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ABSTRACT:

BACKGROUND

The predictive potential of scoring systems used
in intensive care units (ICUs) to distinguish
patients’ mortality is heavily investigated but
scarcely pooled.

OBJECTIVES

To statistically analyze the accuracy of three ICU
generic scores, including Acute Physiology and
Chronic Health Evaluation (APACHE II), Simpli-
fied Acute Physiology Score (SAPS I1I), and
Sequential Organ Failure Assessment (SOFA), to
predict mortality.

METHODS

A meta-analysis was conducted involving
prospective studies published between January
2000 and February 2019 to analyze the perfor-
mance of APACHE II, SAPS Il, and SOFA to predict
patients’ mortality through pooling their
discriminative indicators, such as sensitivity
specificity, and the area under hierarchical
summary receiver operating characteristic
curve (HSROC). The inconsistency index (12) was
used to assess heterogeneity in sensitivity and
specificity, while meta-regression analysis was
performed to detect the potential sources of
heterogeneity. Deek’s funnel plots were used to
assess the potential publication bias.

RESULTS
In a total of 37 studies (7612 patients, 63.58%

males, 75.7% assessed in-hospital mortality),
2170 observed deaths were reported. APACHE I,
SAPS I, and SOFA scoring systems showed good
mortality predictive performances, where the
pooled sensitivities were 0.81, 0.76, and 0.80,
respectively, specificities were 0.78, 0.89, and
0.79, respectively, and pooled HSROCs were
0.87, 0.85, and 0.88, respectively. For APACHE I,
SAPS Il, and SOFA, there were significant in-be-
tween study heterogeneities in sensitivity
(1’=85.21%, 84.31%, and 71.67%, respectively)
and specificity (1>=93.74%, 92.65%, and 89.41%,
respectively) while no publication bias was
detected (P=0.689, 0.465, and 0.181, respective-
ly). There was a significant heterogeneity
among studies which investigated APACHE ||
with a cut-off score >20 (P = 0.04) and those
investigating SAPS Il for =24 months (P <.001).

CONCLUSION

Within the limitations of the study, ICU scores
showed good prognostic performance. Future
studies should be conducted using fixed-time
endpoints of mortality, involving multiple coun-
tries and employ a combination of generic ICU
scores.
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INTRODUCTION

It was as early as 1863 since the assessment
of treatment outcomes was first addressed by
Florence  Nightingale.®  Traditionally,
patients’ outcomes were predicted by the
subjective judgement of physicians in inten-
sive care units (ICUs). However, since
critically-ill patients usually experience phys-
iological distresses that might result in
disability or mortality within days, hours, or
even minutes, there was a need to predict the

outcomes and to assess the effectiveness of
therapies in a quantitative manner. There-
fore, ICU scoring systems have been devel-
oped and widely applied. These systems rely
on several clinical indicators, including

tachypnea, tachycardia, hypotension,
decreased urinary output, or altered
consciousness.

ICU scores essentially comprise two main
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parts: a severity score, which indicates the severity of the
condition, and a probability model of mortality, which is
calculated based on an equation to predict survival rates
in the next days following hospital admission.® These
models help in decision making via enhancing the capaci-
ty of scores to compare patients based on their treat-
ments, triage or comparative assessments. In addition to
their basic roles in clinical observation of critically-ill
patients, ICU scoring systems can be used along the
course of hospital admission as monitoring tools to the
given treatments and for assessment of organ dysfunc-
tions.®

However, the choice of a scoring system should basically
depend on its ability to match the event, application, or
setting. Faulty application or misuse may lead to
increased costs, wasted time, unneeded extrapolations,
and poor outcomes.® This is particularly evident for the
generic scores which are extensively used in ICUs. These
scores are broadly divided into scores which assess
disease severity on patient’s admission, such as Acute
Physiology and Chronic Health Evaluation (APACHE),
Mortality Probability Model (MPM), and Simplified
Acute Physiology Score (SAPS), as well as those used to
assess organ dysfunctions, such as Sequential Organ
Failure Assessment (SOFA) and Multiple Organ Dysfunc-
tion Score (MODS).®

The discriminative potential of the predictive models of
these scores to distinguish patients who die from those
who live is an important aspect that helps in
decision-making. Nevertheless, the predictive ability of
the indicators of discrimination, including the sensitivity
and specificity, and area under the receiver operating
characteristic (ROC) curve, remains debatable. In this
study, we sought to conduct a meta-analysis to investigate
the accuracy of three widely used non-disease-specific
ICU scores (APACHE II, SAPS II, and SOFA) to predict
mortality (discriminate between survivors and non-survi-
vors) among critically ill patients via pooling their
discriminative indicators.

METHODS

This meta-analysis was conducted based on the guide-
lines of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA)® and compliance
to the MOOSE statement.® This study was registered in
at the International Prospective Register of Systematic
Reviews (PROSPERO) with the following registration
number: CRD42019127173.

ELIGIBILITY CRITERIA

The included studies were prospective cohort studies
which recruited adult patients admitted to ICU units and
reported the sensitivity and specificity of either APACHE
IT, SAPS 11, or SOFA scores to predict patients’ mortality.

The latter was defined as in-hospital death or mortality
up to 30 days after admission. No restrictions for the
cause of admission to ICUs were considered. Articles
were eligible if they were published in peer-reviewed
journals during the period from January 2000 until
February 2019. Studies were excluded if they were written
in a non-English language or employed retrospective
designs, narrative reviews, systematic reviews, or
randomized clinical trials.

TYPES OF OUTCOMES MEASURES

Mortality of critically-ill patients represented the main
outcome measure. The discriminative ability of ICU
scores under study to predict mortality was investigated
based on the reported sensitivity and specificity rates.
APACHE II is an indicator of disease severity which is
based on values of 12 physiologic indicators. The SAPS II
score measures specific variables within the first 24
hours. @ As for the SOFA score, data on the degree of
organ dysfunction is collected for six organ systems,
yielding a final score ranging between 6 and 24.®

SEARCH STRATEGY

The whole search process was performed by two indepen-
dent authors who searched the following databases for
eligible articles: PubMed, Embase, Google Scholar, and
Scopus. All databases were screened using specific
keywords using combinations of Boolean operators, such
as “AND” and “OR”. An example of used search strategy
in PubMed is demonstrated in Appendix 1. Furthermore,
the reference lists of the screened articles were search for
eligible articles to optimize the search process.

STUDY SELECTION AND DATA COLLECTION

The titles and abstracts of obtained records were screened
across all databases by two independent authors. All
records were then extracted and uploaded to Endnote
(version X7) and all duplicates were omitted. Subse-
quently, the full-text versions of eligible articles were
assessed for inclusion. In cases of any disagreement, the
authors discussed the potential solutions until reaching a
consensus. Data was extracted in a specific spreadsheet
designed in Microsoft Excel. The extracted data included:
1) study data: the last name of the first author, year of
publication, duration of the follow-up period, and coun-
try; 2) participants’ characteristics: range of ages, gender
distribution, and cause of ICU admission; 3) mortality
data: number of deaths and the employed definition of
mortality (in-hospital death, 28-day mortality, etc.); 4)
data of ICU scores: means (standard deviations [SD]) of
scores in survivors and non-survivors, sensitivity, speci-
ficity, and cut-off value.

QUALITY ASSESSMENT

The methodological quality of the included studies was
assessed using the guidelines implied by the Quality
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Assessment of Diagnostic Accuracy Studies (QUADAS)
tool® and was graphically-illustrated using RevMan 5.3
software (Review Manager, the Cochrane Collaboration,
Oxford, United Kingdom).

STATISTICAL ANALYSIS

The severity scores were computed as described in their
original publications.®” The mean scores and SDs of
scores in survivors and non-survivors were calculated
from median (interquartile ranges) as previously
described.®® Mean differences (MDs) and their respec-
tive 95% CIs were used to test the statistical difference
ICU scores. For all included studies, a 2x2 table was
constructed containing all main variables for assessment
of the discriminative ability of the three ICU scores.
These variables include the numbers of true positives,
false positives, true negatives, and false negatives. The
extracted sensitivity and specificity rates of predictive
mortality models as well as the total sample size and
number of deaths were used to compute the constructed
variables. All aforementioned calculations were made in
RevMan 5.3 software (Review Manager, the Cochrane
Collaboration, Oxford, United Kingdom).

Subsequently, the Stata statistical software (Stata Corp,
College Station, TX, USA) was used to pool statistical
indices to obtain summary estimates of performance
statistics, including weighted estimates of sensitivity,
specificity, positive likelihood ratio (PLR), and negative
likelihood ratio (NLR), the area under hierarchical sum-
mary ROC curve. These estimates were computed using a
bivariate random effects regression model using the
metandi or midas command and the relevant statistical
graphs were drawn accordingly. Additionally, the diag-
nostic odds ratios (DOR) with the respective 95% confi-
dence intervals (CIs) were calculated using the metandi
command by a random effects model. The heterogeneity
by non-threshold effect was quantified by Cochrane Q
test and the inconsistency index (I2), where the heteroge-
neity was considered significant at I2 > 50% and P value
of < 0.05. In the latter instance, subgroup analysis was
planned and performed using meta-regression analysis,
which simultaneously investigates the included covari-
ates and their association with the diagnostic perfor-
mance. The integrated covariates included year of publi-
cation (< or > 2010), follow-up duration (< or > 24
months), study country (Asian or non-Asian), cohort size
(< or = 150), and cut-off scores (< or = 20 for APACHEII,
< or = 45 for SAPS II, and < or > 8 for SOFA). Deek’s
funnel plot ® was used to assess the potential publica-
tion bias and a P < 0.05 indicated significant publication
bias.

RESULTS: Results of the search process

Figure 1 depicts the outcomes of the search process used
in this study. Initially, the total number of obtained

records across all databases was 1845, of which 12 dupli-
cates were found. Additionally, we identified eight stud-
ies from the bibliographies of these records and thus a
total of 1933 records were screened. Screening of
titles/abstracts revealed 40 eligible articles. However, 3
articles were excluded due to lack of access to the full-ar-
ticle version®* ¥ and the inclusion of severe conditions
(dialysis, respiratory support, etc.) with mortality as
primary outcomes.®¥ As such, 37 studies were ultimately
included in both the qualitative and quantitative analy-
ses.

CHARACTERISTICS OF THE INCLUDED STUD-
IES

As shown in Table 1, the included prospective studies
were published between 2000 and 2018 with sample
sizes ranging between 50 and 1670 patients and study
periods of 6-72 months. The total number of patients was
7612, (4840 [63.58%] males) and they were aged 18-93
years. Five studies were conducted in European coun-
tries,1519 one study in Latin America,*” while the
remaining studies were based in Asian countries.
Observed mortality measures included mortality up to 14
days in one study,® 28 days in four studies,®24 30 days
in four studies,®2® and in-hospital deaths in the remain-
der. A total of 2170 deaths were reported with mortality
rates ranging between 8.0% - 67.5%.

QUALITY ASSESSMENT

The observed mortality was considered the reference
standard in quality assessment. It was unclear whether
the observed mortality was interpreted without knowl-
edge of the results of scoring systems in all studies. Only
one study @9 did not explicitly describe selection criteria
of the cohort. The use of different scoring systems was
merely mentioned without explaining the way by which
the scoring and/or mortality prediction were executed in
11 studies, (17 18 21,24, 26,27, 30-34) accounting for 29.7% of high
risk in this domain. While the causes of patient with-
drawals were specifically revealed in four studies, includ-
ing the development of neurological sequelae in patients
with poisoning (n=5),%% loss during follow-up (n=44),="
patient discharge against medical advice or at the request
to other facilities (n=189),#%, and patients who under-
went surgeries in a study including those with sponta-
neous intracerebral hemorrhage (n=5),*% the remaining
studies included all patients in the analyses (Figure 2).

THRESHOLD EFFECT AND HETEROGENEITY
There was a significant heterogeneity among studies in
the sensitivity of APACHE II (I?=85.21%, p<0.01), SAPS
IT (1*>=84.31%, p<0.01), and SOFA (1*=71.67%, p<0.01)

scores. Similar findings were found for pooled specificity
of APACHE II (I*=93.74%, p<0.01), SAPS II (I1*=92.65%,
p<0.01), and SOFA (1*=89.41%, p<0.01) scores (Figure
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Figure 1: A flow diagram of the search process used in this study
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Table 1
Author, Folloyv-up Male/female/ |Patients’ | Cause of ICU Mortality Scoring
period Country N Deaths
Year total Ages admission measure system(s)
(months)
Grmec and Non- In-hospital
Gasparovic 24 Slovakia 142/144/286 30-78 traumatic 80 deafh APACHE II
200017 coma
Chatzicostas . . . In-hospital
et al. 200316 24 Greece 137/63/200 33-86 Liver cirrhosis 23 death APACHE II
Ho et al. . . . . In-hospital
200432 13 Taiwan 103/32/135 45-71 Liver cirrhosis 90 death APACHE II
Wang et al. . In-hospital
200571 22 Taiwan 40/21/61 51-80 ARF 38 death APACHE II
Gursel and ]

. In-hospital APACHE
Eg(r;lg:gas 26 Turkey 34/29/63 18-93 VAP 34 death 11/SOFA
Kulkarni et . Perforative In-hospital
al. 200766 24 India 39/11/50 3172 peritonitis 8 death APACHE TT
Goertz et al. APACHE
201115 10 Germany 148/120/268 39-80 Surgery 67 14d 11/SAPS II
Olmez et al. . . . In-hospital APACHE
501268 36 Turkey 130/71/201 41-61 Liver cirrhosis 84 death 11/SOFA
Badrinath i

. . In-hospital APACHE
zto ?1?;57 NA India 125/68/193 41-73 Sepsis 108 death I1/SOFA
Duseja et al . In-hospital APACHE
201360 20 India 87/13/100 38-56 ACLF 53 death 11/SOFA
Kim et al. N . APACHE
201365 48 Korea 104/27/131 42-87 Poisoning 29 In-hospital I1/SAPS

1I/SOFA
Oliveira et . Transplant In-hospital
al. 201320 9 Brazil 90/62/152 40-52 (liver) 18 death APACHE II
Alizadeh et N In-hospital APACHE
al. 201435 6 Iran 118/77/195 18-91 Poisoning 42 death 11/SAPS II
Chang et al. . In-hospital APACHE
201431 12 Taiwan 390/153/543 61-66 AKI 116 death 11/SOFA
Gilani et al. In-hospital APACHE
201429 6 Iran 118/84/202 32-64 Surgery 81 death 11/SAPS II
Hosseini et 8 Iran 1/59/150 -80 Varied oy | In-hospital | b cpp
al. 201563 91/59/15 35 death
Liu et al. . . APACHE
201524 24 China 70/67/137 59-80 Sepsis 20 28d 11/SOFA
Lopez- In-hospital
Delgado et 46 Spain 38/20/58 42-60 Liver cirrhosis 12 dea?h SAPS II
al. 201519
Zhou et al. hi d
201527 48 China 80/55/135 50-73 VAP 39 30 APACHE II
Baradari et . In-hospital APACHE
al. 201658 12 Iran 189/111/300 24-64 Varied 92 death 11/SOFA
Hosseini
and . In-hospital APACHE
Ramazani 6 Iran 185/115/300 24-78 Varied 82 death I1/SOFA
201662
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Table 1

Author,
Year

Follow-up
period
(months)

Country

Male/female/

total

Patients’

Ages

Cause of ICU

admission

Deaths

Mortality

measure

Scoring
system(s)

Kuo et al. . . In-hospital APACHE
201633 30 Taiwan 110/35/145 35-57 Varied 35 death 11/SOFA
Jain et al. . . In-hospital

201664 8 India 0/90/90 25-49 Obstetrics 30 death SOFA
Safari et al. .

201628 12 Iran 75/65/140 18-95 Varied 72 30d SOFA
Baradari et . In-hospital

al. 201750 6 Iran 154/96/250 18-82 Varied 78 death SOFA
Feng et al. . APACHE
201721 24 China 240/142/382 48-89 AECOPD 46 28d 11/SAPS II
Mohamed .

. . In-hospital APACHE
et al. 24 India 57/23/80 50-80 Sepsis 54 death 11/SOFA
201767
Pan et al. .

201726 17 India 69/35/104 46-74 SICH 70 30d APACHEII
. APACHE
Slh azr(r)rlla; t 36 India 65/35/100 30-71 Sepsis 34 In—g;):glltal II/SAPS
- 201769 11/SOFA
Srinivasan In-hospital APACHE
et al. 8 India 53/47/100 28-84 VAP 44 deafh II/SAPS
201734 1I/SOFA
VijayGanap } .
athy et al. 20 India 93/85/178 37-69 Sepsis 38 In l&g:glltal APACHE II
201770
Balasubra Infection .
manian 12 India 28/22/50 18-70 (Scrub 4 In-hospital |~ APACHE
death 1I/SOFA
201830 Typhus)
Ebrahimi et N In-hospital
al. 201861 NA Iran 80/40/120 18-54 Poisoning 18 death SOFA
Goswami et APACHE
al. 20182 24 India 79/21/100 22-45 CKD 39 30d II/SAPS
: 5 11/SOFA
Singh et al. 20 India 72/28/100 20-70 Sepsis 63 28d SAPS II
201823
Venkatara In-hospital
man et al. 21 India 1113/557/1670 31-70 Varied 374 D APACHE II
death
201836
zgfgzezt al. 72 Korea 94/49/143 40-72 OHCA 34 28d APACHE II

ACLF: acute-on-chronic liver failure; AECOPD: Acute Exacerbation of Chronic Obstructive
Pulmonary Disease; AKI: acute kidney injury; APACHE II: Acute Physiology and Chronic Health
Evaluation; ARF: acute renal failure; CKD: chronic kidney disease; OHCA: out-of-hospital cardi-
ac arrest survivors; RAAA: ruptured abdominal aortic aneurysm; SAPS: Simplified Acute Physi-
ology Score; SICH: Spontaneous Intracerebral Hemorrhage; SOFA: Sequential Organ Failure
Assessment; TBI: Traumatic brain injury; VAP: ventilator-associated pneumonia
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3). Threshold effect, which has been identified as an
important source of heterogeneity among studies, was
investigated using the midas command. The Spearman
correlation coefficient and the P value were 0.54 and
0.29 for APACHEII, 0.56 and 0.31 for SAPS II, and 0.28
and 0.08 for SOFA, respectively. This indicates no signif-
icant threshold effect on the outcomes of all ICU scores
(all P values > 0.05).

For further assessment of the sources of heterogeneity,

meta-regression analysis was conducted. Results
revealed that there was a significant heterogeneity
among studies which investigated APACHE II with a
cut-off score =20 (X* = 6.24, P = 0.04). In addition,
longer study periods (=24 months) accounted for signifi-
cant heterogeneity (X? = 15.68, P < .001) among studies
investigating SAPS II. However, no significant covariates
were identified to impact heterogeneity among SOFA-in-
vestigating studies (Table 2).

Table 2
APACHE II
Parameter Category | No of No of No of
studies studies studies
Year of 22010 25 0.31 0.86 10 NA NA 18 1.03 0.6
publication <2010 6 - . o - _ 1 - _
224 14 3.16 0.21 5 15.68 <.001%* 9 3.54 0.17
Study months ’ ’ ) ’ ’ )
period <24 - . - - - B
months 17 5 10
Asian 26 2.47 0.29 8 0.82 0.66 18 1.03 0.6
Country Non- = - N ~ B . ~ -
Asian S5
Sample =150 14 1.56 0.46 4 1.85 0.4 6 2.17 0.34
size <150 17 - -- 6 - -- 13 - -
11 (=20)| 6.24 0.04* | 7(=45) 0.81 0.67 9 (=8) 4.28 0.12
Cut-off value
20 (<20) - -- 3 (<45) - -- 10 (<8) - -
PUBLICATION BIAS

As illustrated using the Deek’s funnel plots, there was no
publication bias in all studies. This was evident for stud-

Figure 4C). Likewise, no obvious small-study bias was
detected as shown by a P value of > 0.10 for the slope

ies investigating APACHE II (P = 0.689, Figure 4A), coefficients, indicating no significant asymmetry
SAPS II (P = 0.465, Figure 4B), and SOFA (P = 0.181, between studies.®™
South Asian Journalof Emergency Medicine Vol. 03, Tssue. 01 Page 43
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Figure 3: The pooled sensitivity and specificity of APACHE II (A)
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MEAN ICU SCORES

Using random effect models, the mean scores were
significantly higher among non-survivors as compared to
survivors; MD of APACHE II was -8.54 (95%CI -9.62,
-7.46, P < 0.001), MD of SAPS II was -20.81 (95%CI
-29.26, -12.36, P < 0.001), and MD of SOFA was -3.09
(95%CI -4.03, -2.15, P < 0.001, data not shown).

DIAGNOSTIC ACCURACY MEASURES

All ICU scores showed moderate pooled sensitivity and
specificity rates in differentiating mortalities. Using a
bivariate binomial mixed model, the highest sensitivity
rates were reported for APACHE II (0.81 [95% CI:
0.76-0.86]) and SOFA scores (0.80 [95% CI:
0.76-0.84]), while SAPS II reported the highest specifici-
ty rate (0.89 [95% CI: 0.76-0.95], Figure 3).

Other measures of accuracy included PLR, calculated as
sensitivity/(1-specificity), NLR, calculated as (1-sensitiv-
ity)/specificity, and DOR (defined as PLR/NLR).®” The
pooled PLR was highest for SAPS II (6.9 [2.8-17.2]),
while the best NLR was apparent for APACHE II (0.24
[0.19-0.30]). Furthermore, the best DOR for the detec-
tion of mortality was reported for SAPS II (25 [7-93],
Table 3). Area under the SROC curve and Fagan’s nomo-
gram

The pooled area under the ROC curve for APACHE II was
0.87(95% CI: 0.84-0.90), for SAPS II was 0.85 (95% CI.:
0.82-0.88), and for SOFA was 0.88 (95% CI: 0.85-0.90,
Figure 5). These results suggest that the diagnostic accu-
racy of all scores was good to discriminate patient’s
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mortality. In order to identify the diagnostic perfor-
mance of each score, data was visually illustrated using
Fagan plots. Results showed that the probability of death
among ICU-admitted patients increased markedly to
49% when using APACHE II and SOFA and increased to
63% when using SAPS II for pretest probabilities of 20%
(Figure 5).

DISCUSSION

During the past three decades, considerable efforts have
been exerted in developing suitable models for predict-
ing the risk of death among patients admitted to ICUs.
Mortality prediction is an essential element to assess the
severity of illness and to establish the effects of novel
therapeutics and healthcare policies. SAPS 1I, APACHE
IT, and SOFA have been identified as the most commonly
used scores in clinical practice. The present meta-analy-
sis assessed the prognostic performance of these
non-disease-specific scores to predict mortality in
critically-ill patients. These scores showed good discrimi-
native abilities, with a slight predominance of APACHE
IT in terms of sensitivity and NLR as well as SAPS II in
terms of specificity, PLR, and DOR. However, there were
significant levels of heterogeneity in sensitivity and spec-
ificity, which were accounted for by studies investigating
APACHE II with a cut-off score of =20 (P = 0.04) and
those investigating SAPS II for follow-up periods >24
months (P < .001).

Such heterogeneity might interfere with accurate inter-
pretation of the reported outcomes although we attempt-
ed to correct such an issue by using a random-effect
model. By using meta-regression analysis, we were able
to reveal the sources of diversity. As with any meta-re-
gression, the number of included studies may affect the
power of regression to reveal significant effects. The total
number of studies in our study was sufficient to yield
reliable and trustworthy results. However, other covari-
ates could contribute to this heterogeneity, such as
patients’ characteristics, methods of data collection, and
specific assessment measures related to ICU scores.®®
Differences in methodological designs, settings, and
subjective assessments of clinicians can all partly explain
these variations.

It is important to note that the predictive models of ICU
scores are not solely dependent on the “discrimination
domain”, but rather on the validity and calibration of
these models. Ideally, a model should be well-calibrated,
validated, and discriminated to predict the probability of
in-hospital death. The validity of a model includes an
assessment of the performance of mortality prediction
via testing the used dataset that has been used for model
development. On the other hand, calibration entails
assessment of the degree of correspondence of the
estimated mortality by the model and the actual
observed mortality among the population under study.

This can be performed statistically using formal good-
ness-of-fit tests.®” These domains should be effectively
differentiated from the discriminative ability of scoring
systems to distinguish patients’ mortality, which is the
core principle of the “discrimination” domain.

In general, the results of the present study indicate that
APACHE II, SAPS II, and SOFA had moderate discrimi-
natory ability for mortality prediction in patients admit-
ted to ICUs. These findings were evident in the pooled
values of sensitivity and specificity (Iess than 0.90 for all
scores). Furthermore, the correlations between sensitivi-
ty and specificity, as depicted in the hierarchical summa-
ry ROC curves (HSROC), can yield beneficial explanatory
evidence of the performance of ICU scores. Ideally, a
highly accurate score has an AUC close to 1, while the
AUC of a poor test would be closer to 0.5. The HSROC of
all scores ranged between 0.85 and 0.88, indicating good
performance of these scores in differentiating patients’
mortality. Indeed, the ROC curve is a better indicator of
performance rather than mere values of sensitivity and
specificity because ROC curves display all possible
cut-off points and their results are independent on
incidence estimates of mortality.“” Based on HSROC, it
can be concluded that APACHE II performed better than
SAPS II when high sensitivity is required, while SAPS II
performed better than other scores when high specificity
is needed. Similarly, other recent meta-analyses revealed
that the APACHE II score had the highest accuracy levels
to predict mortality as compared to other risk prediction
models in patients with ventilator-associated pneumo-
nia“) and acute pancreatitis.“>43)

In the current study, we showed that the clinical useful-
ness of the three scores to predict mortality was moder-
ate. Only SAPS II reported high pooled PLR 6.9, which is
higher than the acceptable threshold of clinically-rele-
vant tests (> 5.0).49 Actually, although the predictive
ability of SAPS II showed acceptable discrimination,
other studies showed poor calibration in their popula-
tions.%4547) In an early systematic review of SOFA-based
models for mortality prediction, Minne et al.“® found
that the initial SOFA scores yielded good to excellent
accuracy to discriminate survivors and non-survivors at
the ICU. However, the diagnostic performance of SOFA
was slightly worse than that of APACHE II and approxi-
mately similar to that of SAPS II. Notably, employing a
combination of SOFA-based models with SAPS II and
APACHE II improved the predictive performance when
compared to using either model alone.“® In our study,
the discriminative ability of the initial SOFA score to
predict mortality was not superior to other scores in
terms of sensitivity, specificity, PLR, NLR, and DOR. This
might be attributable to the relevance of SOFA score to
the assessment of organ failure over time rather than
specific mortality prediction.®
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In the present study, the significant increase of pooled
APACHE 1II scores in non-survivors as compared to
survivors (-8.54 [95% CI -9.62, -7.46]) was relatively
higher than that reported in a recent meta-analysis of
APACHE 1II scores following paraquat poisoning among
Chinese and Korean population (-7.29 [95% CI -8.96,
-5.63]).49 However, to the best of our knowledge, there is
no evidence regarding pooled scores of SAPS II and/or
SOFA to predict mortality.

STRENGTHS AND LIMITATIONS

Prospective studies were included to address the poten-
tial confounding factors that may affect the outcomes. In
addition, data-gathering methods might not be homoge-
nous in retrospective studies. Indeed, data gathering
errors were common in patients with low or high
APACHE 1II scores and this impacted the prognostic
significance of their models.®® Such erroneous reporting
might have contributed to the poor calibration reported
in early studies although AUC values of APACHE II were
satisfactory.” 1345 In our study, the total number of stud-
ies was sufficient to provide results of a high statistical
power.

However, the present study might be subject to several
limitations. The outcomes should be interpreted
cautiously due to the reported heterogeneity in sensitivi-
ty and specificity. In addition, the predictive ability of
ICU scores might be deteriorated over time.®" 52 For
example, the performance of SAPS II was affected by
national differences and case-mix when it was used in
national studies.5® 59 Nevertheless, performance has
been less investigated in studies involving multiple coun-
tries. Hence, recommendations indicate that the prog-
nostic models of these scores should be recalibrated and
revalidated repeatedly and these measures should be
emphasized when the models are used in a new country.
Moreover, approximately three-quarters of included
studies (75.7%) assessed the performance of scores to
predict in-hospital mortality rather than relying on
distinct time periods of patients’ deaths. Actually, in-hos-
pital mortality might be inadequate in the context of
recent investigations as it might be affected by hospital
discharge practices.> 59 As such, mortality endpoints
should be based on fixed times and for long-term
periods. Finally, we included studies recruiting specific
patient populations, such as typhus and poisoning,
which has contributed to the observed heterogeneity.

CONCLUSION

The performance of non-disease-specific ICU scores in
predicting mortality of critically-ill patients was explored
in this study. We showed that APACHE II, SAPS II, and
initial SOFA showed good discriminative power for
mortality prediction. However, the prognostic perfor-
mance of APACHE II, SAPS II was slightly superior to

that of initial SOFA scoring system as revealed by a trend
of better pooled sensitivity, specificity, and HSROC
values. The prognostic significance of ICU scores should
be studied on a multinational level, including validity,
calibration, and discrimination domains. In addition, the
predictive performance should be assessed for long
periods and using fixed-time endpoints of mortality
rather than in-hospital mortality. Finally, the predictive
ability of a combination of SOFA derivatives, APACHE II,
and SAPS II should be heavily investigated prospectively
and compared to either model alone.

KEY MESSAGES

o

<> Despite the significant progress achieved in the
management of critically-ill patients, there is a signifi-
cant gap in the best ways to predict patients’ outcomes,
including disability and mortality.

7

< Scoring systems used in intensive care units can
assist in prediction when used efficiently.

7

<> There is a need to effectively rely on distinct
scoring systems, particularly generic scores which are
frequently used, to discriminate patients who die from
those who live.

o

<> The present study meta-analysis showed good
prognostic potentials of three generic scoring systems,
namely APACHE II, SAPS II, and SOFA scores.

7

X The most common limitation in meta-analyses
of observational studies, heterogeneity, was also evident
in the current study and we have identified some poten-
tial sources of such variation.
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Appendix 1: The employed search strategy in this
study.

#1 “prognostic” OR “predictive” OR “survival” OR “mor-
tality”

#2 “critical” OR “intensive”
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#3 #1 AND #2

#4 “scoring system” OR “rating system” OR "APACHE"
OR "SAPS" OR "SOFA" OR "GSC" OR "MPM"

#5 "acute physiology and chronic health evaluation" OR
"simplified acute physiology score" OR "Sepsis-related
organ failure assessment" OR "Glasgow coma scale" OR
"Mortality prediction model"

#6 #4 OR #5
#7 #3 AND #6

#8 "Prospective” OR "cohort" OR "observational”

#9 Intensive Care Units OR Critical Care OR “intensive
care”

#10 #8 AND #9

#11 #7 AND #10

#12 limit #11 to English language
#13 limit #12 to adults

#14 limit #13 to human

*
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