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CROW-65, MEWS, 4C Mortality Score

Abstract

The purpose of this retrospective cross-sectional study was to compare the effectiveness
of the CROW-65, Modified Early Warning Score (MEWS), and 4C Mortality Score in predicting
in-hospital mortality among COVID-19 patients treated with high-flow nasal cannula (HFNC).
Data were collected from medical records of 144 COVID-19 patients with acute hypoxemic
respiratory failure who were treated with HFNC at Somdech Phra Pinklao Hospital between
November 1, 2020, and October 31, 2021. The research instruments included a demographic
and clinical data record form, pre-HFNC treatment data, and HFNC treatment data. Descriptive
statistics were used to analyze general patient characteristics. The effectiveness of the CROW-65,
MEWS, and 4C Mortality Score in predicting in-hospital mortality was compared using area under
curve (AUC), sensitivity, specificity, and accuracy.

Results showed that the 4C Mortality Score was highly suitable for predicting the mortality
rate of COVID-19 patients (AUC = 0.862), followed by CROW-65 at a good level (AUC = 0.748),
and MEWS at a satisfactory level (AUC = 0.694). When considering the appropriate cut-off point,
the 4C Mortality Score with a cut-off value of 13 demonstrated the highest Youden's index
(0.551), with a sensitivity of 76.3, specificity of 78.8, and accuracy of 77.8. The CROW-65 Score,
with a cut-off value of 11 and 12, showed the highest Youden’s index (0.381), with a sensitivity
of 74.6, specificity of 63.5, and accuracy of 68.1. The MEWS Score, with a cut-off value of 4, yielded
the highest Youden's index (0.293), with a sensitivity of 45.8, specificity of 83.5, and accuracy of 68.1.

The results of this study indicate that the 4C Mortality Score is the most appropriate
tool for predicting in-hospital mortality among COVID-19 patients treated with HFNC. It can
be used by healthcare professionals as a guideline for clinical decision-making to enhance

efficiency in treatment prioritization and optimal allocation of medical resources.

Keywords: COVID-19, in-hospital mortality, high-flow nasal cannula, CROW-65, MEWS, 4C Mortality Score
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A1997 1 WiguiieuaiseguvesrguunUssdiunewsadiio CROW-65, MEWS Way 4C Mortality
Score YB5BATINNUNIFLYIN (n = 144)

. AZLUY
\wsaelie #50a%3n (n = 85) 18T (n = 59) p-value
Median (IQR) Median (IQR)
CROW-65 7(7,12) 12 (10, 15) <.001
MEWS 2(2,3) 3(2,4) <.001
4C Mortality Score 10 (8, 12) 15 (13, 17) <.001
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a519d 2 AiuAlaTAT (AUC) weanassinziiuy CROW-65, MEWS uay 4C Mortality Score

w3asdlo AUC 95% ClI SE p-value Calibration
CROW-65 0.748 0.665, 0.831 0.042 <.001 XZ =3.875p = .275
MEWS 0.694 0.606, 0.782  0.045 <.001 )(2 = 1.835; p = .607
4C Mortality Score 0.862 0.801, 0.923  0.031 <.001 )(2 =9.248;, p = .322
Pairwise comparison”
CROW-65 vs. MEWS 0.054 -0.067,0.175  0.062 .383
4C Mortality Score 0.114 0.011, 0.217  0.053 .031
vs. CROW-65
4C Mortality Score 0.168 0.060, 0.275  0.055 .002
vs. MEWS
ROC Curve
1.0 Source of the Curve
4C Mortality
—— CROWES5
—— MEWS

0.8

0.6

Sensitivity

0.4

021

0.0

0.0 0.2

0.4 0.6

1 - Specificity

0.8

Reference Line

AT 2 Receiver operating characteristics curve (ROC curve) Uaanaunaziiild CROW-65, MEWS
wag 4C Mortality TunisnennsalmsidedinvedUlelain 19

NANTI 3 UARIMIAEBUAEILL CROW-65, MEWS Wag 4C Mortality Score Tunsmennsal
mMadeTinvesiiaelain 19 Inefiansangadiaivanzanain Youden’s index nams3ds wuin 4C
Mortality Score au 9969 13 Azuuu fiA Youden’s index gaiaawindy 0.551 Tnefianaila (Sensitivity)
WU 76.3 Anusuie (Specificity) winfiu 78.8 wazaaiugn (Accuracy) Wiy 77.8 Tunausdi
CROW-65 au 9adin 11 uag 12 Azuuu fiAn Youden’s index gafigawindu 0381 Taefimnalawindy
76.6 ANUIWINLYINTU 63.5 wazAVIMINEWINTU 68.1 wag MEWS oy 9afin 4 Aviun 311 Youden’s

index gsigawinfiu 0.293 Inedanulainiu 458 AnuTswiniu 83.5 wasAnaiugwingu 68.1

Volume 52 No.3 September-December 2025



o1sasiwngund
Rovyal Thai Navy Medical Journal
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R

m’swﬁ 3 n1svedauAzul CROW-65, MEWS way 4C Mortality Score Tunrsnennsaldnsinig
dedinvewtheladn 19 lasunssnweae HENC lulsaneuia (n = 144)

wasile Sensitivity  Specificity PPV NPV +LR -LR Accuracy Youden’s
(95% ClI) (95% ClI) (95% Q) (95% Q) (95% ClI) (95% ClI) (95% Cl)  index
CROW-65
>9 76.3 553 54.2 7.1 1.71 0.43 639 0.316
(63.4, 86.4) (44.1, 66.1) (47.3,61.0) (67.2,84.6) (1.29, 2.25) (0.26,0.70) (555, 71.7)
> 10 76.3 553 54.2 7.1 1.71 0.43 63.9 0.316
(63.4, 86.4) (44.1, 66.1) (47.3,61.0) (67.2,84.6) (1.29, 2.25) (0.26,0.70) (555, 71.7)
> 11 74.6 63.5 58.7 78.3 2.04 0.40 68.1 0.381*
(61.6, 85.0) (52.4,73.7) (50.8, 66.1) (69.3,85.2) (1.49, 2.81) (0.25,0.64)  (59.8,75.6)
>12 74.6 63.5 58.7 78.3 2.04 0.40 68.1 0.381*
(61.6, 85.0) (52.4,73.7) (508, 66.1)  (69.3,85.2) (1.49, 2.81) (0.25,0.64)  (59.8,75.6)
>13 45.8 91.8 79.4 70.9 5.56 0.59 72.9 0.376
(32.7, 59.3) (83.8, 96.6) (64.3,89.2) (65.7, 75.7) (259,1191) (0.46,0.75)  (64.9,80.0)
MEWS
>2 98.3 8.2 a2.7 87.5 1.07 0.21 45.1 0.065
(90.9, 99.9) (3.4, 16.2) (409, 44.9) (469,982 (1.00, 1.15) (0.03, 1.63)  (36.8,53.6)
>3 71.2 57.7 53.9 74.2 1.68 0.50 63.2 0.289
(57.9, 82.2) (46.5, 68.3) (@65,61.1) (649,817 (1.25, 2.26) (0.32,0.78)  (548,71.1)
>4 45.8 83.5 65.9 68.9 2.78 0.65 68.1 0.293%
(32.7, 59.3) (73.9, 90.7) (52.6, 77.0) (63.3,74.1) (1.60, 4.83) (0.50,0.84) (5938, 75.6)
>5 20.3 929 66.7 62.7 2.88 0.86 63.2 0.132
(11.0, 32.8) (85.3, 97.4) (44.3,83.4) (59.3, 66.0) (1.15,7.24) (0.74,0.99)  (548,71.1)
>6 11.9 100.0 100.0 62.0 - 0.88 63.9 0.119
(4.9,22.9)  (95.8, 100.0) G (59.8, 64.2) (0.80,0.97)  (555,7L7)
4C Mortality Score
> 10 94.9 459 54.9 92.9 1.75 0.11 66.0 0.408
(85.9, 98.9) (35.0, 57.0) (49.8,59.9) (80.8,97.6) (1.43, 2.15) (0.04,0.34)  (57.6,73.7)
> 11 91.5 61.2 62.1 91.2 2.36 0.14 73.6 0.527
(81.3,97.2) (50.0, 71.6) (55.3,684)  (816,96.1) (1.79, 3.11) (0.06, 0.33)  (65.6,80.6)
>12 86.4 68.2 65.4 87.9 2.72 0.20 75.7 0.546
(75.0, 94.0) (57.2, 77.9) (57.7,724)  (789,934) (1.96, 3.78) (0.10, 0.38)  (67.9,825)
>13 76.3 78.8 71.4 82.7 3.60 0.30 7.8 0.551*
(63.4, 86.4) (68.6, 86.9) (61.8,79.4) (74.9,885) (2.33, 5.56) (0.19,0.48)  (70.1,84.3)
> 14 66.1 83.5 73.6 78.0 4.01 0.41 76.4 0.496
(52.6, 77.9) (73.9, 90.7) (625,82.3)  (71.1,837) (2.40, 6.70) (0.28,0.59)  (686,83.1)

* Maximum of Youden’s index at cut-off point
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N159AUS19HANI5IY

HaNsANYISEUBUUsEAvEN MU
\3asile CROW-65, MEWS way 4C Mortality
Score Tumswennsaldnsnsidedinves{Uae
Tein 19 AlsFumssnunse HANC Tulsmeua
Wu31 4C Mortality Score finuinungaulu
nMnensaldnsNsdetinvesiUielain 19
agluszAuANIN J09A91 Am CROW-65 aglu
s¥AUR uar MEWS aglusedufianola il
o1lesnanmMsAINAzLLY 4C Mortality
Score 1iu 4 e avanetadesnsznou dud we
78 IUIUVBALIAT I ANFEYNTN AMSENGY
WAENaN13MTIAE0ANYBIUH URMT®T 399719
\dumawadi atuayuly 4C Mortality Score
aunsaldnensalsnsinsdedinvesd Uiy
Tmin 19 léAndn CROW-65 Fdldmsfuanann
e 4 Jae? wae MEWS Bddifiesrdaanadn
wazArAuiAndivesyian® wan1sfnundl
donndastunITeves Knisht wazans® § adu
¢ 4C Mortalty Score s sloll
1 AUC 8g/5¥1379 0.77 - 0.88 Tun1sviung
msdedislugUaelain 19 fidhiunssnwily
Tsswegnura uenani Jin wazanis? Sswui
4C Mortality Score fiansusiuggalunisdiuun
FUrengudssgariensdedin lasianizly
nauiideslesunssnuieeendiausyiug
veagluvedUieing

lofnsanagedafivenze w1 4C
Mortality Score 71 13 Az £ Youden’s index
gaiian (0551 il 76.3% A 78.8%
wazAAIUEN 77.8% wandliliiufsmuauna
s erEnnsounsTRT Ui flennaides
AoMsFeTInuarnsaANAUINGDA FaAnF1en
NanN3AN¥ITeY Stephent 7inuin 4C Mortality
Score f IARA > 15 ATLUU WLRNTINMIHT I
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a4 629 waziloieuiunemsnunes Mumtaz
uawAy WU 9adRRzIAY > 13 Ty oglund
ANaAEIga (4C Mortality Score Winiu 9 - 14)
wazidunguiifsnsnadeTin 25.9% lagvn
oRnAzLUY > 15 fUleazgnineglunduain
\deagannn wasildnnsidedingsiis 59.5%

Taousil CROW-65 71906 11 - 12 i
fif1 Youden’s index 511131 (0.381) o MEWS
906 4 AziuY 81 A1 Youden's index A1 g9
0293) wanines oalofana i desiialums
vhnensided3slungaUaeleda 19 Ald3u
HFNC & 99 nuan1sAnuiad el CROW-65 §i
Usgansamluniswennsaldnsudetinues
fUaeladn 19 Alssumssaunie HINC aglu
seauf ogalsianur AUC (0.748) Tumsfnun
adailmmdediusiua AUC (0.925) Tisteau
Tne Kljakovic wavaae® wahenaiitlaseivilidl
ANAAIALAABL LU NFLAIDE1IUDINTANN
Fuwmnenaiu

UBNIINTUNANIANE WUT1 MEWS
fivszavsmwlunsnennsalmsidetinvesiUae
1n3n 19 Wududuanine egluszduiianala
wazA1 AUC (0.694) simindleisuiunamsise
483 Aygun & Eraybar® (AUC = 0.833) Inenile
ynsAnwfisia nudn lunsfinwdana
MEWS Faailafigs (96.5%) usidianusme
fif (36.8%) lvigATosanandslaiuugtingg
14 MEWS TumsnennsalmsidedinvesUe
T0in 19 7iSnesae HANC wsieag s MEWS
ﬁmmdwaeia;g’fl‘i?l,ﬁmmﬂmiﬁmzLLuuﬁms
Tdagunsnaralaounnduazneruias aus
noulAnN1TIzUInvedlsaladn 19 uagldiies
duarudnwazarugdndndudadelunis
Fuan Gevildirgludeyafidta uwivistan
Igonafianaly Anusumnie uwazanuuiugi
N3 4C Mortality Score way CROW-65



dofasanluvunvesUszimalne
A"57 4C Mortality Score wansliiifiudiany
wivggeaalunsviunegdannisdedinves
Fuaeledn 19 Aoldindudeyaidanuddy
ogdasonsquaguasluszuuuinsgunw
Womnlsmernavenswis Tnsawglugfinie
viesAUYNTY Aledninduminens yaans
LazdILULAT 09t evglanuy HFNC n15d]
13 osilafianansanensalnnuguLIILay
Tomanaidedinlieguiudilussaziu aeaae
UAAINTNIINTLNNGA U TATRFIRUAIY
139A71YIEUIY 1IUNUNITYUATIBNTAID
e amanzay uazifindszansamlunsld
n3neInTnmsunndiilegogradinliiin
Uselomiigean uonandnsfivszenslned
ANYUENINETTINGT MNIELIATI WU MU
wazenmiulalings Tastuumamssnuay
SEUUUIMIAUNMAUANA1SIINUSEMARLLUY
younseslafandm vilinmsudiuanugnies
LazAmIIzanyoua3 sl eluuiunined
Ay e i ngudasydnsiasviow
euuasslunddn wazanunsadluldleass
luanunisalanidunansisaguluouian

Tavasy wan1sdnwdd st ac
Mortality Score iuieesiloniiuszavsnmgagn
TumsnennsaldnsmsidedinvesUelaia 19
AlgFumssnunde HANC Waifleuifu CROW-65
score Wag MEWS Faonndaaiundngiuain
#19UsEmALaYE UG UANIMZANYDINT S
ihlldluunuesssmelne msldiefosdiond
mmmjus‘hqqLﬁiuﬁazﬁmdﬁqﬂmﬂ'ﬁmaﬂmmmé
anusaUszlluausuLswasUlelaegng
7057 dndulalumsgua nmaihszitlndda
visonsdswiedUneliegeliusedvnm danalv
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ANU15OUSISTINNTNSNYINTNIINSWN AL
INNAlADEIANNZEL

PDLEULUE TUNISUINANISIY
U

1. :nHansAne wud Ledesile 4C
Mortality Score fus@vsmmasgalunisiuld
wennsaldnsmadetismesUanlaia 19 7ili3
ms¥nwnde HANC wneefluaeumeunaiianinsa
danan13939L8 oA el JURNsle wise
NIUHANSITINTOnBENoUL Y Nstdeanly 4C
Mortality Score agvilviunme s lin13snwla
Voyanilrmsgrieuazsiuinnian 9 weiuayy
msindulanienadn i uuszans nwlunis
AN UANLS AT WarMIIAATTNINGINTA 1Y
asTNEveENINEaNsaly

2. nsflegluanunenuiaseaulgugll
ffdedrelunsdmanemamaiesfiins
st saientd MEWS lumsnensaldna
msdeTisvesielein 19 fildsumssnue
HENC losnndesiensld weldiesdan o
Fnuasanuidndndutadelunisiuan

174 0 A W
%atﬁuaLngﬁlUﬂqiﬂq?f\]ﬂ
Asealy

W esannaudsedidunisinenly
T5aneurani el swis (Single-center) waziliu
MsFneddunansainuudeundsluge il
n33EUIATeN Tl 19 VagEeRug wavdl
Lifinmsmsammeiugueadelaia 19 Tufiae
Flezumssnululsameruiadudanszdungd
FeonafitadeiivilfAnanuunnaeeay
suusswdlsn Tumsfnunideadedelufans
AnwUszaninnveaadesile Tunsnensel
gnsMsideInvesiUlelain 19 fiAndeann
aeiudifoafuiioiunuaiug,
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