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Abstract

Objective—To measure the influence of varying mortality time frames on performance rankings
among regional NICUs in a large state.

Study design—We carried out cross-sectional data analysis of VLBW infants cared for at 24
level 3 NICUs. We tested the effect of four definitions of mortality: (1) deaths between admission
and end of birth hospitalization or up to 366 days; (2) deaths between 12 hours of age and end of
birth hospitalization or up to 366 days; (3) deaths between admission and 28 days; and (4) deaths
between 12 hours of age and 28 days. NICUs were ranked by quantifying their deviation from
risk-adjusted expected mortality and splitting them into three tiers: top six, bottom six, and in-
between.

Results—There was wide inter-institutional variation in risk-adjusted mortality for each
definition (observed minus expected Z-score range, -6.08 to 3.75). However, mortality-rate-based
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NICU rankings, and their classification into performance tiers, were very similar for all
institutions for each of our time frames. Among all four definitions, NICU rank correlations were
high (>0.91). Few NICUs changed relative to a neighboring tier with changes in definitions, and
none changed by more than one tier.

Conclusion—The time frame used to ascertain mortality had little effect on comparative NICU
performance.
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Similar to outcomes of patients in other areas of medicine, premature infants cared for in
NICUs experience variations in quality of health care and clinical outcomes that cannot
readily be explained by differences in underlying clinical risk (1-7). For example, risk-
adjusted mortality rates among NICUs participating in the Vermont Oxford Network (VON)
show up to a three-fold difference (6).

Health policy-makers and health care payers are promoting comparative performance
assessments in order to improve the value of health care (8, 9). Many clinicians are wary of
this competitive model of quality-improvement; one concern is whether the data will allow
for valid comparisons among providers (10).

Studies assessing adult inpatient quality of care have shown that standardized mortality rates
for congestive heart failure based on in-hospital and 30-day mortality may be relatively
similar, despite differing discharge practices and rates (11). One study did not yield
markedly different results when using data from 30 days versus 180 days post-admission.
Moreover, according to the 180-day data, the 30-day data are good predictors of the best and
worst quintile of hospitals (12). However, others have found that general in-hospital
mortality rates differed widely according to the method of evaluation (13).

In the NICU setting, the time frame used to ascertain mortality has been variably defined,
depending on expert input and properties of available data repositories. Public stakeholders
and neonatal quality of care collaboratives have applied different mortality definitions for
comparative performance measurement. For example, the Joint Commission’s neonatal
mortality measure focuses on neonates who expire before 28 days of age (14) — all live-born
neonates are included, as are transfers-in (no limit set on the day of transfers). Transfers-out
are excluded from this definition. The Agency for Healthcare Research and Quality (AHRQ)
indicator includes in-hospital deaths of infants that were born at that institution (inborn) and
those that were transferred from another hospital (outborn) (15). Quality collaboratives have
traditionally focused on death during the birth hospitalization.

Differences in these definitions may influence provider performance. For example,
inclusions of deaths after day of life 28 but before discharge, although uncommon, may
highlight opportunities for improvement in chronic respiratory care or health care
maintenance, including the avoidance of late infections. The effect of certain definitions on
comparisons of provider performance must be made explicit in order to draw appropriate
and relevant conclusions supporting care improvement. This paper examines the effects of
changes in measurement and sample definitions of mortality (i.e. the time frame used to
ascertain mortality) on NICU performance ratings.
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This study uses data from the California Perinatal Quality Care Collaborative (CPQCC). The
Collaborative includes more than 100 member hospitals, including all of the state’s 24
regional centers. The CPQCC maintains a real-time, risk-adjusted perinatal data system.
Measurement bias is addressed through standardized data collection procedures. Data are
abstracted from the medical record locally, using data abstraction protocols. The data are
then transmitted to CPQCC, where they are subjected to logic and completeness checks. In
the event of inconsistencies, the data are reconciled with the medical record.

We tried to minimize selection bias by using exclusion criteria, depicted in Table |
(available at www.jpeds.com), designed to minimize exclusion of patients from the
database; minimize systematic bias from discretionary care decisions at the border of
viability; maximize comparability across NICUs by defining a clinically homogenous
patient population; and ensure clinical outcomes of care were attributed to the NICU under
investigation.

Our study sample included infants with a birth weight of less than 1,500 grams and a
gestational age of at least 25 weeks. The upper limit weight cut-off is congruent with
inclusion criteria into the CPQCC small infant database and harmonized with other
measures of quality endorsed by the National Quality Forum (16). With regard to including
infants at the border of viability, we based our criteria on a study which highlighted that
84% of surveyed neonatologists considered treatment clearly beneficial for infants born
above 25 weeks gestational age. Only 41% considered treatment beneficial at 24 1/7-6/7
weeks gestation, highlighting the potential bias introduced by inclusion of this group in our
analyses (17). Using standard CPQCC definitions, we excluded patients with major
congenital anomalies (those associated with an increased mortality risk), because we were
interested in examining mortality among a “healthy” preterm population. Infants who
remained in the hospital beyond one year of life were excluded because data collection is
truncated at that age and survival is uncertain.

Patient Transfer

Data from the CPQCC database used for this study were collected at the patient-level but not
at hospital level. This made it difficult to confidently attribute responsibility for certain
outcomes to individual institutions for transferred patients. We considered two main time-
periods for transfers: early transfer-in and late transfer-out. The timing of early transfer-in
cases depends on whether the transferring facility intended immediate post-partum neonatal
transfer due to unavailability of adequate neonatal intensive care support, or whether infants
receive a trial of therapy in the hope of retaining care locally. We excluded infants admitted
beyond three days of age (day one being the day of birth) to avoid penalizing (or crediting)
institutions for the quality of care delivered at the transferring institution.

Among transferred infants, the location of a clinical event was not recorded in the database.
Transfer out of moribund infants may introduce bias but was minimized in this analysis
through our focus on regional centers. We therefore included infants transferred out for
convalescent care (85% of those transferred out). Deaths among this group were rare, and
arguably the regional centers, to whom these deaths were attributed, assume some degree of
responsibility by sending an infant to a partner institution for convalescent care.

In infants that were transferred for other reasons (predominantly for medical services,
diagnostic imaging, or surgery) it may be difficult to confidently attribute responsibility for
death to the receiving or transferring institution. We therefore omitted these infants from the
analysis.
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5,289 VLBW infants cared for at all of California’s 24 level 3 regional centers between
2004 and 2007 met the inclusion criteria. Of these centers, fifteen are designated as level 3D
based on the fact that they perform open-heart surgery and/or extracorporeal membrane
oxygenation (ECMO) for medical conditions. The remaining nine are classified as level 3C
(subspecialty neonatal intensive care units with extensive capabilities except open-heart
surgery or ECMO) (18). Five regional centers did not have birthing facilities on site. We
used multiyear analysis because there was a small number of very low birth weight (VLBW)
infants cared for at some of the institutions. Figure 1 shows the number of excluded infants
by criterion.

Dependent variables - Mortality

We used four competing time frames to ascertain mortality, presented in order of decreasing
inclusivity ( Figure 2). All time frames refer to the birth hospitalization and include the time
after transfer: (1) deaths between admission and end of birth hospitalization or up to 366
days; (2) deaths between 12 hours of age and end of birth hospitalization or up to 366 days;
(3) deaths between admission and 28 days; and (4) deaths between 12 hours of age and 28
days.

We set the early cut-off for inclusion into this study to NICU admission or 12 hours of life.
This time difference represents potential bias due to admission of moribund patients that are
admitted for comfort care but expected to die imminently.

We excluded delivery room deaths from mortality definitions due to concerns regarding
validity and reliability: validity because neonatal providers may not be responsible for the
delivery room death of a moribund infant; reliability because there may be local practice
variation in designating infants as delivery room versus fetal deaths. Delivery room deaths
were defined as any eligible infant who died in the delivery room or at any other location in
the hospital within 12 hours after birth or prior to admission to the NICU. Fetal deaths are
not recorded in the database. Data regarding mortality after the birth hospitalization were not
available.

Independent variables

Analyses

We applied CPQCC standard operational definitions for all independent variables. Statistical
modeling for this analysis required transformation of continuous variables into categorical
ones. Therefore, we stratified gestational age at birth into the following groups: 25 0/7 — 27
6/7, 28 0/7 — 29 6/7, and 30 0/7 or more weeks, based on similar patient numbers between
groups. Gestational age was assigned based on best obstetrical estimate and, if unavailable,
on best neonatal assessment. Prenatal care was defined as any prenatal obstetrical care prior
to the admission during which birth occurred. Neonates with birth weight less than 10t
percentile were considered small for gestational age. Apgar score was categorized as three
or below, between four and six, and above six.

Hospital-level data included each level 3 NICU as the unit of analysis. In order to adjust for
confounding variables, we developed a risk-adjustment model based on “Definition 1, as
this definition was the most inclusive. We tested a set of candidate variables associated with
mortality in univariate analyses, using the Fisher exact test for categorical variables. Based
on the underlying variable distribution, we used the t-test or the two-sample Wilcoxon test
for continuous variables. Variables associated at a significance level of p< 0.25 were
entered into a logistic regression model and variables associated at a significance level of p
> 0.05 were successively removed from the model after checking the log likelihood ratio test
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for contribution to model fit. The resulting model included the following variables: outborn,
small for gestational age, gestational age, sex, five-minute Apgar score, cesarean delivery,
and prenatal care. Multiple birth was not associated with mortality in univariate analysis, but
when we added it to the model based on the extant literature (19), it had statistical
significance. We therefore retained it in the model. A logistic regression based on these
variables had a c-statistic of 0.82.

Adding race/ethnicity variables to the model did not improve model discrimination

Results

We used a methodology developed for use in the United Kingdom educational system but
relevant and valid in any profiling setting with dichotomous outcomes (20). For each NICU
and for each definition of mortality, a z-score was computed as observed minus expected
divided by standard error. The NICU’s expected value was computed as a weighted average
of the mortality rate in the overall database for all levels of the risk adjustment variables. We
ranked NICUs according to the deviation from expected mortality rates and classified them
into three tiers: top six, bottom six, and in-between. We assessed similarity in the results
from the four definitions of mortality using the correlations and rank correlations of the z-
scores.

In sensitivity analyses we evaluated the effect of other variations in inclusion criteria on
NICU rankings, by including delivery room deaths and by restricting transfers in to the first
day of life. In addition, we evaluated the effect of race/ethnicity on mortality by adding
variables for ethnicity (Hispanic, white non-Hispanic, black non-Hispanic, Asian, and other)
to the models. Finally, we examined the effect of using only one year of data for analysis
because this may result in less stable estimates. For all analyses, we considered two-sided o
values of less than 0.05 as statistically significant.

This study was approved by the CPQCC and the Baylor College of Medicine IRB.

Table Il shows the results from descriptive analyses of our sample population. Most deaths
occurred by 28 days and only four deaths occurred after transfer. Table I11 (available at
www.jpeds.com) shows the timing of death by NICU in more detail and highlights that most
deaths occurred between 12 hours and 28 days.

Risk-adjusted mortality varied significantly between NICUs. In fact, NICU site was a
significant independent predictor of mortality for all definitions. Figure 3 (available at
www.jpeds.com) highlights large between NICU differences in risk-adjusted mortality odds
(mean z-score range —5.75 to 3.75). In comparison, within NICU variation, shown as the
range of mortality estimates across the four definitions, was less prominent.

Mortality rate-based NICU rankings and their classification into one of the three
performance tiers were very similar and highly correlated (/0> 0.93) across all four
definitions of mortality (Table IV). NICU rankings changed little in response to the
inclusion of deaths within the first 12 hours which represented less than 10% of all deaths
during the birth hospitalization (definitions 1 and 2). One pair of the NICUs moved between
the middle and bottom tiers (NICUs 18 and 20). However, some rankings were sensitive
(improved or worsened) to the exclusion of deaths after 28 days (definitions 3 and 4), which
accounted for nearly 20% of deaths during the birth hospitalization. Comparing definitions 1
and 3, two pairs of NICUs changed between tiers (NICUs 6 and 10 and NICUs 18 and 21).
Across all definitions, few NICUs changed into a neighboring tier and none changed by
more than one tier.
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Performance among NICUs in the top and the bottom tiers was more stable than among
those in the middle tier. Differences in mortality among NICUs in the middle tier were
smaller in comparison with the extremes, generating an inverted S-shaped curve (Figure 3).
Middle tier NICUs occupy the “flat part” of the curve where they are more susceptible to
variability in ranks. On the other hand, the high and low mortality tiers occupy the “steeper
parts of the curve, making a change in rank or tier classification less likely.

Sensitivity analyses, in which we included delivery room deaths; excluded infants that were
transferred in after the first day of life; and included race as a potential confounder, were
highly correlated with Definition 1 (Deaths between admission and end of birth
hospitalization or up to 366 days, rank correlation > 0.97). Restriction of the sample to 2007
data did not significantly change our conclusions (data available upon request).

Discussion

This study examined the effect of varying time frames in the definition of mortality on
NICU performance ratings. We demonstrated significant risk-adjusted variation in mortality
between California’s 24 regional centers. However, we found that variation across the four
mortality definitions had little effect on NICU performance. At most, two NICUs would
have changed their classification as a top- or bottom-tier performer. Although these changes
may have important implications for the affected NICUs, the striking part of this study was
the high degree of agreement of NICU performance across the four definitions of mortality.

Even though ranks at either extreme of performance were quite stable, NICUs in the middle
tier demonstrated larger changes in ranks. An inverted S-shaped pattern of provider
performance (Figure 3) has been found by others (21). Our findings imply that evaluators
may assert confidence in assessing extreme, but not average performance. This calls into
question the utility and interpretation of widely-used league tables such as the U.S. News &
World Report (22). Year-on-year rank changes in the middle section of a league table should
be interpreted cautiously, as they may be caused by random fluctuations. In addition,
although a strategy of focusing on bottom and top providers may seem appealing and
mathematically more defensible, it may be inefficient for guiding improvement on a
population scale. We recently demonstrated that a focus on moving mean performance
yields significantly greater benefit than a focus on outliers (23).

Differences in defining inclusion and exclusion criteria arise from concerns about
introducing systematic bias in mortality rate calculations and, consequently, misclassifying
providers as outliers. In this study, we found little movement in provider rankings in
response to inclusion or exclusion of deaths before 12 hours of life. Therefore, a theoretical
argument to include deaths before 12 hours to capture potentially sub-standard neonatal care
(24) has little practical relevance to comparative performance assessments.

We demonstrated somewhat more substantial movements in ranks among variations in
definitions between 28 day and 365 days of life. Rationales can be presented for the
adoption of either measure. Parsimony supports the 28-day mortality measure, especially
because the majority of infants die within the first two weeks of life (25). In addition, this
definition aligns with standard public health measures.

Conversely, this approach may be biased and obscure interesting insights into underlying
care differences between NICUs. To illustrate, late neonatal deaths may occur due to care
practices that result in prolonged dependence on invasive care, such as slow weaning off
ventilators and/or slow feeding advances. This may result in greater incidence of late
infections and subsequent mortality. In addition, there may be systematic differences in how
readily NICUs withdraw life support when a poor outcome is anticipated (26). NICUs that

J Pedliatr. Author manuscript; available in PMC 2014 January 01.
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tend to continue life support in such infants may have comparatively fewer deaths before 28
days of age but more thereafter, when these infants succumb to the sequelae of their
conditions. In a related study, a panel of neonatal experts and a sample of clinicians
preferred a measure based on in-hospital mortality (27, 28), our findings support the
adoption of either definition.

Our results must be viewed within the context of our observational study design which is
subject to bias and confounding. We sought to limit biases through careful selection of our
sample. Although this is appropriate for comparative performance measurements, it may
have decreased within-NICU variability. Sicker patients, such as those younger than 25
weeks gestational age, require increasing levels of therapeutic excellence to ensure survival.
By excluding these infants, we may have diminished our ability to find NICUs that deliver
truly exceptional care.

One of the strengths of our analysis is that CPQCC data mirror those of the Vermont Oxford
Network, which has over 900 member NICUs worldwide, such that our study may
generalize to “regional centers” in other states. Generalizability to lower level NICUs is
tempered by the increased transfer bias generated by their inclusion. Future analyses will
need to address these constraints. Although it is unclear whether our results generalize to
other health care settings, our methods could be applied widely to improve the transparency
of comparative performance measurement.
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9521 infants treated in 24 regional NICUs 2004-2007

Birthweight > 1500 grams 238 infants excluded
A

Gestational age < 25 weeks 1570 infants excluded
\

Major congenital anomalies 1066 infants excluded
A

Transfer in after 3 days of age* 1092 infants excluded

\

Transfer out prior to 4 days to avoid double
counting

A

Transfer out for reasons other than convalescent
care

v

Initial length of stay exceeds 365 days 2 infants excluded

44 infants excluded

220 infants excluded

100000¢

Final sample = 5289 infants

Figure 1.
Patient sample and exclusions.
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Figure2.
Four competing definitions of mortality. NICU - neonatal intensive care unit, dc - discharge,
d - days, h - hours.
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Figure 3.

Risk-adjusted observed minus expected mortality z-scores, by hospital, across the four
definitions of mortality. The bars do not represent confidence intervals but show the mean
and range of z-scores. A lower z-score indicates lower-than-expected mortality. The dotted
lines represent two standard deviations below or above expected performance.
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Exclusion Criteria and Rationale

Page 13

Table 1

Exclusion Criterion

Transfer out for reasons other than convalescent care
GA < 25 weeks

BW < 1,500 grams

Major congenital anomalies

Transfer in after 3 days of age *

Delivery room deaths

Rationale

Minimize exclusion of patients, maximize information content
Minimize systematic bias at the border of viability

Maximize comparability across NICUs

Maximize comparability across NICUs

Minimize falsely ascribing responsibility for mortality to NICU under evaluation

Minimize systematic bias from effect of perinatal care and differences in ascertainment

*
This variable was defined as after 1 day of age in sensitivity analysis, see text

J Pedliatr. Author manuscript; available in PMC 2014 January 01.
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Table 2
Characteristics of Infants and NICUs
Characteristic n (%) or mean (SD) Range of proportions’means among NICUs
Patients (/7=5,289; range 10 — 628)

Deaths before 12 hours of life 32 (0.6) 0-91
Deaths after 12 hours and before 28 days of life 217 (4.1) 0-28.6
Deaths between 28 days and 366 days of life * 62 (1.2) 0-71
Infants transferred out 1046 (19.8) 0-705
Gestational age at birth (weeks) 28.5(2.42) 26.7-29.2
Birthweight (grams) 1093 (259) 920 - 1160
Female 2590 (49.0) 9.1-80.0
Apgar Score at 5 minutes 6.6 (1.2) 59-6.8
Cesarean delivery 3868 (73.2) 52.4-86.3
Multiple gestation 1600 (30.3) 9.1-443
Outborn 1579 (29.9) 24-3077%%

Race/ethnicity
Non-hispanic white (reference) 1690 (32.0) 0-46.2
Non-hispanic black 635 (12.0) 0-40.0
Hispanic 2242 (42.4) 18.8 - 100
Asian 576 (10.9) 0-31.1
Other 146 (2.8) 0-326

*
among infants still hospitalized, NICUs (k=24),

Ak
excluding five hospitals all infants were outborn
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wduosnue Joyiny vd-HIN

J Pedliatr. Author manuscript; available in PMC 2014 January 01.



Page 15

Profit et al.

papN|oxa aJe sjuejul BUIAIAINS 8sNeaag Q0T 01 PPe 10U Op Ydlym ‘safelusolad mou ate sabejusalad

*¥

1dLIosNUBW SIY) Ul Pa1sa) AN[ELIOW JO SUONIUIBP JUBJALIP JO SUOSLIEAWOD WOJ PaPN|IXa aJe sylesp Hd 18yl 810U ‘Wool A1aAI[ap — YA ‘NDIN 01 UoISSIWpe Jajje
«

NIH-PA Author Manuscript

76T '99 8'6 67 Suyesp 40 9
(Te)T (roe) v (te)T 0 1 X
L) v (€6)8 €2z 0 98 M
0 (6z0).T1 0 0 eeT A
(L2s (rs) ot (S0t 0 981 n
(c2)9 (rv) et (L0)e 0 €Lz L
(Crak4 (88) L 0 0 08 S
(79 (25) oz (0T Ty ese d
(0me (09) o1 (S0t 0 20z 0
o)z (6'v) ve (90) ¢ (r0)ec g8y d
rne (2e)8 61 wne vie 0
0Dv (8¢) GT (80) € (80)e g6E N
(Cavk4 (Tv)9 (o)t 0 8T W
(876 (ce) ot (90 ¢ (zo)T o00S 1
(21)9 (8¢) GT (90) 2 (o)t wve )
0 (8v) e 0 0 A7 0
0 0 0 0 0t |
0 wae 0 0 €8 H
ot ()t 0 0 99¢ 9
tnr (re)e tor 0 /8 4
0 (92) s (S0t (0T 961 3
(oDt 02z 0 0 86 a
(on¢ (S0t 0 0 €81 2
(€0t (01 ¢ (€0t 0 882 9
(s0) ¢ (VA AWA (80) 5 0 829 v
PO9EOIP6Z  PEZOIUZT  BHIJOUeT> dd sweredy  NDIN

€9lgel

NIH-PA Author Manuscript

.. (@) U ‘NDIN Ag yreaq Jo Buiwin

NIH-PA Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2014 January 01.



Page 16

Profit et al.

sAep 99¢ 01 dn Jo uoneziendsoy Yuig Jo pus pue uoissiWpe Ussmiag sylead — T

'SUORIUIAQ "SYIeap 0J9Z YIIM UBAS I813 3|ppIW 3y} 0} pareBajal aJe (£ 10 | NDIN S8 YoNs) U [[ews Yim SNOIN ‘JUSAS UOWWIOdUN Ue S| AJI[eLow 8sneasq Jeyl 810N

LT2/TYeS 612/€12S 621,525 1T€/682S Sureapy f1y

(zv-) 6T (cv+) LT (zv-) 6T 81 S
(zv+) ot (eg+) ST (00) LT LT 0
(8'02-) 12 (8'02-) 1¢ (00) 9T 9T d
(Lot+) 11 (Crasokas (Lot 11T ST 0
(0o vt (eg-) ot (ev+) et vT N
(zv+) 2t (00) €T (e'8-) qT €T N
(8'0z+) L (sz1-)6 (e8-)vT 4! 1
(zv+) ot (szT+)8 (ev-)er 1 A
(get-)et (291-) 1T (00) 0T 01 ¥
(g21H) 9 (gzT+H) 9 (czv+) 8 6 |
(zv-)6 (cv+) L (ev+) L 8 H
(e'ee-) sT (L91-) 11 (e8-)6 L 9

(Vo) dued (Vo) dued  (V%)ued juey NJIN
jpuonuea jguomuipa  zuomuyeg T UOMIUIRA

AllJeLIoIN 10 suoniulyag N0 8yl SS0I0Y doueWIOLISd [elidsoH

v alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Pedjatr. Author manuscript; available in PMC 2014 January 01.



Page 17

Profit et al.

(Go'0>d) s1a11 wWonog/doy ueyr SNDIN dIPPIW Ul Jdyealh Ajpuediyiubis T uoniuyag o0} uostiedwod ul abueyd yuel 9, m_m@méﬂN

T uoniuya@ 01 uosuedwod ul abueyd yuel o,
*
sjuaned -sid
sAep gz pue abe Jo sinoy ZT usamiaq syleaq — i
sAep gz pue UOISSIWPE Uaamiag sylead — €

sAep 99¢ 01 dn Jo uonezijendsoy yuig Jo pus pue abe Jo siNoy ZT Usamieq syread — 2

NIH-PA Author Manuscript NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Pedliatr. Author manuscript; available in PMC 2014 January 01.



