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Abstract
OBJECTIVE—To examine adverse birth events on the development of cerebral palsy (CP) in
California.

STUDY DESIGN—A retrospective population-based study of children with CP (as of 11/31/2006),
matched to their maternal/infant delivery records (1/1/1991 to 12/31/2001) was performed.
Demographic data and intrapartum events were examined. Six adverse birth related events were
chosen. Children without CP were controls.

RESULTS—7242 children had CP (59% term) and 31.3% had one or more of the six adverse
intrapartum events (12.9% in controls P< 0.0001). This held for both term (28.3% v. 12.7% controls)
and preterm (36.8% v. 15.9%, controls) neonates (both P< 0.0001). Maternal (15.1% v. 6.6%) and
neonatal (0.9% v, 0.1%) infection were increased in CP cases (P< 0.0001).

CONCLUSION—Almost 1/3 of children with CP had at least one adverse birth- related event.
Higher rates in the preterm group may partially explain the higher rates of CP in this group.
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INTRODUCTION
Cerebral palsy (CP) refers to multiple non-progressive, heterogeneous syndromes of posture
and motor impairment associated with certain lesions of the brain arising early in the
neurodevelopment of infants (1). It is one of the most common motor disabilities in childhood.
While there has been debate as to the changes in rates over time, current studies estimate a
prevalence of 2 to 3 per 1000 live births (2). Initially characterized by William Little in 1860

Corresponding Author: William M. Gilbert, MD, 5151 F Street, S-233, Sacramento, CA 95816, 916-733-1858 Fax 916 733-1728,
gilberw@sutterhealth.org.
No reprints are available
Presented at the 29th Annual meeting of the Society of Maternal-Fetal Medicine in San Diego, Thursday the 29th of January 2009.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Am J Obstet Gynecol. Author manuscript; available in PMC 2011 October 1.

Published in final edited form as:
Am J Obstet Gynecol. 2010 October ; 203(4): 328.e1–328.e5. doi:10.1016/j.ajog.2010.05.013.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



as being associated with asphyxiation during delivery, Sigmund Freud postulated in 1897 that
CP may be the result of intrauterine factors affecting fetal neurodevelopment (3,4). Findings
of the National Institute of Neurological Disorders and Stroke (NINDS) during the 1980s
suggested that only a small number of cases of CP are caused by lack of oxygen during birth
(5). Previous studies have attempted to suggest an increased prevalence of CP due to the
increased survival of low and very low birth weight infants over the last half of the century
(6). However, in a population-based study of CP in the United States, Winter at al. noted only
an increase in infant survivors of normal birth weight, with no change in prevalence among
low (LBW) and very low birth (VLBW) weight infants (2).

The American College of Obstetricians and Gynecologists (ACOG) convened a Task Force
on neonatal encephalopathy and CP to review the evidence and make recommendations (7).
This extensive report was published in 2003; it represents the largest effort (to date) to examine
the causes of CP and whether or not acute intrapartum hypoxic events are responsible for the
development of CP. In the report, they identified four events which when all were present,
were sufficient to cause CP. The four events were: 1) evidence of a metabolic acidosis in fetal
umbilical cord arterial blood obtained at delivery (pH < 7 and base deficit > 12 mmol/L; 2)
early onset severe or moderate neonatal encephalopathy in infants born at 34 or more weeks
of gestation; 3) CP of the spastic quadriplegic or dyskinetic type; 4) exclusion of other
identifiable etiologies, such as trauma, coagulation disorders, infectious conditions, or genetic
disorders. In our study, we identified those children with CP of the spastic quadriplegic or
dyskinetic type and examined adverse related birth outcomes within the state of California.

MATERIALS AND METHODS
This project was approved by the California Protection of Human Subjects committee, the
Office of Statewide Health Planning and Development (OSHPD), and the University of
California, Davis Human subjects committee. The data for this study came from several
sources: 1) Patient Discharge Databases of all maternal and newborn/infant discharge data
published by the California Office of State Planning and Development (OSHPD); 2) the Linked
Vital Statistics Birth and Infant Death File published by the California Department of Health
Services (DHS); and 3) the Client Development Evaluation Report (CDER) compiled by the
California Department of Developmental Services (DDS). The first two sources are linked by
the California OSHPD and provide information on all live births in California including infant
demographics, prenatal care, infant survival, delivery, infant and maternal diagnoses and
procedures, and outcomes such as birth weight, gestational age, and length of stay and who
report to OSHPD (98% of all deliveries). These three databases however do not contain certain
information which may be important in identifying a cause of CP in a particular case such as
a low Apgar score. Because these are administrative computerized databases, we were not able
to perform a chart review of any of the cases of interest and thus individual conformation of
each case can not be performed. The linkage between these two databases has been studied
previously and has been found to be 97.8% accurate for linkage of the three databases (8,9,
10).

The third data source, CDER, consists of data collected by twenty-one non-profit regional
centers which–under contract with the California DDS–provide services to persons with
developmental disabilities. The CDER is used by the California DDS to document the
diagnostic and functional level of development for the majority of persons with neurologic
disability age three and above. In order to be eligible for DDS services, a person has to be
professionally diagnosed with mental retardation, autism, epilepsy, cerebral palsy and
conditions similar to mental retardation. Linking clients in the CDER file to their birth record
enabled us to compare the prenatal and delivery experience in infants later diagnosed with CP
to those children without a later CP diagnosis. It is important to note that the CEDR is an
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encounter database that provides a snapshot of the current DDS caseload as of 11/30/2006 to
clients with birth dates on or after 01/01/1990. Among the various types of CP, those with the
spastic quadriplegic or dyskinetic type were identified and included in our analysis.

The International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
(11) diagnostic and procedural codes were used to identify various diagnoses and outcomes.
All infants were grouped and analyzed according to birth weight, gestational ages, and neonatal
complications. The data were analyzed by determining odds ratios (ORs) and 95% confidence
intervals for adverse outcomes for each group where appropriate. The ORs were adjusted for
maternal age, parity, maternal education, payer source, race/ethnicity, timing of initiation of
prenatal care, number of prenatal visits, gestational age, birth weight, obstetrical and neonatal
co-morbidities. Logistic regression was used to control for the presence of a variety of risk
factors. The control group consisted of infants delivered who did not receive the diagnosis of
CP within the specified time frame.

The study and control group were examined in total and then broken down into Term (≥ 37
weeks of gestation at delivery) and preterm (< 37 weeks of gestation at delivery).

RESULTS
A total of 6,145,357 deliveries were reviewed over the study period from January 1, 1991 until
December 31, 2001. Of these, 8,946 cases (Table 1) of CP were identified for analysis (1.45
per 1000 live births) with 7,242 (Table 2) having CP of the spastic quadriplegic or dyskinetic
type, and only these were included in our current study. 4,274 were delivered at term; 2,465
were delivered preterm with 6% not having gestational age classified and thus were not
included in the group. The demographic data for the mothers who delivered during this time
period are displayed in Tables 1. Amongst all patients, there were very few significant increased
risks among any of the studied demographic characteristics for either term or preterm
pregnancies except for advanced maternal age (> 40 years of age), increasing parity, and higher
rates in non-Hispanic whites in the preterm group (Table 1). There were no consistent
differences in the demographic factors in the term group. Children delivered from multiple
gestations, after correcting for gestational age at delivery and other factors, had significant
increases in risk of CP in both term and preterm deliveries.

Pregnancy risk factors including chronic hypertension, preeclampsia, and pre-gestational
diabetes were not associated with any increase risk of CP in either term or preterm delivered
infants. Gestational diabetes in the term (but not preterm) population was associated with a
19% increase risk of CP as compared to controls (OR 1.19 (95%CI 1.03, 1.37)) after
adjustment. Maternal infection (ICD-9 CM codes 670,672,647, 646.6,658.4,659.2 and 659.3)
was seen more frequently in the term cases of CP (25.6% v. 10.25, control, P< 0.0001) than in
the preterm cases of CP (9.0% v. 6.2%, control, P< 0.0001) while neonatal infection (771.7,
774.1) was still significantly different but much less frequent (term 1.9% v. 0.3% control,
P<0.0001, preterm 0.3% v. 0.05& control, P< 0.0001)

In an effort to determine what effect adverse events surrounding the labor and delivery process
itself could have on the subsequent development of CP, we identified 6 diagnoses which we
felt were likely to be associated with CP and they include, placental abruption (ICD-9 CM
641.2), uterine rupture during labor (ICD-9 CM 665.1), fetal distress (ICD-9 CM 656.3, 768.2–
4), birth trauma (ICD-9 CM 767) cord prolapse (ICD-9 CM 663.0, 762.4), and asphyxia (ICD-9
CM 768.5–9). The more up-to-date term for birth asphyxia, hypoxic ischemic encephalopathy,
was not in common use during our study period and was not reported significantly to be of use
in our study. We examined the database for those cases which had one or more is these 6
diagnoses and compared them to the population of patients without CP (Table 2). All children
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with CP had a significantly greater rate of adverse events: 31.3% compared to 12.9% for those
children without CP. Both term and preterm infants demonstrated greater rates of adverse
events, with preterm cases being higher than term cases (Table 2).

COMMENT
Our population based study of 7,242 children with spastic quadripalegic or dyskinetic CP,
matched to their maternal and infant delivery records, provides the largest study of children
with CP and the opportunity to examine their adverse birth related events. In this effort to look
at factors surrounding the birthing process, we identified 6 diagnoses which have been
associated with CP in the past (7) and compared those children with CP to those without, for
all gestational ages (Table 2). We purposely examined only those children with the spastic
quadriplegic or dyskinetic type of CP because these types are the only ones which are caused
by birth related neonatal encephalopathy (7). In total, almost one third of children with CP had
at least one adverse perinatal event associated with their delivery, which was a value
significantly higher than our control group (13%) or reports in the literature (7). One can look
at these figures in at least two ways. Our population based study identified that birth related
events are a greater cause of future development of CP than previously reported (10–15%),
which may not be well received by the obstetrical community due to medical legal issues (7).
On the other hand, the majority of children with CP did not have an adverse perinatal event
associated with their delivery process to explain their development of CP. This later point
continues to reaffirm that the majority of children with CP must have other, non-birth related
causes for their CP.

The frequency of CP within our population was 1.4/1000 deliveries which is only slightly less
than the 1.7 – 2/1000 previously reported by Winter et al. over a prolonged period (1975–1991)
in their study examining children with CP in the Atlanta area (2). We examined the entire state
of California and they only examined the Atlanta metropolitan area which could explain the
difference. It is intuitive that families with children with CP would probably want to live near
larger metropolitan areas which would tend to have better resources for their children and thus
could explain the slightly higher rate.

When the cases are separated into term and preterm groups, several interesting differences
occur. The incidence of adverse birth related events (Table 2) is higher in the preterm group
as compared to the term group (36.8% preterm vs. 28.3% term). The biggest difference appears
to be in the risk of abruption (2.4% term vs. 10.8% preterm), with slightly lower risks of
asphyxia and uterine rupture but higher risks of cord prolapse in the preterm group. Historically,
the increased risk of CP in the preterm infant has been felt to be related to the complications
of prematurity, especially in the very preterm (or very low birth weight) delivered child (6,
12,13). Neonatal hypoxemia secondary to respiratory distress syndrome (RDS) appears to be
one of the leading causes of the future development of CP in the very preterm infant. Difficult
or traumatic deliveries are thought to be less of a problem in the preterm infant due to a higher
cesarean section rate and less birth trauma at the lower birth weight categories (14). It would
appear that adverse intrapartum events contribute more frequently to, or impact to a greater
degree upon, the future development of CP in the preterm infant as compared to their term
counterparts suggesting that these adverse events could partially explain the higher rate of CP
in preterm children.

The choice of one or more of these 6 categories (abruption, uterine rupture, fetal distress, birth
trauma, cord prolapse, birth asphyxia) to define a possible birth related event is a choice the
authors made because most have been associated with CP (7,15). Two are clearly an obstetrical
emergency (uterine rupture, cord prolapse) which requires immediate action if newborn injury
is to be prevented. Others are less clearly defined (fetal distress, birth trauma, abruption) and
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while associated with CP, they seem to be open to more provider interpretation possibly
explaining a significant number of patients in the control population also having these
diagnoses (Table 2). Birth asphyxia, while not the preferred terminology in use today to
describe neonatal encephalopathy, was widely used during the time period of our deliveries
and clearly has been associated with the development of CP (16). Our examination of the
newborn discharge records did not find that neonatal encephalopathy nor hypoxic ischemic
encephalopathy was used to any extent during our study period and its definition certainly was
not clear during that time so we decided not to use it in our analysis.

Infection has been recently shown to be a cause of CP, especially in term infants without other
causes for their CP (17). We used an index for maternal infection which included many ICD-9
codes (including amniotic infection). This maternal infection measure supports maternal
infection being associated with CP because it was found 2.5 times more often in term infants
with CP (compared to controls) as opposed to 1.5 times higher in the preterm group. Clearly
much more research in needed in the area of infection and CP and is the subject of another
study.

Demographic factors did not seem to play a role in the future development of CP except for
an increase in CP with advanced maternal age and increasing parity in the preterm group and
a decreasing rate of CP with increasing parity in the term group (Table 1). Increasing parity is
usually associated with a more rapid labor and delivery process and it is possible that adverse
birth related events are lower with shorter labors and less difficult deliveries in the term group.

To what degree the information from this study can help us prevent adverse birth related event
causes of CP is unclear. Several causes like uterine rupture will probably decrease as only
hospitals with in house OB/GYN and anesthesia staff will be allowed to perform attempted
vaginal births after cesarean (VBAC) deliveries. Patient safety initiatives which focus on
provider communication skills and standardized fetal heart rate tracing interpretations, should
provide for earlier detection of fetal distress and thus lower the frequency of CP as well.

There are limitations to the use of administrative databases some of which were described
above. We utilized ICD-9 CM diagnostic and procedural codes and other demographic
information on the CDER, maternal/infant discharge records, and birth/death certificates. Most
of the principle diagnoses and procedures have been shown to be adequately sensitive and any
errors are primarily acts of omission instead of incorrectly entered data (18,19).

The state CDER database of children in California with CP is run by the Department of
Developmental Services and is a MediCal billing database containing diagnostic and billing
information. The state provides services for these children with CP and pays for these services
through state programs. While not all children with CP are required to receive state funded
care, certainly those children with severe disabilities, more likely than not, will be included
due to the expenses involved. Children suspected to have CP at younger ages are referred to
regional centers for evaluation and thus enter the state system this way. Whether children with
adverse birth outcomes are followed more closely than children without these same outcomes
can not be determined by our project, however pediatricians, not obstetricians, are the primary
referrers to the CDER program. Because of the above factors, the vast majority of children
with CP are thought to be in the CDER database.
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