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Abstract
To determine the relation between basic
clinical characteristics and resource util-
isation in paediatric intensive care, an
open prospective study was performed.
Resource utilisation was expressed using
the therapeutic intervention score system
(TISS) and length of stay (LOS), from
which total resource utilisation per
admission (TISSTOT) and average daily
resource utilisation (TISSMEAN=TISS-
TOT/LOS) were obtained. Overall 593
admissions, totalling 3130 days, were
included. Mortality was 8-4% and non-
survivors accounted for 14.1% of overall
resource utilisation. In non-survivors,
TISSTOT and TISSMEAN were higher,
whereas LOS was not different from
survivors'. Severity of illness, surgical
status, significant chronic comorbidity,
emergency admission, and transfer
status constituted the major predictive
determinants of TISSTOT (t2=O.19) and
TISSMEAN (r2=0.45) in multiple regres-
sion analysis. High resource utilisation
in high risk patients was probably
warranted, as effectiveness of prolonged
intensive treatment was demonstrated.
It is concluded that TISSTOT and
TISSMEAN are appropriate, non-mone-
tary measures of resource utilisation, a
considerable proportion of which are
determined by a concise set of basic
clinical characteristics.
(Arch Dis Child 1994; 71: 291-296)

In recent years, budgetary constraints have
prompted physicians to explore potential
means of increasing effectiveness of care, while
saving costs and improving efficiency. In
particular intensive care units (ICUs), where
costs are invariably high and effectiveness of
care is sometimes challenged,l 2 are expected
to enhance their performance. This requires
indicators for effectiveness of care and resource
utilisation, as well as a better understanding of
their determinants, allowing unequivocal
assessment and interinstitutional comparison
ofperformance. Several patient characteristics,
in particular vital status at discharge, have been
recognised as major determinants of ICU
costs.35 Prospective analysis of ICU resource
utilisation, focusing on the role of severity of

illness at admission, was facilitated by the
introduction of quantitative mortality risk pre-
diction models (for example, acute physiology
and chronic health evaluation (APACHE)
score,6 paediatric risk of mortality (PRISM)
score,7 and clinical risk index for babies
(CRIB) score8). So far, most studies in this
field have been conducted among adult ICU
patients.9 12 As in adult ICUs, the heterogene-
ity of patients in paediatric ICUs (PICUs) is
expected to contribute to large variations in
resource utilisation. However, scarce and
scattered information is available on determi-
nants of PICU resource utilisation. Glass et al
demonstrated that resource utilisation among
PICU patients was highest in three categories:
children undergoing palliative or temporising
treatment, those with acute disease from
congenital origin, and those less than 1 month
of age. Significant chronic disease was not
found to be associated with increased resource
utilisation.13 Klemm et al assessed the relation
between costs and patient categories with
comparable severity of illness.14 Pon et al
showed that diagnosis related group based
reimbursement resulted in a negative financial
balance, suggesting that the diagnosis related
group classification inadequately reflects
expected costs of PICU services.'5 To our
knowledge, no systematic evidence is available
on the relation between PICU resource utilisa-
tion, expressed in non-monetary units, and
routine clinical characteristics available on
admission.
The aims of the present study were (1) to

describe patterns of PICU resource utilisa-
tion in general, non-monetary units, (2)
to determine the impact of primary clinical
characteristics, in particular severity of illness,
on resource utilisation, and (3) to relate
resource utilisation and effectiveness of
care. As primary indices for resource utilisa-
tion, length of stay (LOS) and the therapeutic
intervention scoring system (TISS)16 were
selected. These non-monetary indicators
are comprehensive, well recognised, and
insensitive to local or national differences
in costs, making them particularly suitable
for comparative analysis.'7 The cumulative
number of TISS points bears a strong
relationship with total PICU changes,9 12 18 19
but this relation will be specific to each
country as prices show wide international
vanations.
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Methods
In this prospective observational study, we
collected data on all patients admitted to one
PICU over a 16 month period (1 July 1991-30
October 1992). As the study did not affect
patient care, the institutional review board
waived the need for informed parental consent.

PICU CHARACTERISTICS
The unit functions as a 10 bed tertiary care
PICU with an average daily occupancy of 8-3
beds and admits patients under the age of 18
years requiring intensive care, with the
exception of trauma patients and premature or
dysmature neonates. These newborns and
most (non-cardiovascular) surgical neonates
are routinely cared for in a separate neonatal
ICU. The majority of trauma patients are
admitted to other nearby centres. The PICU
is routinely staffed by full time paediatric
intensivists, a cardioanaesthesiologist, an
intensive care fellow, and house officers with
24 hour in-house coverage. Discharge from the
PICU is facilitated by monitoring facilities
available on three regular wards.

DATA COLLECTION AND DEFINITIONS
Clinical data were collected upon admission
and on each consecutive PICU day. Patients
staying less than three hours were not
included; in 22 patients with a PICU stay
between three and 24 hours, LOS was defined
to be one day. Data collection was performed
by specially trained research nurses. Quality of
data collected daily was monitored by repeated
interobserver analysis (data not shown here).
Two indicators of resource utilisation in

PICU patients were selected: LOS in the ICU
(in days) and intensity of treatment. Daily
intensity oftreatment ofpatients was expressed
as TISS scores which have proved to be valid
in PICU patients.20 Each TISS item accounts
for 4, 3, 2, or 1 points, reflecting the severity of
the item, the total number of points being the
daily TISS score. Subsequently, we deter-
mined for each admission the sum of the
daily TISS score over the period of PICU
stay, TISSTOT. Preliminary analysis of our
population indicated that 94% of the variation
in TISSTOT was explained by LOS (r2=094,
p<0-0001); hence separate inclusion ofLOS, a
frequently used crude indicator of resource
utilisation, becomes redundant. It follows that
the two most comprehensive indicators for
further analysis of resource utilisation are:
TISSTOT for overall resource utilisation per
admission and TISSMEAN (that is, the
average number of daily TISS points: TISS-
TOT/LOS) for resource utilisation per PICU
day. If LOS was one day, TISSTOT and
TISSMEAN were set equal to TISS. Multiple
admissions, occurring in 48 patients (8-8%),
were usually related to separate periods of
illness. Therefore they were included as
independent observations.
The following clinical characteristics were

included as explanatory variables for resource
utilisation: acute severity of illness (mortality

risk), pre-existent chronic comorbidity, age
group (- 12 or >12 months), surgical status,
emergency status (emergent/elective), and
transfer status (whether transferred from other
hospitals). Mortality risk was derived from the
PRISM score which is based on 14 parameters
of physiological stability, each weighted
according to their contribution to overall sever-
ity of illness.7 On the admission day, the most
abnormal value of these 14 variables are
recorded to obtain the PRISM score.
Subsequently the risk of mortality was deter-
mined by a logistic regression equation with
the PRISM score as main covariate. The pre-
dictive power of the PRISM score has been
established as an institutionally independent
measure of severity of illness with a high
predictive accuracy for mortality (goodness of
fit test: X2(5)=0 8; p>0 95, correct classifi-
cation rate 95% at mortality risk= 50/o) .7

Chronic comorbidity was classified as (1)
none, (2) functionally normal (both mentally
and physically) but requiring medication
or medical supervision (for example, a child
with mild epilepsy on regular medication
and requiring medical follow up), (3) mildly
(mentally or physically) handicapped,
independent of care of others for activities of
daily life but disabled for competitive perfor-
mance, (4) moderately (mentally or physically)
handicapped, partially dependent on care of
others (for example, meningomyelocele,
Down's syndrome), and (5) severely (mentally
and physically) handicapped, fully dependent
on care of others (for example, severe mental
and locomotor retardation, persistent vegeta-
tive state) using age adjusted assessment of
performance.2' In subsequent analysis, cate-
gories 2 and 3 (functional-mild), and 4 and 5
(moderate-severe) chronic comorbidity were
combined for reasons of comprehensibility.

Effectiveness of care was defined as the
agreement between observed and expected
mortality at PICU discharge, using the PRISM
score as predictor.

DATA ANALYSIS
In univariate analysis we used t tests and one
way analysis of variance (if appropriate with
post hoc multiple comparison tests) to compare
continuous variables; skewed variables (LOS
and TISSTOT) were additionally analysed
with non-parametric tests (Kruskal-Wallis).
Clinical characteristics, that showed significant
differences in univariate analysis (with the
exception of vital status at discharge), were
subsequently examined in stepwise multiple
regression analysis with TISSTOT and TISS-
MEAN as dependent variables, using p=005
for entry and p= 0o 1 for removal. In this analy-
sis, the contribution of each determinant of
resource utilisation was assessed in connection
with all others. Finally, we explored the rela-
tion between specific resource utilisation
patterns and the effectiveness of care. Using
the 20th (C20) and 80th centiles (C80) of
TISSMEAN and LOS to discriminate
between low, medium, and high intensity of
average daily treatment and three categories of
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Table 1 Average daily (TISSMEAN) and total (TISSTOT) resource utilisation as well as LOS per patientfor selected
clinical characteristics. Median (C50), C25, and C75 unless stated otherwise

TISSMEAN TISSTOT LOS

Variable No (%.) C25 C50 C75 C25 C50 C75 C25 C50 C75

Vital status at discharge
Survivor 543 (91-6) 12-7 19-5 24-0 21 44 101 1 0 2-0 5 0
Non-survivor 50 (8-4) 33-0 42-1** 50 0 47 67** 149 1.0 2-0 4 0

Mortality risk
5/5% 467 (78 7) 11-7 18-0 23-0 17 40 74 1.0 2-0 4 0
>5% 126 (21-2) 22-1 28.8** 37-1 51 123** 289 2-0 4 0** 10 0

Chronic comorbidity
None 164 (27 7) 14-7 21-9*** 29-8 36 74 198 2-0 4-0 9 0
Functional-mild 183 (30 9) 11 0 18-5 24-0 14 37*** 55 1.0 2-0*** 3 0
Moderate-severe 246 (41-5) 14-0 18-5 25-4 27 49 111 2-0 3-0 5 0

Age
12 Months 220 (37-1) 14-0 21-4 29-0 31 67 179 2-0 3 0 7 0

>12 Months 373 (62 9) 12-8 18-5** 24-0 20 41** 75 1.0 2-0** 4*0
Surgical status

Cardiovascular surgery 151 (25-5) 20-0 24-0*** 30 5 40 54 121 2-0 3-0 5 0
Other surgery 124 (20 9) 15-0 17-0 20-7 18 35*** 51 1.0 2-0*** 3*0
No surgery 318 (53-6) 10-3 18-5 24-6 19 49 148 1.0 30 7 0

Emergency status
Emergency 276 (46-5) 13-6 20-4 28-0 27 69 191 2-0 3-0 8-0
Elective 317 (53-5) 13-2 18-4* 24-8 18 41** 61 1 0 2-0** 3 0

Transfer status
Transferred 114 (19-2) 16-1 22-7 29-1 41 90 248 2-0 5 0 12-0
Not transferred 479 (80 8) 13-0 18-7** 25-0 20 42** 80 1.0 2-0** 4-0

Analysis of variance for significant differences of means: *p<0Q05, **p<0.01, ***p<0.001; multiple comparison tests, p<005.

LOS respectively, patients could be assigned
into one of nine groups, according to their
pattern of resource utilisation. For each group
we compared observed and expected mortality
to assess effectiveness of PICU care. The
z statistic was used to assess differences
between observed and expected mortality.22

Results
During the study period, 564 patients
accounted for 612 admissions to our unit.
Nineteen cases (21 PICU days), all survivors,
were excluded from analysis because of incom-
plete data. This left 545 patients, accounting
for 593 admissions, and 3130 PICU days.
Overall PICU mortality was 50/593 (8-4%)
which was in close agreement with PRISM
score based, expected mortality (47-9/593;
p=033). Goodness of fit analysis and con-
struction of a receiver operating characteristic
curve also revealed excellent agreement
between observed and expected mortality.23

UNIVARIATE ANALYSIS
Table 1 shows the relation of daily and total
PICU resource utilisation, as well as LOS,
with the selected clinical characteristics. Data
are represented as median (C50), 25th (C25)
and 75th (C75) centiles, respectively. Non-
survivors, who were significantly younger, had
the same LOS as survivors (p>0 2), and
accounted for 297 (9/5%) of the total
number of PICU days. This indicated that
non-survivors (8-4%) did not utilise a dispro-
portionate number of PICU days. However,
daily intensity of treatment was about twice as
high as in survivors (TISSMEAN: mean 41-7 v
19-8, median 42-1 v 19-5, p<0-0001).
Resource utilisation per admission was signifi-
cantly higher than in survivors (TISSTOT:
mean 199 v 111, median 67 v 44, p<00 1).
Overall, non-survivors (8 4%) utilised 14 1%
of total PICU resources. High risk patients
(mortality risk >5%; 21-2% of the popula-

tion), infants (37-1%), and emergency admis-
sions (46.5%) had significantly higher TISS-
MEAN, TISSTOT, and LOS than low risk
patients (mortality risk -5/5%), children >12
months of age, and elective admissions, respec-
tively. Patients without sorne degree of chronic
comorbidity were a minority in our sample
(27-7%). These were usually emergency
admissions, having much higher mortality risks
than patients in whom chronic disease was
present (mean (SEM)= 16.4 (2-1) and 4-8
(07) respectively, p<0 001). However,
despite differences in mortality risk, average
TISSTOT and LOS in patients with moder-
ate-severe chronic comorbidity was not differ-
ent from those without chronic morbidity. In
those with functional-mild chronic comorbid-
ity, the majority of whom were scheduled
surgical admissions, mean LOS was less than
in the two other groups. Also in resource
utilisation important differences were found
among the three chronic disease groups. TISS-
MEAN was significantly higher in patients
without chronic disease. The group with func-
tional-mild chronic diseases had significantly
lower TISSTOT than those with no chronic
disease or with moderate-severe chronic
disease. With respect to surgical status,
in cardiovascular patients TISSMEAN was
significantly higher, whereas in other surgical
patients, TISSTOT and LOS were lower in
multiple comparison tests. In patients who
were transferred from another hospital
(19.2%)), LOS, TISSMEAN, and TISSTOT
were much higher than in non-transfer
patients. As acute severity of illness was
expected to be an important determinant of
resource utilisation, the relation of five conven-
tional mortality risk strata7 with overall
resource utilisation is shown in table 2. TISS-
TOT increased parallel with mortality risk
group, except for the highest risks (>30%/o); in
this group non-survivors were responsible for
the decline of TISSTOT. LOS in non-
survivors was shorter than in survivors (mean
2-8 v 14-9, median 1-5 v 7) whereas TISS-
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Table 2 Average overall resource utilisation (median and mean) per mortality risk group, stratified by vital status at dis-
charge

All patients Survivors Non -surv1ivo0S

TISSTOT* TISSTO T* TISSTOTh
Mortalitv

Group risk ('Yj) Io Median Mean No} Mediani Mean No Mediani Meani

1 -1 234 35 49-0 233 34 48-8 1 -- 87.0
2 1-5 235 51 121-6 225 51 122-41 10 78 96 9
3 5-15 58 89 141-7 49 90 14261 9 56 136-0
4 15-30 20 330 520.41 5 15 292 39501' 35 5 623 896-6' 15
5 >30 46 116 248 91'3 20 311 424 61'4 26 59 123 5

*p<0-0001 (analysis of variance).
Multiple comparison tests: significant difference (p<005) in multiple comparison tests is indicated by superscripts referring to
comparison with the group number indicated in the first column. For example, corresponds to p<005 compared with risk
group 1-5%.

MEAN was higher (47 3 v 28 5). Apparently,
death usually occurred rapidly, despite inten-
sive treatment, truncating resource utilisation.
However, survivors in the highest risk group

accounted for the highest average total
resource utilisation per admission. Due to their
heterogeneity, an outlier group was constituted
by five non-survivors with a mortality risk of
15-30%. In two patients, death occurred
within two days. The other patients with pro-

longed LOS (21, 67, and 79 days respectively)
died from respiratory acidosis after prolonged
artificial ventilation (in two patients) and
circulatory failure after palliative correction of
a congenital heart defect (in one).

MULTIVARIATE ANALYSIS
Results of stepwise multiple regression analysis
with TISSTOT and TISSMEAN as depen-
dent variables are shown in table 3. A positive
partial regression coefficient (1) indicates a

positive contribution of the variable to
resource utilisation, a negative coefficient indi-
cates the opposite. Maximal explanatory power
(r2=0 19, p<0 0001) of total resource utilisa-
tion (TISSTOT) was achieved by a second
order equation containing mortality risk
(mortality risk)2 and indicator variables for
cardiac surgery, moderate-severe chronic
comorbidity, emergency admission, and
transfer status. A second order equation indi-
cates a non-linear relation between dependent
and independent variables: the negative coeffi-
cient for (mortality risk)2 indicated a diminish-
ing effect on TISSTOT, especially in the high
risk range. A rise in mortality risk was accom-

panied by a diminishing increase ofTISSTOT,

Table 3 Multiple regression analysis with total (TISSTOT) and daily (TISSMEAN)
resource utilisation as dependent variables

TISSTOT TISSMEAN

Variable Coefficient (,[) p Value Coefficient (,3) p Value

Mortality risk(%) 13-4 0-0001 0-31 0-0001
(Mortality risk)2(0)-014 0-0001 * *

Cardiac surgery 99-6 0-0001 7 00 0-0001
Moderate-severe comorbidity 70 4 0-0002 2-29 0-0023
Emergency admission 64-3 0-0038 2-70 0-0036
Positive transfer status 59-4 0-023 2-90 0 0053

No surgery - NS -3-69 0 0004
Constant -26-2 0-01 15-6 0-0001
r2 0019 0-0001 0-45 0-0001

NS: not significant hence not included in the model.
*Not included in (first order) model ofTISSMEAN.

and at high risk levels TISSTOT declined with
a further increase of mortality risk. Positive
coefficients found for cardiac surgery, presence
of moderate-severe chronic comorbidity,
emergency admission and positive transfer
status indicated independent, additional
effects on overall resource utilisation of these
patient categories. The model for daily
resource utilisation (TISSMEAN) provided a
reasonable good fit in a first order equation
(r2=0 45, p<00001) that, apart from non-
surgical status, comprised the same explana-
tory variables as TISSTOT. A second order
model including (mortality risk)2 showed no
improvement (r2=0A46).

EFFECTIVENESS OF CARE
The relation between patients with different
patterns of resource utilisation and effectiveness
of care is shown in table 4. Overall, observed
and expected mortality (50 v 47-9, p=0 33)
closely agreed. For patients staying one day or
less (C20), observed mortality (23/171) was
higher than expected mortality (14 7/171,
p<0 001). This was caused by the most severely
ill patients with a TISSMEAN of 30 (C80) or
more, who died on their first day on the PICU
despite vigorous therapeutic efforts. In the
medium LOS group (2-6 days), overall
observed and expected mortality were in close

Table 4 Comparison or relative effectiveness ofPICU care
for low, medium, and high users of resources

Cenztiles Centiles of TISSMEAN (poin1ts)
ofLOS
(days) 0-11 12-29 930 Total p l'alue

0-1
No 71 63 37 171
O 0 1 22 23
E 0-8 1 1 12-9 14 7 <0-001

2-6
No 44 212 51 307
O 0 4 15 19
E 0-7 7 0 9-0 17-2 0 24
7
No 6 72 37 115
O 0 2 6 8
E 0-1 6-3 9 6 15 9 0-0035

Total
No 121 347 125 593
O 0 7 43 50
E 1-5 14-4 31-2 47.9 0 33

20th and 80th centiles of TISSMEAN and LOS were used to
discriminate between low, medium, and high intensity of daily
treatment (TISSMEAN) and LOS respectively. Subsequently
the number of patients (No), observed mortality (0), and
expected mortality (E) were plotted in each cell.
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agreement (19 v 17-2, p=0 24). In the long stay
patients (LOS :7 days), observed mortality was
half the expected mortality (8 v 15-9,
p=00035). This low severity of illness
corrected mortality was due to patients from
the medium and high TISSMEAN groups
(TISSMEAN >11), suggesting that effective-
ness of care in our population remained
favourable in vigorously treated, long stay
patients. However, the proportion of utilised
resources was considerable; the 37 patients
(6-2%) with TISSMEAN ¢i30 and LOS -7
accounted for 21 8% of the total number of
PICU days and 30 1% of the total number of
TISS points.

Discussion
Clinical characteristics that determine ICU
resource utilisation have been analysed in adult
patients, but rarely in children admitted to
intensive care.4 13-15 We explored the impact of
acute severity of illness, chronic comorbidity
and several other patient characteristics avail-
able on admission, in a prospective analysis of
PICU resource utilisation. The total number
of TISS points and the average number of
TISS points per day were selected as the most
comprehensive set of non-monetary indicators
of resource utilisation.

In univariate analysis, non-survivors were
younger and had considerably higher mortality
risks than survivors; this accords with other
studies.14 21 This patient category also had
much higher average daily resource utilisation
(TISSMEAN), indicating that they generally
died despite vigorous therapeutic efforts. Non-
survivors (8A4%) utilised 14-1% of total PICU
resources; per admission they utilised 80%
more resources than survivors. This is different
from two similar US studies, where mortality
was 6-2% and 10% respectively, while non-
survivors utilised 110% and 130% more
resources per admission than survivors,
totalling 12.3% and 21% of total PICU
resource utilisation.14 15 Probably the longer
stay of non-survivors in these studies (6-0 and
16-3 days) explains higher average daily
resource utilisation, whereas in our population
LOS of survivors and non-survivors were not
significantly different.

Regression analysis generally supported the
results from descriptive (univariate) analysis.
Mortality risk was an important determinant of
both TISSTOT and TISSMEAN; a second
order model (indicating a non-linear relation-
ship) considerably improved the explanation of
TISSTOT. The explanatory power of the
TISSTOT model was modest (r2=0 19),
although better than in a comparable study
assessing resource utilisation in adult ICU
patients.'2 The overall explanatory power of
the regression model for TISSMEAN was
good (r2=0.45). Although in univariate analy-
sis, infants were found to utilise more
resources than older children, this age effect
disappeared in multivariate analysis.

Vital status at discharge has a special role in
assessment of resource utilisation. As vital
status is defined at a point when resources have

already been used, it should not be included as
an explanatory (independent) variable, but as a
descriptive variable. On the other hand, vital
status should not be predicted from resource
utilisation, being a dependent variable.
Mortality prediction should be assessed by
physiological instability, preferably early
during the ICU stay, that is, as unaffected by
treatment as possible.24 Although a statistical
association between vital status and resource
utilisation was demonstrated, this has a
descriptive meaning only.
The role of chronic comorbidity was also

included in multivariate regression to assess
its contribution, in connection with other
variables. We demonstrated a significant
independent effect on overall resource utilisa-
tion; this contrasts with the findings of Glass
et al who found no association between chronic
disease and resource utilisation.13 Probably
our findings reflect the increasing number of
PICU patients suffering from more complex
chronic diseases, who in earlier times did not
survive to this stage or were not accepted for
intensive treatment.
Low effectiveness of care, that was found in

intensely treated short stay patients, was due to
the large proportion of overwhelmingly ill
patients in whom PICU treatment appeared to
be ineffective after only a short period. On the
other hand, relative high effectiveness of care
found in long stay patients was mainly due to
low severity of illness corrected mortality in the
most intensively treated patients (TISSMEAN
¢30). The disproportionably high share of
resources was found to result in effective care,
as survival was better than expected. This does
not imply that survival always warrants the
burden of treatment but it suggests that it is
not justified to adopt predefined limitations of
treatment based on the clinical characteristics
used in this study: though accurate in a popu-
lation, mortality prediction is not considered
reliable at individual level, particularly not in
those who are most intensively treated.
As advanced medical and surgical

procedures are offered to increasingly complex
categories of patients, often suffering from
severe chronic comorbidity, it should be
realised that PICU mortality is not the only
end point in outcome assessment. Length and
quality of survival after discharge also
constitute important parameters of effective-
ness of care.1 17 About 90% of PICU survivors
will regain their previous health state, the
majority to enjoy a normal life span.21
Therefore, as lifelong perspective is the final
measure of outcome,10 17 (cost) effectiveness
of paediatric intensive care is likely to be
favourable.

In accordance with the raison d'tre of
paediatric intensive care, our results suggest
that, despite high average TISSMEAN and
TISSTOT in non-survivors, most resources
are probably used by patients who are
considered likely to die, but ultimately survive.
Although this single unit study may not
necessarily reflect the distribution of patients
in others, analogous multidisciplinary units
with comparable expertise and resources could
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be expected to be similar. Therefore the results
of this study can be used for further interinsti-
tutional comparison and a broader appraisal of
paediatric intensive care.

This study was supported by grant 92-56A from the Dutch
Ministry of Welfare, Health Care and Culture.
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