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Objectives

. To review the origins, use, and scientific
utility of major clinical and public health
iIndicators of perinatal outcomes

- To identify links between theory and
practice in terms of clinical measures as
public health indicators

- To lllustrate a methodology for
developing and evaluating new clinical
Indicators
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Birth defectsand developmental
disabilities: epidemiologiskave
generated a newrentity that must.now
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Top Ten List of Beliefs Based on Perinatal
Indicators and Outcomes
(as presented by Dr. Kirby to the National
Perinatal Association in 1998)

Adolescent mothers have poorer birth outcomes

Prenatal care prevents low birth weight and preterm
birth

Cerebral palsy is caused by intrapartum events

Adequacy of prenatal care is associated with better
perinatal outcomes

Cesarean section rates are too high due primarily to
physician factors



Top Ten List of Beliefs Based on Perinatal
Indicators and Outcomes (continued)

6 Now that every hospital is Level lll, perinatal
regionalization no longer matters

7 Infant mortality rates can be significantly reduced
through social interventions (i.e. Healthy Start)

g8 As survival of extremely low birth weight infants
Improves, rates of neurological/developmental
disabilities are rising

9 Underlying causes of perinatal death accurately reflect
clinically significant factors in mortality

1 olf we keep track of indicators and outcomes, we are
practicing clinical quality improvement



Why All the Fuss?

. Perinatal outcomes for the US have
worsened during the past two decades.
Blncreases in low birth weight births
BlLarge rise In rate of preterm delivery

BModest improvements in infant mortality
rates, but declines in relative national standir

BSmall to no improvement in fetal mortality or
stillbirth rates

BDramatic increase In rate of Cesarean sectio



Conventional indicators in-Perinata
Health

- Low Birth Weight

. Preterm Birth

. Neonatal Mortality Rate

. Adequacy of Prenatal Care

. And some others ...



Low Birth Weight

. One of the most commonly used
measures in perinatal care

. Measured as weight at birth of less than
2500g or 5Ibs 80z



Origins ©of thel LBW Construct

- Low birth weight was originally concelivel
as a measure of the proportion of infants
born at high risk.

- The use of the 25009 or 5lb &
definition dates to a recommendation
made by the World Health Organization
In 1948, and was based on several early
studies (Dunham 1936lppo1919)



Usage-of the LBW Measure inthe

United States

. In early usage in American vital statistics
LBW was conceptualized as a synonym
for prematurity.

. LBW was first incorporated into birth
certificate reporting nationally in 1950.
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Whoas tiosneHap pelnsesd

. Invention of neonatal intensive care

. Creation of regionalized systems of
perinatal care

. Emergence of clinicalibspecialitiem
medicine, nursing, psychology, nutrition,
social work

. Development of new therapies



LBW andiRisk

- More than 80% of infants classed as LBW today
are born at >2000g. The vast majority of LBW
live births never spend a day in the NICU.

. There are differences also across race/ethnic
groups. While the LBW rate for NHB infants is
frequently twice that for NHW babies, by gender
and birth weight strata their outcomes are
generally better. Does using a single measure ft
birth weight across race/ethnic groups make
sense?

. Also, as shown, LBW seems to be subject to
secular variation.
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Alternative 'Measures

. Several alternative or related measures are
already In use:
BVLBW - <1500g and MLBW 150024999
BXLBW 0 various definitions including <1000g,
<750getc

- If our goal Is to capture those infants that
place a burden on our health and social
systems, what about combination measure:

BThe smalfor-gestational age low birth weight
Infant

Blnfants dying <2#4rs after birth plus those
admitted to NICU for >24hrs



Preterm Birth

- Preterm birth was proposed more recently
as a measure of prematurity. It came into
widespread use only in the 1980s, after
gestational age dating began to be uniform
reported on birth certificates.

. Based on outcomes of NICU care at the
time, it was decided that less than 37 week:
gestation would adequately capture the
babies meeting the criterion of the
t heoreti cal constru



Preterm Birth ((continued)

- Preterm birth was proposed more recently
as a measure of prematurity. It came into
widespread use only in the 1980s, after
gestational age dating began to be uniform
reported on birth certificates.

. Based on outcomes of NICU care at the
time, it was decided that less than 37 week:
gestation would adequately capture the
babies meeting the criterion of the
t heoreti cal constru



Preterm Birth

. Mean gestation of a human pregnancy is thought
to be approximately 280 days.

. Differences are routinely discerned in comparisor
by race/ethnic groups, by maternal age, and othe
factors.

. Measurement has also changem the 1970s date
of last menstrual period (LMP) was virtually the
only option for calculating gestational age prior tc
birth, but now we take numerous ultrasounds and
have developed several quantitative measures to
make these estimates. Assessment of the physic
characteristics of the infant/fetus at birth can alsc
yield an estimate of gestational age.

. The distribution of live births by week of gestatior
has also been changing.



Figure 1: Change in Distribution of Birth
by Gestational Age: United States, 1990-2006
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Source: CDC/NCHS, National Vital Statestics System.



Figure 4: Higher Ventilator Use Among Infants

Delivered at 37 Weeks Gestation
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Figure 5: Increased NICU Admissions Among Infants Delivered at 37 Weeks Gestation
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Figures 4 and 5: Qskiro, B. et al. Decreasing elective delfveries before 39 weeks of pestation in an integrated bealth care system. Obstet Gynecol, 2009,
113: p. 804-811. Permission to adapt and wse gramted.



Table 3: Risk of NICU Admissions for Elective Deliveries at 37-39 Weeks (HCA)

3740 to 37+6 3840 to 3B+6 3940 to 39+6
weeks weeks weeks
Elective inductions (MN) 112 678 2004
MNICU admission % 15.2% 7.0% &.0%
Elective cesarean births (M) 129 793 Q29
NICU admission % 20.1% 9.3% B.0%
TOTAL elective deliveries (M) 241 1471 2933
NICU admission % 17.8% 8.0% 4.6%
(p<0.001) (p<0.001)

Adapted from: Clark, 8.L. et al. Neonatal and maternal outcomes assoctated with elective term delivery.
Am [ Obstet Gynecol, 2009, 20002): p. 136 e1-4. Permission fo adapt and wse granted




Table 4: Timing of Elective Repeat Cesarean Delivery at Term and Neonatal Outcomes

(MFM Network)

3740 to 3746 3840 to 38+6 39 Completed Weeks
weeks weeks N=6512

Outcome N=834 | Odds | N=3909 | Odds o

% Ratic™ % Ratio™ (Reference)
Any adverse outcome or death 15.3% 2.1 11.0% 1.5 8.0%
Adverse respiratory outcome (overall) 8.2% 2.5 5.5% 1.7 34%
Respiratory Distress Syndrome (RDS) 3.7% 4.2 1.9% 2.1 0.9%
Transient Tachypnea of the Newborn (TTN) 4.8% 1.8 3.9% 1.5 2.7%
Admission to NICU 12.8% 2.3 8.1% 1.5 2.9%
MNewbaorn sepsis (suspected or proven) 7.0% 2.9 4.0% 1.7 2.5%
Treated hypoglycemia 2.4% 33 0.9% *1.3(NS) 0.7%
CPR or ventilation in first 24 hours 1.9% — 0.9% — 0.4%
Hospitalization 25 days 9.1% 27 5.7% 1.8 3.6%

*All Odds Ratios are significant except "NS™ (Mot Sigriftcant).

Adapted from: Tita, A. et al. Timing of elective cesarean delivery at term and meonatal owtcomes, The New England Jowrmal of Medicine, 2009, 360:
g, 111-20.



Figure 7: Odds Ratios for Complications in Infants of Scheduled Repeat Cesarean Birth

by Gestational Age (Weeks)
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Figures & and 7 adapted from: Tita, A. et al. Timing of elective cesarean delivery at term and neonatal outcomes. The New England Journal of Medi-
cmeg, 2009, 360: p. 111-20.



A baby’s brain at 35 weeks weighs
only two-thirds of what it will weigh
at 39 to 40 weeks.

35 weeks 39 to 40 weeks

2@ Bornie Hofkinillustration, 2007



Comparison of Traditional Gestational Age  -Specific Stillbirth Rate with
Fetuses-At -Risk Approach
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FIGURE 1. Hazard (per 100,000 fetuses at risk) versus proportion (per 1,000 total births) representations of stillbirth risk in Canada, 1991-
1998.

Am J Epidemiol Vol. 156, No. 6, 2002



An Alternative Measure-for Pretermr
Birth

. Rather than defining preterm birth as any
delivery at <37 weeks gestation, why not
bite the bullet and define It as a birth at <3¢
weeks gestation?

BThis is still less than 280 days

BThis would include all the infants in the-salled
dOearly termod0 period wl
risk associated with delivery prior to term

Blt would give us a lot of workto do . ..

BCurrently neitherPeristatsnor CDC Wonder can
produce this statistic but if they could, close to
half of all live births would be classed as pretern



Neonatal-andPostneonatal
Mortality

. These terms are used to differential rates o
Infant death among live births between the
first month and the balance of the first year
of life.

. Historically, neonatal mortality was a proxy
measure for infant deaths ehdogenous
causes (congenital or perinatal) while
postneonatamortality was used as a proxy
for infant deaths oéxogeneousmuses
(social orenviromental.



Neonatal-andPoestneonatal

Mortality (continued)

- While these proxy measures may have
made sense in the $or early 20"
centuries, they make little sense today.

. Yet, we continue to report and track both

- Let 0s | ook at s ome
this point more clear ... The following are
from Kirby RSJPerinatal993.




Table 2

RELATIVE DIFFERENCE RATIOS FOR ENDOGENOUS-NEONATAL AND EXOGENOUS-POSTNEONATAL
MORTALITY RATES BY BIRTH WEIGHT BASED ON UNDERLYING CAUSE OF DEATH, WISCONSIN,

1979 TO 1881 AND 1684 TO 1986
Endogenous Neonatal Hclnl:l_;.!a | Exogenous Posineonatal Relative
Birth Weight Mortality Mortality Difference Mortallty Mortality Difference
{gm) , Rate Rate Ratlo* Rate Rate Ratlot
1979.1981
<1500 442 66 412.25 0.93 6.91 33.16 4.80
15002499 25.59 21,88 (.82 2.66 7.36 2.7
= 2500 . 249 158 D67 0.57 1.37 2.40
Total 8.05 6.81 0.84 0.74 1.59 2.69
1984-1986
<1500 ' 388.14 3g5.72 094 . 8.41 30.83 3.66
1500-24599 2282 17.80 0.78 1.82 6.82 3.7
= 2500 222 145 065 0.51 131 257
Total 697 5.78 .83 0.65 1.84 2.84

Endogenaus, exogenous, neenatal, and postneonatal mortality rates are per 1000 live births.
*Neonatal mortality rate/endogenous mortality rate.
tPostnecnatal morality ratefexogenous montality rate.

Kirby RS: Perinatol1993
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Figure 2 — Postneonatal deaths attributed to endogenous causes as percentage of all endogenous
infant-deaths by birth weight —Wisconsin, 1879 to 1986 (resident birth cohont data).

Kirby RS: Perinatol1993



Table 3

ENDOGENOUS AND EXOGENOUS NEONATAL MORTALITY RATES BY BIRTH WEIGHT, WISCONSIN, 1679 TO 1986

{RESIDENT BIRTH COHORT DATA)
Endegenous Exogenous
MNeonatal Neonatal Meonatal
Birth Weight Total Neonatal Mortality Endogenous Mortality Exogenous Mortality
{gm) ©Yr Live Hirths Deaths Rate Deaths Rate Deaths Hate
AN Live Biths  1979.1981 222,281 1532 63 1,487 6.7 20 0.1
1984-1986 218,926 1,283 59 1,238 5T+ 19 01
<1500 1979-1981 2171 2] 410.4 BBY 405.5 2 0.9
19841986 2,141 177 362.9* 774 361.5* 0.5
1500.2499 1979-1581 9,779 218 22.3 20% 214 0.5
1984 1986 9,380 168 17.91 163 17.4% 4 0.4
= 2500 1979.15981 210,256 374 18 341 1.6 12 0.1
1984-19B6 207,195 324 1.6 287 1.4¢% 14

01

*Significantly different from 1979 to 1981, p < 0.001.
{S5ignificantly different from 1979 to 1981, p < 0.05.

Kirby RS: Perinatol1993




Table 4

ENDOGENOUS AND EXOGENQUS POSTNEONATAL MORTALITY RATES BY BIRTH WEIGHT, WISCONSIN,
1979 TO 1986 (RESIDENT BIRTH COHORT DATA)

Endogenous Exogenous
Birth Total Postnecnatal Postneonatal Posineonatal
Weight MNeonatal Posimeonatal Mortality Endogenous Mortality Exogenous Mortality
{gm) Yr Survivors Deaths Rate Deaths Hate Deaths Rate
All live births  1979.1981 220,749 755 3.4 312 14 129 0.6
1984-1986 217,643 763 3.5 293 1.3 109 0.5
<1500 1979-1981 1,280 79 61.7 67 523 5 39
1984-1986 1,364 71 52,1 56 41.1 10 7.3
1500.2499 1979-198) 9,561 125 131 53 55 18 1.9
1984-1936 9212 108 1.7 53 58 11 1.2
= 2500 1979-1981 209,882 538 26 124 0.9 103 0.5
1984.1986 206,871 581 ZB 182 09 B8 0.4

Meonatal sundvors are resident live births less neonatal deaths,

Kirby RS: Perinatol1993




Alternative 'Measures

1.

Redefine neonatal amqmbstneonatamortality as
densitybased measures

- Neonatal mortality would be calculated as all infant
deaths occurring prior to initial newborn discharge,
divided by the total number of days to initial newborn
discharge among adiNeborninfants

- Postneonatamortality would be calculated as all
Infant deaths occurring after initial discharge, divided &
the total days from discharge to end of first year of life
among alliveborninfants not dying prior to initial
discharge

This requires record linkage across hospital discharge
serially linked across infants with birth and death
certificates



Alternative 'Measures

2. Adjust the neonatal period for preterm
Infants to account for the number of
preterm weeks. Calculate rates using
conventional approach.

- for example, a baby born at 34 weeks would
have a neonatal period lasting till 10 weeks (6
preterm weeks plus the traditional four of the
neonatal period) while a baby born at 41 weeks
would have no adjustment.

Experimentation would be necessary to determine
whether adjustments should be made for early
term Infants.



Alternative 'Measures

3. Carefully delineate all factors and
processes 1 nvol ved

Classify all infant deaths as endogenous or
exogenous, and rather than operationalizing
these measures as neonatal gudtneonatal
measure them directly as the number of infar
deaths due to endogenous causes, divided b
all live births, and the number of infant death:

due to exogenous causes, divided by all live
births.
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Adjusted Odds Ratio of Fetal Death by State
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Adeguacy-of’ Prenatal-Care

. Presently, we collect data on when durin
the pregnancy prenatal care was initiatec
and how many prenatal visits occurred
during the pregnancy.

- In many states, we collect this informatio
from the mother rather than from the
clinical prenatal record.



Adeguacy, continued

. Adequacy of prenatal care has been
defined in terms of the relationship
between the actual number of prenatal
visits and the expected number accordin
to ACOG or other clinical guidelines,
adjusted for the duration of the
pregnancy.

BKessnerndex
BKotelchuckindex

BAl exander d0s GI NDE X



Adeguacy, continued

. Each of the indices classifies prenatal care into
adequate, intermediate, inadeguate, in some cas
further deli neati ng al
those women with considerably more than
expected number of visits.

- Hundreds of scientific papers have been publish
using these indices, yet rarely do the researcher
stop to think about the relationship of the
measure to the theoretical construct, nor about
the quality and integrity of the data elements use
to compute the measures.




Adeguacy, continued

. As long as we count only what we can count, thi
will be the basis for our discussions.

. But what is prenatal care really about?
BA set of clinical services, tests and measures

BCounseling, education, anticipatory guidance at criti
points and continuing through the pregnancy

BContinuity of care
BEtc...

. Perhaps we should take a step back, and think
about what we really want to know, then
determine how we might effectively collect the
data we really need.






QUALITY INDICATORS IN RELATION TO APPROACHES
TO ASSESSMENT IN HEALTH SERVICES RESEARCH

Maternal/Child Health Care Quality Indicators Approaches to Assessment

Structure Process OQOutcome

System Attributes Accessibility X
Availability X
Responsiveness X
Adequacy X X
Care Prevention X
Characteristics Minimization of Adverse X
Consequences
Maintenance of Health X
Rehabilitation X
Effectiveness X X

Source: modified from Donabedian A: Explorations in Quality Assessment and Monitoring, Volume |I.
The Definition of Quality and Approaches to its Assessment. Ann Arbor: Health Administration Press, 19¢



Contextual Model for Perinatal Care

Services
System-Patient
Interface
@ Content
@ Utilization
@ Access
Elements
of Clinical
M: b .h Ed. _ Perinatal
edica sycho- ucation services
Structure social
Process

Outcome

Elements of Health
Care System



Alternative 'Measures

- These are still in development.

. Perhaps clinicians who work in prenatal
care settings or in settings where prenat:
care Is integrated with intraand
postpartum care might take the
contextual model and define a set of
objective data elements that could be
guantified into a measure that truly
reflects adequacy of care.



Apgar:score

. This Is a score based on values from five
ordinal scales, scored as 0,1, or 2. It thu
ranges from @ 10.

- Typically the Apgar score is measured at
and 5 minutes after birth, and also at 10
minutes for infants with low scores or for
whom clinical urgency prevents an
accurate measurement prior to 10
minutes after birth.



Use of the’/Apgar Score

- Dr. Virginia Apgar developed her score in the early
1950s to provide a quick assessment of the mortality
risk of the newborn.

. The Apgar score has been collected on US birth
certificates since 1968.

- It has been used in concert with other data to asses:
risk for cerebral palsy and other adverse neonatal
sequelageas well risk for neonatal and infant mortality

. Some researchers have applied this measure to-long
term outcomes, including likelihood of early
Intervention services and participation in special
education at ages-8 or early adult outcomes. It
wonot be | ong before 1 1:
autism spectrum disorder if this has not yet been
studied.




Measurement:lssues

- Who measures the Apgar score In the
delivery room?

. Whose measurement is more valid and
reliable?

- Whose measurement is reported on the
birth certificate?




Alternative 'Measures

- Not much has been seriously considerec
for the birth certificate.

- Would it be interesting to conduct a
SNAP assessment on all newbos
would that provide a better assessment ¢
neonatal prognosis?

. Does it make sense to include measures
like the Apgar score on the birth
certificate?



Paternal involvement

. The theoretical proposition is that
pregnancies where the mother is involve
with the father have better outcomes, an
that infants raised with involvement with
both mother and father have better
outcomes.

- How Is this measured on a population
basis?

BBy the presence of information about the
father on the birth certificate.



Inductionof/ l.abor

. We all know what this 19 use of

pharmacologic or surgical means to initiat
labor.

- So why is it so hard to measure?

- One reason might be that historically we
havenot asked the o0
certificate using appropriate clinical terms
(1 .e. Ostimul ati ono
-But again, 1t all d
reporting . ..
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Fig. 1. Trends in labor induction in the United States,
1980-2002. (Source: National Center for Health
Statistics; NHDS = National Hospital Discharge

Survey.)

Kirby RS, Birth 2004,31:1481



Figure 2: U.S. Cesarean Section and Labor Induction Rates Among Singleton Live Births by

Week of Gestation, 1992 and 2002
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Defining: Indicators-and Outcome
Measures

Aldentify

AEvaluate (literature review, evidence
based practice, assess feasibility)

Almplement
AAssessment
AUtilization in larger context



betes may not
have thelr disease under control during preconception
period

A Potential indicator: proportion of diabetic patients
with HgA ;C levels within normal limits at first
prenatal visit

A Rationale:

A if no test was done, physician is not focused on the
implications of diabetes for this pregnancy

A if the test was done but yields an abnormal result, this is a
marker for poor preconception care for this patient

A Assessment for informatics:

A new systems of data gathering are necessary in order to
implement this indicator

A Utilization: problematic due to lack of organizational
commitment



