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Abstract

INTRODUCTION: Patients discharged from the intensive
care unit (ICU) have up to a 20.7% risk of in-hospital mor-
tality due to several risk factors (e.g., age and length of stay).
However, data remain limited regarding whether the Na-
tional Early Warning Score (NEWS) can predict in-hospital
mortality following ICU discharge in resource-limited setting.
OBJECTIVE: To evaluate whether NEWS is independent-
ly related to in-hospital mortality after ICU discharge.
MATERIALS AND METHODS: In our retrospective cohort
study, conducted in a general medical ICU, patients had to be
at least 18 years old, admitted to the medical ICU, and sub-
sequently discharged from the ICU to a medical ward. Clinical
factors predictive of in-hospital mortality after ICU discharge
were computed using multivariable logistic regression anal-
ysis. RESULTS: Of the 633 patients who met the inclusion
criteria, 89 (14.06%) died in hospital after ICU discharge.
Four independent factors were associated with their mortal-
ity: age, length of ICU stay, use of a ventilator, and NEWS.
NEWS had an adjusted odds ratio of 1.696 (95 % confidence
interval [1.469-1.958]); a NEWS of 6 or more had a sensitivity
of 46.07 % and a specificity of 89.52 %, whereas a NEWS
of 3 or more had a sensitivity of 88.76 % and a specificity of
35.48 %. CONCLUSIONS: NEWS, especially of 6 or more,
may be used as a component of risk stratification and en-
hanced monitoring after ICU discharge in resource-limited
setting.
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BBEAEHWUE: Y nauneHTOB, nepeBefeHHbIX U3 OTAe/NeHUA
peaHuMaLmu M uHTeHcusHon Tepanun (OPUIT), puck BHy-
TPMOONBHWYHONM NeTanbHOCTU MoxeT gocturate 20,7 %
M 3aBUCMT OT pajga $aKTOpPOB PUCKa, BK/KOHaA BO3pacT
N AnTenbHOCTb NpebbiBaHMA. BMecTe ¢ TeM AaHHble 0 Mpo-
rHocTuyeckoin 3Haummoctn National Early Warning Score
(NEWS) ans BHYTPUBONLHUYHON NETANbHOCTM MOC/E Bbl-
nuckn ns OPUT B ycnoBMAX OrpaHMYeHHbIX pecypcoB
ocTaloTcAa HegoctatouHbiMu. LEJIb MCCNEAOBAHUA:
Ouenuntb, asnaetca v NEWS HesaBMCKMMbIM NpeAnKTOPOM
BHYTPM60/IbHNYHOW IeTaNbHOCTM Noce nepesoja 13 OPAT.
MATEPUAJIbI U METO/bI: BbinonHeHO peTpocneKTus-
HOe KOropTHoe ucCiefoBaHWe B oblleM TepaneBTUYeCKOM
OPWT. Bkatovanu nauymeHToB B Bo3pacTe 18 neT u cTaplue,
nocTynuelKx B TepanesTudeckoe OPUT u Bnocnesctsum
nepeBeseHHbIX B NpoduabHoe oTaeneHue. dakTopsl, ac-
COLMMPOBaHHbIE C BHYTPMOO/NbHUYHONM /N€TaNbHOCTbIO MO-
cne Boinuckn 3z OPUT, oueHWBanAn € MOMOLLbIO MHOro-
BapMaHTHOrO JIOTUCTUYECKOTO PerpeccMoHHOro  aHaausa.
PE3Y/IbTATbl: N3 633 nauueHTOB, COOTBETCTBOBABLUMX
KpuTepusaM BroYeHus, 89 (14,06 %) ymepau B cTaumoHape
nocne Bbinnckn n3 OPUT. HesaBncnumo oT Apyrix ¢pakTopos
C NIeTa/IbHOCTbIO 6blAIN CBA3aHbI BO3PACT, ANNTENbHOCTb Npe-
6biBaHnA B OPUT, nprvMeHeHne annapata MCKYCCTBEHHOM
BeHTUAALMM nerkmnx n NEWS. CkoppeKkTrpoBaHHOe OTHOLLe-
Hue waHcos ana NEWS cocrasuno 1,696 (95%-i1 gosepw-
TeNbHbIN UHTepBan 1,469-1,958). Mpu NEWS = 6 uysCTBU-
TenbHoCTb cocTtaBuna 46,07 %, cneuméuyHocts 89,52 %;
npu NEWS = 3 yyBcTBUTE/IbHOCTB bblna 88,76 %, cneuunduy-
HocTb 35,48 %. BbIBOAbI: NEWS, ocobeHHO npu 3HaveHuK
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Introduction

Patients discharged from the intensive care unit (ICU)
into medical wards remain at high risk of mortality. In
African countries, for example, patients admitted to the
ICU have a mortality rate of up to 46.8 % [1]. In Australia,
the United States, Brazil, those rates are 5.2, 8-19 and
20.7 %, respectively [2-4]. Several factors are associated
with post-ICU in-hospital mortality after ICU, including age
and length of stay [2, 3]. The average age of non-survivors
was 67.5 years compared with 60 years among survivors
(p < 0.001), with an adjusted odds ratio (OR) of 1.029 (95 %
confidence interval [CI] of 1.010-1.040) [2].

Better health care quality may reduce post-ICU in-
hospital mortality. The National Early Warning Score
(NEWS), calculated from six vital signs, is a score used to
detect early deterioration of patients. Previous studies have
shown that NEWS can be used to predict several conditions
following ICU discharge, including ICU readmission and
clinical deterioration [5,6]. Indeed, NEWS was found to
have an adjusted OR of 31.75 (95% CI [5.470-33.497]) for
ICU readmission after ICU discharge and to be associated
with early clinical deterioration (OR 2.54; p < 0.001) [2, 5].
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DR

However, because evidence regarding an association
between NEWS and in-hospital mortality after ICU
discharge remains limited, in our study we aimed to evaluate
whether NEWS is independently related to such mortality
in resource-limited setting.

Materials and methods

Our retrospective cohort study was conducted at a
tertiary care facility in northeastern Thailand. The medical
ICU in the hospital is a 24-bed unit that provides health care
services for various medical conditions, including acute
respiratory failure, acute circulatory failure, and multiple
organ failure. To be included in our study, patients had to
be at least 18 years old, admitted to the medical ICU, and
subsequently discharged from the ICU to a medical ward,
and patients who met those criteria were consecutively
enrolled. However, patients who received palliative care,
were referred to another ICU or hospital, or were admitted
to the ICU for procedures were excluded. For patients with
multiple readmissions to the ICU during the same hospital
stay, data were collected for the first discharge from the
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medical ICU only. The study period was between January
2021 and December 2022.

Eligible patients were evaluated for baseline
characteristics, comorbidities, physical signs, and clinical
factors, including use of a ventilator, vasopressor treatment,
duration of ICU stay, oxygen saturation, NEWS, presence
of infection after ICU discharge, palliative care plan,
and readmission to the ICU. The use of a ventilator and
vasopressor treatment were classified as presence or
absence, defined by the presence of those treatments when
discharge from the ICU or had been off less than 24 h before
ICU discharge. Following a published article, NEWS was
calculated at the time of ICU discharge [6]. The primary
outcome of our study was in-hospital mortality during the
same hospital stay following discharge from the medical
ICU.

For statistical analysis, patients were categorized
into two groups based on in-hospital mortality after ICU
discharge. Inferential statistics were used to compare
differences between the groups—namely, Student’s ¢ test for
numerical variables and the chi-square test for categorical
variables. Clinical factors predictive of in-hospital mortality
after ICU discharge were computed using multivariable
logistic regression analysis; factors with p values less than
0.05 according to univariable logistic regression analysis
were included in the multivariable logistic regression
analysis. Only factors at ICU discharge were included in the
model. Studied variables with missing data more than 50 %
were not included in the model.

The multicollinearity of the factors in the multivariable
logistic regression analysis was assessed as well. The
Hosmer-Lemeshow chi-square test was performed to
evaluate the predictive model’s goodness of fit as well
as the area under the receiver operating characteristic
(ROC) curve, and significant numerical predictive factors
were calculated for that area. In turn, the factor with the
highest area under the ROC curve was used to calculate
the cutoff score for predicting in-hospital mortality after
ICU discharge. Sensitivity and specificity were recorded
for various cutoff scores. Statistical analysis was performed
entirely in Stata (College Station, TX, USA).

Results

During the study period, 633 patients met the study
criteria, 89 of whom (14.06 %) died in hospital following
ICU discharge. Nine factors differed significantly
between survivors and non-survivors (Table 1). The non-
survivor group had a significantly older mean age (i.e.,
59.87 vs 55.06 years; p = 0.013), more patients with stroke
(12.36 vs 5.33 %; p = 0.007), more patients on ventilators at
ICU discharge (32.58 vs 4.60 %; p = 0.012), a longer mean
ICU stay (16.02 vs 8.46 days; p < 0.001), and a higher mean
NEWS (5.21 vs 3.23; p < 0.001) than survivors. Pulse rate,
respiratory rate, presence of infection, and ICU readmission
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significantly differed between the groups as well. The top
cause of death was sepsis (7 = 72; 80.90 %); the causes of
death in the other 17 patients were unknown.

Four independent factors were associated with in-
hospital mortality among patients discharged from the
ICU: age, length of ICU stay, use of a ventilator, and
NEWS (Table 2). NEWS had an adjusted OR of 1.696
(95% CI [1.469-1.958]), while use of a ventilator had one
of 5.049 (95% CI [2.321, 10.984]). The predictive model
had a Hosmer-Lemeshow chi-square of 6.87 (p = 0.230),
thereby indicating the model’s goodness of fit, whereas
the model’s area under the ROC curve was 80.09 %
(95% CI [74.95-85.22]), as shown in Figure 1. The highest
area under the ROC curve was for NEWS (75.97 %),
whereas age and length of ICU stay had ones of 58.70 and
68.93 %, respectively (Figure 2). A NEWS of 6 or more
had a sensitivity of 46.07 % (95% CI of 36.90-55.10) and
a specificity of 89.52 % (95% CI of 88.00-91.00), whereas
the NEWS cutoff score of 3 or more had a sensitivity of
88.76 % (95% CI of 80.40-94.10) and a specificity of 35.48 %
(95% CI of 34.10-36.40).

Discussion

In our study, NEWS was independently associated with
in-hospital mortality after ICU discharge. Other significant
predictors were age, length of ICU stay, and use of a
ventilator at ICU discharge.

Studies have shown that NEWS is an effective tool for
not only detecting early clinical deterioration [5, 6] but also
for predicting in-hospital mortality [7-11]. Our findings
similarly demonstrate its significant association with in-
hospital mortality after leaving the medical ICU (Table 2).
Other research has revealed its slightly higher OR (2.11-
3.40; p = 0.004) for moderate- to high-risk [9]. Likewise, our
study additionally showed that the adjusted OR for NEWS
overall was 1.696, though its population differed from the
previous study’s [9], and we did not categorize patients
according to their low, moderate, or high risk of mortality.
Moreover, NEWS has been able to predict mortality in
settings such as hospital wards for patients with infection
outside the ICU, cardiac arrest, and acute pulmonary
embolism but not for patients with sepsis or COVID-19 or
older adults with community-acquired pneumonia [12-14].
Beyond that, NEWS has predicted mortality in the first 48 h
following ICU admission [7, 8].

However, the NEWS cutoff value for mortality in
each condition may vary. In our study, the cutoff score
of 6 had a specificity of 89.52 % for in-hospital mortality,
whereas the cutoff score of 5 had a specificity of 50 % for
patients with infections outside the ICU [11]. Studies have
also shown that NEWS is an important tool for the early
detection of patient deterioration (e.g., ICU readmission
and re-intubation within 14 days) [5, 6, 15]. Our results
may additionally advocate close monitoring and a rapid
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Table 1. Baseline characteristics, comorbidities, physical signs, and clinical factors of patients discharged from the intensive b
care unit (ICU) categorized by hospital mortality
Ta6sumua 1. OCHOBHble XapaKTEPUCTUKM, COMYTCTBYHOLAA NaTONOr S, U3MYECKME NMPUSHAKU U KNIMHUYECKME GaKTOopbI Na-
LIMEHTOB, NepeBeAeHHbIX U3 OTAeNeHUA UHTeHCBHOM Tepanuu (OPUT), no rpynnam BHYTpUMEO/IbHUYHOM
CMEepTHOCTU
Factors Survivors Non-survivors p-value
(n=544) (n=89)
Age, years 55.06 (16.96) 59.87 (16.81) 0.013
Male sex, n (%) 326 (59.93) 56 (62.92) 0.592
Comorbidities, n (%)
Hypertension 182 (33.46) 34 (38.20) 0.381
Diabetes 214 (39.34) 29 (32.58) 0.241
Coronary artery disease 22 (4.04) 3(3.37) 0.999
Stroke 29 (5.33) 11(12.36) 0.012
Chronic kidney disease 56 (10.29) 11(12.36) 0.557
On ventilator, n (%) 25 (4.60) 29 (32.58) <0.001
On vasopressor or off less than 24 h, n (%) 23 (4.23) 3(3.37) 0.706
Duration of ICU stay, days 8.46 (9.32) 16.02 (16.04) <0.001
Body temperature, °C 36.93 (0.56) 36.99 (0.83) 0.423
Pulse rate, bpm 89.97 (14.75) 95.10 (16.08) 0.028
Systolic blood pressure, mmHg 126.76 (18.86) 128.64 (17.95) 0.381
Diastolic blood pressure, mmHg 76.68 (13.06) 78.32 (13.26) 0.273
Mean blood pressure, mmHg 92.68 (13.32) 95.00 (13.61) 0.130
Respiratory rate, bpm 19.72 (3.22) 20.58 (4.07) 0.024
NEWS score 3.23 (1.79) 5.21(2.03) <0.001
Oxygen saturation, % 97.89 (2.20) 98.07 (2.11) 0.460
Infection after discharge from ICU, n (%) 32(5.88) 67 (75.28) < 0.001
Readmission to ICU, n (%) 5(0.92) 9 (10.1) < 0.001
Note: Data presented as mean (SD) unless indicated otherwise.
MpuMeyanue: JaHHble NpeACTaB/eHbl B BUAE CPeAHEro (CTaHAapTHOE OTK/IOHEHWE), C/IM He YKazaHo MHOe.
~
Table 2. Factors predictive of hospital mortality in patients discharged from the intensive care unit (ICU) by logistic regression

analysis

Ta6auua 2. PakTopbl, MPOrHO3MPYHOLLME 1€TaIbHOCTb B CTaLMOHape Y NaLMeHTOB, NepeBeAeHHbIX U3 OTAe/eHNA UHTEHCHB-
Hou Tepanuu (OPUT), nosiy4eHHbIe C MOMOLLbIO JIOFUCTUHECKOW perpeccum

Factors Unadjusted odds ratio
(95 % confidence interval)

Adjusted odds ratio
(95 % confidence interval)

Age, years 1.017 (1.004-1.032) 1.023 (1.007-1.039)

Duration of ICU admission, days 1.047 (1.029-1.065) 1.036 (1.015-1.056)

On ventilator 5.635 (2.952-10.757) 5.049 (2.321-10.984)

NEWS 1.779 (1.551-2.040) 1.696 (1.469-1.958)

Note: NEWS — National Early Warning Score.

MpumMeyanne: NEWS — wkana National Early Warning Score.
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Fig. 1. A receiver operating characteristic (ROC) curve of the
predictive model for hospital mortality in patients
discharged from the intensive care unit. The area under
ROC curve was 80.09 % (95 % confidence interval of
74.95-85.22)

Puc. 1. Kpueas pabounx xapaktepuctuk npuemHuka (ROC) npo-
FHOCTUYECKOW MO/e/IN 1eTaIbHOCTM B CTaLMOHape y nau-
€HTOB, NepeBe/ieHHbIX U3 OTAeNeHNA NHTEHCMBHOW Tepa-
nuu. Mnowagb nog kpusoi ROC coctasuna 80,09 % (95%
[0BEpUTE/IbHBIN UHTepBan: 74,95-85,22)

response strategy using NEWS for patients with a high
risk of mortality [16, 17]. In our study, patients with high
NEWS scores were moved from the ICU due to limited
ICU space. Because our results showed that patients with
NEWS scores of 6 or more before ICU discharge should be
regarded as having a high risk for mortality, we recommend
reassessing them for possible delayed ICU discharge,
increasing monitoring on the ward, ensuring clear handover
communication, and using NEWS in protocols to identify
patients who need closer observation. Note that NEWS
score was calculated at a single time-point, not dynamic
NEWS score evaluation. Additionally, NEWS score of 6 or
more had high specificity but low or insufficient sensitivity
for standalone screening resulting in limited clinical utility.
As a tradeoff of the cutoff values, NEWS score of 3 had
better sensitivity but low specificity [18].

Predictors for post-ICU in-hospital mortality in
our study were similar to those in past research [2, 4].
Those factors were age and length of ICU stay, which had
comparable adjusted OR as in our study (1.029 vs 1.023
for age and 1.011 vs 1.036 for hospital stay). In our study,
hospital stay was specific to length of ICU stay before ICU
discharge, whereas length of hospital stay in other studies
may mean total hospital stay. Another significant predictor
of in-hospital mortality for patients who left the medical
ICU was the use of a ventilator as an indicator of active
disease. Those data may imply that patients admitted to
the ICU should leave the ICU only when their condition is
stable and does not require ventilator support. Patients in
the ICU who need ventilators are at a 92 % risk of mortality,
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Fig. 2. A receiver operating characteristic (ROC) curve of National
Early Warning Score (NEWS), age, and duration of ICU
admission on hospital mortality in patients discharged
from the intensive care unit. The area under ROC curve
of NEWS =75.97 % (95 % confidence interval of 70.42-
81.52); age = 58.70 % (95 % confidence interval of 52.16-
65.23); and duration of ICU admission = 68.93 % (95 %
confidence interval of 63.01-74.85)

Puc. 2. KpvBas pabounx xapakTepucTuk npuemtuka (ROC) ans
wkanbl NEWS, Bo3pacta n npoAo/mKUTENbHOCTU Mnpebbl-
BaHuna B OPAT B NporHo3npoBaHnm neTasbHOCTU B CTaLM-
OHape y nauueHToB, nepesegeHHbIx 3 OPUT. Maowaab
noa kpusoi ROC ans NEWS cocraewna 75,97 % (95%-1
[0BEpUTE/IbHbIVA UHTepBa: 70,42-81,52); ana BO3pacTa —
58,70 % (95%-it AoBepuUTe/IbHbINM MHTepBan: 52,16-65,23);
419 POAO/IKUTEIbHOCTY NpebbiBaHns B OPUT — 68,93 %
(95%-11 goBepuTenbHbIi UHTepBan: 63,01-74,85)

with an adjusted OR of 1.92 (95% CI[1.24-2.96]). Note that
either external validation of the model or model calibration
was not performed.

The results of this study may be applicable for facilities
with resource-limited setting where ICU beds are limited.
Additionally, it might be no certain criteria for ICU
admission or discharge. Some patients are forced to move
to medical wards such those with stable vital signs or during
a weaning ventilator. More stable ICU patients may need
to move to regular medical wards where more advanced
medical care is provided. The results of this study those
patients admitted in the ICU with these four independent
factors should be treated at the ICU than those with fewer
independent factors in resource-limited setting.

Among our study’s limitations, our predictive model
comprised only clinical factors without laboratory tests
such as serum lactate [19]. Moreover, the medical ICU was
the referral center for the general medical ICU in tertiary
care. Therefore, our results may not apply to specific
populations, including patients with acute respiratory
distress syndrome, pneumonia, or pulmonary embolism,
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as previously reported [10, 12]. Moreover, because our
study was a retrospective study in a single tertiary care
setting, information bias may have occurred. Patients
with palliative status were excluded which may result
as selection bias. Further studies should therefore be
performed to validate our results. Last, factors included
in the model were those at the discharge date from ICU —
namely, presence of infection post-ICU discharge — and
excluded ones with palliative plan or readmission to the
ICU [2, 4, 20].
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Conclusion
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