (138.6  vs.  127.5  mg/dL,  p  <  .001),
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Table  1  Characteristics  of  the  study  patients.

Characteristic  No.  of  data  points  ICU  admission  =  No
(n  =  14,868)

ICU  admission  =  Yes  (n
= 1,420)

p

Demographics
Age,  years,  mean  ±  SD  16,298  67.7  ±  16.4  63.3  ±  12.3  <.001
Male sex----No.  (%)  16,288  8367  (56.3)  987  (69.5)  <.001
Dependence 16,288  <.001

Independent 12,092  (82.4)  1377  (97.8)
Partially dependent  1461  (10.0)  26  (1.8)
Totally dependent  1129  (7.7)  5  (0.4)
Comorbidity----No.  (%)

Smoker  15,627  <.001
No 9980  (70.0) 876  (64.3)
Ex-smoker  3567  (25.0)  402  (29.5)
Active Smoker  717  (5.0)  85  (6.2)

Hypertension  16,264  7631  (51.4)  705  (49.7)  .226
Type 2  diabetes  mellitus  16,251  2128  (14.3)  228  (16.1)  .086
Type 1  diabetes  mellitus  16,256  817  (5.5)  65  (4.6)  .159
Chronic kidney  disease  16,253  936  (6.3)  47  (3.3)  <.001
Obesity (BMI  >  30  kg/m2)  14,973  885  (21.1)  404  (30.5)  <.001
Dementia 16,288  1594  (10.7)  3  (0.2)  <.001
Cancer 16,221  660  (4.5)  43  (3.0)  .015
COPD 16,263  1037  (7.0)  78  (5.5)  .040
Chronic liver  disease  16,253  156  (1.1)  13  (0.9)  .731
Chronic heart  failure  16,260  1108  (7.5)  43  (3.0)  <.001
Ischemic heart  disease  16,264  846  (5.7)  85  (6.0)  .690
HIV infection  16,230  85  (0.6)  6  (0.4)  .593
Signs and  symptoms----No.  (%)

Temperature  16,225  <.001
<37 ◦C  2418  (16.3)  156  (11.0)
37−38 ◦C  3173  (21.4)  223  (15.7)
>38 ◦C 9217  (62.2)  1038  (73.3)

Cough 16,241  <.001
No 4058  (27.4)  278  (19.6)
Dry 8519  (57.5) 933  (65.8)
With sputum  production 2246  (15.2) 207  (14.6)

Anosmia  15,897  1126  (7.8)  68  (4.9)  <.001
Asthenia 16,090  6377  (43.4) 627  (44.4)  .490
Anorexia 16,025  2931  (20.0) 262  (18.7) .249
Headache  16,072  1765  (12.0)  161  (11.5)  .548
Arthromyalgia  16,130  4486  (30.5)  473  (33.5)  .019
Ageusia 15,903  1266  (8.7)  86  (6.2)  .001
Altered level  of  consciousness  16,150  1794  (12.2)  119  (8.4)  <.001
Dyspnea 16,228  8299  (56.0)  1069  (75.4)  <.001
Vomiting/nausea  16,012  2100  (14.4)  188  (13.3)  .306
Diarrhea 16,166  3566  (24.2)  321  (22.7)  .217

Radiology----No. (%)  16,061  <.001
Absence of  infiltrates  7789  (53.1)  630  (44.8)
Unilateral  infiltrates  2567  (17.5)  171  (12.2)
Diffuse infiltrates  4300  (29.3)  604  (43.0)

Physical examination,  mean  ±  DE
SpO2,  %  15,849  93.3  ±  5.5  89.0  ±  8.8  <.001
Systolic blood  pressure,  mmHg  15,666  128.8  ±  21.6  127.8  ±  21.5  .083
Diastolic blood  pressure,  mmHg  15,657  73.9  ±  13.3  72.8  ±  13.2  .003
Heart rate,  beats/min  15,831  88.3  ±  17.3  92.8  ±  17.4  <.001
Tachypnea (<30  breaths/min)  15,942  4258  (29.3)  793  (56.8)  <.001

Laboratory tests,  mean  ±  SD
Neutrophil-lymphocyte  ratio  16,107  7.0  ±  11.6  9.7  ±  9.9  <.001
Platelets----x109/L  16,182  207,227  ±  93,637  203,388  ±  90,454  .140

4
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Table  1  (Continued)

Characteristic  No.  of  data  points  ICU  admission  =  No
(n  =  14,868)

ICU  admission  =  Yes  (n
= 1,420)

p

D-dimer----ng/mL  12,852  1,906  ±  10,702  2,969  ±  11,865  .004
Glucose----mg/dL 15,714  127.5  ±  58.9  138.6  ±  55.2  <.001
Creatinine----mg/dL 16,151  1.1  ±  0.9  1.1  ±  0.7  .881
ALT----U/L 15,238  40.5  ±  62.0  49.7  ±  51.0  <.001
Lactate dehydrogenase----U/L 14,112  359.5  ±  197.1  501.5  ±  365.0  <.001
C-reactive protein----mg/dL 15,652  84.5  ±  86.1 130.7  ±  108.6 <.001
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ALT: alanine aminotransferase; SD: standard deviation; COPD: chro
saturation; ICU: Intensive Care Unit; HIV: human immunodeficienc

lanine  aminotransferase  (ALT)  (49.7  vs.  40.5  U/L,  p  <  .001),
actate  dehydrogenase  (501.5  vs.  359.5  U/L,  p  <  .001),  and
-reactive  protein  (130.7  vs.  84.5  mg/dL,  p  <  .001)  values
han  patients  hospitalized  in  conventional  hospitalization
ards.

A  total  of  568  (40%)  of  patients  admitted  to  the
CU  died  whereas  those  among  those  admitted  to  con-
entional  hospitalization  wards,  there  were  2851  (19.2%)
eaths.

redictive  model

o  create  the  predictive  model,  we  randomly  divided  the
ample  into  two  parts:  two-thirds  were  the  derivation  cohort
nd  the  remaining  one-third  was  the  validation  cohort.  The
haracteristics  of  patients  in  both  cohorts  are  described  in
able  2.

In the  derivation  cohort,  variables  that  had  a  greater
ssociation  with  ICU  admission  on  the  univariate  analy-
is  were  age  younger  than  75  years,  a  lower  Charlson
omorbidity  Index,  presence  of  dyspnea  or  tachypnea,

 neutrophil-lymphocyte  ratio  greater  than  five,  lactate
ehydrogenase  values  greater  than  250  U/L,  urea  values
reater  than  40  mg/dL,  and  presence  of  diffuse  infil-
rates  on  the  chest  x-ray.  The  presence  of  cancer  (solid
umor,  metastases,  hematologic  tumor)  and  altered  levels
f  consciousness  were  factors  that  reduced  the  risk  of  ICU
dmission  (Table  3).

According  to  the  multivariate  analysis,  the  variables
f  age,  presence  of  dyspnea,  Charlson  Comorbidity  Index
core,  neutrophil-lymphocyte  ratio,  lactate  dehydrogenase
alues,  and  chest  x-ray  data  on  admission  remained  in  the
odel  (Table  4).
The  p value  for  goodness  of  fit  for  the  multivariate  model,

alculated  using  the  Hosmer-Lemeshow  statistic,  was  0.154,
ndicating  a  good  fit.  Nagelkerke’s  R2 value  showing  the
odel’s  explanatory  value  was  0.196.  The  evaluation  of

he  predictive  model’s  performance  showed  an  area  under
he  receiver  operator  characteristic  curve  (AUROC)  of  0.780
95%  CI  0.763−0.797)  (Fig.  1).  For  a  probability  of  ICU  admis-
ion  of  0.102  (cut-off  point),  the  model  showed  a  sensitivity

f  67.8%  and  a  specificity  of  74.6%  in  the  derivation  sam-
le.  In  the  validation  cohort,  the  AUROC  was  0.734  and
he  model  showed  a  sensitivity  of  62.1%  and  a  specificity
f  72%.

a
a
a
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structive pulmonary disease; BMI: body mass index; SpO2: oxygen
us.

uilding  the  scoring  system

e  built  a  scoring  system  based  on  the  �  coefficients  esti-
ated  in  the  logistic  regression  model  (Table  4).  The  total

ndividual  score  (range  from  0  to  100  points)  was  obtained  by
dding  the  points  of  each  patient  characteristic.  This  scor-
ng  system  allows  for  estimating  probability  of  ICU  admission
positive  predictive  value)  with  the  data  obtained  at  the
ime  of  admission.  For  scores  greater  than  75  points,  the
robability  of  ICU  admission  is  greater  than  30%  and  for
cores  lower  than  50  points,  the  probability  of  ICU  admission
s  less  than  15%  (Fig.  2).

iscussion

e  developed  and  validated  a  clinical  prediction  model  to
dentify  patients  with  SARS-CoV-2  infection  who  will  require
CU  admission.  The  predictive  model’s  performance  showed
n  AUC  of  0.780  for  a  probability  of  ICU  admission  of  0.102.

Risk  of  ICU  admission  increased  progressively  according
o  the  number  of  independent  variables,  which  included
ge  younger  than  75  years,  presence  of  dyspnea,  Charlson
omorbidity  Index  score  of  less  than  3,  a  neutrophil-

ymphocyte  ratio  greater  than  5,  lactate  dehydrogenase
alues  greater  than  250  U/L,  and  presence  of  diffuse  infil-
rates  on  the  chest  x-ray.  Using  these  variables,  which  are
asily  available  at  the  time  of  the  patient’s  hospital  admis-
ion,  we  built  a  scoring  system  that  allows  for  determining
he  probability  of  ICU  admission.  This  study  allows  for  antic-
pating  the  necessary  intensive  care  resources  for  patients
ospitalized  due  to  COVID-19.

The  percentage  of  patients  admitted  to  the  ICU  in  the
erivation  cohort  was  8.9%  and  in  the  validation  cohort  it
as  7.7%.  These  values  are  similar  to  what  has  been  reported

n  other  studies  conducted  in  Spain8.  The  proportion  of  hos-
italized  patients  admitted  to  the  ICU  in  other  countries  was
6.8%  in  Italy,  17%  in  the  United  Kingdom,  11%  in  France,
2%  in  the  USA,  and  8.2%  in  China9---13.  A  higher  percentage
f  patients  admitted  to  the  ICU  applied  to  our  model  would
ntail  an  increase  in  the  positive  predictive  value  of  the
coring  system.

The  demographic  characteristics  of  the  study  population

lso  show  differences  according  to  country,  with  a  mean
ge  of  around  70  years  for  studies  conducted  in  Europe
nd  a  mean  age  around  50  years  for  studies  conducted  in
hina.  All  studies  showed  the  determining  factors  for  ICU
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Table  2  Characteristics  of  patients  who  were  admitted  to  the  ICU  in  the  derivation  and  validation  cohorts.

Variable  Derivation  cohort  (n  =  10,865)  Validation  cohort  (n  =  5,433)  p

Age,  years
>  75  137  (3.46)  210  (9.16)  .517
<65 483  (10.77)  140  (11.69)
[6575] 371  (15.37)  79  (4.08)

Dyspnea
No 230  (4.98)  118  (5.26)  .108
Yes 758  (12.23)  311  (9.81)

Charlson Comorbidity  Index
0 529  (10.8) 11  (3.15) .461
1 223  (9.19) 7  (3.74)
2 113  (8.09) 25  (6.61)
3 47  (6.33)  56  (8.06)
4 24  (5.52)  119  (9.45)
> 4  36  (4.97)  202  (8.29)

Neutrophil-lymphocyte  ratio
<5  326  (5.85)  144  (5.27)  .335
5−10 350  (10.92)  152  (9.13)
> 10  308  (15.83)  131  (13.45)

Lactate dehydrogenase,  U/L
<250  85  (3.5)  27  (2.24)  .655
250−500 442  (8.24)  209  (7.68)
> 500  318  (19.79)  133  (17.01)

Altered level  of  consciousness
No  902  (9.54)  389  (8.14)  .062
Yes 84  (6.4)  35  (5.83)

Chest x-ray
Absence  of  infiltrates  435  (7.77)  195  (6.91)  .197
Unilateral infiltrates  114  (6.18)  57  (6.39)
Diffuse infiltrates  432  (13.24)  172  (10.49)

Neoplasm
No 961  (9.3) 411  (7.92)  .665
Yes 28 (5.77)  15  (6.88)

Tachypnea  (>  30  breaths/min)
No  409  (5.67) 194  (5.28) .171
Yes 567 (16.66) 226  (13.72)

Urea elevation  >  40  mg/dL
No  406  (8.57) 195  (8.16) .768
Yes 447  (10.79)  183  (8.86)

Type 1  diabetes  mellitus
No  947  (9.24)  407  (7.94)  .848
Yes 43  (7.28)  22  (7.56)

Type 2  diabetes  mellitus
No  831  (8.97)  360  (7.78)  .903
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Yes 159  (10.15)  

dmission  to  be  older  age  and  male  sex,  greater  comorbid-
ty,  and  presence  of  dyspnea.  Among  the  laboratory  data,
igns  of  poor  prognosis  that  have  been  found  in  all  studies
nclude  a  greater  neutrophil-lymphocyte  ratio  and  a  greater
ncrease  in  lactate  dehydrogenase  levels9---13. Likewise,  a  dif-
use,  bilateral  pattern  with  ground  glass  opacity  on  the  chest
-ray  has  also  been  associated  with  greater  risk  of  severe
isease14.
The  performance  of  our  predictive  model  for  ICU  admis-
ion  is  in  line  with  data  found  by  other  authors,  who  report

d
o

6

69  (8.75)

UROC  values  of  0.74  to  0.88  in  studies  with  derivation  and
alidation  models12,13.

Nevertheless,  we  must  be  cautious  when  extrapolating
he  performance  of  models  when  applying  them  to  other
ountries,  given  that  they  can  have  differences  that,  in  some
nstances,  are  notable15.  These  differences  can  be  due  to
he  demographic  characteristics  of  the  subjects  studied,  the
ncidence  of  cases  at  one  particular  moment  in  the  pan-

emic,  or  the  structure  of  the  healthcare  system,  among
thers.
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Table  3  Independent  factors  of  ICU  admission  in  patients  hospitalized  with  COVID-19  for  the  derivation  cohort.  Univariate  analysis.

Characteristic  Odds  ratio  95%  confidence  interval  p

Age,  years
>  75  Ref.
<65 3.368  (2.780,  4.106)  <.001
[6575] 5.067  (4.147,  6.227)  <.001

Charlson Comorbidity  Index
> 4  Ref.
4 1.116  (0.649,  1.887)  .685
3 1.291  (0.828,  2.029)  .263
2 1.682  (1.155,  2.506)  .008
1 1.935  (1.364,  2.822)  <.001
0 2.313  (1.659,  3.328)  <.001

Neoplasm
Yes vs.  No  0.597  (0.397,  0.863)  .009

Type 1  diabetes  mellitus
Yes  vs.  No  0.770  (0.553,  1.045)  .107

Type 2  diabetes  mellitus
Yes  vs.  No  1.146  (0.956,  1.367)  .135

Altered level  of  consciousness
Yes  vs.  No  0.648  (0.511,  0.812)  <.001

Tachypnea,< 30  breaths/min
Yes  vs.  No  3.327  (2.910,  3.808)  <.001

Dyspnea
Yes vs.  No  2.659  (2.286,  3.104)  <.001

Neutrophil-lymphocyte  ratio
<5  Ref.
5−10 1.974  (1.686.  2.311)  <.001
> 10  3.027  (2.565.  3.571)  <.001

Lactate dehydrogenase,  U/L
<250  Ref.
250−500 2.475  (1.963,  3.157)  <.001
> 500  6.797  (5.326,  8.765)  <.001

Urea, mg/dL
<  40  Ref.
≥ 40  1.290  (1.120,  1.487)  <.001

Chest x-ray
Absence  of  infiltrates  Ref.
Unilateral  infiltrates  0.781  (0.629,  0.964)  .023
Diffuse infiltrates  1.811  (1.573,  2.085)  <.001

7
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Table  4  Independent  predictive  factors  of  ICU  admission.

Variable  �  Odds  ratio  (95%  confidence  interval)  p  Points  assigned

Constant  −6.060 <.001
Age,  years

>  75  Ref.
<65 1.461  4.311  (3.410,  5.492)  <.001  23
65−75 1.789  5.982  (4.720,  7.633)  <.001  28

Dyspnea
Yes vs.  No  0.805  2.237  (1.874,  2.680)  <.001  13

Charlson Comorbidity  Index,  points
> 4 Ref.
4  0.098  1.102  (0.577,  2.057) .762
5 0.384  1.468  (0.869,  2.498) .153
2 0.623  1.864  (1.203,  2.967)  .007  9
1 0.699  2.013  (1.338,  3.128)  .001  10
0 0.734  2.084  (1.408,  3.195)  .000  10

Neutrophil-lymphocyte  ratio
<5  Ref.
5−10 0.558  1.747  (1.455,  2.097)  <.001  9
> 10  1.072  2.921  (2.392,  3.568)  <.001  17

Lactate dehydrogenase,  U/L
<250  Ref.
250−500 0.663  1.941  (1.518,  2.510)  <.001  10
> 500  1.591  4.911  (3.763,  6.471)  <.001  25

Chest x-ray
Absence  of  infiltrates  Ref.
Unilateral  infiltrates  0.071  0.931  (0.728,  1.182)  .565

279,  1.781)  <.001  6
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Figure  1  Receiver  operating  characteristic  curve  for  ICU
admission  in  the  derivation  and  validation  cohort.  The  area
under  the  receiver  operating  characteristic  curve  was  0.781
in the  derivation  cohort  and  0.747  in  the  validation  cohort.
The cut-off  point  which  optimizes  sensitivity  and  specificity  was
0.087 in  both  the  derivation  and  validation  cohort.
Diffuse infiltrates  0.412  1.509  (1.

Among  the  strengths  of  this  study  are  the  large  sample
ize,  which  allowed  for  considering  a  large  number  of  varia-
les  in  the  predictive  model,  as  well  as  a  robust  analysis  of
he  derivation  and  validation  models.

It  is  advisable  to  interpret  this  study  as  an  aid  for  deter-
ining  intensive  care  unit  bed  requirements  for  patients
ith  severe  COVID-19.  Although  the  risk  score  refers  to
linical  deterioration  related  to  COVID-19,  the  benefit
f  ICU  admission  may  be  conditioned  by  other  aspects.
he  patient’s  comorbidity,  presence  of  advanced  cognitive
ecline,  or  inability  to  perform  basic  activities  of  daily  living
an  constitute  limitations  for  ICU  admission  in  subjects  with
evere  COVID-1916.

On  the  other  hand,  the  probability  of  ICU  admission  may
e  influenced  by  the  percentage  of  beds  occupied  during
ifferent  periods  of  the  pandemic.  It  is  possible  that  during
eriods  when  there  is  good  access  to  supportive  treatment,
t  is  decided  to  provide  this  treatment  to  patients  with  mod-
rate  risk  of  mortality.  On  the  contrary,  in  periods  or  areas
ith  more  limited  resources,  the  decision  could  be  made  to

imit  intensive  supportive  treatment  in  patients  with  moder-
te  risk  in  order  to  optimize  available  resources.  Likewise,
he  admission  of  patients  with  severe  COVID-19  in  respira-
ory  intensive  care  units  was  not  taken  into  consideration;
he  availability  of  these  facilities  could  alter  the  scale  vali-
ation  results.
Finally,  the  development  and  validation  of  the  predictive
odel  was  carried  out  in  Spain.  This  could  limit  the  gener-

8
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igure  2  Relationship  between  individual  score  and  probabil-
ty (positive  predictive  value)  that  a  patient  will  be  admitted  to
he ICU.

lization  of  the  scoring  system  to  other  areas  of  the  world
ith  different  healthcare  systems.

In  conclusion,  we  developed  a  clinical  prediction  rule
or  ICU  admission  for  patients  with  COVID-19.  The  predic-
or  variables  are  easy  to  obtain  at  the  time  of  admission.
ur  prediction  rule  has  been  validated  in  a  large  cohort
f  patients  and  has  been  demonstrated  to  be  repro-
ucible.  The  incorporation  of  the  rule  into  the  electronic
edical  record  would  facilitate  its  implementation  and

elp  clinicians  appropriately  adapt  the  patient  admissions
epartment.
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H.  U.  Gregorio  Marañón,  Madrid:  Laura  Abarca  Casas,
lvaro  Alejandre  de  Oña,  Rubén  Alonso  Beato,  Leyre  Alonso
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isco  Garrido  Navarro,  Vicente  Giner  Galvañ,  Angie  Gómez
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