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The Simple Clinical Score: a tool for benchmarking of emergency

admissions in acute internal medicine

CP Subbe, F Jishi and RAB Hibbs

ABSTRACT - Quality of care in intensive care and surgery
has benefited from establishing comparative standards. At
present there is no accepted tool to compare outcomes for
emergency admissions in internal medicine. The Simple
Clinical Score (SCS) was used in 1,098 consecutive medical
emergency admissions to adjust mortality for severity of ill-
ness. Hospital mortality adjusted for severity of iliness and
length of stay in the cohort was in keeping with mortality in
the Irish derivation study with a trend towards lower mor-
tality in the very high-risk group. Three parameters with
poor reproducibility were identified. The SCS has several
potential applications: identification of patients with low
risk of death suitable for early hospital discharge; early
identification of patients with a high risk of death, who will
require care in critical care areas (or specialist palliative
care); and benchmarking of acute medical departments
internationally in a similar way to how APACHE Il scoring has
been used in critical care units worldwide.!
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Background

The majority of inpatient workload in internal medicine
throughout Europe is generated by emergency admissions. Variation
in clinical practice affects mortality of patients and length of stay in
hospital. Despite this there is no accepted model to benchmark dif-
ferent hospital departments with regards to mortality and use of
financial resources. In contrast, intensive care units in the UK have
worked for some time with models that allow comparing mortality
rates for different units adjusted for the severity of illness of the
admitted patients. The results are integrated with diagnostic infor-
mation in order to derive the standardised mortality ratio (SMR).>*
For surgical procedures statistical models are available that allow
comparison of morbidity and mortality between different units.>
Comparison of mortality in cardiothoracic centres has led to
improvements in the standard of care.®’

Earlier research showed how a simple scoring model, the
Modified Early Warning Score (MEWS), was used to gauge the
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risk of patients for catastrophic deterioration.® However, the pro-
posed model lacked specificity to evaluate the risk of in-hospital
death for individual patients. An improved model (Table 1), with
superior sensitivity and specificity in estimating mortality at 30
days, has recently been tested in a district general hospital in
Ireland.’

Methods
Patients

Patients were recruited from the acute medical admissions unit
of Wrexham Maelor Hospital (WMH), Wrexham, North
Wales. The hospital serves a population of 250,000 in a mixed
urban and rural area. All patients over the age of 16 admitted
through the acute medical take between 15 June and 1
September 2007 and followed-up for a minimum of 30 days
post-admission were included. Readmissions were excluded
from statistical analysis.

Data collection

Data were restricted to information that was routinely collected
during the admissions process. Demographic details, systolic
blood pressure, pulse rate, temperature, respiratory rate and
AVPU score (A for ‘alert, V for ‘reacting to vocal stimuli}, P for
‘reacting to pain, U for ‘unconscious’) were recorded on admis-
sion as part of an existing triage process. Blood pressure and
pulse rate were measured electronically and checked manually
where appropriate. Patients’ temperatures were taken orally.
Oxygen saturations were measured on air or on oxygen
depending on the clinical status of the patient. The respiratory
rate was counted over a full minute. AVPU was scored according
to best response at time of blood pressure measurement. A ded-
icated research nurse (MH) checked completeness of data.

Additional variables were collected by extraction from med-
ical and nursing admission records: functional status (Zubrod
score,!? ability to stand), clinical presentations (mental status,
new stroke, intoxication, breathlessness), demographic or social
features (sex, nursing home residency), additional risk factors
(diabetes), electrocardiogram (ECG) findings and the shock
index. ECGs were reviewed and reported by junior doctors in
internal medicine. Two data collectors (AC, FB) tested repro-
ducibility in a sample of 90 patients. They reviewed patients
independently, collated the data and derived the SCS.
Investigators were additionally asked to identify patients poten-
tially suitable for early discharge (SCS 0-3) and those with a
possible need for augmented care (SCS >8).
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Outcome measures

The primary outcome measure was 30-day mortality; secondary
outcome measure was mortality within 24 hours and within
seven days from admission and length of hospital stay.

Statistical evaluation and power calculations

Data were evaluated with the help of GenStat® version 11 and
SPSS version 15. SPSS was used to derive the SCS from raw data.
Comparison between subgroups was made using the Student’s t
test with Levene’s test for equality of variances and the Mann-
Whitney U test. The sample size was chosen pragmatically to
represent 10% of the annual intake of the department. The col-
lected data were used to establish receiver operator characteristic
curves.!!

Table 1. Scoring table for the Simple Clinical Score (SCS).°

The Simple Clinical Score

Ethics approval

Written guidance was obtained from the Central Office for
Research Ethics Committees and the Local Ethics Research
Committee who advised that the proposed work fulfils criteria that
characterise it as service evaluation without the need to obtain a
formal research ethics committee review.

Results

In total, 1,098 consecutive patients were included in the study.
Mean age on admission was 65 years (standard deviation (SD)
19) and 594 (54%) patients were female. At six-month follow-
up, 82 patients (7.5%) had died during their hospital stay. Of
these, 15 died on the day of admission or the day after admission
(1.3%), 34 died within seven days (3.1%) and 65 patients had
died within 30 days (6.3%).

Independent predictors Points
A Age >75 4
=50 men and =55 for women and =75 2
A Airway Coma (responds only to pain or unresponsive) 4
Oxygen saturation <90% 2
Oxygen saturation =90% and <95% 1
B Breathing Respiratory rate >30/min 2
Respiratory rate >20/min and =30/min 1
Complaining of breathlessness 1
@ Circulation Systolic blood pressure =70 mmHg 4
Systolic blood pressure >70 mmHg and =80 mmHg 3
Systolic blood pressure >80 mmHg and =100 mmHg 2
Pulse > systolic blood pressure 2
D Disability Stroke — new presentation S
Altered mental status =50 (not intoxicated)* 2
Unable to stand unaided or a nursing home resident 2
Prior illness — some part of daytime in bed 2
Diabetes (type 1 or 2) 1
E ECG Abnormal ECG (does not include bradycardia or tachycardia) 2
F Fever Temperature <35°C or = 39°C 2
Total
ECG = electrocardiogram.
“altered mental status but not coma (ie responds to voice)
Agitated
Alert and attentive (ie normal)
Alert and inattentive
Confused
Poor memory (ie does not know year of birth and/or current year)
Fluctuating level of consciousness
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The median SCS was five (interquartile range (IQR) 3-8). The
median length of stay was four days (IQR 1-11 days). Data col-
lected on admission are shown in Table 2. The distribution of
scores is summarised in Table 3.

Parameters

Comparisons were made between bedside observations on
admission in all patients and in those that died within 48 hours
or that died during the course of the study. Age, high respiratory
rate, low temperature, the presence of an abnormal ECG and
coma were strong predictors of death within 48 hours.
Abnormalities in nearly all parameters were associated with
death in hospital with the exception of the presence of diabetes,
a new stroke on admission and a heart rate higher then the
systolic blood pressure.

Distribution of scores

The distribution of scores showed that 52% of patients admitted
had a low or very low risk of catastrophic deterioration. No
patients with very low scores died within the first week in hos-

pital. While no diagnostic data were analysed this suggests death
from chronic or hospital-acquired conditions as significant con-
tributors to in-hospital death.

The SCS can be used to stratify patients into five groups with
distinct risk profiles (Table 4). Mortality increased proportion-
ally with rising SCS. In the very low risk group no patients died
within the first week and even in the low risk and average risk
group only 0.9% and 0.5% died within the first 48 hours of
admission.

Reproducibility

Applying the sign test to SCS there was no statistical difference
between two observers (p=0.26). Observer 2 placed 19 patients
at a higher SCS and seven patients in a lower SCS, in 64 patients
(71%) there was no difference. There were statistically signifi-
cant differences in the assessment of three variables (Wilcoxon
signed-rank test): altered mental status (p<<0.046), presence of
an abnormal ECG (p<<0.007) and functional capacity
(p<<0.005).

To test robustness of decision making based on the score the
investigators were asked to document the score and resulting

Table 2. Data collected on admission to hospital in all patients and in the subgroup of patients that died within 48 hours of
admission and that died during their hospital stay. P value adjusted according to Levene's test for equality of variances.

Patients who died p

p (survivors
Patients who compared
died during with

All patients within 48 hours (Levene’s hospital stay patients who
Variable (n=1,098) (n=15) test) (n=82) died)
Age 65 (19) 81 (14) 0.001 79 (14) 0.000
Systolic blood pressure (mmHg) 137 (27) 141 (43) 0.697 130 (28) 0.027
Diastolic blood pressure (mmHg) 74 (17) 71 (19) 0.621 69 (18) 0.008
Mean arterial blood pressure (mmHg) 94 (18) 94 (25) 0.985 89 (19) 0.005
Pulse rate (bpm) 89 (23) 96 (23) 0.267 94 (20) 0.026
Respiratory rate (bpm) 19 (5) 24 (8) 0.017 22 (6) 0.000
Saturations (%) 97 (5) 95 (4) 0.277 94 (12) 0.000
Temperature (°C) 36.5 (1.0) 35.3 (1.4) 0.005 36.3 (1) 0.01
Breathless on admission (%) 379 (35) 7 (46) 0.319 42 (51) <0.001
Abnormal electrocardiogram (%) 408 (37) 12 (80) 0.001 47 (57) <0.001
Diabetes (%) 162 (15) 1(7) 0.374 8 (10) NS
Coma without intoxication or overdose (%) 12 (1) 5 (33) 0.000 5 (6) <0.001
Altered mental status without coma, 101 (9) 2 (13) 0.577 18 (22) <0.001
intoxication or overdose and aged
=50 years (%)
New stroke on presentation (%) 39 (4) 4 (27) 0.000 6 (7) 0.056
Unable to stand unaided or a nursing 252 (23) 6 (40) 0.114 40 (49) <0.001
home resident (%)
Prior to current illness spent some part 245 (22) 7 (47) 0.023 45 (55) <0.001
of the daytime in bed (%)
Blood pressure (S) < pulse rate (%) 75 (8) 1(7) 0.98 9 (11) 0.122

NS = not significant.
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advice on placement of patients. In 91% of cases the investiga-
tors agreed on the identification of low risk patients (SCS 0-3)
and in 94% of cases of those with increased risk (SCS>8).

Comparison to validation cohort

Frequency distribution of scores and mortality in the five risk
groups was comparable to mortality in the 3,228 patients in the
validation cohort of Kellett et al (Table 5). The crude 30-day
mortality rate in the WMH sample was 6.3%. This compares
with a 30-day mortality rate of 4.5% in the Kellett validation
cohort. At five days, mortality in the WMH sample was 2.1%
compared with 1.5% in the Kellett sample. These rates are in

The Simple Clinical Score

proportion, indicating that the combined effect of factors con-
tributing to the risk of dying are multiplicative rather than addi-
tive, and may be represented thus as: Pr(death) o< Length of Stay
* hospital site * risk category. A model of risk is obtained from a
log transformation of the above equation: Ln[Pr(death)] =
Aros 1 Brospital sie T Cscs risk group T €ITO- This model can be
analysed using standard Poisson regression methods to model
survival subsequent to admission (Table 6 with length of hos-
pital stay at two levels: 0-5 days and 5-30 days). Length of hos-
pital stay was used to calculate the comparative exposure of
patients in each cell of the table to the hazard and a model was
fitted with the three factors in an attempt to reduce the unex-
plained residual variation (‘mean deviance’) in the model to <1.

Table 3. Frequency distribution of Simple Clinical Score (SCS) on admission and death during up to six months of

in-hospital follow-up.

Number of deaths by

SCs n % of total Day 2 Day 5 Day 7 Day 30 6 months
(¢} 97 8.8 1 1
1 51 4.6 1 1
2 109 9.9 1
B 82 743 (o]
4 143 13.0 2 2 3 3 8
5 87 7.9 2 4 4
6 110 10.0 1 2 2 7 8
7 104 O8) 1 4 6
8 75 6.8 8 8
9 63 5.7 1 1 3 B8
10 58] 4.8 2 B8 3 9 13
11 48 4.4 6 8 9 10
12 35 3.2 1 2 4 7 9
18 11 1.0 1 2 2
14 14 1.3 2 B 5 6 6
15 5 0.5 (0]
16 5) 0.5 1 1 1
17 2 0.2 2 2 2 2
18 1 0.1 (o]
19 1 0.1 1 1
21 2 0.2 1 1 1 1 1

Table 4. Mortality according to risk bands of the Simple Clinical Score (% of deaths per risk group). The majority of deaths in the

very low risk and low risk groups occur late into the hospital stay.

n (% of total) Death within 48 hours

Death at 7 days

Death at 30 days Death at 6 months

Risk band n Yo n Yo n Yo n %o n %o
Very low risk B89 31 0 0 (o] (o} 2 0.6 3 0.9
Low risk 230 21 2 0.9 5 2.2 7 8 7 3.0
Average risk 214 20 1 Ol5 8 1.4 11 1 14 6.5
High risk 239 22 6 2.5 12 5 29 12.1 36 15
Very high risk 76 7 6 7.9 14 18.4 20 26.3 22 28.8
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Table 5. Comparison of frequency distribution of risk bands and clinical outcomes in patients from Wrexham Maelor Hospital

(WMH) and the validation cohort of Kellett.?

Outcome Very low risk Low risk Average risk High risk Very high risk

0-3 points 4-5 points 6-7 points 8-11 points =12 points

WMH Kellett WMH Kellett WMH Kellett WMH Kellett WMH Kellett
n 339 1127 230 669 214 605 239 642 76 185
% of total 30.9 34.9 20.9 20.7 19.5 18.7 21.8 19.9 6.9 5.7
Median age 45 42 69 67 76 77 82 79 83 80
Mortality
5 days (%) 0 (o] 0.9 0.4 1.4 0.7 4.2 8l 10.5 12.4
30 days 0.6 0.0 3 1.5 31 3.8 12.1 9.0 26.3 29.2
Length of stay 3.9 (9.4) 3.1(3.5) 87 (15.7) 5.7(49) 15.0(25.1) 7.4 (5.3) 19.8 (29.5) 9.0 (5.9) 16.1 (23.8) 9.7 (7.2)

(days, mean (SD))

Median length of 1 2 4 4
stay (days)

Table 6. Multidimensional tables of factors for stratification of
risk of death combining data from the present cohort and the
Kellett study.®

Length of stay Deaths Patient days

0-5 days Risk band 73 21,417
Very low risk (0] 7,330
Low risk 4,485
Average risk 4,077
High risk 30 4,320
Very high risk 31 1,205

5-30 days 133 104,277
Very low risk 2 36,627
Low risk 12 22,173
Average risk 27 19,909
High risk 49 20,455
Very high risk 43 5114

Total 206 125,694

Site Length of Deaths Patient days
hospital stay

Kellett 137 94,062
0-5 days 50 15,993
5-30 days 87 78,069

Wrexham Maelor

Hospital 69 31,633
0-5 days 23 5,424
5-30 days 46 26,209

Total 206 125,694
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The estimated uniform hazard was 0.001639 deaths per day.
SCS risk group accounted for 85% of the observed variation in
both samples combined, and is a highly significant explanatory
factor (p<<0.001). Length of stay explains a significant amount
of observed variation (p<<0.001). Hazard from day six onwards
is on average 60% lower than that in the first five days. This sug-
gests that patients are most at risk on admission. The main effect
of the hospital unit from which the two samples are derived is
borderline significant (p=0.054).

When adding a nested benchmarking factor (risk group/site,
p=0.03) the resulting model displays an acceptable fit (mean
deviance = 0.73). The factor is therefore significant. From a
benchmarking perspective WMH could be said to have a
reduced hazard in the high-risk group (by 10% in comparison
with Kellett), and an elevated hazard in other risk groups.

There was, however, near co-linearity in this model arising
from two unexpected deaths in the very low risk group in WMH
(standardised residual >2). Sample size calculations suggest that
at least 1,450 admissions should be considered per unit in order
to distinguish successfully between proportions of mortality.

Discussion

The present study showed that it is practical to derive the SCS
from routinely collected clinical records. Patients in the very
low risk group are unlikely to benefit from hospital admission
in terms of mortality and even patients in the low risk and
average risk group might be manageable as ambulatory
patients with urgent outpatient investigations and treatment.
The SCS also identified a group of patients with high risk of
adverse outcomes that might benefit from enhanced care in a
critical care setting. The results were comparable with those
derived in the validation cohort despite the setting being dif-
ferent in the size of the hospitals and in the nationality of the
examined population.
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This was a single centre study and the short data collection
period did not allow analysis of the natural variability of
data for scores, outcomes and the care process.
Reproducibility was affected by variability in a limited
number of parameters. Further research needs to address
how performance of these parameters is affected by focused
training. Kellett used an automated evaluation of ECGs by a
computerised system.” This is likely to be a more repro-
ducible and precise method.

It is believed that no other study has attempted to compare
quality of care for medical emergency admissions over a broad
range of diagnostic categories in different hospitals or healthcare
systems. Collaborative research has established differences in
outcomes in care for single diagnostic categories such as asthma,
diabetes and ischemic heart disease.!>"!4

Measures of quality of care have served in other special-
ties to highlight achievable standards of good care. Internal
medicine is a specialty looking after a broad range of condi-
tions that appear to have little in common. This current
study, however, shows that physiological and functional data
could aid to risk-stratify patients on admission to hospital
irrespective of underlying pathology. Furthermore the SCS
represents a useful algorithm to assist with clinicians’ clin-
ical judgement and in their ability to prognosticate patients
in internal medicine.

It would be desirable to compare outcomes of patients
admitted as emergencies to departments of internal medi-
cine on a multicentre and ideally on an international level
for purposes of quality control. The SCS exploits readily
available data and combines usefulness for routine clinical
triage and quality control and thus should finally allow
internal medicine to use comparative audit as a driver for
improvement of patient care.
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