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The epidemiologic factors, conse-
quences, and suggested preventive

strategies for preterm delivery have been
reviewed extensively.1-3 In these and

ther articles, it is recognized increas-
ngly that our understanding of preterm
elivery has been limited by the failure to
ccept the idea that preterm birth is a
yndrome with a number of etiologic
actors and phenotypic characteristics,

any of which are independent of each
ther.4-6 “What seems certain is that any
rogress in our understanding and pre-
ention of preterm birth requires ac-
nowledgement that it is not one disease
ith a single solution or cure, but rather

he product of overlapping factors.”7

As shown in the first 2 articles of this se-
ries, other than the categorization by ges-
tational age, there are considerable chal-
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lenges when one moves to classify cases of
preterm birth by any system, including
cause or phenotype.8,9 The authors of
his series were brought together as a di-
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phenotype: (1) maternal conditions that ar
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conditions, (4) signs of the initiation of par
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conditions to become part of the phenoty
medical records to classify every preterm
understanding of the cause and improve su

Key words: phenotype, preterm birth

aecology, and Oxford Maternal and
lege, University of Oxford, Oxford, UK (Drs
ent of Obstetrics and Gynecology,
al Alliance to Prevent Prematurity and
avett and Waller); Department of Obstetrics
s, OH (Dr Iams); Departments of Pediatrics

onal Health, Faculty of Medicine, McGill
artment of Pediatrics, University of
A (Dr Culhane); Post-Graduate Course in

tas, RS, Brazil (Dr Barros); Perinatology
al Institute of Child Health and Human
rtment of Health and Human Services,

elo); Division of Women and Child Health,
Bhutta); Department of Obstetrics and
(Dr Goldenberg).

epted Oct. 19, 2011.

nd the Global Alliance to Prevent Prematurity
by INTERGROWTH-21st grant no. 49038 from
y of Oxford.

s and Gynecology, Ohio State University,
.

reserved. • doi: 10.1016/j.ajog.2011.10.866
FEBRUARY 2012 Am
ect result of the Global Alliance to Pre-
ent Prematurity and Stillbirth meeting
n 2009 with instructions to determine
he need for such a classification system,
o define the issues that are related to cre-
ting a preterm birth classification sys-
em, and to present a prototype classifi-
ation system. The aim of this article is to
ropose a classification system for clini-
al and research purposes for general
onsideration.

The preterm birth phenotype
A phenotype can be defined as “any observ-
able characteristic or trait of an organism
such as its morphology, development, bio-
chemical or physiological properties, or
behavior. Phenotypes of a disease result
from the expression of an organism’s
genes, as well as the influence of environ-
mental factors and often interactions be-
tween the two.”10 In relationship to pre-
term birth, environmental factors might
include exposure to infectious organisms,
toxins, or stressful events. However, it is
extremely unlikely that a single gene will be
identified as responsible for more than a
few cases of preterm birth. The inconsis-
tencies that are reported in genetic stud-
ies could be explained by the involve-

and phenotypes. We propose a classifica-
are defined by �1 characteristics of the
rturition, and the pathway to delivery. Risk
There are 5 components in a preterm birth
esent before presentation for delivery, (2)
tation for delivery, (3) placental pathologic
tion, and (5) the pathway to delivery. This
redefined phenotype and allows all relevant
Needed data can be collected from the

th. The classification system will improve
illance across populations.
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wide range of phenotypic expression.
Based on current knowledge, a specific
cause is hard to discern for most cases of
preterm birth. The authors therefore
have decided that, at the present time,
the most useful classification of preterm
births would be by phenotype. However,
because of its heterogeneous etiologic,
pathophysiologic, and parturition event
sequence, preterm birth is a “complex
phenotype.”11 If and when specific phe-

otypes within the preterm birth syn-
rome are agreed on more universally,
auses and appropriate preventive inter-
entions can be developed for each pre-

FIGURE
Phenotypic components of the pret

BPP, biophysical profile; FHR, fetal heart rate; IUGR, intrauterine g
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erm birth phenotype.
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How the collected data are used
to drive the new classification
Referring to discussions in the first 2 arti-
cles of this series, we shall consider as a pre-
term birth any birth (which includes still-
births and pregnancy terminations) that
occurs after 16 weeks’ gestation and before
term (ie, 39 weeks’ gestation). The com-
plete population of preterm deliveries
within the gestational range as described
earlier includes live births, stillbirths, mul-
tiple pregnancies, pregnancy terminations,
and newborn infants with congenital mal-
formations. The proposed classification is
based on clinical phenotypes that are de-

birth syndrome

h restriction; PPROM, preterm premature rupture of membranes
fined as �1 characteristics of the mother, c
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etus, and placenta, the presence or ab-
ence of signs of parturition, and the path-
ay to delivery (Figure).
The phenotypic classification does not

nclude risk factors for preterm birth. We
ave adopted the concept of including
nly conditions that are found in the index
regnancy. For example, previous preterm
irth is considered a risk factor and not a
henotype of the preterm birth under con-
ideration. We recognize, however, that
his is a complex issue and that when and
ow a risk factor becomes a phenotype
eeds further evaluation. How these per-
utations of risk factors and significant
erm

rowt .

2.
onditions relate to clinical phenotypes
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should be explored during validation of
our classification.

Finally, it is recognized that, in any
single case, �1 phenotype may exist be-
cause of overlapping conditions or pre-
sentations. We expect that, with more
advanced diagnostic methods or a better
understanding of the parturition pro-
cess, it may become possible to reduce
such overlaps.

We have identified 5 components that
should be part of any preterm birth pheno-
type: (1) significant maternal conditions
that are present before presentation for de-
livery, (2) significant fetal conditions that
are present before presentation for deliv-
ery, (3) placental pathologic conditions
that are associated with preterm birth, (4)
signs of the initiation of parturition, and
(5) the pathway to delivery (Figure). We
believe that these 5 components can be
used to classify every preterm birth and
that the data could be collected on a short
standard form with the use of routine
medical records.

We envision using this classification sys-
tem in the following manner: When all ap-
propriatedataareathand, theclassifierwill
note which, if any, of the maternal, fetal, or
placental conditions on the lists were pres-
ent. The requirement that the placentas of
all preterm births be studied both macro-
and microscopically may be a challenge in
many settings and could be included ini-
tially in the context of research projects.
The classifier will then note and describe, if
possible, which (if any) signs of initiation
of parturition were present or no evidence
of initiation of parturition. Furthermore, a
judgment about the pathway to delivery
will be made; if the pathway was caregiver
initiated, a judgment will be made about
whether the delivery was mandated clini-
cally, clinically discretionary, no docu-
mented clinical indication to suggest that it
was initiated for social reasons, or no dis-
cernible reason for “iatrogenic” delivery.
The decision to terminate the pregnancy
will also be noted (Figure).

Preterm birth phenotypes that can
be identified by the 5 components
The preterm birth phenotypes can best

be illustrated by several examples: c
Example 1
A patient delivered at 29 weeks’ gestation
might have an abnormal fetal heart rate
(from the fetal list), evidence of abruption
(from the placental list), no signs of spon-
taneous parturition, with a pathway to
delivery that was initiated by the pro-
vider because of fetal distress and sus-
pected abruption.

Example 2
A case of preterm birth at 32 weeks’ ges-
tation might include polyhydramnios
and esophageal atresia (from the fetal
list) and no finding from the placental or
maternal lists. There might be signs that
there were spontaneous initiation of par-
turition and that the pathway to delivery
was judged spontaneous.

Example 3
A case of preterm birth at 30 weeks’ ges-
tation might include, from the maternal
list: no conditions; from the fetal list: no
conditions; from the placental list: no
conditions. Signs of spontaneous par-
urition (eg, cervical shortening, con-
ractions, bleeding) were noted, and
he pathway to delivery was judged
pontaneous.

xample 4
case of preterm birth at 33 weeks’ gesta-

ion might include no conditions (from
he maternal list), no conditions (from the
etal list), and chorioamnionitis (from the
lacental list). Signs of spontaneous partu-
ition were noted, and the pathway to de-
ivery was judged spontaneous.

xample 5
inally, a preterm birth case at 37 weeks’
estation with no maternal, fetal, or pla-
ental conditions and with no evidence of
pontaneous parturition was delivered by
esarean section by maternal request be-
ause of an “extremely valuable fetus.”

What became obvious as we developed
hese and other examples is that a large
umber of scenarios could be created. This
nding emphasizes the fact that we are
ealing with many potential phenotypes
nd also explains the reason that it has been
o difficult to develop a simple, but useful,

lassification system. Attempts in the past
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to simplify the categorization (such as
splitting all preterm births into spontane-
ous and indicated groups) were easy to
adopt but have not proved particularly
useful in the identification of causes or pre-
ventive interventions. It is for this reason
that the proposed system should improve
the specificity of each preterm birth phe-
notype. Defining each phenotype by the
presence or absence of maternal, fetal, and
placental conditions, signs of parturition,
and a pathway to delivery provides more of
that specificity. Not requiring the 5 com-
ponents to be linked a priori to a single
phenotype means that this classification
system does not require any particular case
to be forced into a predefined phenotype
and allows all the relevant conditions that
are present to become part of the pheno-
type. We understand the temptation to
make the classification more manageable
by reducing the number of phenotype cat-
egories; however, at present we believe
such “lumping” will lessen our ability to
have a clear understanding of the contri-
bution of specific phenotypes to the overall
picture of preterm birth and ultimately
will hinder our efforts to determine
causes and to develop effective preven-
tive interventions.

The way forward: empiric validation
of the new system
Until this classification system actually is
used in practice, we will not know for
certain whether several phenotypes pre-
dominate. But we suspect that only a
small number will be relatively common.
For example, a common phenotype will
likely be 1 with no maternal or fetal con-
ditions but with placental inflammation
and signs of spontaneous parturition.
Another will be similar but with no pla-
cental inflammation. Therefore, the next
step would be to categorize a large num-
ber of preterm births with this system to
compare the approximate frequency of
different preterm birth phenotypes in
various clinical settings.

We believe that this classification
system should now be piloted and al-
tered as necessary and that a final ver-
sion should be agreed on by those
healthcare practitioners who are inter-
ested in preterm birth. When the sys-

tem is used, each of the components
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must have a clear and accepted definition
so that comparisons can be made be-
tween users; a list of working definitions
is provided in the Appendix for this ini-
tial phase. Future etiologic studies can
examine whether the categories show ro-
bust specificity for genetic and environ-
mental risk factors. Thesystemmayalsobe
useful for surveillance across populations
and to explain variations in time and place
overall and among phenotypes of preterm
birth. The classification system presented
here should facilitate the comparisons and
metaanalysis of data from different institu-
tionsandcountriesandshouldhelpustoun-
derstand differences between populations.

Research implications of the use
of a phenotypic classification
system of preterm birth
It is important to consider the implications
for study design, sample size calculations,
and data analysis for the use of the identi-
fied phenotypes of preterm birth as out-
come measures in randomized controlled
trials and epidemiologic studies. When fo-
cusing on a given phenotype, it is expected
that its incidence will be considerably
lower than the total preterm delivery rate
or even the “spontaneous” preterm deliv-
ery rate. This has major implications for
sample size and statistical power, which
may explain the reason that many previous
epidemiologic and intervention studies
have used the total preterm delivery rate as
the primary outcome measure. In any case,
the balance between incidence and speci-
ficity should be considered carefully when
one is designing future studies of preterm
birth. Finally, data that are collected from
studies of preterm birth should be stan-
dardized ideally to include the relevant
covariates on which data should be
ascertained.

In summary, the use of the new classi-
fication system should lead to the follow-
ing improvements: (1) clarification of
the phenotypes of preterm birth, (2) the
conduct of meaningful comparisons of
preterm birth incidence (overall and by
phenotype) between different locations
and institutions, and (3) assurance that
studies of preterm birth cause (genetic or
environmental) and interventions are

based on consistent phenotypes. f t
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APPENDIX
Definitions
Significant maternal conditions
Extrauterine infection. Significant mater-
nal infective illness that is associated with
pyrexia and the corresponding clinical
manifestations (eg, bacteremia, malaria,
and pyelonephritis).

Clinical chorioamnionitis. Clinically
suspected intrauterine infection, mani-
fest by maternal fever and rupture of the
membranes, plus 2 features from mater-
nal tachycardia, uterine tenderness, pu-
rulent amniotic fluid, fetal tachycardia,
and maternal leukocytosis.

Maternal trauma. A serious or critical
odily injury, wound, or shock (in turn
efined as a failure of the circulatory sys-

em to maintain adequate blood flow.

FEBRUARY 2012
Worsening maternal disease. Examples
nclude worsening maternal cardiac, re-
piratory, or renal disease or hemody-
amic instability that poses immediate,
ignificant, or life-threatening risk to the

other/fetus.
Uterine rupture. A defect that occurs in

the uterus and that involves the entire
uterine wall; this is symptomatic and re-
quires surgical intervention.

Preeclampsia. Gestational hyperten-
sion with proteinuria of �300 mg in a
24-hour period or 2 readings of at least
“��” on dipstick analysis of midstream
or catheter urine specimens, if no 24-
hour collection is available.

Eclampsia. Convulsions (seizures) that
occur in the presence of preeclampsia
and have no other cause.

Significant fetal conditions
Antepartum intrauterine fetal death. In-
trauterine fetal death before the onset of
labor (we recognize that, in some cases,
it will be difficult to distinguish between
recent antepartum and intrapartum
deaths; however, in the consideration of
the etiologic differences, efforts must be
made to establish the timing of the
death).

Intrauterine growth restriction. Growth
restriction (estimate fetal weight �10th
percentile) with abnormal umbilical ar-
tery blood flow, abnormal fetal heart
rate, or abnormal biophysical profile.

Abnormal fetal heart rate. Antepartum
persistently reduced short-term variabil-
ity or decelerations.

Abnormal biophysical profile. Biophys-
ical profile of �6/10.

Infection. Usually the presence of clin-
ical chorioamnionitis with fetal tachy-
cardia or neonatal sepsis.

Fetal inflammatory response syndrome.
Systemic fetal inflammation and ele-
vated fetal plasma interleukin-6 levels.

Invasive intrauterine procedures. Inva-
sive procedures that include prenatal di-
agnosis (eg, amniocentesis, chorionic
villus sampling), fetal blood sampling,
and endoscopic procedures (eg, laser ab-
lation of placental vessels, fetoscopy).

Multiple fetuses. Multiple pregnancy,
subdivided into the number of fetuses

and by chorionicity: (1) twin-twin trans-
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fusion syndrome, at any stage that is di-
agnosed on ultrasound scanning; (2)
death of a fetus in multiple pregnancy;
intrauterine death of �1 of the fetuses

ith live co-multiple fetuses that is con-
rmed by ultrasound scanning.
Fetal anomaly. Fetal structural abnor-
ality by ultrasound scanning or during

eonatal examination.
Fetal anemia. Fetal anemia that is

aused by immune factors that are sug-
ested by (1) hematocrit or hemoglobin
oncentration �2 SD below the mean
or gestational age or (2) middle cerebral
rtery Doppler peak systolic velocity of
1.5 multiples of the median.
Polyhydramnios. Excess amniotic fluid

ubjectively or objectively that is mea-
ured as amniotic fluid index above the
5th percentile for gestational age or a
aximum vertical pool of at least 8 cm.
Oligohydramnios. Reduced amniotic

uid subjectively or objectively mea-
ured as amniotic fluid index below the
th percentile for gestational age or a
aximum vertical pool of �2 cm.

Placental conditions
Histologic chorioamnionitis. The pres-
nce of inflammatory infiltrate of neu-
rophils in the chorionic plate and extra
lacental membranes. (The inflamma-
ion of amnion and chorio-decidua is de-

fined as the presence of at least 1 focus of
�5 neutrophils and is considered as se-
vere inflammation if there is diffuse neu-
trophil infiltration. The inflammation of
the chorionic plate is defined as the pres-
ence of at least 1 focus of �10 neutrophil
foci or diffused inflammation in the sub-
chorionic fibrin and is considered to be

severe inflammation if there is diffuse i
and dense infiltration of neutrophils into
the connective tissue of the chorionic
plate, or placental vasculitis.)

Histologic evidence of vasculitis/infarc-
tion/necrosis.

Other histologic/microscopic findings
(eg, villitis, thrombosis).

Abruption. Premature separation of
the placenta from the uterine wall that is
diagnosed by a combination of vaginal
bleeding, maternal abdominal pain, and
retroplacental blood clot at delivery.

Placenta previa. Implantation of the
placenta over the internal os of the
cervix.

Fetal-Maternal Hemorrhage. Evidence
of fetal-maternal hemorrhage on the
Kleihauer test.

Other placental abnormalities. Placen-
tal abnormalities that may lead to or ne-
cessitate delivery (eg, placental giant
chorioangioma, circumvallate placenta).

Evidence of parturition
Cervical shortening. Shortening of the

terine cervix on clinical and/or ultra-
ound examination.

Preterm prelabor rupture of the mem-
ranes. Rupture of the amniotic mem-
ranes before the onset of labor at �39
eeks’ gestation
Regular contractions. Regular uterine

contractions that lead to cervical efface-
ment or dilation.

Cervical dilation. Dilation of the uter-
ine cervix on clinical examination.

Bleeding. Any evidence of bleeding
from the uterus or cervix.

Unknown initiation. Cases in which it
s not possible to establish the initial step

n the parturition process.
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Pathway to delivery
Caregiver initiated
Clinically mandated. Cases in which the
caregiver initiates delivery because there
is an immediate and significant or life-
threatening risk to the mother/fetus (eg,
preterm delivery for severe maternal
preeclampsia).

Clinically discretionary. Cases in which
the caregiver initiates delivery although
there is no immediate or significant risk
to the mother/fetus but in which there
may be some evidence that delivery may
be associated with a better outcome.

No clinical indication. Cases in which
the caregiver initiates delivery for rea-
sons (such as errors in gestational age es-
timation, convenience of timing, pre-
cious fetus, maternal request) that were
stated on or inferred from the medical
records.

Pregnancy termination. Cases in which
termination is caused for reasons such as
fetal abnormality, medical contraindica-
tion to pregnancy, or maternal request.

No discernable reason. Cases in which
the caregiver initiates delivery, but there
is no documentation of any indication or
supporting information of any indica-
tion, including a range of several less-
well understood social and personal fac-
tors that are seldom documented that
could motivate a preterm birth.

Spontaneous
Regular contractions. Regular uterine con-
tractions that lead to cervical effacement
or dilation.

Augmented. Augmentation or stimu-
lation of uterine contractions by oxyto-

cin without spontaneous contractions.
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