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Abstract

Background: Prognostic models—used in critical care medicine for mortality predictions, for benchmarking

and for illness stratification in clinical trials—have been validated predominantly in high-income countries.
These results may not be reproducible in low or middle-income countries (LMICs), not only because of
different case-mix characteristics but also because of missing predictor variables. The study objective was to
systematically review literature on the use of critical care prognostic models in LMICs and assess their ability to
discriminate between survivors and non-survivors at hospital discharge of those admitted to intensive care
units (ICUs), their calibration, their accuracy, and the manner in which missing values were handled.

Methods: The PubMed database was searched in March 2017 to identify research articles reporting the use
and performance of prognostic models in the evaluation of mortality in ICUs in LMICs. Studies carried out in
ICUs in high-income countries or paediatric ICUs and studies that evaluated disease-specific scoring systems,
were limited to a specific disease or single prognostic factor, were published only as abstracts, editorials, letters
and systematic and narrative reviews or were not in English were excluded.

Results: Of the 2233 studies retrieved, 473 were searched and 50 articles reporting 119 models were included.
Five articles described the development and evaluation of new models, whereas 114 articles externally validated Acute
Physiology and Chronic Health Evaluation, the Simplified Acute Physiology Score and Mortality Probability Models or
versions thereof. Missing values were only described in 34% of studies; exclusion and or imputation by normal
values were used. Discrimination, calibration and accuracy were reported in 94.0%, 72.4% and 25% respectively.
Good discrimination and calibration were reported in 88.9% and 58.3% respectively. However, only 10 evaluations
that reported excellent discrimination also reported good calibration. Generalisability of the findings was limited
by variability of inclusion and exclusion criteria, unavailability of post-ICU outcomes and missing value handling.

Conclusions: Robust interpretations regarding the applicability of prognostic models are currently hampered by
poor adherence to reporting guidelines, especially when reporting missing value handling. Performance of
mortality risk prediction models in LMIC ICUs is at best moderate, especially with limitations in calibration. This
necessitates continued efforts to develop and validate LMIC models with readily available prognostic variables,
perhaps aided by medical registries.
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Background

Prognostic models used in critical care medicine for mor-
tality predictions, for benchmarking and for illness stratifi-
cation in clinical trials need to be validated for the
relevant setting. An ideal model should have good
discrimination (the ability to differentiate between high-
risk and low-risk patients) and good calibration (generate
risk estimates close to actual mortality) [1]. Acute Physi-
ology and Chronic Health Evaluation (APACHE) or the
Simplified Acute Physiology Score (SAPS) and the Mor-
tality Probability Models (MPM) are some common
prognostic systems used to predict the outcome of criti-
cally ill patients admitted to the intensive care unit
(ICU) [2, 3].

The performance of these models has been extensively
validated, predominantly in high-income countries (HICs)
[4—6]. These results may not be reproducible in low or
middle-income countries (LMICs), not only because of
different case-mix characteristics but also because of miss-
ing predictor variables. Predictor variables that are rou-
tinely available in HIC ICUs (e.g. arterial oxygenation) are
often not obtainable or reliable where resources are lim-
ited [7, 8]. Furthermore, data collection and recording
may not be as robust in these settings as in HICs; paper-
based recording systems, limited availability of staff and
lack of staff training regarding data collection are frequent
challenges [9]. The presence of missing values, if imputed
as normal as per convention [3, 4, 10-13], will lead to
underestimation of the scores and mortality. As part of
quality improvement initiatives within ICUs, severity-
adjusted mortality rates, which are calculated based
on these prognostic systems, are increasingly used as
tools for evaluating the impact of new therapies or
organisational changes and for benchmarking; there-
fore, underestimating the risk could result in errone-
ous admission policies and an underestimation of the
quality of care, performance and effectiveness when
used for benchmarking [14]. Additionally, the diag-
nostic categories in these prognostic models may not
be suited to capture diagnoses more common in these
countries, such as dengue, malaria, snakebite and organo-
phosphate poisoning. Furthermore, hospital discharge out-
comes may not be readily accessible [15-17]. These and
other factors influence the performance of the models,
which may then require adjustment in the form of recali-
bration (adjustment of the intercept of the model and
overall adjustment of the associations (relative weights) of
the predictors with the outcome) and/or model revision
(adjustment of individual predictor-outcome associations
and addition or removal of new predictors) [18-20].

The objective of this article is to systematically review
literature on the use of critical care prognostic models in
LMICs and assess their ability to discriminate between
survivors and non-survivors at hospital discharge of
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those admitted to ICUs, their calibration and accuracy,
and the manner in which missing values are handled.

Methods

Literature search and eligibility criteria

The PubMed database was searched in March 2017, for
research articles using the following search strategy:
(critical OR intensive) AND (mortality OR survival OR
prognostic OR predictive) AND (scoring system OR rating
system OR APACHE OR SAPS OR MPM) in the title,
abstract and keywords (Additional file 1).

No restrictions were placed on date of publication.
Titles and abstracts returned were analysed for eligibility
(RH, II). Abstracts reporting the performance of prog-
nostic models were hand searched to identify studies
carried out in ICUs in LMICs (as classified by the World
Bank [21]) and full-text copies retrieved. Full-text arti-
cles were also retrieved when the title or abstract did
not provide the country setting. The references of all
selected reports were thereafter cross-checked for other
potentially relevant articles.

The inclusion criteria for this review were studies
carried out in ICUs in LMICs; those evaluating or devel-
oping prognostic models in adult ICU patients designed
to predict mortality, whether ICU or hospital mortality.

The exclusion criteria for this review were: studies car-
ried out only in ICUs in HICs or in paediatric ICUs;
organ failure scoring systems such as SOFA that are not
designed for predicting mortality; studies evaluating
models in relation to a specific disease (e.g. liver cirrho-
sis) or limited to trauma patients; those assessing a
single prognostic factor (e.g. microalbuminurea); studies
published in languages other than English; studies pub-
lished only as abstracts, editorials, letters and systematic
or narrative reviews; and duplicate publications.

Where ICUs in both HICs and LMICs were included
in a study, only data from the low/middle-income coun-
try were to be extracted. Likewise, where a single-factor
or disease-specific scoring system and a non-specialty-
specific scoring system were evaluated, only the data
pertaining to the latter were extracted. Studies where
both adult and paediatric patients were admitted to the
same ICU and studies where the age limits of patients
were not specified were to be included in this review.

Data extraction and critical appraisal

The full-text articles were reviewed to assess eligibility
for inclusion in the report. Disagreements between the
two reviewers were resolved by discussion. The list of
extracted items was based on the guidance issued by
Cochrane for data extraction [22] and critical appraisal
for systematic reviews of prediction models (the
CHARMS checklist [23]). A second reviewer checked
extracted items classed as “not reported” or “unclear”,
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or unexpected findings. If an article described mul-
tiple models, separate data extraction was carried out
for each model.

Descriptive analyses

Results were summarised using descriptive statistics. A
formal meta-analysis was not planned as it was envis-
aged that the studies would be too heterogeneous, and a
narrative synthesis was undertaken. Discrimination was
assessed by the area under the receiver operating charac-
teristic (AUROC) when reported [24]. Discrimination
was considered excellent, very good, good, moderate or
poor with AUROC values of 0.9-0.99, 0.8-0.89, 0.7—
0.79, 0.6-0.69 and < 0.6, respectively [25, 26]. Calibration
was assessed by the Hosmer—Lemeshow C statistic
(significant departures from perfect calibration were in-
ferred when p values were less than 0.05 [24, 26]).
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Accuracy (the proportion of true positive and true nega-
tive in all evaluated cases [27]) was also considered.

Results

Study characteristics

Of the 2233 studies obtained from PubMed searches, 473
were searched and 43 met the inclusion criteria. Seven
further studies were included after cross-checking the ref-
erence lists of the selected studies (Fig. 1). Fifty studies
met the review criteria and were selected for analysis.

Quality assessment

Study quality was assessed in accordance with the
CHARMS guidelines [23] and is presented as Additional
file 2. Variations existed in the conduct and reporting of
the studies, especially with regard to inclusion and ex-
clusion criteria, missing value handling, and perform-
ance and outcome measures.

Initial search results
n=372

Results from named scoring
system searches n=1861

Excluded based
on language =27

Duplicates
removed n=80

-
Excluded based on -
language n=164

title and/or abstract n =1384
\

Duplicates
removed n=105

Y

Y

\ 4 \ 4
[ n=473 ]
. . Excluded due to
Excluded as studies from high . . .
: . disease specificity or single factor
income countries n=398 .
X . evaluation n=24
multicentre studies excluded due mortality not the primary outcome
to inability to separate middle and y _p 4
) . =6
low income data from high
income data= 2
[ Selected for analysis n=43 ]

papers n=17

Extracted from references of selected

Excluded based on -
Only abstract available n=3
Specific disease category n=5
Full paper not obtained n=2

Total number of studies included

N =50

Fig. 1 Study selection
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Forty-three of the studies were carried out prospectively.
The studies were carried out in 19 different LMICs, with
the largest number carried out in India (studies=11,
models evaluated = 22), Thailand (studies = 6, models eval-
uated = 17) and Brazil (studies = 6, models evaluated = 17)
(Table 1). Model adjustment was most frequent in India
(n =4 models). Settings, hospital and ICU characteristics
are presented in Additional file 2.

Sample sizes ranged from 48 to 5780, and participant
ages ranged from 1 month to 100 years (Table 1). Of the
33 studies reporting a lower age limit, 17 reported par-
ticipants under the age of 18 years (Table 1).

Missing value handling was explicitly mentioned in 17
studies (Table 2). One study reported incomplete data
for 26.4% of its patients but did not provide details on
how this was handled [28]. Patients were excluded in
nine of the studies [28-36], normal physiological values
were imputed in five studies [37—41] and both exclusion
(for missing variables such as chronic health status) and
imputation by normal (for missing physiological values)
occurred in two studies [42, 43]. No other methods of
imputation were described. For the most commonly
assessed models (APACHE II, SAPS II and SAPS 3)
missing values were mentioned only 34.1%, 31.0% and
42.9% of the time respectively.

Model performance

The 50 studies reported a total of 114 model perform-
ance evaluations for nine versions of APACHE, SAPS
and MPM as described in the subsection ‘Evaluation of
the performance of existing models’. Three of the
analysed studies [29, 35, 43] also described the develop-
ment of five new prediction models in LMIC settings.
These five new models are presented separately.

Evaluation of the performance of existing models

Model performance is described in the following in
terms of the performance of the individual model evalu-
ations carried out (7 = 114).

External evaluation of models (model performance
evaluation on a related but different population than the
population on which the model has originally been devel-
oped [44]) was carried out 108 times as follows: perform-
ance of APACHE II was evaluated 36 times, of APACHE
III five times, of APACHE IV seven times, of SAPS I twice,
of SAPS II 26 times, of SAPS 3 13 times, of MPM I twice,
of MPM 1I 12 times and of MPM 1II five times (Table 1).

Model adjustment was carried out six times (Table 3):
three models were recalibrated using first-level custom-
isation (computing a new logistic coefficient, while
maintaining the same variables with the same weights as
in the original model); two models were revised by the
exclusion and/or substitution of variables; and one
evaluation altered the way in which APACHE II was
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calculated—from the usual manual method to automatic
calculation using custom-built software.

The mortality endpoint assessed for 60 (52.6%) of the
performance evaluations was hospital or post-hospital
mortality; for 47 (41.2%) evaluations it was ICU mortal-
ity and for seven (6.1%) the mortality endpoint was not
specified (Table 1).

Ten (6%) model performance evaluations did not re-
port either discrimination or calibration. The methods
used for evaluation are presented in Table 4.

Tables 5, 6 and 7 describe the model performance of
all versions of APACHE, SAPS and MPM respectively in
terms of discrimination, calibration and accuracy.

Discriminatory ability of models

Discrimination was reported for 104 (91.2%) of the eval-
uated models (Tables 5, 6 and 7). In three evaluations
(two studies [45, 46]) it was reported as sensitivity and
specificity only. In 101 model performance evaluations,
discrimination was reported as the AUROC; in four of
these evaluations AUROC was presented as a figure and
a numerical value could not be ascertained [47, 48].
Where the AUROC was reported in numerical form (97
model performance evaluations) a confidence interval
was only reported in 63 evaluations.

Where the AUROC was reported as a numerical value,
21 evaluations (21.7%) reported excellent discrimination.
For all versions of APACHE II, SAPS II, SAPS 3 and MPM
11, excellent discrimination was reported in 16.1%, 11.5%,
47.7% and 36.4% of the model evaluations respectively.

Sixty-six (68.0%) model evaluations reported very good
or good discrimination; for all versions of APACHE II
this was 67.7%, for SAPS II was 80.8%, for SAPS 3 was
58.3% and for MPM II it was 45.5%. Poor discrimination
was reported on one occasion only, for an evaluation of
SAPS 1I [49].

Excellent discrimination was reported more frequently
when hospital mortality (n =15, 25%) was the outcome
in comparison to when it was ICU mortality (n=6,
10%). Normal value imputation resulted in better dis-
crimination (n =4, 25% excellent and n =9, 56.25% very
good) than exclusion (n=1, 8.33% excellent and n =3,
25.0% very good) or where missing values were not re-
ported (n=16, 19.0% excellent and n =32, 38.1% very
good). Discrimination was better for all models with
scores calculated further into the ICU stay when com-
pared with those calculated earlier on [32, 48, 50].

Four (7 =2 studies) of the six evaluations with model
adjustments compared them to the original model
(Table 3). However an independent validation set was
employed in only one study (three validations), where
the models were recalibrated [51]. For all three modes
(APACHE 1I, SAPS II and SAPS 3), recalibration re-
sulted in the improvement of previously poor
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Table 2 Missing value handling

Page 8 of 22

Study Scoring system/s Missing value handling
Exclusion
Celik et al. (2014) [63] SAPS I 178 (21.1%) were excluded due to lack of data, and 46 (5.55%)
patients were excluded due to archival documentation problems.
No information on admission source, attached devices, PaO,/FiO,
and Glasgow Coma Score was available for the excluded group in
the computerised medical records. The included group survey did
not differ from the excluded group regarding age, gender,
admission time and admission day. The prevalence of trauma
and intoxication was higher among the excluded group than
the included group (trauma 15%, intoxication 30%)
Chiavone et al. (2005) [65] APACHE Il One patient excluded
Godinjak et al. (2016) [31] APACHE Il 15 patients (7.9%) who died in the first 24 hours after admission
SAPS I to the MICU
Haidri et al. (2011) [74] APACHE Il All patients with incomplete records and missing variables
including laboratory investigations or who were not followed up
due to any reason were excluded
Hernandez et al. (2014) [78] SAPS 3 159 (6.6%) were excluded for incomplete SAPS 3 data
Naqvi et al. (2016) [33] APACHE Il 29 patients (23.6%) with incomplete information of scoring system
SAPS in case records
Naved et al. (2011) [34] APACHE Il Patients with incomplete records not included (numbers not
reported)
Willairatna et al. (1995) [82] APACHE I When scores could not be derived due to an incomplete set of
APACHE Il physiological data, patients were excluded
SAPS I
Normal value imputation
Farug et al. (2013) [37] APACHE Il GCS attributed as normal
SAPS |l
Khwannimit and Geater (2007) [38] APACHE Il GCS attributed as normal
SAPS I Missing physiological variables were found in only 6% for APACHE
Il (excluding bilirubin, which was missing in 76.5% of the presented
data records) and 6.3% for SAPS Il variables (excluding bilirubin,
which was missing in 76.5% of the presented data records)
Soares et al. (2004) [40] APACHE I Zero points or normal values were inserted where data were
APACHE Il missing [19]. There were no missing variables for physiological data.
MPM 11 (0) Among laboratory variables, normal values were inserted for albumin
MPM Il (24) in 623 (49.6%), prothrombin time in 274 (21.8%) and bilirubin in 676
SAPS I (53.8%) patients. No patient with jaundice on physical examination
lacked serum bilirubin measurements
Soares and Salluh (2006) [39] SAPS Il Zero points or normal values were assigned for missing variables
SAPS 3 [1, 12]. There were no missing data for demographic, clinical and

SAPS 3 (CSA)

Soares et al. (2010) [41] MPM Il (24)
SAPS I
SAPS 3

SAPS 3 (CSA)

Exclusion and normal value imputation

APACHE IV
SAPS 3
MPM Il

Nassar et al. (2012) [42]

physiologic data. Among laboratory variables, normal values were
attributed only for bilirubin in 535 patients (56%). No patient with
jaundice lacked bilirubin level measurements

Zero points or normal values were attributed for missing variables.
There were no missing data for demographic, clinical and physiologic
data. Missing laboratory variables are depicted in Table 1 of Electronic
Supplementary Material [41]. No patient with jaundice lacked bilirubin
level measurements

3.02% patients with incomplete data which prevented adequate
calculation of one or more of the scores were excluded; these missing
data could be pre-ICU length of stay, reason for ICU admission, chronic
health variables and mechanical ventilation on first day. Missing
physiologic variables, namely bilirubin, acid-base abnormalities, PaO,

or PaO,/FiO, ratio, were considered as normal for purpose of calculations

APACHE Acute Physiology and Chronic Health Evaluation, SAPS Simplified Acute Physiology Score, SAPS (CSA), Simplified Acute Physiology Score (Central and South American),
MPM Mortality Probability Models, GCS Glasgow Coma Score, ICU intensive care unit, MICU medical intensive care unit, PaO, partial pressure arterial oxygen, FiO, fraction of

inspired oxygen

calibration; and discrimination which was already excel-
lent remained the same.

Ability of models to calibrate

Only 82 (71.9%) evaluations reported calibration (Tables 5,
6 and 7). The Hosmer—Lemeshow test was reported for
both C and H statistics 17 (20.7%) times, for C statistic

only 21 (25.6%) times, for H statistic only nine (10.9%)
times and without further detail 35 (42.7%) times.

A p value greater than 0.05 for the Hosmer—Lemeshow
statistic was reported by 49 (59.8%) evaluations that reported
calibration. For all versions of APACHE II, SAPS II, SAPS 3
and MPM I, p > 0.05 was reported in 60.9%, 59%, 66.7%
and 50% of model performance evaluations respectively.



Page 9 of 22

ol1e1 SPPO YO ‘|eAIDIUI SDUSPUOD [ ‘HUN 31LD SAISUSIUI 11D] ‘2105 eWOD MobBse|D §ID ‘s|opo ANjiqeqold ANBHOW Wl ‘21035 ABojoisAyd a1ndy payiidwis S4i/s ‘uonen|eal yieaH J1uoiy) pue A6ojoisAyd 3ndy JHOVHY

(9%96'/) AouadIyNsul/asiuIoIdwod [eual dUCIYD AQ PIMOI|0) (%0€9€) SO
104 219M sanjeA Buissiu Jo suolodoud 1saybiH “Jaded |eulbLo sy jo
¢ 9|qe] Aeyuswisddng Ul papiroid S|ie19p UoIINGUEe SSN|BA [BULION
sniels [elA 261eydsip Jo 2.l 01 NP (%5°0) suaned omy Jo UoIsnPX3

I1 () WdW [e¥] (9107) (e 19 Oj|2IAlY

Haniffa et al. Critical Care (2018) 22:18

(1000>d) 66/ =X
onsnels H
(190=d) 7g= X
o1sneIs D

pawodal 10N

@ro=d)96=X
onsnels H
(50=d) 98= X
J13s1eIs D

(S00>d) £17=X
onsnels H

(S00>9)
¥'ze=Xonsneis 4

(1£0=0d) o' = X
pauodal 10N

(L1o=9
L'y L =X dnsiels 4
"600=1)
L'9L =X dnsnels 5

(1000>d) 66/ =X
onsnels H
(1000>d) 01 = X
osieIs

pauodal 10N

(1000>d) §/6=X
onsiels H

(1000 >d) 61¢L =X
oseIs

(S00>d) gecL =X
onsnels H

(S00>d) seeL =X
onsiels H

©ro=adosiL=X
pauodal 10N

(1000>a) L'eLl =X
onsnels 4
(1000=4d)

TroL = Xonsheis 5

(L1OL = U 135L1RP UOIIEpI|A)
(LE60-2680) £160

sisoubelp ay Jo ssajplebal

"(0000=3) 60L’L 4O YO
Y1m awodino pue uiod swin

4oea 18 21025 || SdvS payduls

91 U99MIDQ pa1sabbns
SEM UOI1B[91I0D :paliodal 10N

(110l = U 135€e1ep
uonepien) (8€60-00610) 61610

SLNNY
(1000 > d) 880

(2000 >d) £80

(Uone[ND[ed 318MYOS)
(88°0-££0) LT8O

89090

(1101 = U 19se1ep

uoneplfen) (£¥60-5260) 9€6'0

(¢z0z = u uonejndod
2INUS) (#76'0-668°0) €160

sINoy ¢ 18 (058'0-€08°0
1D %S56) 980 ‘UoIssiuIpe 18
(C08'0-0S2°0 1D %S6) 9440

(¢z0z = u uonejndod
2IRUR) (876'0-1060) ¥16'0

LL0

LL0

(uone[noed [enuew)
(88°0-9£°0) €280

pa1en|eAd 10N

(¢coz = u uoneindod
2INUR) (L¥6'0-5C6'0) 9€6'0

6698'L X (L+ 91035 € SdVS)U|
+ 67t €6~ =UPO| € SdvS PasILIoIsnd
:(UONeSILIOISND [9ASI-1SIL) UONRIgeDaY

papN|IXa Sa|geleA adAl UoIsSILPY C
PIPNIXS S3|qeleA I5eISIP
Bulkapun | auswisnipe ajgenes

(1 + 21025 || SdVS)u|

X 1681 + (2105 || SAVS) 61400+
6//1°0L==4B0] || Sd¥S pasiuoiIsnd
:(UOIeSILIOISND [9A3]-1SI1)) UONRIGI[eDaY

sa|qeueA || JHDVJY L Buisn 1eselep
1ualled uelpu| Ue UO paulel} [9poul
(S1 NNY) HOMISN [eIndN |
‘spusuIsnipe anbiuyday bul

sa|qenenA || JHDVY ¢ e buisn
195e1ep 1USI1ed URIPU| UB UO paulel]
|apow

(CZ NNV) YIOMISN [RINSN [RIDYIIY
:s3uswIsn(pe anbiuydal buljlspony

1810 X (Il FHDVAV) +
€90— = uonenbs 1160| ays buisn sanjea
PaJ21ud Ajlenuew $3sN YdIYM 21eMOS
Aq Ajlesnewoine paiejnded || IHIVJY

:s3uawIsnipe anbiuydal buljispony

PapPN|IXa SO JUBWISN[PE d|gerieA

([Lsl

xipuaddy) 1ybiam Aiobaied onsoubelp
MU + (£107°0 X 21035 || JHDVdY) +
902/ /~=WB0| || JHDVJY Pasiuoisnd
(UONBSILIOISND [9A3]-1SI1)) UONRIQIEIRY

(18] (L107)
leyoeiuoueAeinyg

pue JwiuueMyy

€ SdvS

[09]
(€107) '[e 12 Oeyz

(18] (1107)
leyoejuoueAeinyg

pue Jwiuuemyy

Il SdvS

[S€] (#¥000)
‘e 39 JeuoebwIN

[S€] (1000)
|e 19 JBUORBWIN

(2]
(9107) e 1 IwyseH

[0€]
(L661) e 39 uadeg

(151 (11020)
leydejuoueAeinyg

pue JwiuueMmyy

[l IHOVdY

(auswisn(pe
13)4e) UoneIqIed

(W1sAs Buods
|euiblio) uoneiqied

(auswisn(pe
J3ye)uoneulwLsiqg

(W1sAs BuLIodS
[eulblIO) UORRUIWILDSI

spew sabueyd pue jususnipe jo adA|

Apng

douewlopad pue Juswisn(pe [9poN € ajqeLl



Haniffa et al. Critical Care (2018) 22:18

Table 4 Model performance where discrimination was not reported

Page 10 of 22

Study Model Performance
Abhinandan and Vedavathi (2013) [60] APACHE Il Student t test
Although APACHE Il score was higher among non-survivors
than survivors (23.28 vs 18.75), it was just statistically significantly
with p=0.068+
Haidri et al. (2011) [74] APACHE I Comparison of means between those who survived and
those who died
The mean 24 h APACHE I score of those who were discharged
was 1893 +7.19 and that of those who died was 22.33 + 7.80.
Mohan et al. (2015) [46] APACHE I 30% of patients with APACHE Il score < 14 died

Naved et al. (2011) [34] APACHE Il (48 hours)

Teoh et al. (1991) [81] APACHE Il
Turner et al. (1989) [36] APACHE Il
Shoukat et al. (2016) [71] APACHE IV
Yamin et al. (2011) [28] APACHE IV
Celik et al. (2014) [63] SAPS I

Zhao et al. (2013) [50] Simplified SAPS I

(unadjusted relative risk = 1.00) and 68.3% with score
> 14 died (relative risk=2.6 (95% Cl 1.5-2.7), p < 0.001.

Chi-square test

Significant relationship between outcome and APACHE ||
score (x> =587, p=0.001)

APACHE Il scores were correlated with hospital mortality (bar graph)

Mortality was higher with a higher APACHE Il score. There were no

deaths in the 0-4 APACHE Il score group. In higher ranges of APACHE
Il score of 30 onwards there was a 100% mortality, except for APACHE
Il score of 45-49 for which there were no admissions within this group

APACHE Il scores were correlated with hospital mortality
(bar graphs plotted)

The mortality increased with an increase in APACHE IV
score (scores vs mortality presented as bar graph). All patients with
score more than 39 did not survive

Mean predicted mortality of overall patient was found to

be 25.7% while observed mortality was 28.4% with SD of
0439 and SMR=1.09. 62.1% of the overall population

show the same outcome as predicted by APACHE IV (p =0.61)

Student t test

Mean SAPS Il score of the patients who died (59.37 + 16.50) was
significantly higher than that of the patients who were discharged
(33.70 + 13.90) (t = 18.85, p= 0.000).

A correlation was suggested between the simplified SAPS II
score at each time point and outcome with OR of 1.109
(p=0.000), regardless of the diagnosis

APACHE Acute Physiology and Chronic Health Evaluation, SAPS Simplified Acute Physiology Score, CI confidence interval, SD standard deviation, OR odds ratio,

SMR standardised mortality ratio

Ten evaluations that reported excellent discrimination
also reported good calibration. Of these, three were for
first-level customisations of APACHE II, SAPS II and SAPS
3 (calibration resulted in p <0.05 for the Hosmer—Leme-
show statistic when the non-customised model was used)
[51]. The other evaluations that reported excellent dis-
crimination and good calibration were carried out in
three studies; Juneja et al. (APACHE III, APACHE 1V,
MPM I (initial), MPM III (initial) and SAPS 3) [1],
Sekulic et al. (MPM 1II at 7 days) [48] and Xing et al.
(SAPS 3) [52].

A p value greater than 0.05 was reported more fre-
quently when ICU mortality was the outcome (n=27,
77.1%) than when hospital mortality was the outcome
(n=13, 27.7%). A p value greater than 0.05 for the
Hosmer—Lemeshow statistic was obtained through exclu-
sion of missing values 100% of the time (r = 3), by normal

value imputation 40.9% of the time (n = 9) or where missing
values were not reported 54.7% of the time (n = 29).

Accuracy of models
Accuracy was reported for 29 evaluations (25.0%) and
ranged from 55.20 to 89.7% (Tables 5, 6 and 7).

New model development

Three studies reported five new model developments
[35, 36, 43]. These are described in Table 8. For all five
new models, the AUROC was higher than that obtained
with the original prognostic scoring system on which it
was based. A good calibration was reported for both R-
MPM and Simplified R-MPM; a poor calibration was re-
ported for MPM-III. A poor calibration was reported for
both ANN 22 and ANN 15 as well as for the original
APACHE 1II on which they were based.
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Discussion

This systematic review of critical care prognostic models
in LMICs reports good to excellent discrimination in
88.9% of evaluations between survivors and non-
survivors of ICU admission and good calibration in
58.3% of those reporting calibration. In keeping with
findings in HICs [3, 53], this review found good discrim-
ination to be more frequently reported than good cali-
bration; although good discrimination and good
calibration were rarely (11.9%) reported together in the
same evaluation [1, 48, 51, 52]. Three of the 10 evalua-
tions reporting both excellent discrimination and good
calibration were from recalibrated models [51], and in
two [48] the sample size was small (n = 60). It is known
that a calibration measure such as the Hosmer—Leme-
show goodness-of-fit test might demonstrate high p
values in these circumstances, simply as a consequence
of the test having lower power and not necessarily as an
indication of a good fit [53].

Differences in predictors in the different models (e.g.
acute diagnosis is a variable in APACEHE II but not
SAPS II) and the differences in the datasets used in the
various studies may have contributed to the discrepan-
cies seen in performances of the models. Three major
findings, with special relevance to the LMIC settings,
limit generalisability and can affect performance: post-
ICU outcomes were not available for 40.5% where ICU
mortality was the outcome; only 44.8% reported a lower
age limit, with 55.8% of these including patients who
were aged younger than 18 years; and missing values
and their handling. The original models being evaluated
were developed to assess hospital mortality. Therefore,
the lack of post-ICU outcome may impact on their
performance, particularly as discharge from the ICU (es-
pecially in these settings) may be influenced by non-
clinical discharge decisions such as shortage of ICU
beds. However, post-ICU follow-up may not always be
feasible in these settings due to the lack of established
follow-up systems (e.g. medical registries, electronic
records). Patient age may affect model performance and
could be another cause for the heterogeneity seen be-
tween studies. The lower age limit for admission to adult
ICUs varies between settings, perhaps resulting in the
admission of paediatric patients into adult ICUs (and
their subsequent use in the datasets for the validation of
adult prognostic models). Twenty-three studies did not
report a lower age limit for patient admission and 17
studies included patients younger than the age of
18 years; the variation in both age criteria for inclusion
and for reporting make unfeasible a complete exclusion
of paediatric patients from this review of adult prognos-
tic models. Missing value handling, which can lead to
bias and thus influence model performance especially in
LMIC settings [53], was only reported infrequently.
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Where reported, imputation by normal values (which is
less justifiable in LMIC settings [9]) and exclusion of in-
complete records (leading to inefficient use of the data-
set) were the methods frequently utilised. Research into
the utility of other techniques of imputation (e.g. mul-
tiple imputation) for missing values may reduce bias and
increase the interpretability of model performance.
However, missing values in prognostic models in LMIC
settings are likely to be a persistent problem. Some of
these difficulties may be alleviated by increasing efforts
to improve the availability and recording of measures
such as GCS and saturations or by effecting substitu-
tions for the measurements that are more inaccessible in
LMIC settings (e.g. urea for creatinine and saturations
for PaO,). Although two studies in this review reported
the exclusion of variables [30, 50], the effect of the
modifications could not be ascertained: in one case, no
comparison was made with the original APACHE II
model [30]; and in the second, discrimination was not
reported for the simplified version of SAPS II [50];
calibration was not reported for either of these models.

Validation studies of prognostic models in LMIC settings
are becoming more common; 16 of the 50 studies included
were published in 2015, 2016 or 2017 and additional stud-
ies, for example Moralez et al. in Brazil [54] and Haniffa et
al. [9] in Sri Lanka, have been published/awaiting publica-
tion subsequent to the literature search for this review.
Consequently it is important for investigators to adhere to
reporting standards, such as CHARMS—especially with re-
gard to performance measures, outcomes and missing
values— to enable better interpretation.

For a critical care prognostic model to be effective it
needs to be calibrated to the target setting and have an
acceptable data collection burden. However, in this re-
view, first-level customisation was carried out in only
one study [51]; the calibration of APACHE II, SAPS II
and SAPS 3 models improved from poor to good and
the discrimination remained excellent before and after
recalibration. In HIC, medical registries enable standar-
dised, centralised, often automated, electronic data
gathering, which can then be validated; thus reducing
the burden of data collection. These registries include
mechanisms for providing feedback on critical care unit
performance and also enable regular recalibration of
prognostic models, thus minimising the incorrect esti-
mation of predicted mortalities due to changes in case
mix and treatment. The absence of such registries in
LMIC settings, with important exceptions (e.g. in Brazil,
Malaysia and Sri Lanka), is a significant barrier for the
validation and recalibration of existing models, and the
development of models tailored to these settings. Ac-
cordingly, none of the validation studies included in this
review is an output from a medical registry, no studies
reported on model performance from different time
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points in the same setting and only three studies were
conducted in two or more hospitals [41, 43, 55].

The use of prognostic models in practice is thought to
be influenced by the complexity of the model, the format
of the model, the ease of use and the perceived relevance
of the model to the user [56]. The development of
models with fewer and more commonly available mea-
sures perhaps in conjunction with medical registries pro-
moting research may also be effective in improving
mortality prediction in these settings; for example, the
simplified Rwanda MPM [43] and TropICS [57]. Introdu-
cing simple prognostic models like those already
mentioned and emphasising their usefulness by pro-
viding output that is relevant to clinicians, adminis-
trators and patients is therefore more likely to result
in the collection of required data and their applica-
tion in a clinical context.

ICU risk prediction models need to exhibit good
calibration before they can be used for quality im-
provement initiatives [58, 59]. Setting-relevant models
such as TropICS [57], which are well calibrated, can
be used for stratification of critically ill patients
according to severity, which is a pre-requisite for
impact assessment of training and other quality im-
provement initiatives. However, models that show
poor calibration but have a good discriminatory abil-
ity may still be of benefit if their intended use is for
identifying high-risk patients for diagnostic testing or
therapy and/or for inclusion criteria or covariate
adjustment in a randomised controlled trial [58, 59].

Limitations

This review was limited to a single database (PubMed).
There is no MeSH for LMIC (non-HIC) and hence a
hand search strategy was deployed. No attempt was
made to distinguish between upper and lower middle-
income countries which are very heterogeneous in terms
of provision, resources and access to healthcare. The re-
view was intended to be for adult prognostic models
used only in adult patients; however, due to the manner
in which the studies were reported it was not possible to
exclude paediatric patients.

Conclusion

Performance of mortality risk prediction models for ICU
patients in LMICs is at most moderate, especially with
limitations in calibration. This necessitates continued
efforts to develop and validate LMIC models with readily
available prognostic variables, perhaps aided by medical
registries. Robust interpretations of their applicability are
currently hampered by poor adherence to reporting
guidelines, especially when reporting missing value
handling.
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