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Background: Simplified acute physiology score 3 (SAPS3) was developed in 2005 to evaluate intensive care unit (ICU) performance
and to predict patient mortality or disease severity. The score is usually calculated by doctors, but it requires substantial human re-
sources. And many nurse-lead studies use this scoring system. In the present study, we examined the inter-rater reliability of SAPS3
among nurses in an ICU.

Methods: Five ICU nurses who worked in an ICU for a mean length of 7.8 years were educated for 2 hours about SAPS3 score and its
components. Each nurse scored 26 patients, and the intraclass correlation coefficient (ICC) of the total scores and each subset were
evaluated.

Results: The ICC (95% confidence interval) of SAPS3 score was 0.89 (0.82-0.95), that of subset | was 0.90 (0.82-0.95), subset Il was 0.54
(0.35-0.73), and subset Ill was 0.95 (0.91-0.97). The ICC of predicted mortality was 0.91 (0.85-0.96).

Conclusions: The ICC of SAPS3 score and predicted mortality among ICU nurses were reliable. According to these ICC values, SAPS3
score is a reliable scale to be used by nurses. The ICC of subset Il was lower than those of the other subsets, suggesting that education
of SAPS3 should focus on the definition of each subset Il component.
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Introduction

The severity of illness in critically ill patients is measured using a variety of scoring systems, including acute physiologic
and chronic health evaluation (APACHE) Score, mortality prediction model (MPM) and simplified acute physiology score
(SAPS) to predict clinical outcome. In addition to mortality prediction power, these severity scoring systems are also used to
evaluate the quality of critical care based on the comparison of predicted mortality to actual mortality. Also, the effectiveness
of care bundle practiced in the intensive care unit (ICU) setting is also assessed by comparing mortality predicted after appli-
cation of bundles against actual mortality.[1,2] Among severity scoring systems, simplified acute physiology score 3 (SAPS3)

was developed in 2005 to upgrade the then existing scoring systems. SAPS3 is used to determine disease severity on ICU

admission using 20 clinical variables.[3,4] Although sever-
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commonly used in the ICU can be the need for human re-
sources and time. Some researchers describe SAPS3 scoring
is less complicated and time consuming than other scoring
systems because it is based on smaller number of variables.
[5] However, SAPS3 still takes significant time for inex-
perienced users to complete. To improve the validity of the
predicted mortality, variables should be measured within
one hour after ICU admission. Any delay in data collection
can overestimate the mortality.[4] Given the importance
of timing, ICU nurses can assess severity of illness if ICU
physicians are not in a position to perform it in the timely
manner. Recently, there are many studies led by nurses, and
in some studies, SAPS3 were used as a severity score. We
therefore explored in this study if there were any difference
in the inter-rater reliability (IRR) of SAPS3 scores assessed
by ICU nurses.

Sum score and predicted mortality of one patient can
vary depending on raters. Strand K[6] investigated IRR of
simplified acute physiology score 2 (SAPS2) and SAPS3
performed by doctors. We evaluated the IRR of SAPS3
performed by ICU nurses using intraclass correlation coeffi-
cient (ICC) and compared the results with the previously re-
ported IRR of doctor-assessed SAPS3 score. As a secondary
aim of this study, we evaluated the ICC of SAPS3 subscores
or boxes to find out what variables cause raters to agree and

disagree.

Materials and Methods

This study was exempted the review of the Medical Re-
search Ethics Committee of the Inje University Ilsan Paik
Hospital (IRB No. IB-2-1310-042).

1) Methods

A total of five nurses working in the surgical ICU at Ilsan
Paik Hospital were trained in the use of SAPS3 scoring for 2
hours. After completion of the training, nurses assessed sever-
ity of illness in anonymous 26 patients who admitted to the
ICU before the study period. Demographic data of patients
are presented in Table 1. The ICC was then calculated by
comparing severity scores given to 26 patients by each nurse.
The mean ICU working year of nurses was 7.8 years (3-11

years, SD = 3.1). Patients aged 16 or below were excluded.

Table 1. Patient demographics

Variables Values
Age (mean + SD) 62 +17
Gender (male : female) 16:10
Admission route (ER : ward : other ICU) 19:7:0
Reason for admission
Hemato-oncology 1
Respiratory 3
Gastrointestinal 2
Cardiovascular 3
Others 17
ICU length of stay (days), (median, 25-75% percentiles) 4 (3-10)
Observed hospital mortality 6 (23%)
SAPS3 score (mean + SD) 61 +23
Predicted mortality rate (%, mean = SD) 35+30

SD: standard deviation; ER: emergency room; ICU: intensive care unit; SAPS3:
simplified acute physiology score 3.

2) Statistical analysis and sample size

We calculated ICC to determine IRR of collected SAPS3
sum score and subscores and probability of death using the
MedCalc software package (MedCalc Software, Ostend,
Belgium), version 12.4 for Windows®. The probability of
in-hospital death for SAPS3 can be calculated by specific
customized equations.[4] The required sample size to tell
the difference between ICC of 0.8 and 0.9 by five raters was
26 based on the alpha level of 0.05 and the beta level of
0.2.[7] A total of 26 patients were therefore recruited in this
study. IRR is measured by the ICC with 0 or less meaning ‘no
match at all” and 1 meaning ‘perfect match.” The ICC value

of 0.8 or above is considered preferable.[§]

Results

When five nurses independently assessed SAPS3 scores
in 26 patients, ICC of SAPS3 score was 0.89 (95% confi-
dence interval (CI) was 0.82 to 0.95) and ICC for the mean
predicted mortality was 0.91(0.85 to 0.96). Among SAPS3
subscores analyzed in this study, ICC of SAPS3 box I, 1T
and III was 0.90 (0.82 to 0.95), 0.54 (0.35 to 0.73) and 0.95
(0.91 to 0.97), respectively, showing the highest IRR in
box III (Table 2). Thus, the IRRs of SAPS3 sum score and
predicted in-hospital death were high whereas the IRR of
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SAPS3 box Il was quite low. The ICC value of SAPS3 box
II and corresponding variables are presented in Table 3.

Discussion

In this study, we found trustworthy ICC of nurse-assessed
SAPS3 scores and predicted mortality in ICU patients.
Strand K et al[6] established the IRR of doctor-assessed
SAPS2 and SAPS3 scores. Their study design was com-

Table 2. ICC for SAPS3 score and predicted mortality

Variables ICC score (95% Cl)
SAPS3 Box | 0.90 (0.82 t0 0.95)
Box Il 0.54 (0.3510 0.73)
Box Il 0.95(0.91100.97)
SAPS3 sum score 0.89 (0.82 to 0.95)
Predicted mortality 0.91 (0.8510 0.96)

ICC: intraclass correlation coefficients; SAPS3: simplified acute physiology score
3; CI: confidence interval.

Table 3. ICC score of box I components

Variables ICCscore  95%Cl
|CU admission: planned or unplanned 0.09 0.04100.29
Reasons for ICU admission
Cardiovascular 0.5 0.32100.71
Hepatic 0.48 0.2910 0.68
Digestive 0.36 0.18100.58
Neurologic 0.28 0.11 10 0.51
Surgical status at ICU admission 0.63 0.46100.79
Anatomical site of surgery 0.68 0.51100.82
Acute infection at ICU admission (nosocomial) 0.13 0.01100.34
Acute infection at ICU admission (respiratory) 0.26 0.09t0 0.49

ICC: intraclass correlation coefficients; ICU: intensive care unit; Cl: confidence
interval.

Table 4. Comparison of our study design and Strand K et al[6]’s

pared with that of this study in Table 4.

As far as the results of both studies are concerned, the
ICC value of SAPS3 box II was equally low in this study as
that calculated based on doctor-assessed scores in the previ-
ous study.[6] However, nurse-assessed SAPS3 score in this
study exhibited a high IRR of 0.89, while doctor-assessed
SAPS2 and SAPS3 scores exhibited 0.84 and 0.80. respec-
tively.[6]

According to our analysis of SAPS3 subscores, the ICC
value of SAPS3 box II was 0.54, showing the lowest IRR
for variables dependent on diagnostic information. Coinci-
dently, the ICC of SAPS3 box II was also 0.54 in Strand K
et al’s findings.[6] The source of disagreement among raters
appears to include that variables are open to different inter-
pretations and that some complex of variable definitions are
not easy to remember. Training can focus on such sources
of disagreement to improve the reliability among raters. The
ICC of SAPS3 box I was slightly lower at 0.90 than 0.94
reported by Strand K et al.[6] However, the reliability of
SAPS3 box III was 0.95, showing a significant difference
from 0.73 in their study. Overall, this study demonstrated
higher ICC of SAPS3 sum score than the study of Strand K.
et al[6], which conducted with doctors (0.89 vs 0.80).

As the latest upgraded version of SAPS2, SAPS3 offers
a high explanatory power of 50% in SAPS3 box I, which is
followed by box II (22.5%) and box III (27.5%).[4] Given
smaller explanatory power of Box II to the total sum score,
the wide disagreement among nurse raters on box II (where
clinical judgment is required) did not affect the overall IRR
of SAPS3 score significantly. In our study, IRR of box III
was higher (0.95) than previously reported level among
doctor raters (0.73), contributing to high ICC of SAPS3 sum
score.

Currently, to determine appropriate nurse staffing in the

ICU, surgical intensive care unit optimal mobility score

Our study

Strand K et al study[6]

ICU characteristics
5 ICU nurses
310 11 years

Raters

Experience of raters
Education

Number of scored patients 27

Surgical ICU of 27 beds

2 hours for SAPS3 score

General ICU of 12 beds
10 junior anesthesiologists
2 10 6 months of full-time ICU experience
2.5 hours for SAPS2 and SAPS3 score
24

ICU: intensive care unit; SAPS3: simplified acute physiology score 3.
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(SOMS) or workload management system for critical care
nurses (WMSCN) scoring systems are commonly used
for disease severity assessment.[9] However, these tools
are less useful to quantify severity of illness and mortality
prediction for research purposes. Therefore, SAPS3 can be
used for disease severity scoring, by nurses, in studies led
by nurses. When SAPS3 scores are provided by multiple
raters, IRR across the raters can pose an issue that needs to
be resolved. This study demonstrated consistency among
nurse raters.

The nurses studied had been working in the ICU for mean
length of 7.8 years (range 3-11 years). Participant’s rela-
tively long working years as critical care nurses pose a limi-
tation for this study. However, over 5-year work experience
may be common among ICU nurses in Korea. Park and
Gang[10] stated that 37.9% of ICU nurses in their study had
working years of 5-10 years, making up the largest group. It
can be said that the participants of this study represents the
population to be studied. However, further study is needed
to investigate the IRR of new nurses in the ICU. This study
ascertains the consistency across nurse raters but does not
establish the IRR between nurses and doctors. If both nurses
and doctors assess SAPS3, the ICC should be measured
again to determine consistency between them.

Despite benefits of severity scoring systems, scoring is
not widely performed in the ICU largely due to constraints
related to human resources, time and finance: human re-
sources and time for manual data collection and financial
resources for a new system that will combine electronic
medical records and scoring tool for automatic process.[1]
This study aimed to identify the reliability of ICU nurse-as-
sessed severity score and demonstrated high ICC of nurse-
assessed SAPS3, which is in agreement with the ICC value
calculated from doctor-assessed SAPS3 scores. This study
therefore suggests that ICU nurses are able to assess sever-
ity of illness in ICU patients and that the resulting scores
can be reliable.[6]

In conclusion, this study established the reliability of
nurse-assessed SAPS3 scores. Although the established IRR
of SAPS3 sum score is satisfactory, compared with the IRR
of doctor-assessed SAPS3 score, the overall IRR among
can be further improved through better understanding of

diagnosis-related variables evaluated for box II.
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