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PREDICTION OF NEGATIVE CLINICAL
OUTCOME OF CRITICAL CONDITION USING

THE APACHE-II, SOFA,

NRS-2002 SCALES

During the first 24 hrs of patient’'s admission to ICU, it is essential to perform a negative outcome screening, which can be done using acute
physiology severity scales - APACHE-II and SOFA. It is known that these scales do not include nutritional insufficiency assessment, which itself
affects survivability of critically ill patients. The model that uses three scales: assessment of pathophysiological changes - APACHE-II, intensity of
multiple organ failure — SOFA, and assessment of nutritional insufficiency risk - NRS-2002, reliably improves the accuracy of the negative outcome
prognosis in an ICU patient compared to their individual application.

Keywords: APACHE II, SOFA, NRS-2002, critically ill patients, predictors, mortality.

Introduction. Evaluation of patient’s
condition severity in an intensive care
unit (ICU) is an essential task in the work
of a resuscitator. Identification of patients
with a high risk of developing a negative
outcome at early stages of intensive care
provides an opportunity for timely adjust-
ment of the diagnostic and treatment pro-
cess. Different comprehensive prognos-
tic scales are used to address this issue.
The most popular scales are APACHE-II
that reflects pathophysiological changes
in the patient’s organism at admission
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and serves to predict a disease outcome,
and SOFA that allows tracing the dy-
namics of the multiple organ dysfunction
syndrome [1,2]. Numerous studies have
proven that critically ill patients with nutri-
tional insufficiency (NI) stay longer in ICU
and hospital, and demonstrate a higher
mortality rate [3]. The drawbacks of these
scales include the fact that they do not
consider patient’s protein-energy metab-
olism and nutritional status — the risk of
NI. One of the most convenient and fre-
quently used, in the world practice, scale
assessing the risk of NI is Nutritional Risk
Screening 2002 (NRS-2002), which is
recommended by the European Soci-
ety for Clinical Nutrition and Metabolism
(ESPEN) [4]. It can be applied to all inpa-
tients including those treated in ICU [4].
The NRS-2002 score helps identifying NI
patients and serves a lethal outcome pre-
dictor in critically ill patients [5]. The me-
ta-analysis assessing usefulness of NRS
2002 as a predictor of postoperative out-
comes in the abdominal surgery included
11 studies in total. Postoperative compli-
cations developed much more frequently
in the risk-group patients (the odds ratio

(OR) - 3.13, p <0.00001). Mortality was
also significantly higher in patients hav-
ing a higher risk score according to NRS
2002 (OR - 3.61, p <0.009) [6].

Absence, in the available literature,
of information on how the prognostic
value of APACHE-II and SOFA scores
will change if the risk of developing NI
assessed by the NRS-2002 score will
be taken into account, makes our study
relevant.

Purpose of the study: to assess
the informative value of the model pre-
dicting a negative outcome in ICU pa-
tients through combined application
of APACHE-Il, SOFA, and NRS-2002
scores.

Materials and methods. A prospec-
tive single-center study was carried out in
ICU of JSC Neftyanik Hospital, Tyumen,
in 2012-2017. The inclusion criteria were
over 24hrs. in ICU and age between 18
and 80 years. The exclusion criteria were
coma and/or impossibility to get answers
to questions, shock, moribund state, age
older than 80 years of age, pregnancy;
moderately ill patients staying in ICU for
less than 24 hrs. During the first 24 hours
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in ICU, patients were assessed accord- Table 1
ing to APACHE-II, SOFA, and NRS-2002.
Questioning was carried out by two re-

> : Clinical and Laboratory Characteristics of Patients in the Compared Groups
suscitators. The study included 176 pa-

tients (89 women and 87 men); of them, — _

110 subjects (62.5%) were surgical pa- Index Group I (n=60) | Group I (n=116) p
tients and 66 (37.5 %) - therapeutic. The Age, (years) 62.7+18.8 59+16.4 0.164
causes for admlssm_n to ICU were as fo!- Gender, (male, %) 64.4 356 0.05'
lows: an acute surgical pathology - peri-

tonitis (n=34), acute pancreatitis (n=24), Body Mass Index, (kg/m? 24 121.4;27.7] 26[23.3;30.2] 0.009¢
intestinal obstrugtlon (n_=16),. urosepsis APACHE-IT, (score) 15 [12;20] 9[5;13] <0.001¢
(n=9), suppurative-septic diseases of

different locations (n=6), gastrointestinal SOFA’, (score) 4[3:7] 2[1;3.75] <0.001¢
hemorrhage (n=15), thrombosis of ma- NRS-2002¢, (score) 5[4:6] 3[2:5] <0.001¢
jor vessels (n=3), pneumothorax (n=1), - - -
mediastinitis (n=1); and therapeutic dis- C-reactive protein, (mg/L) 94.1 [44.2;181.5] 60.4 [11;166] 0.045¢
eases — chronic cardiac insufficiency Therapeutic patients, % 51.5 48.5 0.35"
(n=19), pneumonia (n=17), liver cirrhosis - - . .
(n=10)’ delirium (n=4)’ ChroniC ObStI’UC— Surglcal patlents, % 23.6 78.4 <0.001

tive lung disease _(n—2), anaphylactic Note: a — Acute Physiology and Chronic Health Evaluation; b — Sequential Organ Failure As-
shock (n=1), dyscirculatory encepha-  gessment; ¢ — Nutritional Risk Screening 2002, d — Student’s t-test, € — Kruskall-Wallis h-test,
lopathy (n=5), leucosis (n=4), epilepsy f— Pearson’s chi-squared test.

(n=1), acute renal failure (n=2), acute

exposure to alcohol surrogates (n=2). Table 2
The patients were split into two groups:

the first group included the deceased pa- Duration of Treatment in ICU and Duration of Mechanical Lung Ventilation
tients (n=60), the second — the survived in the Compared Groups

patients (n=116). Blood serum C-reactive

protein.(C'RP) was used as a critgrion qf Group | Group 11
systemic inflammatory response intensi- Parameter (n=56) (n=120) p
ty. The recorded demographic informa- .
tion included gender and age; body mass Bed-days in ICU, days 5.6+4.7 4.6+4.2 0.3
index (BMI) was calculated, too. Patients’ Bed-days in hospital, days 513;9] 10 [7;15.75] <0.001
characterization is shown in table 1. . .

The raw data obtained were processed Bed-days on MLV, days 3114 o] <0.001

using the SPSS software package. Nor-

mality of distribution was checked by the Table 3

Shapiro-Wilk test. The findings are given

as the mean and mean square devia- Predictive Value of Scales and Some Indices in respect of the Risk of Lethal Outcome
tion Mo or as the median and quartiles (Logit Regression)

Me, [Q25; Q75]. The prognostic value of

scores was assessed using the logit re- Index Odds Ratio (OR) 95% CI p=
gression technique. To establish the sep- _

aration power, ROC analysis was under- Age, (years) Lot 0.99-1.03 0.16
taken. Nigel Kirk’s determination coeffi- Body Mass Index, (kg/m? 0.92 0.87-0.98 0.055
cient was calculated. The null hypothesis APACHE 11, (score) 12 1.12-1.27 <0.001
was discarded at p<.05.

Results and discussion. In our SOFA, (score) 1.4 1.2-1.6 <0.001
_study we observed_ statistically signif- NRS-2002, (score) 1.7 1.38-2.21 <0.001
icant inter-group differences (table 1) - -
for APACHE-II, SOFA, and NRS-2002 C-reactive protein, (mg/L) 1 0.99-1 0.18

scales. The score according to all three
scales was higher in patients of the first
group, in which BMI and blood plasma
CRP were higher, too. No statistically sig-
nificant differences were noted in the ther-

apeutic group while among the surgical
patients the number of survived patients

Note. Table 3, 5 CI - confidence interval.

ROC Analysis of the Predictive Value of APACHE-II, SOFA, and NRS-2002

was statistically significantly greater. One Index AUC| p cov Sensitivity, % Specificity, %
can see from table 2 that the patients of | A\pACHE-II, score | 81.5 | <0.001 | >13.5 74 74.5

the first group stayed in hospital statisti-

cally significantly longer and stayed on SOFA, score 79.7 | <0.001 | >2.5 71.7 72.6
mechanical lung ventilation (MLV) for a | NRS-2002, score | 73.7 | <0.001 | >3.5 89.1 50.9

longer period of time.
Logit regression identified indices in- Note. AUC-area under curve, COV-cut-off value.
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dependently influencing the risk of lethal
outcome — APACHE-II, SOFA, and NRS-
2002 scores (table 3). Age, CRP and BMI
did not display a separation power in re-
spect of the risk of lethal outcome in ICU
patients (table 3)

To analyze the quality of models, ROC
analysis was carried out; its results are
given in table 4.

The largest area under the ROC curve
was found in APACHE-II scale (table 4).
All models were statistically significant
(p<0.001). APACHE-Il demonstrates
a very good quality of the model while
SOFA and NRS-2002 — just good. The
best correlation of sensitivity and speci-
ficity was found in APACHE-II. When the
score is APACHE-II>13.5 or SOFA>2.5,
or NRS-2002>3.5, a high risk of lethal
outcome development is surmised (table
4). To establish the model featuring the
best predictive value, combinations of
scores according to all three scales were
made (table 5).

The resultant models were statistically
significant (p<0.001). Based on regres-
sion coefficients’ values, APACHE-II,
SOFA, and NRS-2002 are directly re-
lated to the lethal outcome probability.
The best area under the ROC curve was
observed in the model that account-
ed scores of all three scales together
— APACHE-Il, SOFA, and NRS-2002
(p<0.001). According to Nigel Kirk’'s de-
termination coefficient, the model takes
into consideration 40% of factors deter-
mining the lethal outcome probability. Its
diagnostic efficacy amounted to 74%, its
sensitivity being 83.6% and specificity -
55%. The advantage of this study is that
when the scores of all three scales are
used, it improves the accuracy of progno-
sis that can be calculated by a binary logit
regression formula.

Table 5

ROC Analysis of the Predictive Value of Models of Combined Application
of APACHE-II, SOFA, and NRS-2002 Scales

Index AUCd

Sensitivity, % Specificity, % 95% CI p

APACHE II+SOFA | 84.6 82.6 74.5 0.78-0.91 |<0.001
APACHE I+

NRS-2002 83.3 78.3 74.5 0.77-0.89 |<0.001

SOFA+NRS-2002 | 84.6 78.3 71.3 0.78-0.9 |<0.001
APACHE I+

SOFA+ 86.4 84.8 70.8 0.80-0.92 |<0.001
NRS-2002

Note. AUC - area under curve, CI - confidence interval.

1
(1+e7%)

p= x 100,

where p is the probability of occurrence
of an outcome, units; z is the logit func-
tion power exponent, e — is the Euler’s
number (=2.718).

2= =43+ 0,97 X Xppache 11 +
+0,2 X Xso5q + 0,41 X Xyrs—2002,

where X is independent indices (scores).

Conclusion. Each of the APACHE-II,
SOFA, and NRS-2002 scales separately
is an independent predictor of a negative
outcome in critically ill patients, and their
scores can be used as a prognostic cri-
terion. Their combined use improves the
accuracy of the negative outcome prog-
nosis in ICU patients.
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