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ABSTRACT. Context. Pediatric intensive care units
(PICUs) have expanded nationally, yet few studies have
examined the potential impact of regionalization and no
study has demonstrated whether a relationship between
patient volume and oulcome exists in these units. Docu-
mgentation of an inverse relationship between volume and
outcome has important implications for regionalization of
care.

!Dbjectives. This study examines relationships be-
{ween the volume of patients and other unit characleris-
tics on patient outcomes in PICUs. Specifically, we in-
vestigate whether an increase in patient volume
improves mortality risk and reduces length of stay.

Design and Sefting. A prospective multicenter cohort
design was used with 16 PICUs. All of the units partici-
pated in the Pediatric Critical Care Study Group.

Participants. Data were collected on 11106 consecu-
tive admissions to the 16 units over a 12-month period
beginning in January 1993.

Main Ouicome Measures. Risk-adjusted imortality
and length of stay were examined in multivariate analy-
ses. The multivariate models used the Pediatric Risk of
Mortality score and other clinical measures as indepen-
dent vatiables to risk-adjust for illness severity and case-
mix differences.

Results. The average patient volume across the 16
PICUs was 863 with a standard deviation of 341. We
found significant effects of patient volume on both risk-
adjusted mortality and patient length of stay. A 100-
patient increase in PLCU volume decreased risk-adjusted
mortality (adjusted odds ratio: .95; 95% confidence inter-
val:{.91-.99), and reduced length of stay (incident rate
ratio: .98; 95% confidence interval: .975-.985). Other PICU
characteristics, such as fellowship training program, uni-
versity hospital affiliation, number of PICU beds, and
children’s hospital affiliation, had no effect on risk-ad-
justed mortality or patient length of stay.

Conclusions. The volume of patients in PICUs is in-
versely related to risk-adjusted mortality and patient
length of stay. A further understanding of this relation-
ship is needed to develop effective regionalization and
referral policies for critically ill children. Pediatrics 2000;
106:289-294; mortality risk, severity of illness, regional-
ization, quality of care, length of stay.
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wide variation in cost and quality, similar to
other fields of medicine.'5 Surveys of PICUs

reveal differences in structural and process factors®”
and several studies have assessed these and other
factors that might explain variations in outcomes.® !
Others have noted the rapid expansion of PICUs and
PICU beds that occurred during the 1980s.1? The
expansion of PICUs and PICU beds may be related to
variations in patient length of stay and PICU effi-
ciency, creating concerns that toe many FICUs and
PICU beds exist.'*1? Despite these concerns, few
studies have examined the potential impact of re-
gionalization of PICU services,®!** and no study
has demonstrated a relationship between patient vol-
ume and outcomes in the PICU setting. 10

Relationships between volume and outcomes are
of special importance for regionalization policy. 7=
An inverse relationship between patient volume and
outcomes suggests that regionalization may improve
patient care quality'”-22 or reduce the cost of care.?!
Volume- outcome relationships have been studied in
a number of different seitings and have generaily
documented improved outcomes from greater vol-
Wme 17-21,23-26

Two hypotheses to explain volume-outcome rela-
tionships are described in the literature, One hypoth-
esis is that greater patient volume provides surgeons
and other providers with more experience and leads
to a practice-makes-perfect effect. Alternatively, the
selective referral hypothesis suggests that higher
quality institutions have developed community rep-
utations resulting in greater numbers of referrals
and, subsequently, increased patient volume.* Both
explanations have implications for regionalization
policy. The practice-makes-perfect hypothesis im-
plies that any mechanism that concentrates patients
in high-volume institutions will improve outcomes.
In contrast, the selective referral hypothesis still im-
plies outcomes can be improved through regional-
ization, but only through the appropriate selection of
hospitals. Both explanations are possible and have
support in the literature. The general findings sug-
gest that patient categories exhibiting more complex
diagnoses are more consistent with a selective refer-
ral effect.?

There is reason to believe that volume-outcome
relationships are possible in the setting of the PICU.
PICUs generally care for heterogeneous groups of

I )ediatric intensive care units (PICUs) exhibit

PEDIATRICS Vol. 106 No. 2 August 2000 289




critically ill children whose survival depends on the

uality of care received in the PICUEI? Because
PICU patients are seriously ill and their care is often
complicated, the potential for increased volume to be
related to patient outcomes warrants further investi-
gation.

This study examines volume-outcome relation-
ships in the setting of the PICUL. We specifically test
whether an increase in the volume of patients is
agsociated with improved meortality risk and shorter
lengths of PICU stay. We also examine other quality-
of-care factors using recent criteria developed by the
Evidence Based Medicine in Critical Care Group.?

METHODS

Data

A prospective multicenter inception cohort design was used,
with 16 PICUs that weore members of the Pediatric Critical Care
Study Group (PCCSG). In ihis study, all members of the PCCSG
were invited to participate. Units were asked to contribute data on
<consecutive admissions over a 1-year period beginning in January
+1993. Initially, 21 PICUs agreed to contribute data for this study,
but 5 PICUs did not complete data collection. These units were
excluded leaving a sample of 16 PICUs with observations on
11106 patients. The study protocol was submitted to the human
advisory research committee of the respective institutions for ap-
proval. The provision for Informed consent was waived.

Information on the characteristics of each unit was provided by
the PCCSG. These characteristics included the teaching status of
the PICU, whether the unit had a fellowship training program,
whether the hospital in which the unit was located had a separate
step-down or monitored care unit, whether the unit was loca ted in
a children’s hospital, and the number of beds in the unit. All of the
units were headed by a board-certified pediatric intensivist, a
factor known to be associated with improved outcomes.™ Patient
level data included Pediatric Risk of Mortality {PRISM) scare,™
Pediatrie Cverall and Cerebral Performance scores as measures of
functional status,®® primary and secondary diagnosis codes (Infer-
national Classification of Diseases, NinHh Rewision), surgical and
trauma status, patient age, patient length of stay, and survival at
PICU discharge. PICU volume was measured by the total number
of admissions to the unit.

Statistical Analysis

?ICU outcomes were modeled using a 2-stage procedure. In the
first stage, a clinical model was developed to adjust for severity
and case-mix differences in mortality and length of stay across the
16 PICUs. The clinical models were developed through logistic
and negative binamial regression models. Multiple independent
predictors of mortality and length of stay were assessed and
objectively reduced usinyg backward elimination to form the best
predictive models, PRISM scores were included using a quadratic
specification to account for unequal variance in the scores between
survivors and nonsurvivors.19

In the second stage, the impact of volume, university hospital
affiliation, children’s hospital, intermediate care unit, fellowship
program, and number of PICU beds was examined on martality
risk and length of stay by adding these characteristics to the
clinical model. In both the mortality risk and length of stay anai-
yses, adjustments were made for clustered observations based on
recent recommenclations.3? Clustering occurs when observations
(patients) are generated from different groups (PICUs). Observa-
tions within groups can no longer be considered independent
because of within group correlation.? Because the observations
for this study were clustered within PICUs, a multilevel model
based on generalized estimating equations was used to account
for within and between PICU sources of variation.™

We tested scveral alternative models to evaluate patient length
of stay across the 16 PICUs. Concerns with the multiplicative
nature of log-transformed models®® and the inability to fit a geo-
metric mode!l with clustering resulted in the use of a negative
binomial model. In this model, discrete measures of patient length
of stay werc created by rounding up. For examnple, all patients

with short stays of <1 day were coded as having a stay of 1 day.
Tt should be noted in this situation that the negalive binomiat is an
a priori appropriate model, because it can be derived from assum-
ing a Poisson or counting maodel, where the expected value of the
mean itself has a random distribution {for patients of varying
illness) of a (general) y-distribution. Further, to generate a length
of stay model with acceptable fit, outliers beyond the 98th percen-
tile were excluded from the analysis.

The possibility of good model performance was initially eval-
uated for both models by determining whether the scaled devi-
ance divided by the degrees of freedom was <1, Addisonaily,
mode! performance for the logistic regression was examined using
measures of discrimination and calibration?* Discrimination
measures the ability of a model to distinguish patients who die
from patients who live based on the estimated probabilities. Dis-
crimination was measured using the area under the receiver op-
erating characteristic curve.® Calibration evaluates the correspon-
dence betweer the estimated probabilities of mortality generated
by the model and the actual mortality of the patient population.
Calibration was measured by the Hosmer-Lemeshow goodness-
of-fit test.?® Due to the clustering of observations within hospitals,
discrimination and calibration were computed for each hospital
because the usual calculation of these statistics assumes that ob-
servations are distributed independently.

The results of the mortality mode! alse were compared with a
similar model that includes severely disabled outcomes as a neg-
ative outcome after recommendations from the Evidence Based
Medicine in Critical Care (EBMCC) working group. It is recog-
nized that mortality may not be a sufficient indicator of out-
come.®4¢ jn parbicutar, some have argued that reductions in mor-
tality may come at the expense of increased moerbidity.*! Thus, we
tested whether our findings on mortality differed when severely
disabled outcomes were included as pooer outcotnes.

RESULTS

Table 1 provides characteristics of the 16 PICUs.
Because all of the units are members of the PCCSG,
there is a high concentration of university-affiliated
units (81%). The high concentration of university-
affiliated units also is reflected in the size of the units.
The median number of PICU beds in this sample is
14 and suggests that the average unit in this sample
is larger than in previous investigations of PICU
quality-of-care factors.1? Volume ranges from a low
of 147 patients to a high of 1378 patients. PICUs with
fellowship training programs, affiliations with chi-
dren’s hospitals, and intermediate or step-down care
units have nearly equal representation in the sample.

Table 2 provides characteristics of the patient pop-
ulation. There is considerable variation in patient
lfength of stay, unadjusted mortality rates, surgical
status, trauma status, and age across the 16 PICUs.
The median length of stay and the average mortality
rate are consistent with previous reports.”2911

Table 3 provides the results of the multivariate
logistic regression analysis that estimates the rela-
tionship between velume and PICU mortality using
adjustments for clustering of data by PICU. Both the
PRISM scores and PRISM scores squared were sig-
nificant and had coefficient estimates within a 95%
confidence interval (CI) that correspond to a previ-
ous investigation of quality-of-care factors.?® Taking
into account both PRISM terms, a change in the
PRISM score from 10 to 20 increased the odds of a
patient dying by a factor of 7.6, Coefficient estimates
tor the dichotomous indicators describing primary
diagnoses also were within the 93% confidence limits
of previous studies.

In the analysis of quality-of-care factors, university
affiliation, fellowship program, children’s hospital,
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TABLE 1.  PICU and Hospital Characteristics
PICU Number of Patient Fellowship Children’s University  Step-Down
PICU Beds Volume Program Hospital Hospital Unit
A 16 598 Y N Y N
B 8 384 Y Y Y Y
C 14 615 Y N Y N
D 20 811 N N Y N
E 1% 1196 Y Y Y N
F 14 971 Y Y Y Y
G 11 222 N N Y Y
H 12 703 N N Y N
1 13 366 N Y N Y
J 10 499 N Y N Y
K 16 725 N Y Y N
L 4 147 N N N Y
M i6 1373 Y Y Y N
N 10 618 Y N Y Y
o) 10 427 Y N Y N
. P 15 1246 Y N Y N
'_}, Y indicates yes; N, no.
_ TABLE 2. PICU Patient Characteristics
¢ PICU Median Age Median Mortality Surgical Trauma
(Months) Length of Stay Rate (%) Patients (%) Patients (%)
A 279 2.0 48 46.5 8.9
B 450 20 3.4 37.2 115
C 37.0 2.6 4.4 36.4 6.0
D 319 18 35 31.2 6.0
E 42.2 1.0 5.0 30.9 119
F 26.3 1.6 9.1 36.0 109
G 60.5 1.6 32 25.7 288
H 55.7 18 36 30.4 12.1
I 326 18 49 383 16.1
] 33.0 2.0 1.8 39.2 7.0
K 490 1 1.2 33 348 1.5
L 360 13 27 36.7 12.9
) M 270 - 1.7 49 284 9.1
’ N 4138 1.8 66 26.8 15.7
0 339 1.9 40 422 13.1
r 36.9 1.5 3.0 32.0 15.0
Average 36.0 18 4.6 354 16.9
TABLE 3.  Logistic Regression Results for PLCU Mortality
i Variable Regression Standard Probability Adjusted OR
3 Coefficient Ertor (95% CI)
VYolume —-.0005 .0002 045 95 (91-99)*
PRISM 233 018 .00 7.61 (6.65-8.71)t
PRISM? —.001 0003 019
Patient age {(mo) 003 2009 07 1.03 (1.81-1.05)%
Trauma patient 573 145 0001 1.77 (1.34-2.35)
LCndocrine disease —-1.041 337 .00z 35 (.18-68)
Surgical patient —.790 174 0001 A5 (32-.64)
Oncoelogic disease 1.176 352 001 324 (1.63-6.47)
Circulatory disease 882 217 0001 2.42 (1.58-3.70
Congenital anomaly 740 263 005 2.10{1.25-3.51)
lll-defined condition A31 185 004 1.70 {1.18-2.43)
Constant —5.601 262 0601

*OR based on change in volume of 100 patients.

+ OR based on a PRISM score of 20 compared with a score of 10.
1 OR based on change in patient age of 12 months.

number of beds, and intermediate care unit had no
impact on mortality after adjustments for severity
and case-mix differences. Only the volume variable
remained significant after adjustments for clustering.
Notably, an inverse relatonship was demonstrated
between patient volume and mortality {(adjusted
odds ratio [OR]: 95; 95% CI: .91-99, for a volume

change of 100 patients). In this sample of 16 FICUs, a
1 standard deviation change in volume equaled 341
patients.

For the logistic model, the scaled deviance divided
by the degrees of freedom was well below 1 (scaled
deviance/degrees of freedom = .22), which is one
indication of good fit. Discrimination was good; the

ARTICLES 291

i- (R e E & e e s



area under the receiver operating characteristic curve
ranged from .77 to .96 with a median area of .91.
Calibration was acceptable to good for the majority
of the hospitals. The ¥* statistic for the Hosmer-
Lemeshow goodness-of-fit test was good (P > .20)
for 11 hospitals, adequate (10 < P < .20) for 2
hospitals, and poor for 3 hospitals (F <0 .10}

The relationship between volume and risk-ad-
justed mortality was examined further using func-
tional outcome measures. In this analysis, the main
outcome measure was coded to include severely dis-
abled outcomes. When functional outcomes were in-
cluded as an outcome, the shape of the relationship
remained the same, but the estinated impact and
statistical significance was weakened (OR: .99; 95%
CI: .98-1.00).

, Table 4 provides the multivariate regression re-
sults for the negative binomial model that predicts
‘patient length of stay. The model has good fit (scaled
“deviance/degrees of freedom = .90). Many of the
. #ame clinical variables that predicted mortality in the
logistic regression model also predicted length of
stay in the negative binomial regression model. The
total effect of the PRISM scores on length of stay was
limited relative to the mortality model. A change in
the PRISM score from 10 to 20 was associated with a
58% increase in PICU length of stay. Again, none of
the structural characteristics of the PICUs with the
exception of volume were significant after adjust-
ment for clustering. Estimates of the relationship
between volume and risk-adjusted length of stay
indicated a small but statistically significant inverse
relationship {incident rate ratio {IRR]: .98; 95% CI:
.975-.985, for a change in volume of 100 patients).

DISCUSSION

This study provides the first documentation of an
inverse relationship between patient volume and
outcomes in the setting of the PICU. PICUs with
greater volumes had reductions in both PICU mor-
tglity risk and PICU length of stay. Analysis of other
quality-of-care factors had no impact en PICU mor-
tality risk or patient length of stay after controlling
for clustering across the 16 PICUs. Similar resuits

were obtained when severely disabled ocutcomes
were included as a poor oulcome.

We are aware of only one other study that exam-
ined whether volume was associated with outcomes
in the setting of the PICU. This study found a signif-
icant negative relationship between PICUs with res-
idency teaching programs and risk-adjusted mortal-
ity, but volume was insignificant.!® A subsequent
study found a positive relationship between fellow-
ship programs in pediatric critical care and risk-
adjusted mortality.*2

The difference in findings between this study and
the previous investigations may be related to differ-
ences in study designs. This study did not choose
study sites randomly based on preselected quality-
of-care factors. The norrandom selection of PICUs
led to a greater number of high-volume zcademic
institutions included as study sites and may have
created a sample selection effect. The large disparity
in patient volume between PICUs may account for
the finding of an inverse relationship between pa-
Hent volume and outcomes. The findings also may be
related to differences in sample size. Data for this
study were collected for an entire year, regardless of
the number of deaths that occurred at any given
PICU. Attempts to disentangle differences based on
sample size calculations are confounded by adjust-
ments for clustering. Recent work has developed
sample size calculations for randomized designs,**
but similar calculations are not available for gener-
alized linear models based on observational designs.

There also were a number of similarities between
this study and previous investigations. The contribu-
tion: of the PRISM scores to mortality risk and the
overail model performance are quite similar. Such
findings are important because other investigations
have found paradoxical associations attributable to
the failure of the PRISM to account for premorbid
illness.** The more limited contribution of the PRISM
score to length of stay is a consequence of shorter
PICU stays by patients who die.®?

The finding that an inverse relationship exists be-
tween patient volume and cutcomes in the setting of
the PICU, however, is limited by the inability to test

TABLE 4. Negative Binomial Regression Results for PICU Length of Stay
Variable Regression Standard Probability Adjusted IRR
Coefficient Error (95% CI)

Volume —.0002 0001 030 980 {.5975-.585)"
PRISM 106 007 <.001 1.58 (1.55-1.62)t
PRISM? —.002 0002 <.001
Patient age {mo) —.001 0002 <.001 99 {.96-99)1
Trauma patient 145 063 022 1.16 (1.02-1.31)
Endocrine disease — 447 062 <001 64 {.57-72)
Oncologic disease 291 064 <.001 1.34 {1.04-1.52}
Circulatory disease 258 n48 <2.001 1.29(1.18-1.42)
Congenital anomaly 140 035 <.001 1.15 {1.07-1.23)
Ill-defined condition 234 041 <001 1.26 (1.17-1.37)
Infection 185 070 008 1.20 (1.05-1.38)
Respiratory condition 154 050 00Z 1.17 {(1.06-1.29)
Nervous system disease 088 038 022 1,09 (1.01-1.18)
Constant 891 104 <.001

* IRR based on change in volume of 100 patients.

1 IRR based on a PRISM score of 20 compared with a score of 10.
1 IRR based on change in patient age of 12 months.
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competing hypotheses. We were unable to assess
whether the estirmated relationships provide evi-
dence for or against either a practice-makes-perfect
effect or a selective referral effect. Further, the data
do not permit an analysis of specific types of illness
or injury cared for in PICUs. Such an investigation
requires a broader set of clinical variables and a
iarger database. The low rale of mortality in pediatric
health services necessitates large samples to estimate
statistically significant relationships.4®

Our analysis of the relationship among volume,
mortality risk, and length of stay in PICUs was
guided by criteria from the EBMCC working group.
The EBMCC working group asks 3 general questions
of research articles. These questions include: 1) Were
valid methods used?; 2) How should the results be
interpreted?; and 3) Will the results help improve
‘patient care? We discuss these criteria in relation to
the study findings.
' Inresponse to the first question, the study demon-

" strates both strengths and weaknesses. The strengths

include appropriate clinical measures from prospec-
tively collected data to risk-adjust differences in
PICU mortality and length of stay and a sufficient
sample to test for a general relationship. We also
tested our general findings using mortality outcomes
against a similar model that included severely dis-
abled outcomes. Finally, we used multilevel model-
ing to adjust for sample clusters across PICUs fol-
lowing the recomunendations of the EBMCC working
group.”®3 Despite these strengths, the study con-
tains a number of weaknesses, including a lack of
more _comprehensive outcome measures and an in-
ability to focus on care provided in the PICU. A more
comprehensive set of outcomes would include
known complications and survival to hospital dis-
charge. However, such an analysis requires data on
specific conditions and patient follow-up after PICU
discharge. This information was not available. We
also have no evidence that smaller PICUs were less
hlﬁ.el'y to use appropriate therapies or more likely to
use nappropriate therapies.®6

The interpretation of the study findings is straight-
forward. A general relationship between volume and
outcomes is documented that suggests that volume
is an important factor, influencing both the quality
and efficiency of care. A l-standard deviation
change in volume was associated with a 17% reduc-
tion in mortality risk and corresponds to a recent
investigation examining volume-outcome relation-
ships for acute myocardial infarction in elderly pa-
tients.#” The number of studies that have demon-
strated such a relationship in settings where patient
care is complex increases confidence in this finding.
Critically ill children admitted to PICUs represent an
extremely heterogeneous patient population. Pediat-
ric intensivists often are confronted with rare life-
threatening illnesses, where clinical experience plays
an important role in determining outeome, Critically
ill children also are likely to be transferred to tertiary
care centers with specific expertise in pediatrics. The
need for clinical experience and the ability to transfer
patients are both consistent with volume-outcome
relationships.

Finally, there is the question of whether the find-
ings reported in this study will help to improve
patient care. The new focus on quality in health care
emphasizes the importance of comparing risk-ad-
justed outcomes. The idea is not to punish providers
with poor putcomes but to provide informaticen that
can lead to quality improvement.*® This study pro-
vides additional information on the system of care
for critically ill children. Providers can use this infor-
mation in considering whether the system of care can
be improved or whether patient care can be im-
proved by referral to high-volume providers. Infor-
mation on: volume-ocutcome relationships has al-
ready affected systems of care. Studies documenting
improved outcomes from increased patient volume
have led some researchers to speculate that volume
will become the proxy indicator for quality in health
care and will result in the reorganization of systems
to reflect this emphasis.*®

CONCLUSION

The expansion of PICUs has increased concerns
that too many units and beds exist and may be
related to large variations in the efficiency of servic-
es.1? These concerns were not based on evidence of a
relationship between volume and outcomes. This
study provides the first evidence that volume is an
important predictor of outcomes in the setting of the
PICU. A further understanding of this relationship is
needed to develop effective regionalization or refer-
ral policies for critically ill children. Such policies
have the potential to improve both the quality and
efficiency of pediatric critical care services.
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CONFUSION, AND STUPIDITY

“[The Swine Flu events of 1976 provide evidence of] men and institutions
mudadling through, making their decisions hastily and under conditions of chronic
obscurity, where chance, accident, confusion, and stupidity play a larger role than

certitude or calculation.”

Arthur Viseltar, quoted in Garrett L. The Coming Plague. New York, NY: Penguin; 1995
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