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Mortality in preterm infants with respiratory distress
syndrome treated with poractant alfa, calfactant or beractant:
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Objective: The objective of this study is to compare all-cause in-hospital
mortality in preterm infants with respiratory distress syndrome (RDS)
treated with poractant alfa, calfactant or beractant.

Study Design: A retrospective cohort study of 14 173 preterm infants
with RDS, treated with one of three surfactants between 2005 and 2009,
using the Premier Database was done. Multilevel, multivariable logistic
regression modeling, adjusting for patient- and hospital-level factors was
performed.
Result: Calfactant treatment was associated with a 49.6% greater
likelihood of death than poractant alfa (odds ratio (OR): 1.496, 95%
confidence interval (CI): 1.014–2.209, P ¼ 0.043). Beractant treatment
was associated with a non-significant 37% increase in mortality,
compared with poractant alfa (OR: 1.370, 95% CI: 0.996–1.885,
P ¼ 0.053). No differences in mortality were observed between calfactant
and beractant treatment (OR: 1.092, 95% CI: 0.765–1.559, P ¼ 0.626).
Conclusion: Poractant alfa treatment for RDS was associated with a
significantly reduced likelihood of death when compared with calfactant
and a trend toward reduced mortality when compared with beractant.
Journal of Perinatology (2013) 33, 119–125; doi:10.1038/jp.2011.125;
published online 1 September 2011
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Introduction
Preterm births continue to increase in spite of major advances in
perinatal care, especially in developed countries.1 Prematurity and
low birth weight (LBW, < 2500 g) accounted for 16.5% of all
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infant deaths in 2005 and was the second leading cause of infant
mortality.2 Respiratory distress syndrome (RDS) is the most
common cause of respiratory distress in preterm infants and occurs
in nearly 50% of preterm infants born at less than 30 weeks of
gestation.3
Treatment with surfactant for RDS has been shown to
significantly decrease pneumothorax, and neonatal and infant
mortality.3–8 The animal-derived surfactants, poractant alfa
(Curosurf, Chiesi Farmaceutici SpA, Parma, Italy), calfactant
(Infasurf, Ony, St Louis, MO, USA) and beractant (Survanta, Abbott
Nutrition, Columbus, OH, USA) have been shown to be associated
with greater early improvement in the requirement for ventilatory
support, fewer pneumothoraces and reduced mortality when
compared with treatment with first-generation synthetic
surfactants.9,10
Nine randomized, controlled clinical trials (RCTs)11–17 and one
retrospective study18 comparing these surfactant preparations in
the setting of RDS treatment have now been published. No
significant differences in mortality were found in the four trials
that compared beractant with calfactant.11,12 Among the five trials
that compared beractant with poractant alfa,13–16 one reported
significantly lower mortality with poractant alfa in infants p32
weeks gestational age.15 Furthermore, in a meta-analysis of
comparative trials, mortality was significantly lower (relative risk:
0.57, 95% CI: 0.34–0.96, P<0.05) with poractant alfa compared
with beractant.3 In the only retrospective study published to date
comparing surfactants, Clark et al.18 found no significant
differences in all-cause mortality between beractant- and
calfactant-treated patients overall or in any birth weight (BW)
subgroups.
There are no published studies comparing mortality in preterm
infants treated with the three animal-derived surfactants available
in the US. RCTs using mortality as a primary outcome require
large sample size, are expensive, and may take several years to
complete. The difficulties with conducting comparative RCTs in
premature infants with RDS are evidenced by the premature
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interruption of studies aimed at comparing different surfactant
preparations in terms of mortality or bronchopulmonary
dysplasia due to insufficient enrollment.12 To overcome these
hurdles, we used data from a large national hospital
database to assess whether there were differences in all-cause
mortality among preterm infants treated with poractant alfa,
calfactant or beractant.
Patients and methods
A retrospective observational cohort analysis was conducted
using the US hospital administrative data from the Premier
Database.19–20 The Premier Database is a large US
hospital-based database, containing information on approximately
5.5 million annual hospital discharges (approximately onefifth of all acute care hospitalizations in the US) with day-by-day
service level detail. The Premier Data included hospitalizations
from more than 600 hospitals, approximately 30 of which
were children’s hospitals or had children’s hospital facilities.
These hospitals utilize the database for quality and
utilization benchmarking. Hospitals submit data to the database,
which undergo quality checks and validation. As well, the data are
also used by the US government agencies such as the Food
and Drug Administration and Centers for Medicare and
Medicaid Services.19,20
The analyses were conducted using de-identified data in
compliance with the Health Insurance Portability and
Accountability Act of 1996 (HIPAA). No institutional review board
approval for the study was sought, as, in addition to being HIPAA
compliant, the de-identified nature of the database would preclude
the researchers from identifying any hospital sites or patients. The
study was designed to compare all-cause in-hospital mortality,
defined by the discharge status of ‘expired’, in preterm infants
treated with poractant alfa, calfactant or beractant.
Study population
Infants were included in the study if they were discharged as an
inpatient from a Premier Database hospital from 1 January 2005,
through 31 December 2009. Inclusion criteria for the study
included having gestational age of 25–32 weeks, BW 500–1999 g,
diagnosis of RDS, age p 2 calendar days, when they received the
first dose of surfactant, and having received only one of the three
study surfactants.
Patients were excluded from the study in case of missing values
for any of the variables planned a priori to be included in the
logistic regression model, if they received more than one surfactant
during their hospitalization, or if there was evidence of congenital
abnormalities such as trisomy 13 or 18, anencephaly or dwarfism.
Information on diagnosis of RDS, gestational age at birth, BW and
congenital anomalies was obtained from International
Classification of Diseases, 9th Revision, Clinical Modification
(ICD-9) codes.
Journal of Perinatology

Statistical analysis
Patient demographics and hospital characteristics were compared
between treatment groups using the w2-test for categorical
variables. The comparison between surfactants in terms of
mortality was based on a mixed multilevel, multivariable logistic
regression model. The multilevel structure accounted for clustering
of infants within hospitals, including a random center effect in the
model.21 Other than the type of surfactant, the following patientlevel factors were included in the model to control for potentially
confounding variables: gestational age (categorized into 2-week
groups, from 25–26 weeks to 31–32 weeks), BW (categorized into
250-g groups, from 500–749 g to 1750–1999 g), gender, race, 3M
All Patient Refined Diagnosis Related Group severity of illness
category and risk of mortality category.22,23 Furthermore, the
following hospital-level factors were included as covariates: US
Census region, population served (urban/rural), teaching status
(teaching/non-teaching) and hospital size (categorization based
on the number of beds).
To assess the sensitivity of the results, three alternative models
were estimated. In the first of these, gestational age at birth was
excluded from the factors due to the potential inaccuracy in
gestational dating.24 In the second model, the covariates were
submitted to a backward selection procedure (removal from the
model if P>0.1) to reduce the number of parameters and to obtain
more stable estimates of the effects of the surfactants. In the third
sensitivity model, the year during which the hospital discharge
occurred was added as a covariate to account for potential trends in
mortality over time. All statistical analyses were performed using
SAS 9.1.3 (SAS Institute Cary, NC, USA).
Results
A total of 14 173 infants discharged from 236 hospitals were
included in the study population. Patient demographics and
hospital characteristics of the study population are shown in
Table 1.
Overall, the unadjusted all-cause in-hospital mortality rates
were 3.61% (n ¼ 184) in the poractant alfa group, 5.95%
(n ¼ 201) in the calfactant group, and 4.58% (n ¼ 261) in the
beractant group. When stratified by BW, as shown in Figure 1, the
lowest mortality rate was always observed in the poractant alfa
group, except for the category 1250–1499 g, where beractanttreated infants had the lowest mortality. Mortality was significantly
lower for infants 500–749 g, who received poractant alfa (11.72%)
than for those who received calfactant (20.67%, P<0.001) or
beractant (17.39%, P ¼ 0.011). In the 1000–1249 g BW category,
mortality was significantly higher in the calfactant group (5.46%)
than in the poractant alfa (2.67%, P ¼ 0.002) and beractant
(3.54%, P ¼ 0.035) groups.
The results of the multilevel, multivariable logistic regression
model for all-cause in-hospital mortality are shown in Figure 2.
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Table 1 Patient demographics and hospital characteristics by surfactant treatment
Poractant alfa

Calfactant

Beractant

All

n

(%)

n

(%)

n

(%)

n

(%)

5097

(100.0)

3378

(100.0)

5698

(100.0)

14 173

(100.0)

2005

653

(12.8)

832

(24.3)

1196

(21.0)

2681

(18.9)

2006
2007

918
1022

(18.0)
(20.1)

802
578

(23.7)
(17.1)

1363
1135

(23.9)
(19.9)

3083
2735

(21.8)
(19.3)

2008

1252

(24.6)

558

(16.5)

991

(17.4)

2801

(19.8)

2009

1252

(24.6)

608

(18.0)

1013

(17.8)

2873

(20.3)

25–26 weeks

1016

(19.9)

754

(22.3)

1272

(22.3)

3042

(21.5)

27–28 weeks

1309

(25.7)

936

(27.7)

1544

(27.1)

3789

(26.7)

29–30 weeks
31–32 weeks

1427
1345

(28.0)
(26.4)

909
779

(26.9)
(23.1)

1602
1280

(28.1)
(22.5)

3938
3404

(27.8)
(24.0)

495

(9.7)

329

(9.7)

506

(8.9)

1330

(9.4)

Discharges
Calendar year of discharge

Gestational age

Birth weight
500–749 g
750–999 g

1164

(22.8)

806

(23.9)

1419

(24.9)

3389

(23.9)

1000–1249 g

1160

(22.8)

770

(22.8)

1358

(23.8)

3288

(23.2)

1250–1499 g

959

(18.8)

664

(19.7)

1105

(19.4)

2728

(19.2)

1500–1749 g
1750–1999 g

806
513

(15.8)
(10.1)

498
311

(14.7)
(9.2)

822
488

(14.4)
(8.6)

2126
1312

(15.0)
(9.3)

Female

2308

(45.3)

1503

(44.5)

2618

(45.9)

6429

(45.4)

Male

2789

(54.7)

1875

(55.5)

3080

(54.1)

7744

(54.6)

2920
1343

(57.3)
(26.3)

2185
866

(64.7)
(25.6)

2763
2100

(48.5)
(36.9)

7868
4309

(55.5)
(30.4)

Hispanic

564

(11.1)

251

(7.4)

698

(12.2)

1513

(10.7)

Other

270

(5.3)

76

(2.2)

137

(2.4)

483

(3.4)

47

(0.9)

33

(1.0)

46

(0.8)

126

(0.9)

2 ¼ moderate

561

(11.0)

268

(7.9)

418

(7.3)

1247

(8.8)

3 ¼ major
4 ¼ extreme

2436
2053

(47.8)
(40.3)

1395
1682

(41.3)
(49.8)

2670
2564

(46.9)
(45.0)

6501
6299

(45.9)
(44.4)

1 ¼ minor

1401

(27.5)

725

(21.5)

1422

(25.0)

3548

(25.0)

2 ¼ moderate

1907

(37.4)

1184

(35.1)

2128

(37.3)

5219

(36.8)

3 ¼ major

1472

(28.9)

1218

(36.1)

1783

(31.3)

4473

(31.6)

317

(6.2)

251

(7.4)

365

(6.4)

933

(6.6)

371

(7.3)

648

(19.2)

450

(7.9)

1469

(10.4)
(13.3)

Gender

Race
White
Black

3M APR-DRG severity of illness
1 ¼ minor

3M APR-DRG risk of mortality

4 ¼ extreme
US census region of treating hospital
Northeast
Midwest

808

(15.9)

173

(5.1)

899

(15.8)

1880

South

2715

(53.3)

2466

(73.0)

3988

(70.0)

9169

(64.7)

West

1203

(23.6)

91

(2.7)

361

(6.3)

1655

(11.7)

P vs C

P vs B

C vs B

<0.001

<0.001

<0.001

<0.001

<0.001

0.629

0.451

0.002

0.437

0.475

0.489

0.179

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.008

<0.001

<0.001

<0.001

<0.001
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Table 1 Continued
Poractant alfa

Calfactant

Beractant

All

n

(%)

n

(%)

n

(%)

n

(%)

Urban

4758

(93.3)

3313

(98.1)

5219

(91.6)

13290

(93.8)

Rural

339

(6.7)

65

(1.9)

479

(8.4)

883

(6.2)

Teaching

3199

(62.8)

2281

(67.5)

3325

(58.4)

8805

(62.1)

Non-teaching

1898

(37.2)

1097

(32.5)

2373

(41.6)

5368

(37.9)

1

(0.02)

87

(2.6)

55

(1.0)

143

(1.0)

Population served by treating hospital

Teaching status of treating hospital

Size (no. of beds) of treating hospital
<100
100–299

698

(13.7)

441

(13.1)

824

(14.5)

1963

(13.9)

300–499

2325

(45.6)

736

(21.8)

1760

(30.9)

4821

(34.0)

500+

2073

(40.7)

2114

(62.6)

3059

(53.7)

7246

(51.1)

P vs C

P vs B

C vs B

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Abbreviations: 3M APR-DRG, 3M All Patient Refined Diagnosis Related Group; B, beractant; C, calfactant; P, poractant alfa.
P-values are based on the w2-test.
Bold values are statistically significant.

These results were supported by the sensitivity analyses
performed. The increase in the likelihood of death with
calfactant compared with poractant alfa was significant in
the first two alternative models (51.9% increase, P ¼ 0.036 in the
model excluding gestational age and 56.3%, P ¼ 0.016 in the
backward selection model) and non-significant in the third
model adding discharge year (35.0% increase, P ¼ 0.134).
The trend towards an increased mortality with beractant
compared with poractant alfa that was observed in the main model
reached statistical significance in the first two alternative
models (38.2% increase, P ¼ 0.048 and 37.7%, P ¼ 0.040,
respectively), but did not reach significance in the third
model (24.7% increase, P ¼ 0.179). In all alternative models,
no differences in mortality were observed between calfactant
and beractant.
Figure 1 Unadjusted mortality rates by BW among the three surfactant-treated
groups.

Calfactant was found to be associated with a 49.6% greater
likelihood of death than poractant alfa (odds ratio (OR): 1.496,
95% confidence intervals (CI): 1.014–2.209, P ¼ 0.043). Beractant
treatment was associated with a 37.0% increased mortality
compared with poractant alfa, but the difference did not reach
statistical significance (OR: 1.370, 95% CI: 0.996–1.885,
P ¼ 0.053). No differences in mortality were observed between
calfactant- and beractant-treated infants (OR: 1.092, 95% CI:
0.765–1.559, P ¼ 0.626).
Journal of Perinatology

Discussion
The present study retrospectively investigated, for the first time, allcause mortality among preterm infants with RDS, treated with the
three animal-derived surfactants available in the US, namely,
poractant alfa, calfactant or beractant.
To overcome the difference in the demographic characteristics
of the population investigated, which can be an intrinsic limitation
of retrospective studies, a logistic regression model adjusting for
patient and hospital factors was applied. Furthermore, the
clustering of infants within hospitals was accounted for by the
inclusion of the center effect in the model.
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Odds Ratio (95% CI), p-value

Calfactant vs. Poractant alfa

1.496 (1.014 – 2.209), 0.043

Beractant vs. Poractant alfa

1.370 (0.996 – 1.885), 0.053

1.092 (0.765 – 1.559), 0.626

Calfactant vs. Beractant
= Odds Ratio
|— —| = 95% CI
•

0.0

0.5

1.0
1.5
2.0
Mortality Odds Ratio

2.5

3.0

Figure 2 Comparison of mortality among the three surfactant-treated groups.

This model found calfactant to be associated with a significantly
greater likelihood of death than poractant alfa. Beractant was
associated with a non-significant increase in mortality,
compared with poractant alfa, and no differences were observed
between calfactant and beractant. The results obtained in
the full model were also supported by the sensitivity analyses.
The alternative models showed a statistically significant
reduction of the likelihood death with poractant alfa compared
with both calfactant and beractant, except the analysis including
discharge year, where the mortality reduction with poractant alfa
did not reach statistical significance. In particular, the model
which excluded gestational age was performed similar to the
approach followed by Clark et al.18 in the only retrospective
comparison of calfactant and beractant published in the
literature, which used BW, but not gestational age, as a key
covariate. Some evidence suggests that, despite the fact that
gestational age is a key factor in determining the outcome in
preterm infants, the methods to calculate it are not precise
unless an early first trimester fetal ultrasound was used for
estimating the gestational age.24
The unadjusted results were consistent with the adjusted model.
Overall, the unadjusted mortality rates found in this study were
3.61% for poractant alfa, 4.58% for beractant and 5.95% for
calfactant.
The results of this large retrospective study should be interpreted
and validated in the context of other evidence from the medical
literature, which report comparisons between animal-derived
surfactants. Focusing on poractant alfa and beractant, in a pilot
study of 75 preterm infants with RDS by Speer et al.,13 mortality at
28 days was 3% in the poractant alfa 200 mg kg1 group and
12.5% in the beractant 100 mg kg1 group; however, this difference
did not reach significance (adjusted OR: 0.23, 95% CI: 0.02–2.54,
P ¼ 0.23). In a prospective study of 58 RDS infants, Malloy et al.16
found no significant difference in mortality at 40 weeks between
infants receiving poractant alfa and beractant (0 vs 10%,
respectively P ¼ 0.08). A larger study by Ramanathan et al.15 in
293 RDS infants, found in those who were no more than 32 weeks

gestational age (n ¼ 270), a 3% mortality at 36 weeks postmenstrual age in the poractant alfa (200 mg kg1)-treated infants
versus 11% for beractant (100 mg kg1)- or poractant alfa
(100 mg kg1)-treated patients (P ¼ 0.034 and P ¼ 0.046,
respectively). In another RCT in 52 RDS patients, Fujii et al.17
reported that mortality was 8% in the poractant alfa 200 mg kg1
group versus 19% in the beractant 100 mg kg1 group
(P ¼ 0.27). All together, these randomized, controlled studies
consistently showed a survival advantage with poractant alfa over
beractant, although this reduction in mortality did not reach
significance in most trials due to small sample size. Therefore, the
trend towards increased mortality with beractant compared
with poractant alfa found in the present retrospective study
confirmed the findings of the smaller RCTs performed between
these two surfactants.
As far as beractant and calfactant comparisons, both RCTs and
retrospective evaluations have shown no mortality difference. The
first RCT comparing beractant and calfactant in 1997 showed no
difference in mortality between these two surfactants in the overall
population.11 Additionally, Bloom et al.12 found 10% and 11%
mortality rates at 36 weeks post menstrual age for beractant- and
calfactant-treated patients, respectively (pX0.05). Finally, in the
retrospective study by Clark et al.18 on 5169 infants, no differences
were found in mortality rates before 28 days of age between
calfactant and beractant (OR: 1, 95% CI: 0.8–1.3). Our study
confirmed the absence of differences in mortality between beractant
and calfactant in prospective as well as retrospective studies
published to date.
Lastly, no study has been published comparing mortality
between poractant alfa and calfactant. This is therefore the first
direct comparison available between these two surfactants, showing
a significant greater likelihood of death with calfactant than
poractant alfa.
Our study has certain limitations due to the retrospective nature
of the database used. Among the restrictions of the database,
information on the precise cause of death is unavailable and the
number of surfactant doses is not reliably calculable. The database
Journal of Perinatology
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also lacked reliable antenatal steroid use data, partly because
antenatal steroids may have been given to the mother before entry
into the hospital for delivery, and the Premier Database focused on
hospital data by design. It was not possible, therefore, to adjust the
model for this factor as a covariate, despite the importance that
antenatal steroid use has for improving lung function and
reducing RDS severity and its related mortality risk. However, in the
Clark et al.18 study where data on antenatal steroids were available
and the comparison between surfactants was adjusted for this
covariate, the finding of no difference in the outcome between
calfactant and beractant was coherent with our study results.
We acknowledge that the value of retrospective studies, despite
their limitations, lies in the possibility to study large patient sample
size, contributing to increased study power. This is particularly
important in the field of clinical investigation on surfactants,
where the known efficacy of treatment on mortality outcomes
implies the need for large sample size to detect even small, but
significant difference, making RCTs often unaffordable in terms of
costs and recruitment. As an example, the treatment trial published
by Bloom et al.12 required a sample size of 2080 infants to detect a
6% difference in infants alive without bronchopulmonary dysplasia
between calfactant and beractant. However, the study was
terminated prematurely after enrollment of 1361 infants (65.4% of
the target). Finally, emerging evidence shows that findings from
retrospective studies may provide the medical community with
information on drug effectiveness in real-world settings.25
The lower mortality observed in poractant alfa-treated infants
compared with calfactant or beractant prompts one to look for a
possible explanation for such different outcomes for poractant alfa
over the other two surfactants. The most likely explanation may be
due to different surfactant doses administered to the infants
included in the database, according to their US-prescribing
information: 200 mg kg1 for poractant alfa, 100 mg kg1 for
beractant and 105 mg kg1 for calfactant. Poractant alfa is the
only surfactant that has been studied using 200 mg kg1 for the
initial dose, and has been associated with faster weaning of oxygen
and peak inspiratory pressure, fewer doses and lower mortality.
Evidence from a RCT has shown that poractant alfa 200 mg kg1
is better than poractant alfa 100 mg kg1 in reducing mortality,
whereas when poractant alfa and beractant are used at the same
dose of 100 mg kg1 for the initial dose, no difference in mortality
was observed, despite the faster onset of action with poractant
alfa.15 Compared with poractant alfa 100 mg kg1, poractant alfa
200 mg kg1 has also been shown to result in longer surfactant
half-life, fewer retreatments and improved oxygenation.26 Poractant
alfa is the surfactant preparation that closely resembles
phosphatidylcholine molecular species composition of human
surfactant and contains27,28 the highest amount of polyunsaturated
fatty acid-phospholipids and plasmalogens amongst other
surfactant preparations, when normalized for phospholipid
amounts.29 These components are important for reducing viscosity
Journal of Perinatology

and interacting with surfactant protein B to regulate the adsorption
and spreading properties of the phospholipids.30
In conclusion, this large retrospective study of preterm infants
with RDS found lower mortality among infants who received
poractant alfa, compared with infants who received either
calfactant or beractant, even after adjusting for patient
characteristics such as gestational age and BW, and after
accounting for hospital characteristics and center effects. These
results in real-world settings are consistent with prior RCTs, but
provide additional significant findings that most RCTs have not
been able to provide due to their relatively small sample size.
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LETTERS TO THE EDITOR

Is there evidence for a mortality difference between natural
surfactants?
Journal of Perinatology (2013) 33, 161–162; doi:10.1038/jp.2011.196;
published online 16 February 2012

I read with interest the recent paper by Ramanathan et al.,1
that compared outcomes among neonates treated with different
animal-derived surfactants. The authors’ conclusion that poractant
alfa may offer a survival advantage over calfactant or beractant
contradicts everything we understand about the biology of natural
surfactants, and virtually all prospective clinical data we have
gathered for the past 30 years. They base their conclusion on a
retrospective review using a limited administrative data set, an
approach with inherent weaknesses that makes such a paradigmshifting claim untenable.
Their claim is not entirely new. The authors have previously
published abstracts of portions of this data set, and presented their
findings at a variety of forums since 2007. What is particularly
concerning is that in the present article the authors have omitted
important information previously presented that would underscore
some of the weaknesses of the present study. Specifically,
(1) In a previous abstract that reported from the same data source
from January 2003 through June 2006 (overlapping the
present report’s data set by 2 years) the authors note that
nearly 60% of the cases were omitted due to incomplete data.2
Omitting such a large number of cases precludes any reliable
conclusions. In the present study the authors do not state
how many cases were omitted.
(2) In a previous but separate abstract that reported from the
same data source as above, the authors found that neonatal
intensive care unit and hospital lengths of stay (LOS) were
significantly lower in poractant alfa-treated infants than in
either beractant- or calfactant-treated infants.3 Shorter LOS
coupled with lower mortality suggests that poractant alfatreated infants were significantly more mature, less ill or both.
This is consistent with a large retrospective database analysis
published earlier this year4 (although not cited by the authors
in the present study).
(3) In the present study, the authors do not report LOS and do not
case-adjust for LOS in any of their analyses. Although they
attempt to adjust for case mix and mortality risk by All Patient
Refined Diagnosis Related Groups this approach has not been
validated for this type of study, particularly when a large
percentage of the cases are omitted due to incomplete data.

There are significant pitfalls when using an administrative
database to conduct clinical research that the authors do not
adequately address. Although they did correctly note that
retrospective analyses are subject to significant bias and error, they
failed to take steps often found in retrospective studies to reduce
these risks. Specifically, there was no attempt to obtain missing
data or even verify the data that were included.
Although the authors cited several articles that they believed
are consistent with their findings, these are primarily limited
to those studies showing no clinical differences between calfactant
and beractant. Although they stated in their paper that the
results of their study ‘should be interpreted and validated in
the context of other evidence from the medical literature’,
they were unable to do so because there is simply no literature
supporting a mortality difference between natural surfactants,
as noted in a previous review5 (that the authors also failed to cite
in their paper). Moreover, the authors omitted reference to the
largest retrospective study to date comparing outcomes by natural
surfactant preparation that failed to show any differences in
mortality.4
The authors’ speculation about the reason for outcome
differences between surfactants also conflicts with the body of
evidence from animal and clinical studies. They suggest that
different doses of phospholipid may explain differences in outcome,
although the phospholipid content in all commercially available
products far exceeds the lung’s normal phospholipid pool size,6
and has not been demonstrated to affect outcome in large
randomized clinical trials. Instead, the authors cited their own
previous small trial in which a post hoc subgroup analysis
suggested that a 200 mg kg1 dose of poractant alfa was associated
with lower mortality than 100 mg kg1 doses of either poractant
alfa or beractant in preterm infants at 36 weeks postconceptional
age (P ¼ 0.05).7 This finding is inconsistent with all other
outcomes reported in their study, including survival at 28 days and
survival without chronic lung disease, which did not differ among
groups in either the overall or the subgroup analyses. It also
conflicts with data from an earlier randomized prospective trial
that included >10-fold greater numbers of poractant-treated
infants, and which found no differences in any clinically important
outcomes, including mortality, between infants treated with
200 mg kg1 poractant alfa and infants treated with 100 mg kg1.8
However, the authors did not discuss this important study
in their present report.
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Given the inherent weaknesses in this type of retrospective study,
the omission of a significant number of cases as well as important
covariates in the analysis, and the weight of previously published
data relevant to this important clinical question, the authors
should exert extreme caution in interpreting their findings. In a
recent review on this precise topic, I concluded ‘there is no valid
evidence for a mortality benefit of one surfactant preparation over
another’.5 This study by Ramanathan et al. has not altered my
assessment.
Conflict of interest
Dr Cummings has served as a consultant for ONY,
manufacturer of calfactant, and for Discovery Labs, manufacturer
of lucinactant. He currently has no financial interests with any
surfactant manufacturer.
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We would like to thank Dr Cummings for giving us the opportunity
to explain our study results. Results from nine randomized,
controlled, trials (RCTs),1–9 including the one that has been
just published (e-pub ahead of print) by Dizdar et al.9 and
meta-analyses10–12 comparing animal-derived surfactants, namely,
poractant alfa (PA), beractant (BE), bovactant (BO) and/or
calfactant (CA), have consistently shown faster weaning of
oxygen and mean airway pressure, less need for redosing, fewer
days on oxygen and mechanical ventilation, shorter length of stay
(LOS) as well as survival advantage in babies treated with PA.
These advantages with PA over BE, CA or BO are likely related to
major biological and/or biochemical differences between these
animal-derived surfactant preparations. PA contains the highest
amount of phospholipids when compared with BE or CA. Higher
amount of phospholipids has been shown to downregulate oxidative
functions in monocytes and confer better anti-inflammatory
properties.13 In addition, bacterial growth in different surfactant
preparations is influenced by microbial species and the composition
Journal of Perinatology

and dose of the surfactant. PA was bactericidal in a dose-dependent
fashion and differed from BE and BO, a surfactant preparation
similar to CA.14 PA contains the highest amount of plasmalogens
(PL) when compared with BE.15 BO contains the lowest amount of
PL.15 PL are anti-oxidant phospholipids and presence of higher
amounts of PL in the tracheal aspirates from pre-term infants has
been shown to be associated with a lower risk for bronchopulmonary
dysplasia (BPD).16 Also, the amount of surfactant-associated
protein B (SP-B) is highest in PA when compared with BE or CA.
SP-B is the most important SP in helping the phospholipids to
rapidly adsorb at the air–liquid interphase and in decreasing
surface tension. Furthermore, the phospholipid molecular species
of PA is much closer to that of human surfactant.17,18
In our paper,19 we have clearly acknowledged the limitations
of the retrospective study and took steps to minimize any
shortcomings. The major finding of lower mortality in PA-treated
infants is consistent with results from previously published small
RCTs as well as meta-analyses comparing PA and BE. None of the
studies comparing BE with CA have shown any differences in the
need for redosing, days on oxygen or mechanical ventilation, BPD
or mortality. Interestingly, Bloom et al.1 reported a higher
mortality rate in infants with a birth weight <600 g treated with CA
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mortality rate in infants with a birth weight <600 g treated with CA
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as compared with BE (63% vs 26%, P<0.007). However, this
finding was not duplicated in a retrospective study using a
database, similar to our study, published by Clark et al.20
In regards to the concern regarding results of the PA versus
BE RCT published in 2004, Ramanathan et al.6 had clearly stated,
a priori, under the methods section that they would evaluate
‘oxygen requirement at 36 weeks post-conceptional age for infants
born at p32 weeks gestation, and mortality’ as secondary
outcomes. Therefore, this was not a post hoc analysis as stated in
the review article by Holm and Cummings.21
Responses to specific comments
(1) A different study, published as an abstract in 2007, and using
the Premier database, applied a different time frame, patient
population and statistical approach, and reached similar
conclusions, namely survival advantage with PA when
compared with BE or CA.22 In the 2007 abstract, the authors
noted that 10 237 of the 24 907 patients meeting basic study
criteria were included in the adjusted analysis resulting from
the regression model; this was deemed acceptable, as unknown
(unreported, missing or invalid) values of the covariates do
not permit appropriate adjustment for case mix. In the current
study, there were 8276 patients who met the selection criteria,
yet were excluded due to unreported, missing or invalid entries
for one or more of the variables: gender, race, APR-DRG,
gestational age or birth weight. The exclusion of these left
14 173 patients for use in the revised regression models, which
now also accounted for center effects. Furthermore, the
outcome that was analyzed in this paper was limited to
mortality only.
(2) The lower mortality observed with PA treatment cannot be
attributed to the idea that a less ill or more mature population
received this treatment. In the analysis stratified by birth
weight, the lowest mortality rate was always observed in the PA
group, except for the category 1250–1499 g. In fact, our study
results of decreased mortality coupled with fewer days on
oxygen and mechanical ventilation has been reported in a
recent meta-analysis comparing porcine versus bovine-derived
surfactants.12 We did not cite the report by Trembath et al.23 in
which they described trends in surfactant use due to the clearly
different objective (no pre-specified analysis on mortality) and
population (more mature infants with no specified RDS
diagnosis) compared with our study. In the population
considered by Trembath et al.,23 it may be difficult to
demonstrate significant differences between treatments in terms
of mortality due to the limited number of deaths observed.
(3) The analysis reported in this paper19 did not have the aim
of evaluating differences between surfactants in terms of LOS.
In the recent meta-analysis12 comparing porcine versus
bovine-derived surfactants, the length of hospital stay was
significantly shorter for infants treated with PA, compared with

those treated with BE (weighted mean difference: 26.3 fewer
days (95% CI: 36.6 to 16.1); P<0.00001). Additionally, it is
not generally considered appropriate to adjust the results of
one outcome measure (for example, mortality) for another
outcome measure (LOS). Adjustments for case mix and
mortality risk by APR-DRGs are very commonly done in
studies involving large databases, such as the one that was
used in our study. The appropriateness of APR-DRG’s method
in terms of structure and statistical performance in neonatal
medicine has been extensively discussed by Muldoon.24
Moreover, only 69 patients in our study lacked APR-DRG
information, so severity of illness was accounted for in our
study. In addition, the data on maturity (gestational age
and birth weight) presented in our paper and accounted for
in our mortality regression modeling, help rule out differences
in maturity as a substantial explanation for the differences
in mortality results.
As stated previously, there have been no significant differences in
the three RCTs comparing CA with BE.1–3 In the review article by
Holm and Cummings,21 they did not state the mortality differences
between PA and BE from RCTs.
Surfactant dosing has clearly been shown to affect the clinical
outcomes. Following is the discussion by Singh et al.12 from the
most recent meta-analysis:
Despite these limitations, this meta-analysis differs from other
reviews in that it includes the largest number of RCTs comparing
poractant alfa and beractant, with a fairly large cumulative sample
size. The superior outcomes noted in this meta-analysis with
poractant alfa, compared with beractant, particularly with respect
to reductions in mortality rates, the need for redosing and initial
respiratory support, might be attributable to differences in the
biochemical and biophysical properties of poractant alfa itself or to
the initial higher dose (200 mg kg1) used. The higher dose of
poractant alfa, with greater contents of phospholipids and
surfactant-associated proteins B and C, might have resulted
in greater improvements in lung function and hence better
outcomes. Because the low dose of poractant alfa (100 mg kg1)
did not have the same effects on mortality and redosing rates
as did the high dose of poractant alfa, it seems that the greater
concentrations of phospholipids and surfactant proteins in
a given volume might be responsible for the observed
superior effects when high-dose poractant alfa is compared
with beractant at the dosage volumes recommended by the
manufacturers.
In the five RCTs comparing PA 200 mg kg1 with BE
100 mg kg1, faster weaning of oxygen and peak inspiratory
pressure, less need for redosing, fewer cases of air leaks and
clinically significant patent ductus arteriosus and earlier
extubations in PA-treated infants have been reported.4,6–9 These
acute benefits in PA-treated infants could potentially result in
Journal of Perinatology
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shorter LOS. In fact, in the most recent RCT, Dizdar et al.9 reported
significantly more infants surviving without BPD (78.7 vs 58.5%,
P ¼ 0.015) without increase in LOS in the PA-treated group versus
BE group. There was also a trend towards fewer deaths in PA- vs
BE-treated patients (9.8 vs 20%). In a meta-analysis by Fox and
Sothinathan,10 PA-treated infants were less likely to need more
than one dose than those treated with BE (37 vs 53%; RR 1.36; 95%
CI 1.08, 1.72). In a multicenter RCT, comparing high versus lowdose bovine surfactant, Surfactant-TA, Konishi et al.25 showed
significantly less intraventricular hemorrhage and BPD in pre-term
infants treated with the high dose. In a study comparing highversus low-dose BO, Gortner et al.26 reported that high-dose BO
improved oxygenation and reduced barotrauma. In a study of
single versus multiple doses of PA by Speer et al.27 multiple dose
treatment resulted in a reduced incidence of pneumothorax (18 vs
9%, P<0.001) and more importantly, a reduction in mortality
(21 vs 13%, P<0.05). Our results do not conflict with data from
an earlier randomized prospective trial that included more than
10-fold greater number of PA-treated infants.28 We did not discuss
this study because the ‘low-dose’ PA-treated group could receive a
maximum cumulative total of 300 mg kg1 or in the ‘high-dose’
group, up to a maximum cumulative total dose of 600 mg kg1.
The mean total amount of PA given in the ‘low-dose’ group
was 242 mg phospholipid per kg, probably enough to replace
the entire pulmonary surfactant pool, according to the study
authors. In this study, they did find a significant difference with
48.4% of babies in the ‘low-dose’ group needing >40% oxygen
after 3 days compared with 42.6% of those in the ‘high-dose’ group
(P<0.01). Cogo et al.29 recently reported on the pharmacokinetics
in pre-term infants treated with 100 or 200 mg kg1 of PA. The
disaturated, phosphatidyl choline (DSPC) half-life was significantly
longer and fewer babies required additional doses, as well
as improvement in oxygenation index with the higher dose
of PA. Based on evidence, European Consensus Guidelines
(2010 update)30 recommended an initial dose of 200 mg kg1 of
PA for early rescue treatment of RDS. Use of higher dose of PA has
also been endorsed by the European Association of Perinatal
Medicine.
We sincerely thank Dr Cummings for his comments and the
Journal Editor for giving us the opportunity to clarify all the issues
that were brought to our attention.
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In response to mortality in preterm infants with respiratory
distress syndrome treated with poractant alfa, calfactant or
beractant: a retrospective study
Journal of Perinatology (2013) 33, 165–166; doi:10.1038/jp.2012.163

A large subset of the data presented in the article Mortality in
preterm infants with respiratory distress syndrome treated with
poractant alfa, calfactant or beractant: a retrospective study were
published by the same authors in two abstracts in 2007.1,2 The first
abstract reported that the Curosurf population has a lower
mortality rate than Infasurf or Survanta. The second abstract
reported that the same Curosurf population had a shorter length of
stay than either the Survanta or Infasurf population. From the
initial placebo-controlled trials of lung surfactant replacement
therapy, the mortality improvement due to surfactant therapy
resulted in an increase, not a decrease, in the length of stay.
Preventing death from Respiratory Distress Syndrome will of course
produce a much longer length of stay than dying from Respiratory
Distress Syndrome. One report showed the length of stay tripled,
from 20–61 days for surfactant-treated infants compared with
placebo.3 How, in this population, was it possible for Curosurf
patients to have both a lower mortality and a shorter length of
stay? The self-evident answer is that Curosurf was administered to
more patients who had low mortality risk. Similar patients cared
for by physicians who use Infasurf and Survanta are not included
in the database, because they did not receive any surfactant therapy
at all.
The article as published, omitted the length of stay data and
reported only the mortality data. It does have multiple regression
analyses ‘correcting’ for possible differences in risk among patients

enrolled. Those techniques cannot correct for systematic differences
in patient selection. The paper omits this data, which shows that
the populations were different.
Omission of the length of stay data created an illusory ‘mortality
advantage’ for the surfactant of the study’s sponsor. I wrote Editor
Lawson in September 2011, identified the omitted data and
requested that this paper be retracted as ‘unreliable’ (which is the
standard for retractions that is used by the Committee on
Publication Ethics, which lists the Journal of Perinatology is a
member4). Dr Lawson chose not to retract the paper. The
‘unreliable’ standard is the proper one for peer-reviewed journals.
This paper as e-publishedFwithout the length of stay dataFis at
least ‘unreliable’ and should be retracted.
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Response to Dr Egan’s letter
Journal of Perinatology (2013) 33, 166–167; doi:10.1038/jp.2012.171

Thank you for the opportunity to respond to the letter from Dr Edmund
A Egan, Chief Medical Officer of ONY, Inc., manufacturer of Infasurf
(Calfactant, (CA)). In the letter by Dr Egan, he refers to the studies
presented as abstracts in 2007 (ref 1,2 in his letter) and our study
published electronically as a peer reviewed manuscript in 2011 and
included in this print issue. These are different studies, in which
different protocols, different timeframes (abstract 2007: Jan 2003 to June
2006; full publication 2011:Jan 2005 to Dec 2009) different infants,
different number of patients and different statistical models were used.
Dr Egan discusses the increased length of stay (LOS) resulting from
improvement in mortality due to surfactant therapy in studies
comparing surfactant vs placebo. Based on evidence, the introduction
of surfactant therapy has led to significantly decreased mortality and
morbidity without increasing resource utilization. The statements of
Dr Egan regarding inverse correlation between mortality and LOS are
based on a very old study (ref 3 in his letter) comparing surfactant with
placebo in a different ‘era’ of neonatology, where respiratory distress
syndrome (RDS) was the major cause of death and had a major
influence on LOS. Most important is the fact that surfactant therapy
compared with placebo has shown decrease in cost both in infants who
survived as well as in infants who died. Subsequent studies on resource
utilization are clearly different and these have reported LOS in patients
who received one of the three animal-derived surfactants.1,2 Baroutis
et al.3 reported decreased mortality and significantly shorter LOS with
poractant alfa (PA), when compared to alveofact or beractant (BE) in a
randomized, controlled trial. Fujii et al.4 reported a nonsignificant
decrease in mortality (8 vs 19%) and shorter LOS in a PA-treated group
compared with that in the BE-treated group (87 vs 97 days, P ¼ 0.179).
In two randomized, controlled trials comparing PA and BE, incidence of
patent ductus arteriosus (PDA), as well as the need for medical or
surgical ligation of PDA, were significantly less in patients treated with
PA,4,5 which might therefore contribute to shorter LOS. In a study
comparing high vs low dose surfactant therapy, LOS was shorter in the
high dose group when compared with low dose group (82 vs 99 days).6
A recently published systematic review and meta-analysis,7 demonstrated
a good correlation between higher surfactant efficacy (mortality
reduction) and reduced LOS with poractant alfa (PA). Indeed, in the
meta-analysis, PA was associated with both a significant reduced risk of
Journal of Perinatology

death vs BE (P ¼ 0.02) and a significantly shorter LOS (weighted mean
difference: 26.3 [95% CI: 36.5 to 16.07]; P<0.00001). In the
most recent randomized trial comparing PA with BE, LOS was not
increased in PA group despite a 50% reduction in mortality rate in the
PA-treated group (9.8 vs 20%).8
In light of the evidence cited above, it is incorrect to assume that
decreased mortality will automatically lead to longer LOS, especially,
when comparing treatment with different surfactants, different timing
of administration such as early vs delayed treatment, and different
doses such as high vs low dose. It is very likely that higher doses of PA
contributed to the positive results seen with PA in all the randomized,
controlled trials as well as from meta-analysis published to date.
Reasons for shorter LOS accompanying decreased mortality are likely
multifactorial. For example, in six of the randomized trials published
to date comparing PA with BE, PA treatment was associated with
faster weaning of oxygen and pressures, less need for redosing, earlier
extubations, less PDA and air-leaks, and improved survival free of
bronchopulmonary dysplasia. All of these secondary outcomes might
have contributed to the shorter LOS observed in PA treated-infants.
Furthermore, we did not omit LOS results to create an illusory
‘mortality advantage’ as stated by Dr Egan in his letter. Other
retrospective studies comparing mortality differences between
animal-derived surfactants do not include LOS amongst covariates
in the mortality analysis and therefore our manuscript is entirely
consistent with previous and also subsequent study designs in the
field of retrospective mortality analyses.9,10 In fact, Trembath
et al.,10 in a recent report involving 59 342 infants treated with
surfactants concluded that, ‘Poractant alfa and calfactant were
associated with lower incidence of morbidity and mortality as
compared to beractant in premature infants. Given that further
randomized controlled trials comparing surfactants is unlikely, our
findings suggest that the differences in efficacy might be important
for clinical practice’. Treatment with PA was associated with fewer
air leaks in the first week vs BE and CA, OR ¼ 0.80 (95% CI; 0.69,
0.94) and 0.69 (0.59, 0.82), respectively, and treatment with PA or
CA vs BE was associated with lower incidence of BPD, OR ¼ 0.92
(0.88, 0.95) and 0.89 (0.85, 0.93) and mortality, OR ¼ 0.71 (0.65,
0.77) and 0.92 (0.85, 0.99), respectively, which persisted after
adjustment.10 These study findings are entirely consistent with our
study findings and other randomized studies involving PA and BE.
Furthermore, we have clearly stated in our previous response letter
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to Dr Cummings, the reasons for not including LOS results in our
manuscript discussing mortality as the primary outcome for this
study. We used appropriate statistical methods that are typically
used with real-world outcomes studies involving large databases.
We conducted this study in an ethical manner without any
influence whatsoever from the study sponsor and it was subjected
to a rigorous peer review process, similar to any other manuscript.
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Efficacy of phototherapy devices and outcomes among extremely
low birth weight infants: multi-center observational study
BH Morris1, JE Tyson2, DK Stevenson3, W Oh4, DL Phelps5, TM O’Shea6, GE McDavid2, KP Van Meurs3,
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Objective: Evaluate the efficacy of phototherapy (PT) devices and the
outcomes of extremely premature infants treated with those devices.

Study Design: This substudy of the National Institute of Child Health
and Human Development Neonatal Research Network PT trial included
1404 infants treated with a single type of PT device during the first
24±12 h of treatment. The absolute (primary outcome) and relative
decrease in total serum bilirubin (TSB) and other measures were
evaluated. For infants treated with one PT type during the 2-week
intervention period (n ¼ 1223), adjusted outcomes at discharge and 18
to 22 months corrected age were determined.
Result: In the first 24 h, the adjusted absolute (mean (±s.d.)) and
relative (%) decrease in TSB (mg dl1) were: light-emitting diodes
(LEDs) 2.2 (±3), 22%; Spotlights 1.7 (±2), 19%; Banks 1.3
(±3), 8%; Blankets 0.8 (±3), 1%; (P<0.0002). Some findings at
18 to 22 months differed between groups.
Conclusion: LEDs achieved the greatest initial absolute reduction in TSB
but were similar to Spots in the other performance measures. Long-term
effects of PT devices in extremely premature infants deserve rigorous
evaluation.
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Introduction
The first phototherapy (PT) device used fluorescent bulbs and was
described in 1958.1 PT has long since become the primary therapy
for hyperbilirubinemia in neonates. Current options for PT include
conventional fluorescent lights (Banks), halogen spotlights (Spots),
fiberoptic blankets (Blankets) and the relatively new blue
light-emitting diode (LED) lights.2 The theoretical advantages
of LED lights include a narrow light spectrum in the blue range,
minimal heat production, power efficiency and low-maintenance
requirements.3
Although these types of PT devices are used routinely in
neonatal units around the world, there are relatively few studies
in premature infants. A few small studies have compared the
effectiveness of conventional PT with Blankets in premature
infants.4–9 Comparisons of LEDs with other types of PT have been
limited to small trials of term or preterm infants.10–13 For
extremely low birth weight (ELBW) infants, very little is known
about the efficacy of the various PT devices under ‘real world’
conditions or any effects on clinical outcomes. Important effects on
later outcomes would be most likely seen in ELBW infants whose
skin is relatively translucent and would allow deeper penetration of
the PT lights.14
The National Institute of Child Health and Human Development
(NICHD) Neonatal Research Network conducted a randomized trial
comparing the use of aggressive PT with more conservative PT
in ELBW infants.15 We used data from this trial to perform a
prospective non-randomized comparison of the effectiveness of
different PT devices in the ELBW population. Our primary outcome
was the absolute decrease in total serum bilirubin (TSB) in the first
24 h of treatment. Secondary outcomes included length of PT,
irradiance levels, proportion of infants whose TSB increased to
within 2 mg dl1 of the exchange transfusion criterion, the
incidence of medical morbidities and adverse neurodevelopmental
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outcomes. Based on their theoretical advantages, we hypothesized
that LEDs would produce the largest drop in TSB during the first
24 h of treatment. No specific hypotheses were formulated about
other outcomes.
Methods
The Neonatal Research Network trial was approved by the
Institutional Review Board of all the participating centers (see
Appendix). Written informed consent was obtained for all infants
(n ¼ 1974). Infants were stratified by birth weight (501 to 750 g
and 751 to 1000 g) and center and then randomized to either
aggressive or conservative PT. For this substudy, we excluded
infants who were initially treated with more than one type of
PT light (n ¼ 90), had type of PT-light information missing
(n ¼ 264) or received no PT in the main trial (n ¼ 216).
The remaining 1404 infants were included in evaluating the
performance of the PT devices in the first 24±12 h. (Figure 1)
Medical morbidities and neurodevelopmental outcomes were
evaluated in the 1223 infants who were treated with only one type
of PT during the 2-week intervention period.
The absolute decrease in TSB in the first 24 h was selected as
the primary outcome because it was considered the most direct
measure of the efficacy of the PT device. The pretreatment TSB was
mandatory in the first 200 infants enrolled in the PT trial but was
subsequently optional because of concerns of excessive blood loss

and refusal of consent by parents. Therefore, the TSB within 4 h
before the initial start of PT was collected and then repeated within
24±12 h in 1142 of the infants. The mean absolute and relative
change in TSB was calculated for each device group. We considered
a decrease in TSB of >1.5 mg dl1 to be clinically significant and
calculated the proportion of infants attaining this in the first 24 h
for each device group.
The criteria for starting PT, for performing an exchange
transfusion and for stopping and restarting PT during the first 14
days were previously described.15 The medical staff selected the type
of PT device. Any time PT was started it was continued for a
minimum of 24 h. PT was intensified at TSB values of 11 mg dl1
for infants 501 to 750 g and 13 mg dl1 for infants 751 to 1000 g.
The definition of ‘high TSB’ was predefined as a TSB within
2 mg dl1 of the predetermined exchange transfusion criterion
(X11 mg dl1 for 501 to 750 g infants and X13 mg dl1 for 751
to 1000 g infants). By protocol, an exchange transfusion was
indicated in both the treatment groups if the TSB exceeded the
threshold values after 8 h of intensified treatment. Among all the
infants in the main trial, two infants in the aggressive cohort and
three infants in the conservative cohort received an exchange
transfusion.
Devices were categorized as Banks, Blankets, Spots and
LEDs. The irradiance levels were maintained between 15 and
40 mW cm2 nm and were monitored by research nurses on
weekdays and by bedside nurses per nursery routine. Irradiance was

1974 Infants
enrolled in main
trial

90- Infants treated with
> 1 type of light
264- Infants with
insufficient records
216- Infants did not
receive PT

1404 eligible
for this study

LED
Initial PT 364
Exclusive 307

Died 64

Survived 243

Blankets
Initial PT 141
Exclusive 117

Died 38

Survived 79

Banks
Initial PT 435
Exclusive 378

Died 86

Survived 292

Spots
Initial PT 464
Exclusive 421

Died 78

Survived 343

Figure 1 Enrollment, PT type and survival of study patients.
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measured at the umbilicus for supine infants and the lumbar area
for prone infants using an Ohmeda Biliblanket Meter. (Biliblanket
meter no. 66000198-900; Ohmeda Medical, Laurel, MD, USA). To
minimize handling of infants treated with Blankets, the irradiance
was measured only on the first day. The mean irradiance level was
determined for each device group among the 1223 infants who
received only one type of PT light throughout the intervention
period.
Other secondary outcomes were determined for infants treated
with only one type of PT for the duration of the 14-day study
period. The secondary outcomes evaluated and included the total
duration of PT, the proportion of infants who reached a high TSB,
medical morbidities and neurodevelopmental outcomes as
determined by trained and certified examiners. Pre-discharge
medical morbidities recorded by research nurses using pre-specified
definitions included bronchopulmonary dysplasia (oxygen
administration at 36 weeks post menstrual age), patent ductus
arteriosus (PDA), retinopathy of prematurity, intraventricular
hemorrhage grade 3 or 4, necrotizing enterocolitis and death.15
Neurodevelopmental impairment at 18 to 22 months corrected age
was defined as at least one of the following: blindness (no
functional vision in either eye), severe hearing loss (any hearing
loss with bilateral hearing aids prescribed), moderate or severe
cerebral palsy, or Bayley Scales of Infant Development II mental
development index (MDI) or psychomotor development index <70
(two s.d. below the mean).16
Statistical analysis
The demographic and perinatal variables were compared by using
analysis of variance for continuous variables and w2 tests for
categorical variables. Model-based analyses were used to obtain
adjusted estimates of device effects after controlling for treatment
group, stratifying variables (center and birth weight group) and
other potential confounders (sex, race and gestational age

(continuous)), and the dichotomous measure of 5 min Apgar score
<5. Each model was initially fit with a device by treatment arm
interaction to assess the potential effect modification of treatment
on device type. Because these models showed no evidence of an
interaction, only the results for the main effect of device-type
controlling for treatment are presented. For binary outcome
measures, an overall test of device effect and adjusted relative
risk (RR) estimates (with LEDs as the reference category) were
calculated using robust Poisson regression in a generalized
estimating equation model.17 For continuous outcome measures,
the overall test of device effect and adjusted device-specific means
were obtained using general linear models. No adjustments were
made for multiple comparisons. All the analyses were conducted
using SAS (v 9.2) software (SAS Institute, Cary, NC, USA).

Results
The number and proportion of infants initially treated with each
PT device were: Spots 464 (33%), Banks 435 (31%), LEDs 364
(26%) and Blankets 141 (10%). The baseline demographics and
perinatal variables are listed in Table 1. Race was significantly
different between device types (P<0.001). Marginally significant
differences were observed for birth weight and gestational age.
Although the adjusted model showed statistically significant
differences in the pretreatment TSB across PT device types, the
small differences have doubtful clinical importance (Table 2).
The differences in the mean TSB levels 24±12 h after initial
start of PT, the absolute decrease (primary outcome) and relative
decrease in TSB across the PT devices were statistically significant
in unadjusted and adjusted models. The adjusted absolute decrease
in TSB for LEDs (2.2 mg dl1) was significantly greater than
that for Spots (1.7 mg dl1; P ¼ 0.0038), Banks (1.3 mg dl1;
P<0.0001) and Blankets (0.8 mg dl1; P<0.001). The adjusted

Table 1 Baseline characteristics
LEDs n ¼ 364

Blankets n ¼ 141

Banks n ¼ 435

Spots n ¼ 464

Birth weight (g)a
Gestational age (weeks)a

771±136
25.8±1.9

784±138
26.1±1.9

766±137
25.8±1.9

789±128
26.1±1.9

Race n (%)
Black
White
Hispanic/other

156 (43)
109 (30)
99 (27)

90 (64)
44 (31)
7 (5)

188 (43)
121 (28)
126 (29)

142 (31)
239 (52)
83 (18)

Male n (%)
5 min Apgar <5 n (%)
Age at start of PT (h)a

192 (53)
58 (16)
35±22

63 (45)
13 (9)
34±25

222 (51)
52 (12)
36±25

241 (52)
63 (14)
36±23

0.05
0.07
<0.001

Abbreviations: Banks, fluorescent lights; Blankets, fiberoptic blankets; LED, light-emitting diode; Spots, halogen spotlights.
a
Mean±s.d.
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P-value

0.42
0.17
0.62
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Abbreviations: Banks, fluorescent lights; Blankets, fiberoptic blankets; LED, light-emitting diode; NA, not available; PT, phototherapy; Spots, halogen spotlights; TSB, total serum bilirubin.
NA, adjusted model could not be performed for this variable because of small number of events.
a
Model adjusted for center, birth weight group, treatment group, device type, sex, race, 5 min APGAR <5 (yes/no) and gestational age (continuous). Denominator for each outcome was the number of infants for whom the result was known.
b
Mean±s.d.
c
TSB measured in mg dl1.
d
n (proportion).

<0.001

0.04
<0.0001
<0.0001
<0.01
<0.01
NA
<0.0001
Spots
Banks
Blankets
LEDs
Banks
Blankets

Pretreatment TSBb,c (n ¼ 1198)
7.2±3
6.8±3
6.7±3
7.0±3
7.5±3 6.9±3 7.5±3 7.3±3
b,c
±
±
±
±
±
TSB at 24 12 h after starting PT (n ¼ 1325)
4.9 2
6.5 2
5.6 2
5.4 2
5.2±2 6.3±2 6.2±2 5.6±2
b,c
±
±
±
±
±
Absolute change in TSB at 24 12 h (n ¼ 1142)
2.1 3
0.4 3
1.1 3
1.5 2
2.2±3 0.8±3 1.3±3 1.7±2
±
Relative change in TSB at 24 12 h (n ¼ 1142)
18%
4%
3%
13%
22%
1%
8%
19%
Infants with >1.5 mg dl1 drop in TSB (n ¼ 1142)d
52%
28%
38%
44%
58%
23%
40%
47%
Infants with high TSB n (%) (n ¼ 1392)d
16 (4)
13 (9)
18 (4)
16 (4)
NA
NA
NA
NA
Mean irradiance levels in first 14 days
24±6 (n ¼ 364)
27±9 (n ¼ 141)
20±6 (n ¼ 435)
24±9 (n ¼ 464)
23±6
26±8
18±6
25±9
2
b
(mW cm nm) (n ¼ 1392)
Duration of PT (h)b (Median–h) (n ¼ 1330)
66±40; (54) (n ¼ 301) 85±56; (57) (n ¼ 102) 68±42; (57) (n ¼ 358) 69±44; (58) (n ¼ 406) 65±40 85±55 76±45 70±44

Variable

Table 2 Total serum bilirubin and phototherapy results

LEDs

Unadjusted means or proportions

Spots

Adjusted means or proportions

Adjusted P-valuea
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absolute decrease in TSB for Spots was significantly greater than
that for Blankets (P ¼ 0.007) and Banks (P ¼ 0.042). The
adjusted absolute decrease in TSB for Banks compared with that
for Blankets was similar. LEDs and Spots had a similar adjusted
relative decrease in TSB (22% and 19%, respectively) and both
were significantly greater than Banks (8%; vs LEDs P ¼ 0.0025;
vs Spots P ¼ 0.032) and Blankets (1%; vs LEDs P ¼ 0.0087; vs
Spots P ¼ 0.015).
The unadjusted and adjusted proportion of infants in each
group with >1.5 mg dl1 decrease in TSB in the first 24 h of
treatment differed among the groups. LEDs were more likely to
achieve this decrease than either Blankets or Banks (P ¼ 0.0006
and P ¼ 0.0066, respectively) and Spots were more likely to achieve
this decrease than Blankets (P ¼ 0.0070). The unadjusted
proportions of infants who reached a high TSB were similar
between the device groups (P ¼ 0.74). The adjusted analyses could
not be performed for this variable because of the small number of
events in each group.
The mean irradiance levels over the intervention period were
statistically different with Banks having the lowest irradiance of all
groups. Spots and Blankets were statistically similar and had the
highest mean irradiance levels. (Table 2) The adjusted mean
duration of PT treatment was different between the device groups.
LEDs had the shortest duration of PT, significantly less than
Blankets or Banks (P ¼ 0.0011 and P ¼ 0.0014, respectively), but
not different from Spots (P ¼ 0.18). The adjusted duration of PT
for Blankets and Banks was statistically similar.
Over the 14-day intervention period, 1223 infants received a
single type of PT: LEDs 307 (25%), Blankets 117 (10%), Banks 378
(31%) and Spots 421 (34%). The medical outcomes for these
infants prior to discharge are shown in Table 3. After adjusting for
the variables in our model, the only statistically significant
comparisons were a decreased RR for PDA (RR (95% confidence
interval (CI)) 0.65 (0.44, 0.96)) and PDA or death (RR (95% CI)
0.68 (0.49, 0.92)) for infants treated with Blankets compared
with LEDs. In adjusted results not shown in Table 3, Blankets
also showed a decreased RR for PDA compared with Banks
(RR (95% CI) 0.55 (0.37, 0.82)) and Spots (RR (95% CI) 0.66
(0.46, 0.95)) and a decreased RR for PDA or death compared with
Banks (RR (95% CI) 0.60 (0.44, 0.83)) and Spots (RR (95% CI)
0.69 (0.51, 0.92)). For necrotizing enterocolitis, there was a
decreased RR for Blankets compared with Spots (RR (95% CI) 0.40
(0.17, 0.96)).
The infant outcomes at 18 to 22 months corrected age are
shown in Table 4. For death or neurodevelopmental impairment
(primary outcome of main trial), neither the unadjusted nor the
adjusted analyses showed a difference in risk among the PT
devices. The only significant infant outcomes were in relation to
MDI <85 and death or MDI <85. For MDI <85, Blankets were
associated with a decreased risk compared with LEDs (RR (95% CI)
0.68 (0.48, 0.96)), whereas Banks showed an increased risk
Journal of Perinatology
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Table 3 Outcomes at discharge for infants treated with a single type of phototherapy
Outcome
LEDs
Death within 14 days of birth
Death before discharge
IVH grade 3 or 4
Death or IVH grade 3 or 4
BPD at 36 weeks
Death or BPD at 36 weeks
PDA
Death or PDA
NEC
Death or NEC
ROP stage 3–5
Death or ROP stage 3–5

Adjusted RR (95% CI)a

Phototherapy device n (%)

29
63
80
99
112
167
155
179
36
83
48
110

(9)
(21)
(26)
(32)
(45)
(55)
(50)
(58)
(12)
(27)
(19)
(36)

Blankets
16
36
28
42
44
73
39
58
8
39
20
55

(14)
(31)
(25)
(36)
(51)
(63)
(33)
(50)
(7)
(33)
(24)
(50)

Banks
39
75
95
118
145
205
216
245
36
94
65
136

(10)
(20)
(25)
(31)
(46)
(54)
(57)
(65)
(10)
(25)
(21)
(37)

Spots
20
69
65
86
150
209
195
222
65
108
67
132

(5)
(16)
(16)
(21)
(42)
(51)
(46)
(53)
(15)
(26)
(19)
(33)

Blankets/LEDs
0.80
0.84
0.81
0.89
0.81
0.94
0.65
0.68
0.44
0.69
1.73
1.23

(0.31,
(0.45,
(0.46,
(0.55,
(0.55,
(0.71,
(0.44,
(0.49,
(0.17,
(0.41,
(0.94,
(0.84,

2.06)
1.55)
1.42)
1.44)
1.20)
1.24)
0.96)*
0.92)*
1.11)
1.17)
3.18)
1.82)

Banks/LEDs
1.10
0.77
0.92
0.95
1.00
1.00
1.17
1.12
1.18
0.95
1.50
1.11

(0.62,
(0.53,
(0.66,
(0.71,
(0.79,
(0.84,
(0.98,
(0.96,
(0.69,
(0.70,
(0.99,
(0.87,

1.97)
1.12)
1.28)
1.26)
1.26)
1.18)
1.41)
1.31)
2.02)
1.31)
2.27)
1.42)

Spots/LEDs
0.60
0.89
0.70
0.73
0.89
0.95
0.99
0.99
1.10
1.03
1.13
0.98

(0.31,
(0.60,
(0.49,
(0.53,
(0.69,
(0.79,
(0.80,
(0.82,
(0.67,
(0.74,
(0.73,
(0.76,

1.17)
1.32)
1.02)
1.01)
1.14)
1.14)
1.22)
1.18)
1.82)
1.43)
1.75)
1.27)

Abbreviations: Banks, fluorescent lights; Blankets, fiberoptic blankets; BPD, bronchopulmonary dysplasia; CI, confidence interval; IVH, intraventricular hemorrhage; LED, light-emitting
diode; NEC, necrotizing enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; RR, relative risk; Spots, halogen spotlights; TSB, total serum bilirubin.
a
Model adjusted for center, birth weight group, treatment group, device type, sex, race, 5 min APGAR <5 (yes/no) and gestational age (continuous). Device type by treatment interaction
was not significant and hence not included in the model. *P<0.05, denominator for each outcome was the number of infants for whom the result was known.

Table 4 Outcomes at 18–22 months for infants treated with a single type of phototherapy
Outcome
LEDs
Death or NDI
NDI
Death
Moderate/severe CP
Death or moderate/severe CP
Severe hearing lossb
Death or severe hearing loss
MDI <70
Death or MDI <70
MDI <85
Death or MDI <85
PDI <70
Death or PDI <70
PDI <85
Death or PDI <85
Normal gross motor function
Walk fluently
Fine pincer grasp

Adjusted RR (95% CI)a

Phototherapy device n (%)

87
151
64
11
75
8
72
70
134
139
203
47
111
95
159
177
177
197

(39)
(52)
(21)
(5)
(25)
(4)
(25)
(31)
(46)
(62)
(70)
(21)
(39)
(43)
(56)
(77)
(77)
(85)

Blankets
24
62
38
3
41
1
39
19
57
36
74
15
53
58
64
58
56
63

(35)
(58)
(33)
(4)
(37)
(1)
(35)
(28)
(53)
(52)
(69)
(22)
(50)
(78)
(60)
(78)
(76)
(85)

Banks
96
182
86
16
102
4
90
77
163
160
246
52
138
100
186
213
204
231

(37)
(53)
(24)
(6)
(28)
(1)
(25)
(30)
(47)
(62)
(71)
(20)
(40)
(38)
(54)
(78)
(75)
(85)

Spots
102
180
78
26
104
10
88
76
154
153
231
70
148
126
204
232
226
254

(35)
(49)
(20)
(9)
(27)
(3)
(23)
(26)
(41)
(52)
(62)
(24)
(40)
(43)
(55)
(77)
(75)
(84)

Blankets/LEDs
0.96
0.89
0.86
0.81
0.90
0.47
0.72
0.76
0.90
0.68
0.81
1.38
1.13
0.95
1.00
1.13
0.98
1.08

(0.69,
(0.53,
(0.47,
(0.25,
(0.54,
(0.07,
(0.42,
(0.40,
(0.63,
(0.48,
(0.64,
(0.68,
(0.76,
(0.59,
(0.74,
(0.92,
(0.79,
(0.92,

1.33)
1.50)
1.55)
2.68)
1.50)
3.31)
1.24)
1.43)
1.31)
0.96)*
1.02)
2.81)
1.69)
1.54)
1.36)
1.39)
1.21)
1.28)

Banks/LEDs
0.97 (0.81,
0.94 (0.70,
0.95 (0.67,
0.98(0.44,
0.97 (0.71,
0.49 (0.16,
0.87 (0.62,
0.96 (0.68,
0.99 (0.80,
1.23 (1.02,
1.16 (1.02,
1.06 (0.67,
1.02 (0.80,
1.14 (0.86,
1.08 (0.90,
1.06 (0.95,
0.97 (0.86,
1.09 (0.99,

1.18)
1.27)
1.35)
2.17)
1.32)
1.51)
1.22)
1.37)
1.22)
1.49)*
1.33)*
1.67)
1.30)
1.51)
1.29)
1.20)
1.10)
1.19)

Spots/LEDs
1.01
0.92
1.05
1.18
1.11
0.92
0.92
0.85
1.01
0.80
0.92
1.36
1.17
1.10
1.11
1.05
0.94
1.05

(0.82,
(0.65,
(0.72,
(0.56,
(0.80,
(0.38,
(0.64,
(0.55,
(0.79,
(0.64,
(0.79,
(0.83,
(0.90,
(0.80,
(0.91,
(0.92,
(0.82,
(0.94,

1.25)
1.31)
1.54)
2.49)
1.54)
2.25)
1.32)
1.31)
1.28)
1.00)
1.07)
2.23)
1.52)
1.51)
1.35)
1.20)
1.08)
1.16)

Abbreviations: Banks, fluorescent lights; Blankets, fiberoptic blankets; CI, confidence interval; CP, cerebral palsy; LED, light-emitting diode; MDI, mental development index; NA, not
available; NDI, neurodevelopmental impairment; PDI, psychomotor development index; RR, relative risk; Spots, halogen spotlights; TSB, total serum bilirubin.
a
Model adjusted for center, birth weight group, treatment group, device type, sex, race, 5 min APGAR <5 (yes/no) and gestational age (continuous). Device type by treatment interaction
was not significant and hence not included in the model.
b
Because of rarity of outcome, center was excluded from the model. *P<0.05, denominator for each outcome was the number of infants for whom the result was known.

compared with LEDs (RR (95% CI) 1.23 (1.02, 1.49)). In results
not shown in Table 4, Blankets had a decreased risk of MDI <85
compared with Banks (RR (95% CI) 0.55 (0.39, 0.79)) and Banks
had an increased risk compared with Spots (RR (95% CI) 1.54
Journal of Perinatology

(1.21, 1.96)). For death or MDI <85, Banks showed an increased
risk compared with the other devices: LEDs (RR (95% CI) 1.16
(1.02, 1.33)), Spots (RR (95% CI) 1.26 (1.08, 1.48)) and Blankets
(RR (95% CI) 1.43 (1.12, 1.85)).
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Discussion
Among PT devices used to treat hyperbilirubinemia in this large
group of ELBW infants, LEDs were associated with the largest
absolute decrease in TSB in the first 24±12 h of PT. LEDs and
Spots were similar for the relative decrease in TSB and duration of
treatment. LEDs performed better than Banks and Blankets but
similar to Spots in reducing TSB >1.5 mg dl1 within 24±12 h of
PT. Overall, LEDs and Spots appeared to have similar effectiveness
and duration of treatment. This information could be important
for clinicians starting PT on ELBW infants with a high TSB where
a rapid response is desired to minimize the possibility of bilirubin
encephalopathy, need for an exchange transfusion and exposure
to PT. The LED devices were effective despite a relatively lower
irradiance probably because the emitted light is in the maximally
effective range of 450 to 470 nm and not diluted with other
wavelengths that would be included in the measurement range
(400 to 520 nm) of the Ohmeda Biliblanket Meter.
Maintaining and monitoring irradiance levels will be important
for obtaining similar results in clinical practice. The NICHD PT
trial had a PT target range of 15 to 40 mW cm2 nm which
was significantly higher than the estimated irradiance of 6 to
10 mW cm2 nm used in the first NICHD PT trial.18 This irradiance
may be higher than some older PT devices can attain. Even with
the newer PT lights, the positioning of the light and distance from
the infant can dramatically affect the achieved irradiance levels
and the surface area affected.19
In this study, the poor performance of the Banks could be
related to the relatively low irradiance levels achieved either from
older PT units or positioning. The Blankets had the highest mean
irradiance level but were not very effective. A potential explanation
for this could be the skin surface area irradiated by the Blankets.
Dicken20 estimated that the fraction of the total surface area
irradiated by a Blanket to be 6% for a term infant and 9% for a
preterm infant compared with 33% for overhead banks. Tayman
recently compared overhead and underneath LED devices with
identical irradiances (30 mW cm2 nm) in infants X35 weeks.21
The results demonstrated that the overhead units were more
effective in reducing TSB levels and had a shorter duration of PT.
They theorized that the overhead unit illuminated a larger surface
area resulting in better efficacy. Our findings would support the
concept of an overhead PT system being more effective than a
system below the infant given similar irradiance levels.
In evaluating therapies, it is important to consider clinical and
neurodevelopmental outcomes beyond discharge especially in this
vulnerable population. The NICHD Neonatal Research Network PT
trial provided an opportunity to explore the possibility that different
PT lights may have divergent effects. However, our findings here
should be interpreted with caution because the assignment of PT
devices was not randomized, which introduced a potential for bias
and created device groups of different sizes, and a large number of

comparisons were performed. It is reassuring to know that for
death or neurodevelopmental impairment (primary outcome of the
NICHD PT trial) and almost all of the other outcomes, there were
no significant differences in risk among the PT devices. However,
the wide CIs for this and other outcomes do not exclude the
possibility of important differences in the long-term effects of these
commonly used devices.
There were a few differences that deserve some discussion.
Infants treated with Blankets were at lower risk for PDA and PDA or
death compared with those treated with the other PT devices. There
was also a decreased risk of NEC with Blankets compared with
Spots, however, this was not found for the combined outcome of
NEC or death. Could there be different physiological effects for an
ELBW infant lying on their back on a biliblanket vs an overhead
PT light? There have been trials showing a hemodynamic effect
from PT. In a small randomized trial, chest shielding during PT
reduced the frequency of PDA and length of hospital stay,22 but in
another trial this effect was not found.23 Benders et al24,25 has
shown hemodynamic changes in term and premature infants while
on PT, which resolved when PT was stopped. Pezzati et al26and Yao
et al27 have shown changes to the postprandial mesenteric blood
flow with conventional PT. Pezzatti et al did not find these blood
flow changes with fiber-optic PT. The recent NICHD PT trial did
not show a difference in the RR of PDA or death (RR (95% CI)
0.95, (0.88, 1.02)), PDA (RR (95% CI) 0.93 (0.86, 1.02)) or NEC
(RR (95% CI) 0.9 (0.70, 1.14)) between the aggressive and
conservative groups despite a very significant difference in the
duration of PT treatment (88 vs 35 h, P<0.001).15 These results in
a large randomized trial would argue against a causal association
between PT and PDA or NEC.
An important outcome associated with bilirubin encephalopathy
is hearing loss. We could detect no difference between the device
groups in the prevalence of severe hearing loss or severe hearing
loss and death. However, hearing loss was an infrequent outcome
limiting our power to detect associations.
The only outcomes at 18 to 22 months corrected age that
differed among the PT device groups were MDI <85 and death or
MDI <85. The results suggest that infants treated with Banks had
an increased risk for either of these outcomes compared with
the other three device types. In addition, Blankets had a decreased
risk for MDI <85 compared with LEDs but not for the composite
outcome of death or MDI <85. We do not have a plausible
biological theory to explain these findings. These differences
were not hypothesized before the study and due to the large
number of comparisons performed could be because of chance.
PT is administered to the great majority of ELBW infants. This
study represents the largest sample of ELBW infants treated with PT
and analyzed to assess the performance of the devices and the
outcomes of the infants. LED lights were the most efficient at
reducing the absolute TSB in the first 24±12 h of treatment but
were similar to Spots in the other performance measures. Our
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findings indicate short-term differences in the efficacy of the
devices used to administer this therapy and the possibility of
important differences at 18 to 22 months. Different PT devices
being developed or used in treating high-risk infants deserve
rigorous testing in randomized trials that include both short- and
long-term follow-up assessments.
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PERINATAL/NEONATAL CASE PRESENTATION

Congenital chloride diarrhea presenting in newborn as a rare
cause of meconium ileus
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Postpartum abdominal distention and meconium ileus may occur due to
intestinal obstruction, Hirschprung disease or cystic fibrosis. However, other
rare and challenging etiologies such as congenital chloride diarrhea (CCD)
should be included in differential diagnosis of such presentation. We present
a premature baby girl who had distended abdomen and lack of meconium
immediately after birth. Surgical etiology was excluded and she was
mistakenly suspected of having cystic fibrosis due to meconium ileus. CCD
was diagnosed by recognition of watery diarrhea in association with
hyponatremic, hypochloremic metabolic acidosis. Mutation analysis
confirmed the diagnosis.
Journal of Perinatology (2013) 33, 154–156; doi:10.1038/jp.2012.42

Keywords: distended abdomen; meconium ileus; congenital chloride
diarrhea

polyhydramnios. Parents were not related, reported to be healthy
and with no family history of gastrointestinal disease. Physical
examination revealed distended abdomen with no other significant
findings.
Postnatally the infant did not pass meconium and abdominal
distention increased significantly. Complete blood count, serum
electrolyte levels and kidney function tests were initially within
normal limits. Abdominal X-ray revealed diffuse dilated intestinal
loops without signs of local obstructions (Figure 1). Barium enema
showed no signs of obstruction and excluded the diagnosis of
Hirschprung disease. The working clinical diagnosis at this point
was meconium ileus caused by cystic fibrosis. Treatment consisted
of repeated mucomyst (acetylcysteine) enemas along with gastric
decompression via nasogastric tube. After 5 days meconium passed,
abdominal distention resolved and oral feeding was started. A few

Introduction
Infants born with distended abdomen and absence of meconium
passage require extensive investigation to arrive at an accurate
diagnosis. Surgical causes such as small bowel obstructions,
malrotation and Hirschprung disease should be excluded early to
avoid significant complications and high morbidity.1 Cystic fibrosis
is the main non-surgical etiology in newborns.2,3 However, other
rare etiologies should be included in the differential diagnosis. We
present a case of a premature newborn girl who was born with a
distended abdomen and absence of meconium passage that was
ultimately diagnosed as congenital chloride diarrhea (CCD).
Case
A 36-week gestation female newborn of Arab descent was delivered
by spontaneous vaginal delivery. Birth weight was 3015 g and the
Apgar score was 9 and10 at 1 and 5 min, respectively. Prenatal
ultrasound at 35 weeks gestation noted abdominal distention and
Correspondence: Dr N Elias, Pediatric Department and Pediatric Pulmonology Unit,
St Vincent Hospital, PO Box 50294, Nazareth 16102, Israel.
E-mail: nael@st-vincent-hospital.com
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Figure 1 Distended intestinal loops without signs of local obstruction.
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Table 1 Normal values at birth. Dehydration, hyponatremia, hypokalemia, hypochloremia at second week of life with normalization after NaCl and KCl solution started
Glucose (mg dl –1) Urea (mg dl –1) Creatinine (mg dl –1) Sodium (mmol l –1) Potassium (mmol l –1) Chloride (mmol l –1)
At birth
10 Days old
12 Days old
1 Week after NaCl and KCl treatment

66
70
63
88

22
51
53
23

days later, the baby developed hyponatremia, hypochloremia and
metabolic alkalosis. DNA genetic testing for mutations for cystic
fibrosis was negative. Urine chloride concentration was within
normal limits. Watery diarrhea developed and increased fecal
chloride concentration (>100 mmol l –1; normal <40 mmol l –1)
was documented (Table 1). As repeated blood and fecal electrolytes
showed same results, CCD was considered as the presumed etiology.
The infant was treated with infusion of sodium chloride and
potassium solutions resulting ultimately in normal serum sodium
concentration.
DNA sequencing revealed that the baby was homozygous for
C.559G >T disease-causing mutation in the exon 5 of SLC26A3
gene, confirming the diagnosis of CCD. Both parents were found to
be heterozygous carriers of the same mutation. At 1 year of age, the
child was thriving and developing normally.

Discussion
CCD is an autosomal recessive inherited disorder caused by a defect
in Cl /HCO3 exchange, mainly expressed in the apical brush
border of ileal and colonic epithelium, resulting in chloride-rich
diarrhea leading eventually to hypokalemia, hyponatremia and
metabolic alkalosis.1,4 CCD may also present prenatally as
polyhydramnios due to intrauterine diarrhea leading to premature
delivery.4–6 The disease is frequently found in Finland with
incidence of 1 in 30 0007 and in Arab children of Saudi Arabia and
Kuwait with incidence of 1 in 5500.8,9 In spite of this relatively
high incidence, the diagnosis is frequently delayed and confused
with other similar diseases.6-8
Intestinal obstruction of the newborn can be caused by multiple
conditions.1 Surgical conditions include intestinal atresia,
malrotation, pyloric stenosis, annular pancreas, duplication cyst
and Hirschprung disease. Common non-surgical etiologies include
cystic fibrosis and Barter syndrome.6 The clinical signs and
symptoms frequently overlap, making it difficult to distinguish
between them.7,8
Genetic testing for gene mutations causing CCD has become
available to confirm the diagnosis. Our patient was found to have
C.559G >T mutation similar to that reported in nine children
from Kuwait and Saudi Arabia.9,10 Other frequent mutations were
described in the literature such as 951–953delGGT in Finish

0.6
0.5
0.4
0.5

140
130
117
138

4.3
2.4
3.8
5.1

98
73
63
92

patients and 2025–2026insATC in Polish patients. Other rare
mutations were described as well in several other countries.11
In newborns presenting with distended abdomen and delayed
passage of meconium, both surgical causes and cystic fibrosis need
to be excluded. Co-existent metabolic disturbance such as
hypochloremic and hypokalemic metabolic alkalosis should raise
the suspicion of Barter disease as well. But clinicians should be
vigilant to look for diarrhea in these newborns and include CCD in
differential diagnosis. As seen in our case, the diagnosis was only
made at an age of 2 weeks and only after observing watery
diarrhea. Obtaining fecal samples and measuring chloride
concentration is an easy and rapid way to make the diagnosis of
CCD without delay. Making the correct diagnosis as soon as
possible is highly important as administration of early
treatment with NaCl and KCl solution supplements allows the
maintenance of normal electrolyte and acid–base balance,
normal growth and development, and favorable outcome of the
disease.12
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Novel NKX2.1 mutation associated with hypothyroidism and
lethal respiratory failure in a full-term neonate
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We report a case of lethal neonatal hypoxic respiratory failure and
hypothyroidism in an infant with a novel missense mutation in NKX2.1.
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Introduction
NKX2.1 encodes thyroid transcription factor-1, a nuclear
protein expressed in the brain, lung and thyroid during
embryonic development.1 Heterozygous mutations and deletions
in NKX2.1 are associated with Brain-Lung-Thyroid Syndrome
(BLTS, OMIM no. 610978), whose features include congenital
hypothyroidism, pulmonary dysfunction and neurological
impairment with variable phenotypic severity.2–5 We report
a novel missense mutation in NKX2.1 identified in an infant
with respiratory failure and hypothyroidism in the immediate
postnatal period.

Methods
Immunohistochemistry was performed on sequential, formalinfixed, paraffin-embedded, 5-mm lung sections on a Ventana
automated immunostainer (Ventana Medical Systems, Tucson, AZ,
USA) after antigen retrieval, using the following antibodies: thyroid
transcription factor-1 (1:50) and thyroglobulin (1:100; both mouse
monoclonal; Thermo Scientific, Rockford, IL, USA), surfactant
proteins (SP)-A (1:4000), SP-B (1:2000) and proSP-C (1:2000;
all rabbit polyclonal; Chemicon, Temecula, CA, USA), CC10/CCSP
(1:1000, rabbit polyclonal; Santa Cruz Biotechnology Inc,
Santa Cruz, CA), ABCA3 (1:1000, rabbit polyclonal; Seven Hills
Bioreagents, Cincinnati, OH, USA).
Correspondence: Dr PC Mann, Departments of Pediatrics, Division of Neonatology, University
of Washington, Seattle Children’s Hospital, 4800 Sand Point Way NE, Seattle, WA 98105, USA.
E-mail: paulmann@uw.edu
Received 1 December 2011; revised 20 March 2012; accepted 26 March 2012

Case
A female infant was born by spontaneous vaginal delivery at
39 weeks and 5 days gestation to a 22-year-old Gravida 2 Para
1 female. The pregnancy was complicated by a positive
Group B streptococcus culture treated before delivery. At birth,
meconium-stained amniotic fluid, poor respiratory effort and
cyanosis were noted. Apgar scores were 5, 6 and 7 at 1, 5 and
10 min, respectively. The infant weighed 2839 g (9th percentile).
A two-vessel cord was noted on physical examination. A chest
radiograph demonstrated bilateral hazy lung fields consistent
with respiratory distress syndrome. Despite surfactant
administration, respiratory status continued to worsen and bilateral
pneumothoraces occurred, necessitating support escalation to
high-frequency oscillatory ventilation and inhaled nitric oxide.
Hypotension developed requiring pressor support with inotropic
drips, and echocardiogram revealed severe right ventricular
dysfunction. Given persistent hypoxemic respiratory failure, the
infant was transferred to our tertiary care facility on day of
age 1 and placed on venoarterial extracorporeal membrane
oxygenation (ECMO). Following placement on ECMO, inotropic
support was no longer required.
Newborn screening revealed an elevated thyroid-stimulating
hormone of 180.7 mIU ml 1 and levothyroxine replacement was
started. Hypothyroidism was confirmed at 1 week of life with a
thyroid-stimulating hormone of 93.7 mIU ml 1 and low, normal,
free thyroxine (1.1 ng dl 1). Initial blood cultures remained
without growth. Throughout hospitalization, the infant exhibited
unremitting respiratory failure in the setting of significant
pulmonary hypertension with the right heart failure by
echocardiography. Following multiple unsuccessful attempts
to support the infant off ECMO, the decision was made to
withdraw care on day of age 28.
The combination of neonatal respiratory failure and
hypothyroidism led to clinical suspicion of BLTS and sequencing
of NKX2.1. Sequencing by Nemours Molecular Diagnostics
Laboratory (Wilmington, DE, USA) revealed a novel heterozygous
missense mutation in exon 3 of NKX2.1, c.621C > G with
resultant amino acid substitution p.Ile207Met. No mutations were

Novel NKX2.1 mutation in neonate
ES Gillett et al

158

detected in SFTPB or SFTPC, which encode SP, or ABCA3, which is
critical for surfactant metabolism.6 Although the infant’s parents
elected not to undergo genetic testing themselves, family histories
of respiratory impairment and thyroid disease were denied.
At autopsy, the lungs were severely congested (combined lung
weight 121.7 g, expected 60 g) with diffuse alteration of the
architecture by alveolar remodeling and Type II cell hyperplasia.
There was alveolar filling by granular proteinaceous material,
focally periodic acid-Schiff-positive, diastase resistant, as well
as macrophages, edema and fibrin (Figure 1b). The radial
alveolar count was markedly reduced (average 2, expected >5)7
(Figure 1a). Immunohistochemical staining for SP was
remarkable for near-complete absence of proSP-C within type II

pneumocytes (Figure 1c), but intact SP-B, SP-A, ABCA3 and
Clara cell secretory protein. Compared with age-matched controls,
there was no detectable difference in the pattern or intensity
of NKX2.1 staining (Figure 1d). By ultrastructural analysis,
numerous well-formed lamellar bodies were present within type II
pneumocytes, which comprised the majority (>75%) of the
alveolar epithelial cells. The heart (23.1 g, expected 20 g) had a
patent ductus arteriosus with no ischemic or hypertrophic change.8
The thyroid gland was symmetrical and appeared appropriate size
for age. Microscopic examination showed colloid depletion, but
normally formed follicles and follicular epithelium (Figure 2a);
expression levels of NKX2.1 (Figure 2b) and thyroglobulin
were comparable to controls. The brain weight was reduced

Figure 1 Lung histology and immunohistochemistry. (a) Diffuse alteration of lung architecture with deficient lung growth evident by close proximity of bronchioles (*)
to pleural surface (arrow; hematoxylin and eosin,  40). (b) Alveolar proteinosis with reactive type II pneumocytes reflective of altered surfactant metabolism (periodic
acid-Schiff diastase,  200). (c) ProSP-C immunoreactivity limited to rare type II pneumocytes (arrow) compared with age-matched control (insert;  200).
(d) Nuclear NKX2.1 protein within epithelium and type II pneumocytes, similar to control (insert;  200).

Figure 2 Thyroid histology and immunohistochemistry. (a) Postmortem thyroid follicular architecture (hematoxylin and eosin,  200). (b) Nuclear NKX2.1 staining
of follicular epithelial cells (  200).
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Novel NKX2.1 mutation in neonate
ES Gillett et al

159

(349 g, expected 413 g) with gross and microscopic appearance
indistinguishable from the changes seen with hypoxic ischemic
encephalopathy.8
Discussion
We report a second case of lethal neonatal respiratory distress
at birth in an infant with BLTS.9 We also discovered a novel
heterogyzous mutation in NKX2.1 predicted to encode an
p.Ile207Met amino acid substitution as causative for this BLTS
case. This mutation maps to the DNA-binding domain of NKX2.1.9
Although the parents refused genetic testing, most BLTS cases result
from spontaneous mutation. A different substitution of this same
amino acid residue, p.Ile207Phe, has been reported previously by
Maquet et al.9 in an infant with a similar clinical course. Together,
these observations suggest that disruption of this amino acid
residue might be predictive of poor outcome due to severe
pulmonary dysfunction. This hypothesis is supported by functional
studies demonstrating that p.Ile207Phe substitution results in
abnormal DNA binding and transactivation of the thyroglobulin
and SP-B genes.9
Described lung pathology in individuals with NKX2.1 mutations
is limited and varied.9–12 Although the predominant histological
feature is altered surfactant metabolism with pulmonary
alveolar proteinosis, other cases have demonstrated deficient
lung growth as the principal defect. 10 Pulmonary alveolar
proteinosis, significant pulmonary hypoplasia and a striking
reduction in proSP-C expression were all present in our case,
as well as superimposed diffuse alveolar damage. Unlike the
report by Maquet et al., 9 SP-B expression was intact. Altered
SP expression has been seen in some NKX2.1 mutations, 9 – 11
and NKX2.1 has known regulatory effects on the SP-C gene
expression. 13 Reports of thyroid pathology in individuals with
NKX2.1 mutations are variable and range from normal
architecture to hemiagenesis.9 – 11 Individuals with NKX2.1
mutations frequently have clinical and pathological
neurological brain alterations,14 but no changes beyond
those associated with hypoxic ischemic encephalopathy were
evident.
This case raised questions about the appropriateness and timing
of lung biopsy in neonates showing minimal clinical improvement
on ECMO. Although limited empirical data are available to guide
biopsy timing, a retrospective analysis of 173 neonates with acute
hypoxemic respiratory failure treated with ECMO recommended
considering lung biopsy after 7 to 10 days in infants with
symptoms of alveolar capillary dysplasia.15 Open-lung biopsy is
safe in patients on ECMO16 and might have shortened ECMO
duration in this case once lung pathology became apparent.
Earlier access to diagnostic genetic testing results might also
have facilitated decision-making about the level and length of
supportive care provided. Genetic testing results were not available

until after the infant expired off ECMO. This clinical presentation
was consistent with only a limited number of genetic diagnoses.
The targeted sequencing of NKX2.1 and screening of other
candidate genes to exclude alternative diagnoses represents a
current state-of-the-art molecular diagnostic approach. A list of
laboratories that test for NKX2.1 mutations is available at
genetests.org.17
In summary, we report the clinical characteristics of an infant
who died from severe pulmonary insufficiency caused by a novel
mutation in NKX2.1. This is the second reported case of a neonatal
death from respiratory failure due to a heterozygous NKX2.1
mutation. Screening of NKX2.1 should be considered in all
neonates who present with respiratory distress and hypothyroidism
at birth.
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Oral L-arginine supplementation and faecal calprotectin
levels in very low birth weight neonates
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Objective: The objective of this study is to determine the potential effect of
oral L-arginine supplementation on intestinal inflammation in very low
birth weight (VLBW) neonates, as estimated by faecal calprotectin levels.

Study Design: The study enrolled 83 VLBW neonates with birth weight
p1500 g and gestational age p34 weeks. In this double-blind study,
40 neonates received daily oral L-arginine supplementation of
1.5 mmol kg1 per day between the 3rd and 28th day of life, and 43
neonates placebo. Stool samples were collected on days 3, 14 and 28, and
calprotectin was measured by enzyme-linked immunosorbent assay.
Result: Calprotectin values significantly decreased over time in both
groups (P ¼ 0.032). No difference in faecal calprotectin values was
recorded between neonates receiving arginine supplementation and
neonates receiving placebo at days 3, 14 and 28.
Conclusion: Faecal calprotectin values decrease with increasing
postnatal age in VLBW infants, but this is not related to arginine
supplementation.
Journal of Perinatology (2013) 33, 141–146; doi:10.1038/jp.2012.51;
published online 3 May 2012
Keywords: arginine; calprotectin; necrotising enterocolitis; nitric oxide

Introduction
Calprotectin is a 36.5-kDa calcium and zinc-binding protein that
constitutes about 60% of all soluble cytosol proteins in human
neutrophil granulocytes.1 Its faecal measurement has been
recognised as a reliable marker for the detection of gastrointestinal
tract inflammatory activity in both children and adults. It can be a
useful biomarker of gastrointestinal mucosa inflammation, and
thus, of necrotising enterocolitis (NEC) in premature infants.2–4
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Holborn House, Du cane road, London W12 0TS, UK.
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NEC is the most common acquired gastrointestinal disease in
premature infants. In NEC, the small (most often distal) and/or
large bowel becomes injured, develops intramural air, and this may
progress to frank necrosis with perforation.5 The high mortality
and morbidity from NEC have not significantly improved during
the last 40 years.5,6 Although extensive research has investigated
the pathophysiology of NEC, a complete understanding has not
been fully elucidated.
The pathology of NEC frequently resembles intestinal ischaemia
reperfusion injury. An important regulator of vascular perfusion
is endothelial nitric oxide (NO), an anti-inflammatory
chemical mediator and vasodilator involved in the maintenance
of mucosal integrity, intestinal barrier function and regulation
of intestinal mucosal flow in the face of inflammation or
injury.7,8 Inhibition of NO synthesis in a variety of animal
models, in which bowel injury is induced, increases the area of
intestinal damage.7,8 NO is synthetised from the amino acid
L-arginine by NO synthases.
Arginine is a ‘conditionally’ essential amino acid, meaning that
endogenous arginine production covers metabolic requirements in
healthy, unstressed individuals, but becomes an essential amino
acid under conditions of increased need, for example, growth or
tissue repair, or in catabolic states, such as sepsis and starvation.9
In prematurely born human neonates, hypoargininaemia is
frequently observed10 and hypothesised to predispose such infants
to the development of NEC.11–13 A relative arginine deficiency or
immaturity of NO synthases activity in premature infants may lead
to deficient tissue NO levels, vasoconstriction and ischaemia
reperfusion injury, and may predispose to NEC. Plasma arginine
levels were found to be decreased in premature infants with
NEC,14–16 whereas other studies suggest that arginine
supplementation can reduce the incidence of NEC.17,18
The aim of this double blind study was to determine whether
arginine supplementation in very low birth weight (VLBW)
neonates reduces gut inflammation, as assessed by faecal
calprotectin concentrations.
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Methods
Neonates
The present study enrolled 83 VLBW neonates with birth weight
p1500 g and gestational age p34 weeks, as determined by the
last maternal menstrual period and Ballard scoring system,19
consecutively born in ‘Alexandra’ Hospital in Athens, Greece, between
June 2009 and September 2010. Infants were excluded if they had
lethal congenital or chromosomal abnormalities, inborn errors of
metabolism, or if the parents did not give consent. The study
protocol was approved by the Ethics Committee of the Hospital, and
all parents signed informed consent before enrolment.
Study protocol
In this double-blind study, 83 VLBW neonates were prospectively
randomly assigned either to receive a daily oral L-arginine
supplement of 1.5 mmol kg1 per day (261 mg kg1) suspended in
water for injection in two equal doses with oral feeds, from the 3rd
to the 28th day after birth (N ¼ 40; arginine group), or placebo
containing 5% glucose in equivalent volume (N ¼ 43; control
group). The pharmacy prepared dilutions of the same volume of
the oral arginine supplement and placebo containing 5% glucose,
and the nurses giving the dilutions were not aware of the diluent
constitute (not transparent bottles) and were blinded to the
allocation of patients.
The dose of arginine was based on previous studies.18 All babies
were observed for side effects, such as diarrhoea, vomiting, low
blood pressure and hypoglycaemia/hyperglycaemia.
Enteral feeds were commenced at 10 to 25 ml kg1 per day on
the first day of life (minimal feeding) and increased on the fourth
day of life, and forward by 10 to 25 ml kg1 per day as tolerated,
up to a maximum of 150 to 180 ml kg1 per day. Parenteral
amino acids (Vamin 6.5%) was started on the first day of life at
1.5 g kg1 per day and gradually increased to 3.5 g kg1 per day.
Vamin 6.5% contains 4.1 g of L-arginine per 1000 ml. Breast milk
contains about 54 mg of L-arginine per 100 ml,20 although the
actual arginine content of own mother’s milk was not measured.
Breast milk was always fortified (Nutricia, Amsterdam, Netherlands)
with two sachets of fortified breast milk/100 ml. Full-strength
breast milk fortification (two sachets in 100 ml of milk) increases
the concentration of L-arginine in the milk by 24 mg per 100 ml.
Thus, breast-fed infants received about 78 mg per 100 ml
arginine from milk. Formula-fed infants received Almiron
premature (Almiron premature, Numico, Amsterdam,
Netherlands), which contains 82.6 mg L-arginine per 100 ml, a
concentration in the recommended range of arginine in preterm
formula.21 No bank milk (donors’ milk) was used.
Clinical data
Demographic data, fluid intake, total caloric intake, total arginine
intake, total protein intake, weight and head growth were recorded.
We used an electronic scale with accuracy of 10 g to weigh babies,
Journal of Perinatology

a stadiometer to measure body length, and a non-stretchable tape
to assess head circumference.
Faecal calprotectin levels
Sample collection, sample preparation and analysis. Stool
samples were collected from the neonates’ diapers with sterile
plastic spoons and put in sterile plastic screw-cap tubes at 3rd, 14th
and 28th day after birth. All stool samples were stored at 4 1C, and
faecal calprotectin levels were measured within 3 days using
Calprotectin ELISA KIT (Bühlmann Laboratories AG, Schönenbuch,
Switzerland), according to the manufacturer’s instructions. In
detail, after the sample collection and a short extraction procedure
(1 g stool sample: 4.9 ml extraction buffer), the extract was stored
at 20 1C until the measurement of calprotectin. A sample
dilution of 1:50 was applied for all samples, which gives accurate
measurements for calprotectin values within the range of 10 to
600 mg g1 (lower range procedure). For samples exceeding
600 mg g1, a sample dilution of 1:150 was also applied, which
gives more accurate measurements for calprotectin values within
the range 600 to 1800 mg g1 (extended range procedure). All
controls and specimen was measured in duplicate.
Incidence of NEC in the first 3 months of life: diagnosis and
classification of NEC. The diagnosis and classification of NEC was
done according to modified Bells’ criteria.22–24 The neonatologists who
classified the episodes of NEC, as well as the radiologist who evaluated
the abdominal X-rays were blinded to the allocation of patients.
Sample size. We calculated that a sample size of 45 neonates in
each group will have 80% power to detect a difference in means of
60 mg g1 in calprotectin concentrations, assuming that the
common s.d. between the two groups is 100, using a two group
t-test with a 0.05 two-sided significance level. The study was not
a priori powered to detect differences in NEC incidence.
Statistical analysis. Pearson’s w2-test with continuity correction
of Fisher’s exact test were used to investigate the association
between demographic/clinical data and the groups of interest
(arginine vs control group). Day 3 values regarding faecal
calprotectin, head growth and weight were tested between arginine
and control group with independent sample t-test. Changes over
time between arginine and control group were examined as in
repeated-measures analysis mixed-effects model assigning a
random intercept for each subject.
To reduce the sample variability, faecal calprotectin was
transformed into the respective natural logarithmic scale. Sample
descriptives regarding these variables are presented by geometric
means. Significance level is set at 5%. Statistical package SAS V9.2
(SAS Institute, Cary, NC, USA) has been used for the data analysis.
Results
Between June 2009 and September 2010, 171 neonates of p34 and
birth weight p1500 g were born in ‘Alexandra’ University
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Maternity Hospital. Of these, 19 (11%) died in the first few days
of life, 4 were excluded from the study (1 was diagnosed with
phenylketonuria, 2 had known chromosomal abnormalities and
1 had severe congenital anomalies), 33 neonates had to be
transferred to other Units in the first days after birth, because of no
cot availability. Parents of 32 neonates declined consent. The
remaining 83 neonates were enrolled in the study.
The demographic data of the neonates receiving L-arginine
supplementation (arginine group, N ¼ 40) and neonates receiving
placebo (control group, N ¼ 43) are shown in Table 1. No
significant differences were noted. No neonate received postnatal

steroids. No neonate had persistent hypoglycaemia. No adverse
effects, such as diarrhoea, vomiting, low blood pressure and
hypoglycaemia/hyperglycaemia were observed in neonates
receiving arginine supplementation.
In Table 2, the incidence of common events occurring in
preterm neonates is shown. No statistically significant differences
between arginine and control groups were observed.
Table 3 describes the incidence, morbidity and mortality
associated with NEC in the two groups.
Neonates in both arginine and control group had a significant
increase in weight and head circumference over time (P<0.0001).

Table 1 Demographic data of neonates receiving oral arginine supplementation (N ¼ 40) and controls (N ¼ 43)
Neonates receiving arginine,
N ¼ 40 (%)
Sex
Male (%)
Female (%)
Weight (g)a
Gestational age (weeks)a
Singleton (%)
Twins-triplets (%)
Caesarean section (%)
Vaginal delivery (%)
Breast milk (%)
Preterm formula (%)

17 (42.5)
23 (57.5)
1168
29.2
24
16
30
10
7
33

19 (44.2)
24 (55.8)

(1095.1, 1242.2)
(28.9, 29.4)
(60)
(40)
(75)
(25)
(17.5)
(82.5)

Apgar score
1 minb
5 minb
IUGR (%)
Antenatal steroids (%)
Maternal antibiotics during labour (%)

Neonates not receiving arginine,
N ¼ 43 (%)

1127
28.8
30
14
32
11
5
38

7
8
16 (40)
32 (80)
14 (35)

(1047.1, 1207.6)
(28.5–29.1)
(70)
(30)
(74.4)
(25.6)
(11.6)
(88.4)

Statistical significance
difference

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

7
8

n.s.
n.s.

14 (32.6)
34 (79.1)
18 (42)

n.s.
n.s.
n.s.

Abbreviation: n.s., no statistical significance.
a
Mean value (±s.d.).
b
Median value.

Table 2 Incidence of common events occurring in preterm neonates in the two groups of neonates
Neonates receiving arginine,
N ¼ 40 (%)
RDS (%)
PDA (%)
PDA treated with ibuprofen (%)
IVH Grade III and IV (%)
Umbilical arterial catheter (%)
Days of umbilical arterial cathetera

31
6
4
9
26

(77.5)
(15)
(10)
(22.5)
(60.5)
7

Neonates not receiving arginine,
N ¼ 43 (%)
35
8
7
12
31

(81.4)
(18.6)
(16.3)
(27.9)
(72.1)
5.5

Statistical significance
difference
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

Abbreviations: IVH, intraventricular haemorrhage; n.s., no statistical significance; PDA, patent ductus arteriosis; RDS, respiratory distress syndrome.
a
Median value.
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Changes over time between arginine and control group concerning
weight gain and head growth were similar in both groups
(P ¼ 0.43 for weight gain and P ¼ 0.31 for head growth). Values
are presented in Table 4.
Mean calprotectin values on day 3, 14 and 28 were in the
arginine group 269.9 (187.5 to 388.4), 166.8 (109.3 to 254.6) and
112.74 (71.1 to 178.8) mg g1 versus 237.8 (170.7 to 331.3), 111
(71.6 to 172) and 126.1 (82.2 to 193.5) mg g1 in the control
group, respectively (Table 5). There was no statistically significant

difference in the mean calprotectin values between the
two groups on day 3, 14 and 28 (P ¼ 0.60, P ¼ 0.18 and
P ¼ 0.72, respectively). Moreover, comparing the calprotectin
values over time within the groups, we found that these values
significantly decreased over time in both groups (P ¼ 0.032).
This decrease over time was similar in both groups (P ¼ 0.554;
Figure 1).
There were no differences in fluid or caloric intake between
neonates receiving L-arginine supplementation and neonates

Table 3 Comparison of incidence, morbidity and mortality due to NEC in the two groups
Neonates receiving arginine,
N ¼ 40 (%)

Neonates not receiving arginine,
N ¼ 43 (%)

Statistical significance
difference

4 (10%)
17
0 (0%)
0 (0%)
8 (20%)

10 (23.3%)
15
2 (4.7%)
4 (9.3%)
8 (18.6%)

n.s.
n.s.
n.s.
P ¼ 0.045
n.s.

Incidence of NEC (stages II and III)
Age of NEC diagnosis (days)a
Surgery for NEC
Incidence of death due to NEC
Incidence of death due to other causes

Abbreviations: NEC, necrotizing enterocolitis; n.s., no statistical significance.
a
Median.

Table 4 Growth, protein, arginine, fluid and caloric intake in arginine and placebo groups on days 3, 14 and 28 after birth
Day 3
Arginine group

Day 14
Placebo group

Arginine group

Day 28
Placebo group

Arginine group

Placebo group

Weight (g)
1115 (1039.5, 1190.3) 1066 (992, 1140.4) 1251 (1167.2, 1335.6) 1197 (1105.1, 1288) 1549 (1430.4, 1666.7) 1458 (1352.1, 1563.7)
Head circumference (cm)
26.9 (26.2, 27.5)
26.7 (26.1, 27.2) 27.9 (27.4, 28.5)
27.3 (26.6, 28)
29.7 (28.9, 30.5)
29.3 (28.5, 30.1)
Total fluid intake (ml kg1 per day)
121
126
171
170
184
176
Total enteral feeds (ml kg1 per day)
17.1
14.0
85.7
61.5
160.9
139.4
Urea (mg dl1)
40
44
41
34
21
21
Total arginine intake (mg kg1 per day)a
409.4
158.3
453.7
219.3
432
171.9
Total arginine intake (mmol kg1 per day)
2.35
0.91
2.6
1.26
2.5
0.99
Total caloric intake (Kcal kg1 per day)
61.6
60.7
111.9
104.3
142
130.4
All the values expressed as mean (95% conference interval).
a
Arginine group received 1.5 mmol kg1 per day arginine supplementation.

Table 5 Comparison of faecal calprotectin values on days 3, 14 and 28
Faecal calprotectin values (mg g1)
Day 3
Total population (N ¼ 83)
Arginine group (N ¼ 40)
Placebo group (N ¼ 43)
Fortified breast milk (N ¼ 12)
Formula (N ¼ 71)

252.7
269.9
237.8
235.7
255.9

(198.7–321.4)
(187.5–388.4)
(170.7–331.3)
(102.1–544.1)
(198.8–329.4)

Abbreviations: n.s., no statistical significance.
All values are expressed as means (95% confidence intervals).
Journal of Perinatology

Statistical significant difference

Day 14
119.4
166.8
111.0
128.4
134.3

(88.0–162.2)
(109.3–254.6)
(71.6–172.0)
(69.0–238.9)
(95.1–189.8)

Day 28
133.4
112.7
126.1
98.4
124.1

(98.5–180.7)
(71.1–178.8)
(82.2–193.5)
(45.9–201.0)
(88.0–175.0)

n.s.
n.s.
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Figure 1 Comparison of mean calprotectin values (mg g1) at days 3, 14 and
28 in arginine-supplemented and control group.

receiving placebo on days 3, 14 and 28. There is a significant
difference in arginine intake due to arginine supplementation.

Discussion
In this randomised double-blind trial, our aim was to determine
whether arginine supplementation leads to lower calprotectin
values, indicating that neonates receiving arginine
supplementation have a milder inflammatory response.
Arginine supplementation was administered exclusively orally,
considering that arginine could have beneficial effect locally on the
intestinal mucosa itself, increasing proliferation and differentiation
because of the production of other amino acids and polyamines.9,25
No adverse effects from oral arginine supplementation of
1.5 mmol kg1 per day were noted. Considerably higher
therapeutic doses of L-arginine have been used (loading
600 mg kg1 followed by an infusion of 250 mg kg1 per day)
without adverse effects in the management of urea cycle
disorders.26,27
The usefulness of faecal calprotectin as a marker of bowel
inflammation remains controversial in the neonatal period because
of high levels in this age range. The reference normal upper value
for healthy adults and children ages from 4 to 17 years, regardless
of sex, is 50 mg g1.28 Several groups have reported that term and
preterm infants have a wide range and higher average faecal
calprotectin levels than healthy adults.29–34 Calprotectin values of
363 and 636 mg g1 have been recommended as a cut-off for the
detection of mild or severe enteropathy in preterm neonates,
respectively.31
A high average calprotectin value was found on day 3
(meconium before arginine supplementation) in both groups. This
is consistent with previous studies measuring calprotectin levels
in meconium in VLBW infants.35 In agreement with others,31,33
we found that faecal calprotectin decreases with postnatal age.
There was no significant difference comparing the mean
calprotectin values in the arginine and control group on day 3, 14

and 28. Possible explanations of this could be that calprotectin is
not a reliable biomarker for early diagnosis of bowel inflammation
in neonates, or that arginine supplementation in the dose used has
no effect on bowel inflammation. The target difference between the
two groups set in this study was 60 mg g1. With a much larger
sample, even a very small difference such the one found on day
28 (20 mg g1), if it exists, could be proven to be statistically
significant. We would recommend larger studies with different
doses of arginine and/or longer duration of treatment.
Interestingly, the mean calprotectin value is lower on day 28
in breast-milk-fed neonates receiving arginine supplementation,
comparing with neonates being fed with formula (with and
without arginine supplementation) and neonates receiving breast
milk without arginine supplementation, but not significantly
(Table 5). There may be a synergistic preventive action of arginine
with breast milk, and it would be interesting to investigate it in a
larger study with babies receiving breast milk with or without
arginine supplementation.
The incidence of NEC (stage II and III) in our study was found
to be higher in the control group comparing with the arginine
group (23.3% vs 10%, respectively), but this does not reach
statistical significance. A sample size of minimum 122 neonates
per group would be required to detect a reduction in the incidence
of NEC from 23.3 to 10% with a two-sided 5% significance level and
a power of 80%.
In conclusion, faecal calprotectin values decrease with
increasing postnatal age in VLBW infants, but this does not seem to
be related to arginine supplementation. Thus, either arginine has
no influence on bowel inflammation in the dose used or faecal
calprotectin is not a good biomarker for early stages of
inflammation.
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Early caffeine therapy and clinical outcomes in extremely
preterm infants
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Objective: To determine if early caffeine (EC) therapy is associated with
decreased bronchopulmonary dysplasia (BPD) or death, decreased treatment
of patent ductus arteriosus (PDA), or shortened duration of ventilation.

Study Design: In a retrospective cohort of 140 neonates p1250 g at
birth, infants receiving EC (initiation <3 days of life) were compared
with those receiving late caffeine (LC, initiation X3 days of life) using
logistic regression.
Result: Of infants receiving EC, 25% (21/83) died or developed BPD
compared with 53% (30/57) of infants receiving LC (adjusted odds ratio
(aOR) 0.26, 95% confidence interval (CI) 0.09 to 0.70; P<0.01). PDA
required treatment in 10% of EC infants versus 36% of LC infants (aOR
0.28, 95%CI 0.10 to 0.73; P ¼ 0.01). Duration of mechanical ventilation
was shorter in infants receiving EC (EC, 6 days; LC, 22 days; P<0.01).
Conclusion: Infants receiving EC therapy had improved neonatal
outcomes. Further studies are needed to determine if caffeine prophylaxis
should be recommended for preterm infants.
Journal of Perinatology (2013) 33, 134–140; doi:10.1038/jp.2012.52;
published online 26 April 2012
Keywords: methylxanthine therapy; bronchopulmonary dysplasia;
patent ductus arteriosus; neonatal outcomes

Introduction
Despite improvements in survival for very low birth weight infants
over the past two decades, bronchopulmonary dysplasia (BPD) and
patent ductus arteriosus (PDA) remain common morbidities
affecting this vulnerable population.1 Over 40% of very low birth
weight infants develop BPD based on recent estimates2 and BPD
remains the most common chronic lung disease of infancy.
Neonates with BPD are at high risk of long-term lung disease,
adverse neurodevelopmental outcomes and readmission to the
Correspondence: Dr RM Patel, Division of Neonatology, Emory University School of Medicine,
Uppergate Dr NE, 3rd floor, Atlanta, GA 30322, USA.
E-mail: rmpatel@emory.edu
Received 7 February 2012; revised 22 March 2012; accepted 2 April 2012; published online
26 April 2012

hospital in the first year of life.3 Despite the significant morbidities
associated with BPD, few safe and effective therapies are available
to prevent the disease.4,5 In addition to BPD, a persistent PDA
is a common problem affecting approximately half of neonates
<29 weeks gestation with over two-thirds receiving drug therapy
for closure and approximately one-fourth requiring surgical
closure.2 The presence of a persistent PDA is associated with
increased neonatal morbidity such as prolonged ventilation6
and, although controversial, may also increase the risk of
developing BPD.7,8
Given the adverse outcomes associated with BPD and PDA,
therapies targeted at reducing or preventing these morbidities are of
significant value. In the Caffeine for Apnea of Prematurity (CAP)
trial, caffeine therapy or placebo was initiated during the first 10
days of life (DOL) in infants weighing 500 to 1250 g at birth.9
Infants treated with caffeine had a decreased incidence of both BPD
and PDA when compared with placebo. In addition, caffeine
therapy reduced the duration of mechanical ventilation by
approximately 1 week. Importantly, caffeine therapy also resulted
in improved long-term neurodevelopmental outcomes.10 A post-hoc
analysis of the CAP trial suggested that the efficacy of caffeine may
be dependent on the timing of initiation of study drug.11 However,
the trial only included infants who met inclusion criteria by DOL
10, potentially excluding a significant group of infants who did not
meet clinical criteria for treatment.
Early caffeine (EC) therapy may carry additional benefit during
a critical period of susceptibility to both lung and brain injury in
the first few days of a premature infant’s life. We compared infants
p1250 g at birth who received caffeine early in their hospital
course with those who were treated later to determine if the timing
of caffeine therapy would impact common morbidities of prematurity.
Our primary hypothesis was that extremely preterm infants who
receive EC therapy (initiation before DOL 3) would have a decreased
incidence of BPD or death, when compared with infants who were
treated with caffeine later in their hospital course (initiation at or
after DOL 3). As secondary outcomes, we evaluated if EC initiation
would be associated with a reduction in the treatment of PDA and a
decreased duration of endotracheal ventilation.
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Methods
Patient population
This retrospective cohort study was performed at a single, regional
referral level III neonatal intensive care unit (Grady Memorial
Hospital, Atlanta, GA, USA). Infants born between January 2008 and
June 2010 were eligible for inclusion in the study if they met the
following three criteria: (1) birth weight (BW) p1250 g (2)
treatment with caffeine citrate at any point during hospital course
(3) admission to our unit within 24 h after birth. Exclusion criteria
included lack of information regarding timing of caffeine therapy
or permanent transfer to another center for continued care.
An electronic medical record database (NeoData, Isoprime
Corporation, Lisle, IL, USA) was queried to generate a list of all
patients meeting the inclusion criteria. Further data was obtained
by individual chart review. Appropriate oversight and approval was
obtained from the Emory University Institutional Review Board and
Grady Memorial Hospital Research Oversight Committee.
Definitions
Outcomes were compared by the timing of initiation of caffeine
therapy with ‘early’ defined as initiation before DOL 3 and ‘late’
defined as initiation at or after DOL 3. We selected DOL 3 as the
cutoff to divide the two groups, a priori, based on the median day
of caffeine initiation in the CAP trial. The day of caffeine initiation
was determined by the DOL at which the patient received the first
dose of caffeine therapy, with the day of birth considered DOL 0.
Caffeine therapy was initiated at the discretion of the attending
neonatologist. BPD was defined as the requirement of any
supplemental oxygen at a postmenstrual age (PMA) of 36 weeks or
on the last day of hospitalization for infants discharged before 36
weeks PMA. In-hospital mortality was calculated for all patients
who died before discharge. Pharmacologic treatment for PDA was
determined by the need for either indomethacin or ibuprofen
therapy for closure of a PDA after DOL 3. The cutoff using DOL 3
was performed to distinguish between those infants who received
prophylactic indomethacin therapy from those who were treated for
a persistent PDA. To account for infants with early mortality that
precluded potential treatment of a PDA, neonates who died during
the first 7 DOL were not included in the outcome analysis for PDA
requiring treatment. The duration of endotracheal ventilation was
determined for all infants who were ventilated at the initiation
of caffeine therapy and the end of ventilation was defined as no
endotracheal ventilation for at least 1 day. Gestational age (GA)
was determined by the best obstetrical estimate using the date of
the last menstrual period and/or dating ultrasound. The presence
of intraventricular hemorrhage and periventricular leukomalacia
were evaluated by routine ultrasound imaging interpreted by an
attending pediatric radiologist. Retinopathy of prematurity was
identified by routine screening. Infection was defined as a positive
blood culture and treatment with antibiotics for at least 7 days.
Medical necrotizing enterocolitis (NEC) was determined by a

diagnosis of NEC made by an attending neonatologist. Surgical
NEC was determined by the need for either exploratory
laparotomy or peritoneal drain placement. Postnatal steroid
use was defined as the receipt of either hydrocortisone or
dexamethasone.
BPD estimator
To allow for a validated estimation of the baseline risk of
moderate-to-severe BPD for patients in the study, a web-based BPD
outcome estimator was utilized to estimate the probability of BPD
using baseline and early clinical variables (available at https://
neonatal.rti.org).12 The BPD estimator was formulated using data
from the National Institute of Child Health and Human
Development (NICHD) Neonatal Research Network (NRN) centers,
of which Grady Memorial Hospital is a member. The estimator
included the following clinical variables that were predictive of BPD
or death: GA, BW, sex, race, ventilator type and fraction of inspired
oxygen. First, estimated probabilities of moderate-to-severe BPD,
using variables obtained on both postnatal days 1 and 3 to account
for any early changes in postnatal predictor variables, were
evaluated for individual patients in the cohort. Next, the meanpredicted probability of moderate-to-severe BPD was compared with
observed rates of BPD for the entire cohort. Last, the meanpredicted probability of BPD was compared between neonates
receiving early and late caffeine (LC) therapy to evaluate for any
potential difference in the baseline risk of BPD.
Statistical analysis
PASW 18.0 for Windows (IBM, Armonk, NY, USA) was used for all
statistical analyses. Median values with interquartile ranges were
used for continuous variables, unless indicated otherwise. Statistical
significance for unadjusted comparisons was performed using chisquare or Fisher’s exact tests for categorical variables and Wilcoxon
or Student’s t-tests for continuous variables. For outcome analyses,
logistic regression analysis with adjustment for covariates that are
predictors of neonatal morbidity and mortality were included in
separate models fit to the primary and secondary outcomes. For the
outcome of death or BPD, the following covariates were entered
into the model: BW, GA, sex, twin gestation, race, antenatal steroids
(two doses), chorioamnionitis, surfactant therapy and outborn.
Interaction between covariates was evaluated in the model and did
not significantly affect the outcome. The following covariates were
entered into the model and fit to the outcome of PDA requiring
treatment: BW, GA, outborn and surfactant therapy. Our unit has
set protocols for the use of prophylactic indomethacin therapy for
the prevention of intraventricular hemorrhage in infants <1000 g
at birth and prophylactic vitamin A therapy for the prevention
of BPD in infants <1250 g at birth. As BW was included as a
covariate in each of the models, further adjustment for the use
of prophylactic vitamin A and indomethacin therapy was not
performed. Covariates with a P-value of <0.10 or which improved
Journal of Perinatology
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the predictability of the model were included in the final model for
the outcome of death or BPD and PDA requiring treatment.
Statistical significance was defined as a P<0.05.

Results
Over a 30-month period, 176 infants who weighed p1250 g at
birth were admitted to the Grady Memorial Hospital neonatal
intensive care unit and 140 of these infants met the criteria for
inclusion into the study. Although caffeine treatment was required
for inclusion into this study, we gathered summary data for the
infants who were p1250 g at birth and did not meet criteria for
inclusion. Of the 36 infants who were excluded, 14 (39%) died
before hospital discharge and never received caffeine therapy. The
median GA and BW for these infants were 24.5 weeks and 620 g,
respectively. The remaining 22 infants who were excluded tended to
be of relatively larger GA and BW (median GA 30.2 weeks and BW
1045 g). The majority of these infants did not meet inclusion
criteria because they never received caffeine therapy, likely because
they had little, if any, apnea. The remainder of these 22 infants
were excluded because of permanent transfer to another center,
which prevented evaluation of the primary outcome, or because
they were admitted to our facility after 24 h of life. For the cohort of
140 infants who met inclusion and exclusion criteria, the median
day of caffeine initiation was DOL 2 (interquartile range 1 to 5
days) and the mean day of caffeine initiation was DOL 5.3 (s.e.m.
±0.81). For the entire cohort of 140 infants, the median GA was
27.0 weeks (interquartile range 25.5 to 28.1 weeks) and the median
BW was 910 g (interquartile range 722 to 1069 g).
Early versus late caffeine groups
We divided the cohort into two groups based on timing of caffeine
initiation. Of the 83 infants in the EC group, the median day of
initiation was DOL 1 and 80% of infants received their initial dose
of caffeine by DOL 1 (Table 1). For the 57 infants in the LC group,
the median day of initiation was DOL 6 with a wide interquartile
range (4 to 15.5 postnatal days). The median duration of caffeine
therapy was similar between the EC and LC groups (EC: 40 days,
LC: 39.5 days, P ¼ 0.60).
Patient characteristics
Although infants in the EC group were of slightly older GA (EC:
27.3 weeks, LC: 26.6 weeks, P ¼ 0.03), there was no significant
difference in BW between infants in the EC and LC groups (EC:
940 g, LC: 910 g, P ¼ 0.19; Table 1). There were no significant
differences in sex, race, twin gestation, antenatal steroid use,
chorioamnionitis, or 1 and 5 min Apgar scores between groups.
Infants in the LC group were more likely to be outborn
(EC: 3.6%, LC: 17.5%, P<0.01), although this cohort only
included outborn infants who were transferred to our center by
24 h of life. To account for these differences in baseline
Journal of Perinatology

Table 1 Patient characteristics
Characteristics

Early caffeine
(<DOL 3)

Number of patients
Initiation of caffeine therapy (DOL)
Median
Interquartile range

Late caffeine
(XDOL 3)

P-value

83

57

1
0–1

6
4–15.5

<0.01

39.5
28–61

0.60

Duration of caffeine therapy (days)
Median
40
Interquartile range
21–58
Gestational age (weeks)
Median
Interquartile range

27.3
25.6–28.7

26.6
25.3–27.7

0.03

Birth weight (g)
Median
Interquartile range

940
730–1100

910
715–1035

0.19

Sex
Male
Female

31 (37%)
52 (63%)

27 (47%)
30 (53%)

0.24

Race
White
Black
Hispanic
Other

8
59
9
7

5
46
4
2

(9%)
(81%)
(7%)
(3%)

0.52

Twin gestation
Antenatal steroidsa
Chorioamnionitis
Apgar at 1 min (median)
Apgar at 5 min (median)
Outbornb

12 (15%)
39 (47%)
12 (15%)
4
7
3 (4%)

6 (11%)
27 (47%)
7 (12%)
4
7
10 (18%)

0.49
0.97
0.71
0.66
0.86
<0.01

(10%)
(71%)
(11%)
(8%)

Abbreviation: DOL, day of life.
a
Only includes infants who received a complete course of antenatal steroids.
b
Only includes outborn infants who were admitted by 24 h of life.
Data are presented as n (%) unless indicated otherwise.

characteristics, both outborn and GA were included as covariates in
our statistical models.
Next, we evaluated neonatal morbidities and hospitalization
characteristics between those infants who received early and late
initiation of caffeine (Table 2). A similar proportion of infants in
both groups required mechanical ventilation on DOL 0 and 1,
and there was no significant difference in surfactant therapy
between the groups. There were no significant differences in
the rates of intraventricular hemorrhage, periventricular
leukomalacia, retinopathy of prematurity or infection between
groups. Additionally, there were no significant differences
in the rates of intestinal perforation, NEC or postnatal steroid use
between the groups.
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Neonatal outcomes
Infants who received EC initiation had a significantly decreased
incidence of the primary outcome of death or BPD when compared
with those infants with later initiation (EC: 25.3%, LC: 52.6%,
P<0.01) and this difference remained significant after adjustment
for important predictors of BPD (adjusted odds ratio 0.26, 95%
confidence interval 0.09 to 0.70; Table 3). This effect was
accounted for by the decreased incidence of BPD in those infants
treated with EC (EC: 23.6%, LC: 50.9%, P ¼ 0.04). In addition,
infants receiving EC had lower levels of respiratory support at
Table 2 Neonatal morbidities and hospital course
Variables

Early caffeine
(<DOL 3)

Mechanical ventilation on DOL 0–1
Surfactant therapy
No IVH
Severe IVH (grade 3 or 4)
PVL
ROP >stage 1
ROP requiring laser surgery
Infection
Intestinal perforation
Medical NEC
Surgical NEC
Postnatal steroid usea

59
59
46
12
7
20
2
16
6
8
1
11

(71%)
(72%)
(55%)
(14%)
(8%)
(30%)
(3%)
(19%)
(7%)
(10%)
(1%)
(13%)

Late caffeine
(XDOL 3)
45
48
31
8
4
21
5
17
3
10
3
12

(79%)
(84%)
(54%)
(14%)
(7%)
(41%)
(10%)
(30%)
(5%)
(18%)
(5%)
(21%)

P-value

0.30
0.09
0.90
0.94
1.00
0.20
0.24
0.15
0.74
0.15
0.30
0.22

Abbreviations: DOL, days of life; IVH, intraventricular hemorrhage; NEC, necrotizing
enterocolitis; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity.
a
Includes the use of both dexamethasone and hydrocortisone.
Data are presented as n (%).

36 weeks PMA (Supplementary Figure 1). In-hospital mortality
did not differ significantly between groups (EC: 6.0%, LC: 5.3%,
P ¼ 0.64).
Secondary outcomes included the presence of a PDA requiring
treatment and the duration of endotracheal ventilation. Infants
receiving EC had a significantly decreased need for pharmacologic
or surgical treatment of a PDA when compared with infants
receiving later therapy (EC: 10.4%, LC: 36.4%, P ¼ 0.01; Table 3).
To evaluate the association between total median duration of
endotracheal ventilation and timing of caffeine therapy, we
evaluated the duration of endotracheal ventilation in infants who
were ventilated at the initiation of caffeine therapy. The duration of
endotracheal ventilation was significantly lower in infants receiving
EC compared with LC (EC: 6 days, LC: 22 days, P<0.01). The
median duration of ventilation after caffeine was initiated was
similar between both groups (EC: 4 days, LC: 5 days).
To determine if the association between EC therapy and
improved neonatal outcomes was specific to a particular subgroup
of patients, BW-specific outcomes were evaluated (Table 4). Infants
<750 g at birth who received EC had a lower incidence of BPD or
death (EC: 52%, LC: 94%, P<0.01) while being closely matched in
both GA (EC: 25.1 weeks, LC: 25.0 weeks, P ¼ 0.54) and BW (EC:
620 g, LC: 610 g, P ¼ 0.80). The frequency of PDA requiring
treatment was significantly lower in infants with a BW between 750
and 999 g, and the duration of ventilation was significantly lower
in each BW subgroup.
Finally, the BPD estimator was used to assess the probability of
developing moderate-to-severe BPD using clinical characteristics
from the first few days of life (postnatal day 1 and 3) to compare
the baseline risk of BPD between groups (Table 5). For the entire

Table 3 Neonatal outcomes by timing of caffeine initiation
Outcomes

Primary outcome
Death or BPDa
Death
BPDb
Secondary outcomes
PDA requiring treatmentc,d
Pharmacologic only
Surgical
Duration of ventilation (median days)e

Early caffeine
(<DOL 3)

Late caffeine
(XDOL 3)

Odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

P-value

21 (25%)
5 (6%)
17 (24%)

30 (53%)
3 (5%)
27 (51%)

0.31 (0.15–0.63)
1.15 (0.26–5.03)
0.30 (0.14–0.64)

0.26 (0.09–0.70)
1.47 (0.30–7.26)
0.33 (0.11–0.98)

<0.01
0.640
0.04

8 (10%)
7 (9%)
1 (1%)
6

20 (36%)
15 (27%)
5 (9%)
22

0.20 (0.08–0.51)

0.28 (0.10–0.73)

0.01

<0.01

Abbreviations: BPD, bronchopulmonary dysplasia; CI, confidence interval; DOL, days of life; PDA, patent ductus arteriosus.
a
Outcome adjusted for gestational age, birthweight, sex, chorioamnionitis, surfactant therapy and antenatal steroid use.
b
One infant died after developing BPD.
c
Outcome adjusted for gestational age, birthweight and outborn.
d
Eight infants were not included in the analysis (four died within 7 days of birth, four lacked details regarding PDA treatment).
e
For infants ventilated at initiation of caffeine therapy.
Data are presented as n (%) unless indicated otherwise.
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Table 4 Neonatal outcomes by timing of caffeine initiation and by birthweight
subgroup
Early caffeine
(<DOL 3)
Subgroup characteristics
Gestational age, median (weeks)
<750 g
25.1
750–999 g
26.9
1000–1250 g
28.7

Late caffeine
(XDOL 3)

P-value

25.0
26.1
27.7

0.54
0.16
<0.01

620
860
1120

610
879
1073

0.80
0.58
0.06

11 (52)
9 (31)
1 (3)

17 (94)
10 (53)
3 (15)

<0.01
0.14
0.15

PDA requiring treatment, n (%)b
<750 g
4 (22)
750–999 g
2 (8)
1000–1250 g
2 (6)

6 (35)
11 (61)
3 (15)

0.47
<0.001
0.35

29
20
7

0.04
<0.01
<0.01

Birth weight, median (g)
<750 g
750–999 g
1000–1250 g
Subgroup outcomes
Death or BPD, n (%)a
<750 g
750–999 g
1000–1250 g

Duration of ventilation, median (days)c
<750 g
10
750–999 g
3
1000–1250 g
2

Abbreviations: BPD, bronchopulmonary dysplasia; DOL, days of life; PDA, patent ductus
arteriosus.
a
One infant died after developing BPD.
b
Eight infants were not included in the analysis (four died within 7 days of birth, four
lacked details regarding PDA treatment).
c
For infants ventilated at initiation of caffeine therapy.

cohort, the mean-predicted probability of moderate-to-severe BPD
was similar to the observed incidence of BPD, confirming the utility
of the BPD estimator in this population of infants. Next, we
assessed the probability of moderate-to-severe BPD in the EC and
LC groups using baseline variables and predictor variables obtained
on both postnatal days 1 and 3. The mean probability of
developing moderate–to-severe BPD was similar between infants
treated with EC and LC. In contrast, the observed incidence of BPD
was significantly different between groups, suggesting that EC may
potentially modify the risk of moderate-to-severe BPD.
Discussion
In this study, early initiation of caffeine therapy before DOL 3 in
infants p1250 g at birth was associated with decreased neonatal
morbidity. Infants who received EC had approximately one-half the
incidence of BPD or death when compared with infants undergoing
Journal of Perinatology

Table 5 Predicted probability of BPD
Predicted and observed
risk of BPD
All infants Early caffeine Late caffeine
(DOL <3)
(DOL X3)
Probability of BPD on
postnatal day 1
(mean)b,c
Probability of BPD on
postnatal day 3
(mean)b,c
Observed incidence of
BPDd

P-valuea

31%

29%

32%

0.32

31%

30%

33%

0.43

31%

24%

51%

<0.01

Abbreviations: BPD, bronchopulmonary dysplasia; DOL, days of life.
a
Comparison of mean probability of BPD between early and late caffeine groups
performed using Student’s t-test.
b
Prediction of BPD by postnatal age uses NIH definition and derived from web-based
estimator (available at https://neonatal.rti.org).
c
Of the 140 infants, 15 were not included. Four infants lacked data regarding fraction of
inspired oxygen, 11 infants had variables outside of range for web-based calculator (9
with race/ethnicity outside of range and 2 with gestational age outside range).
d
For observed incidence, BPD was defined as any oxygen requirement at 36 weeks
postmenstrual age (study definition).

later therapy. Importantly, this difference remained significant after
adjusting for baseline differences between groups, including
primary predictors of neonatal morbidity and mortality.13
Additionally, infants <750 g who are considered to be at the
highest risk for BPD or death, demonstrated the strongest
association between EC initiation and decreased incidence of
BPD or death. We utilized the BPD estimator to further characterize
the baseline risk of BPD between both EC and LC groups.
The results from the BPD estimator reassured us that infants
who received EC therapy did not represent a group that had a
lower baseline risk of BPD.
Given the limited number of therapies available for targeting
the prevention of BPD, optimizing the use of a therapy that has
been shown to be both safe and effective in reducing BPD may be
an ideal strategy to decrease the burden of neonatal respiratory
morbidity. Caffeine is a potential drug of choice for the prevention
of BPD in very low birth weight infants.4 In addition, caffeine is
one of the most commonly used medications in the neonatal
intensive care unit,14 and it remains a highly cost-effective
therapy.15 Mechanistically, EC initiation may decrease pulmonary
morbidity by improving pulmonary function and enhancing
central respiratory drive. Caffeine therapy has been shown to
improve lung function by improving minute ventilation,16
pulmonary mechanics17,18 and respiratory muscle contractility.19
Additional potential benefits of methylxanthines include the
protection of lung tissue against damage from injury.20,21 Our
findings suggest that early initiation during a period of critical
susceptibility to injury may be necessary to confer the maximal
benefit of caffeine therapy.
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Interestingly, we found that EC initiation was associated with
a decreased incidence of PDA requiring treatment. Potential
mechanisms of action for this effect include diuresis and altered
fluid balance,22 increased cardiac output and blood pressure23
or an improvement in overall pulmonary mechanics. Although
caffeine may also affect several signaling molecules involved
in ductal constriction, investigations on this effect are still
inconclusive.24–26 Possibly, improved respiratory morbidity in
the neonate reduces the likelihood of a PDA requiring
treatment, although the management of pharmacological and
surgical ductal closure remains a controversial area of
practice.27
The physiologic effects of caffeine may increase the success
of early initial continuous positive airway pressure therapy or
facilitate weaning from the ventilator and result in a reduction of
endotracheal ventilation and protection against associated lung
injury. These potential benefits of caffeine therapy are supported by
findings in our study in which EC initiation was associated with an
approximately 2 week decrease in the duration of endotracheal
ventilation. Our findings are consistent with results from the CAP
trial in which caffeine treatment resulted in approximately 1 week
less of positive pressure ventilation.9 In addition, a recent Cochrane
analysis concluded that methylxanthine prophylaxis increases the
chance of successful extubation within 1 week of treatment.28
In our study, neonates successfully discontinued the use of
endotracheal ventilation within 4 to 5 days following initiation of
caffeine therapy, regardless of whether they received early or late
caffeine initiation.
Although our study did not identify any potential adverse effects
associated with the early initiation of caffeine therapy, the small
sample size limited detection of clinically significant differences.
Prior studies have raised concerns regarding the vasoconstrictive
effects of caffeine therapy.29 Potentially, these vasoconstrictive
effects may be amplified by concomitant administration of
prophylactic indomethacin therapy, which also has vasoconstrictive
properties.30 However, a large, multicenter randomized controlled
trial did not identify any safety concerns related to the use of
caffeine citrate.9,10
Limitations of this study include its design as a single-center,
retrospective cohort study with a predominately African-American
population. In addition, we were unable to ascertain the indication
for caffeine therapy in each patient and no institutional protocol
directed caffeine use. Although we did not evaluate long-term
effects in our study, caffeine treatment has been shown to
reduce the incidence of long-term neurologic impairment and
cerebral palsy.10 The role of caffeine in protection against
neurodevelopmental impairment may be explained, in part, by
its effect on improving respiratory morbidity. However, a recent
investigation demonstrating improved white matter microstructural
development in caffeine-treated infants suggests that other
unidentified mechanisms of action are likely to play a role.31

Although the retrospective study design prohibits the establishment
of causality and differences in patient characteristics may have
influenced the timing of caffeine initiation, we attempted to
account for these differences in baseline characteristics through
both adjustments in our statistical models and the use of subgroup
analyses. However, we acknowledge our inability to control for all
factors that are reflective of early severity of illness or that
potentially influenced the clinical outcomes. Our findings of
decreased BPD in infants receiving EC, although indicative
of a substantial benefit for at-risk preterm infants, remain
hypothesis-generating and necessitate additional investigation
including validation in a large, multicenter cohort of
patients.
In conclusion, our results demonstrate that EC initiation is
associated with decreased BPD in extremely preterm infants. Given
the limited number of safe and well-studied therapies that are
effective in decreasing the burden of BPD,4,5 caffeine remains a
potential first-line therapy of choice for the prevention of BPD
in preterm infants. Optimizing the timing of caffeine therapy by
initiating earlier treatment or by instituting universal prophylaxis
may carry additional benefits over its conventional use as a
treatment for apnea of prematurity or for facilitation of extubation.
Our data suggest that the treatment effect of EC use may be
substantial compared with later initiation. However, randomized
controlled trials of caffeine prophylaxis to prevent neonatal
morbidities, such as BPD and PDA, are necessary to conclusively
support the routine use of caffeine as a preventative therapy and
to ensure the safety of early initiation of caffeine in extremely
preterm infants.
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Prenatal diagnosis of criss-cross heart: sonographical and
pathological features of five cases
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Objective: To describe the sonographical and pathological features of fetal
criss-cross heart (CCH).

Study Design: All cases of fetal CCH diagnosed by fetal echocardiogram
from May 2003–May 2011 were identified at a single referral center using
an established perinatal database. Demographic and genetic information,
sonographical images and autopsy reports were reviewed. Sonographical
and pathological features are described.
Result: Five cases of fetal CCH were identified, all of which were
confirmed by autopsy. Characteristic sonographical findings include: (1)
the inability to obtain four-chamber view at standard transverse plane
through the fetal chest; (2) appreciation of the misaligned spatial atrial–
ventricle connection with the interventricular septum in a ‘spiraling’
orientation; (3) orientation of the two ventricular inlets in a superior–
inferior and crossing position; and (4) a four-chamber-like view seen in
the sagittal plane of the fetal chest. Doppler ultrasound demonstrates the
‘criss-cross’ arrangement of the inflow tracts into the two ventricles
simultaneously in the transverse plane of the fetal chest.
Conclusion: CCH is a rare developmental disorder that can be accurately
diagnosed prenatally. Early diagnosis will allow for more targeted
counseling and early intervention.
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Introduction
Criss-cross heart (CCH), first described by Lev and Rowlatt in 1961,
is a rare complex congenital cardiac anomaly characterized by
distorted atrioventricular (AV) connections and crossed ventricular
inflow streams.1 In such cases, the spatial arrangement of the
ventricles is altered early in embryonic development owing to either
clockwise rotation or counter-clockwise rotation of the ventricles
along the cardiac axis (Figure 1). The reported incidence of CCH is
B8 per 1 000 000 live births and it accounts for <0.1% of all
congenital heart defects.2
Accurate prenatal diagnosis is important for prenatal
counseling, and postnatal surgical and cardiorespiratory
management as early palliative surgery appears to have a favorable
impact on functional cardiac status in adulthood.3 However,
the distorted cardiac anatomy together with a high prevalence
of associated cardiac defects makes prenatal diagnosis very
challenging. To date, only four cases of prenatally diagnosed CCH
have been reported in the English literature.4,5 Here, we report five
cases diagnosed prenatally at our institution from May 2003
through May 2011. The sonographical and pathological features
are discussed in detail.
Methods
The Prenatal Diagnosis Center at Shenzhen Maternity and Child
Healthcare Hospital in Shenzhen, China, was established as a
national prenatal diagnosis training center in 2004, and serves
as a referral hospital for patients from throughout China.
A comprehensive perinatal database was established in which
prenatal and postnatal ultrasound images of all patients are stored
along with their demographic and clinical information, including
pregnancy outcome, results of genetic analysis and autopsy reports
in cases of pregnancy termination. Where possible, data regarding
the long-term outcome of infants and children born with
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Figure 1 Abnormal ventricular rotation associated with criss-cross heart malformation. At some point in embryonic development after formation of the ventricular
loop and interventricular septum, the relationship between the ventricles and atria becomes distorted owing either to: (i) clockwise rotation of the ventricular mass
along its long axis in normal positioned ventricles (a), or (ii) counter-clockwise rotation of the ventricular mass along its long axis in isolated inverse ventricles
(c). This rotation results in a change in the ventricular spatial relationship, with the interventricular septum orientated in the horizontal plane. The two most common
types of CCH malformations are shown (b, d). LA, left atrium; LV, left ventricle; MLV, morphological left ventricle; MRV, morphological right ventricle; RA, right
atrium; RV, right ventricle.

congenital anomalies are included. For the purposes of this
study, the database was mined to identify consecutive cases
of CCH malformations. This study was approved by the
Institutional Review Board of the Shenzhen Maternity and
Child Healthcare Hospital, which is an affiliation of the
Southern Medical University, China.
All prenatal ultrasound examinations were performed on Acuson
Sequoia machines (Siemens Medical Solutions, Mountain View, CA,
USA) using 4- or 6-mHz curvilinear or 8-MHz phased array
transducers. Fetal echocardiography was performed in all cases
where fetal anomalies were detected. Fetal echocardiography
includes a high abdominal transverse view, a four-chamber cardiac
view (4CV), left and right ventricular outflow tract views and a
detailed cardiac assessment, including demonstration of the atrial
and visceral situs, systemic and pulmonary venous connections,
symmetric 4CV, patency and symmetry of the AV valves, both
outflow tracts and great arteries, and the ductal and aortic arches,
including their positions relative to the trachea. If an aortic arch
anomaly is suspected, additional views are obtained, including a

coronal view of the trachea and branches, and a coronal view of
the descending aorta at the junction of the ductus and arch. In all
cases, pulsed and color Doppler flow imaging was also performed
to confirm patency of the ventricular inflow tracts, outflow tracts
and arches, and to assess the flow patterns in the pulmonary veins,
umbilical artery, umbilical vein and ductus venosus. In all cases,
the diagnosis was confirmed by postnatal echocardiography for
liveborn infants or autopsy for terminated cases. All perinatal
ultrasound and fetal echocardiography examinations were
performed by physicians specialized in prenatal diagnosis with up
to 10 years of experience.
Results
From May 2003 to May 2011, a total of five cases of fetal CCH were
identified. Two were referred to our center with suspected fetal
cardiac anomalies; the remaining three were detected at our center.
The average maternal age was 29.0±8.6 years (range, 22–43
years). The average gestational age at diagnosis was 25.0±3.6
Journal of Perinatology
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Figure 2 Representative prenatal echocardiographic findings. While the typical four-chamber view of the heart was not able to be imaged in transverse plane of the fetal
chest, the left ventricular inflow tract (LVIT) (a) and right ventricular inflow tract (RVIT) (b) could be displayed by tilting the transducer and sweeping from the
upper abdomen to the heart, respectively. In this case, the LVIT lined up from left-posterior to right-anterior position and was inferior to the RVIT (a), while the latter
aligned from right-posterior to left-anterior position (b). The spatial relationship of the two ventricular inflow tracts therefore ended up in a supero-inferior and
crossing position. Because of their orientation, color Doppler flow imaging could display the two crossing blood streams of the LVIT and RVIT simultaneously in the
transverse plane of the fetal chest giving the pathognemonic criss-cross appearance (c). As the ventricles were in a supero-inferior position and the interventricular
septum in a horizontal position, the four-chamber view could be obtained only with a sagittal section of the fetal chest (d). DAO, descending aorta; L, left; LA, left atrium;
LV, left ventricle; R, right; RA, right atrium; RV, right ventricle; SP, spine; VSD, ventricular septal defect.
Table 1 The pathological features, karyotype result and outcome of fetal CCH
Case

1
2
3
4
5
Total

MA (years)

GA
(weeks)

Atrial
situs

Venous–atrial
connection

Atrialventricular
connection

Ventricular–aortic connection Ventricular
arrangement

Karyotype

Outcome

23
22
43
31
26

26
21
22
30
26

Solitus
Solitus
Solitus
Solitus
Solitus

Normal
Normal
Normal
Normal
Normal

Concordant
Concordant
Concordant
DILV
Concordant

Complete TGA
PTA
DORV + PA
Complete TGA + PS
DORV + PS

Supero-inferior
Supero-inferior
Supero-inferior
Supero-inferior
Supero-inferior

Normal
Normal
Normal
Normal
Not checked

TOP
TOP
TOP
TOP
TOP

Concordant ¼ 4;
DILV ¼ 1

Complete TGA ¼ 1; PTA ¼ 1;
DORV+ PA ¼ 1; complete
TGA+PA ¼ 1; DORV +PS ¼ 1

Supero-inferior ¼ 5

Normal ¼ 4; one TOP ¼ 5
case not checked

29.0±8.6

25.0±3.6 All five solitus Normal ¼ 5

Abbreviations: DILV, double inlet left ventricle; DORV, double outlet right ventricle; GA, Gestational age; MA, Maternal age; PA, pulmonary atresia; PS, pulmonary stenosis; PTA, persistent
truncus arteriosus; TGA, transposition of great arteries; TOP, termination of pregnancy.
Data are given as mean±s.e.m.

weeks (range, 21–30 weeks). All of the patients were nulliparous
and none reported any significant medical conditions or family
histories.
In all five cases, the 4CV of the heart in the transverse plane
through the fetal chest appeared abnormal (Figure 2a and b). To
obtain adequate views of the AV valves, left and right ventricles, and
Journal of Perinatology

left and right atria, the transducer needed to be tilted and swept
carefully from the upper abdomen in a cephalad direction. Careful
evaluation revealed the spatial relationship between the cardiac
chambers. The left atrium was located to the left, posterior and
inferior, and the left ventricle to the right, posterior and inferior of
their expected positions. Similarly, the right atrium was located to
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Figure 3 Pathological findings associated with criss-cross heart malformation of case 1. At autopsy, a ventral view of the cardiac anatomy (a) showed that the atria were
in situs solitus, the right atrial appendage (RAA) was above the left atrial appendage (LAA), the right ventricle (RV) was superior to the left ventricle (LV), the
right ventricular apex pointed to the left, the LV was inferior to the RV, the left ventricular apex pointed to the right side and the aorta was in front of the pulmonary artery
with a dextrorotated aortic arch. Highlighting was used to graphically illustrate the left ventricular inflow tract (in yellow (LVIT)) and right ventricular inflow track
(in blue (RVIT)) (b). In this case, the LVIT was inferior to the RVIT, and the criss-crossing of the two ventricular inflow tracks can be easily visualized. After sectioning the
RV along the right side of the anterior interventricular and atrioventricular grooves (c), we observed that the aorta arose from the RV, the RVIT aligned from
right-posterior to left-anterior position, the interventricular septum (IVS) was in horizontal position and a large ventricular septal defect (VSD) was evident. After sectioning
the LV along the left side of the anterior interventricular and atrioventricular grooves, and stretching the IVS in an anterior and superior direction (d), we observed
that the main pulmonary artery (MPA) arose from the LV, the pulmonary valve (PV) was significantly stenosed, the LVIT was aligned from the left-posterior to
right-anterior position and a large VSD was confirmed. ATV, anterior cusp of tricuspid valve; LIA, left innominate artery; LIV, left innominate vein; MV, mitral valve;
RCA, right carotid artery; RIV, right innominate vein; RSA, right subclavian artery; RVAW, right ventricular anterior wall; SVC, superior vena cava; T, trachea.

the right, posterior and superior position, and the right
ventricle to the left, anterior and superior of their expected
positions. The mitral valve was located posteriorly and inferiorly,
and the tricuspid valve anteriorly and superiorly of their
expected positions (Figure 2). Instead of running in parallel in the
standard 4CV, the left ventricle inflow tract (LVIT) and right
ventricle inflow tract (RVIT) are seen to be crossing (Figure 2a
and c). Color Doppler studies clearly demonstrated the ‘criss-cross’
appearance of the two AV inlet tracts (Figure 2c). The orientation
of blood flow in the LVIT is aligned from left-posterior to
right-anterior, while the orientation of the blood flow in the
RVIT is aligned from right-posterior to left-anterior. The RVIT is
superior to the LVIT. Thus, the spatial relationship of the two

ventricular inlets was in superior–inferior and crossing
position and the interventricular septum (IVS) is in spiraling
orientation, which is why the 4CV in the transverse plane
of the fetal chest was abnormal in all cases. However, a 4C-like
view could be displayed in the sagittal plane through the fetal chest
(Figure 2d).
All five cases had other associated heart defects, including
ventricular septal defect (n ¼ 5 (VSD)), complete transposition of
the great arteries (n ¼ 2 (TGA)), double outlet right ventricle
(n ¼ 1 (DORV)), truncus arteriosus (n ¼ 1), pulmonary stenosis
(n ¼ 3) and/or pulmonary atresia (n ¼ 1) (Table 1). Additional
non-cardiac anomalies included two cases of single umbilical
artery and one case of right microtia.
Journal of Perinatology
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In all five cases, the couple chose to proceed with elective
termination of pregnancy after extensive counseling. Autopsy was
performed on all five cases, and the diagnosis of CCH was
confirmed in each instance. The characteristic pathological
features of CCH are shown in Figure 3. In four cases,
amniocentesis revealed a normal karyotype; one patient declined
karyotype analysis (Table 1).
Discussion
Although initially described in 1961,1 the term ‘criss-cross heart’
(CCH) first appeared in the literature in two manuscripts published
in 1974.6,7 Almost all published cases of CCH to date are from
diagnoses made in neonates and children ranging in age from
1 month to 25 years.8,9 Here, we report five cases diagnosed
prenatally and confirmed at autopsy.
CCH is caused by abnormal rotation of the ventricular mass
along its long axis during embryonic development, while the
ventricular loop and IVS are formed normally and the base of heart
remains fixed (Figure 1). Anderson et al6 proposed that the two
most common types of CCH are generated by clockwise rotation of
the ventricular mass along its long axis with complete TGA (Figure
1a and b) and counter-clockwise rotation of the ventricular mass
along its long axis with corrected TGA (Figure 1c and d),
respectively. This abnormal rotation produces the spiraling IVS and
malalignment of the atrial and ventricular septum, while the latter
results in a large VSD below the AV valves. The orientation of
the ventricular rotation often correlates with the AV connections.
If the ventricles rotated clockwise, the AV connections tended to
concordance and complete TGA and DORV may be combined. On
the other hand, if the ventricles rotated counter-clockwise, the AV
connections tended to discordance and corrected TGA and DORV
may be combined.
Prenatal diagnosis of CCH is critical to provide accurate
counseling to the couple and to plan for early postnatal surgery, if
indicated. However, prenatal diagnosis is difficult, especially in the
presence of other complex cardiac anomalies. By sweeping and
tilting the ultrasound transducer from the upper abdomen in a
cephalad direction, one can demonstrate the key sonographical
features of CCH. These include: (1) an inability to obtain a 4CV at
the standard transverse plane through the fetal chest; (2) an
appreciation of the spatial atrial–ventricle connection with the IVS
in a spiraling orientation; (3) orientation of the two ventricular
inlets in a superior–inferior and crossing position; and (4) a 4Clike view seen in the sagittal plane of the fetal chest. Color Doppler
ultrasound provides critical information by visualizing the ‘crisscross’ arrangement of the inflow tracts into the two ventricles
simultaneously in the transverse plane of the fetal chest
(Figure 2c).
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The prognosis for the fetus depends on the associated cardiac as
well as non-cardiac anomalies. Isolated CCH with adequate fourchamber development may require only palliative surgery after
birth. There are little data on long outcome. As previously reported,
most cases of CCH are associated with other complex cardiac
defects, and most cases diagnosed prenatally ended in elective
termination of pregnancy (Table 1).
In the current case series, we described the characteristic
sonographical and pathological features of CCH, and demonstrate
that CCH can be accurately diagnosed prenatally. Although rare,
accurate prenatal diagnosis will allow for more targeted counseling
and will give couples options that may not be available after
delivery.
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Objective: To explore the significance of neonatal body indices in
identifying macrosomic infants, we compared the neonatal birth weight,
body length, head circumference, chest circumference, neonatal body
indices, Quetelet index (QI), Kaup Index (KI), head circumference to chest
circumference ratio (HC/CC) and maternal fasting blood glucose (BG) for
both diabetic and healthy mothers.

Study Design: This is a retrospective study of 177 macrosomic neonates,
100 having been born to normal mothers and 77 to diabetic mothers.
Multiple regression analyses were done between neonatal body indices and
maternal fasting BG.
Result: Fetal QI and KI indices of macrosomic infants of diabetic
mothers were higher compared with those born to healthy mothers,
whereas the HC/CC was the reverse. The multiple regression equation used
to compare neonatal physical development indices to maternal fasting BG
was BG ¼ 6.959 þ 0.031QI(4.482  HC/CC). QI and HC/CC had linear
relationships to maternal fasting BG (P<0.05). As birth weight had no
direct correlation with maternal fasting BG, it was not introduced into the
regression equation.
Conclusion: Higher QI and KI along with lower HC/CC may be a
predictor of macrosomia due to maternal diabetes when compared with
birth weight alone.
Journal of Perinatology (2013) 33, 103–106; doi:10.1038/jp.2012.58;
published online 31 May 2012
Keywords: gestational diabetes mellitus; macrosomia; neonatal body
indices

Introduction
A recent study suggested an increase in the prevalence of
macrosomia.1 Macrosomic infants born to diabetic mothers have a
higher likelihood of perinatal complications when compared with
those born to normal mothers.2,3 Although macrosomia is defined
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as birth weight X4000 g, there are no satisfactory clinical
indicators that allow one to identify those infants who may have
higher risk of adverse outcomes. Because of an abnormal
metabolic environment, macrosomic infants born to diabetic
mothers may develop asymmetrically as reflected by increased
ratios of body weight (BW), length (BL), and chest circumference.
Detection of such infants using fetal ultrasound indices may
identify ‘at risk’ infants for possible referral to a tertiary center for
care. Previous studies have used the Quetelet index (QI ¼ BW
(kg)/BL (cm)  103), which is the weight divided by BL in
centimeters, and the Kaup Index (KI ¼ BW (kg)/BL (cm)2  104),
which is the weight divided by BL per square centimeter. QI and KI
use mean relative BW, which can be used to reflect body density
and evaluate individual girth, width and body organization density.
The QI and KI have been used to measure adult adiposity and
adolescent nutritional status.4,5 Although QI, KI and other indices
are used to evaluate fetal growth at various gestational ages in
China, its validity in macrosomic infants remains unproven.
Hence, our objective was to evaluate several fetal body indices to
possibly identify those infants who may be at higher risk. We
retrospectively analyzed QI, KI and HC/CC (head circumference to
chest circumference ratio) in macrosomic infants delivered by both
healthy and diabetic mothers.
Methods
All infants were delivered at ShengJing Hospital from May 2009 to
July 2010. Complete medical records were available for 177
macrosomic infants, 100 of which were born to normal mothers
and 77 to mothers with gestational diabetes mellitus (GDM). BW,
BL, head circumference and chest circumference were measured
for all infants and recorded by nurses in the newborn nursery.
For macrosomic infants delivered by healthy mothers, their
mothers’ 50 g oral glucose challenge test (GCT), oral glucose
tolerance test and blood glucose (BG) level were normal. In
addition, their mothers had no complications during the
gestational period. In the macrosomic infants delivered by diabetic
mothers, their mothers had no previous history of diabetes or other
complications and were diagnosed with GDM during pregnancy.
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Table 1 The neonatal body indices and maternal fasting glucose of macrosomic infants delivered by healthy and diabetic mothers
Group

Case

BW (kg)

QI

KI

HC/CC

BG (mmol l1)

Healthy
Diabetic
P–value

100
77

4.269±0.209
4.340±0.261
0.118

80.764±4.874
82.704±5.782
0.002

15.308±1.427
15.787±1.560
0.028

1.007±0.038
0.993±0.043
0.030

4.456±0.604
5.712±1.725
0.000

Abbreviations: BG, maternal fasting blood glucose; HC/CC, head circumference/chest circumference; KI, Kaup Index; QI, Quetelet index.
Data are listed as mean±s.d.

The GDM screening test was done between 24 and 28 weeks of
pregnancy by administering a 50 g oral GCT. If one’s GCT result
was abnormal (X7.8 mmol l1), further testing with a 75 g oral
glucose tolerance test over 2 h was performed. A diagnosis of GDM
is defined as a maternal fasting plasma glucose X5.1 mmol l1,
1 h result X10.0 mmol l1 and/or 2 h result X8.5 mmol l1.6
Other inclusion criteria were single gestation, full term
(gestational age X37 weeks), and no pregnancy-related
complications (for example, pregnancy-induced hypertension).
The following maternal variables were also recorded: mode of
delivery, maternal fasting plasma glucose, 50 g GCT result, oral
glucose tolerance test result and calculated QI, KI and HC/CC.
Neonatal variables recorded were: hypoglycemia, respiratory
distress, the 1-min Apgar score, shoulder dystocia and other
complications among infants admitted to the Neonatal Intensive
Care Unit (NICU).
Shoulder dystocia is diagnosed when delivery professionals are
required to use delivery techniques other than conventional
traction and episiotomy to deliver the shoulders. Hypoglycemia was
diagnosed if the neonatal heel stick BG level was <2.2 mmol l1 at
the time the newborn was taken to the nursery. Respiratory distress
was defined as a neonate with tachypnea and cyanosis requiring
supplemental oxygen or assisted ventilation. Neonates were
admitted to the NICU secondary to birth trauma and/or various
immediate adverse outcomes.
Data were analyzed using SPSS13.0 (SPSS, Chicago, IL, USA)
software. If the measurement data could not satisfy normal
distribution and comparison of the mean homogeneity of variance,
we used Kruskal–Wallis and Mann–Whitney U-tests. The rest of
mean measurement data comparison used one-way analysis of
variance and least significant difference test. Proportions were
analyzed with the w2 test where appropriate. The analysis of the
correlation between the neonatal physical indicators and maternal
BG was performed using the multiple regression analysis method.

Results
The QI, KI and HC/CC in macrosomic infants delivered by
healthy and diabetic mothers
Table 1 summarizes the comparisons of body indices between
macrosomic infants delivered by both healthy and diabetic
Journal of Perinatology

mothers. Measurement data are demonstrated as the
mean±standard deviation.
We took the neonatal physical development indices of the two
groups as the baseline measurement for overall and pair-wise
comparisons and came to the conclusion that for both groups,
when birth weight X4000 g, there was a statistical difference
in QI, KI and HC/CC between macrosomic infants delivered
by healthy and diabetic mothers. Macrosomic infants delivered
by diabetic women had significantly higher QI and KI than
that of macrosomic infants delivered by healthy women
(P<0.01, P<0.05), while lower HC/CC was seen in macrosomic
infants delivered by diabetic mothers (P<0.05). The fasting
BG was significantly different between the two groups
(P<0.01).
The correlation between QI, KI, HC/CC and maternal fasting BG
Neonatal birth weight, QI, KI and HC/CC for all 177 macrosomic
infants were designated as independent variables, whereas
maternal fasting BG was set as the dependent variable in our
multiple regression analysis. Our study showed that the
correlation coefficient of QI and HC/CC demonstrated stronger
correlation than neonatal birth weight when compared with
maternal fasting BG. In multiple regression equation, using
introduced gradually–eliminate method, only QI and HC/CC
had been introduced into regression model. Its coefficient of
determination, R, is 0.299, and adjustment for the determination
coefficient is 0.082. The multiple regression equation of body
indices to maternal fasting BG is BG ¼ 6.959 þ 0.031QI
(4.482  HC/CC). QI and HC/CC have linear relationships with
maternal fasting BG (P<0.05). Birth weight has no direct
correlation with maternal fasting BG and is not introduced into
regression equations.
Table 2 displays maternal Cesarean section rates and
neonatal outcomes in macrosomic infants delivered by healthy
and diabetic mothers. When comparing these two kinds of
macrosomia, significant differences were found in the incidence
of hypoglycemia (50.6%), shoulder dystocia (6.5%) and admission
to NICU (11.7%). No significant differences were found between
the two groups in the incidence of respiratory distress and 1-min
Apgar score <7. Furthermore, diabetic mothers with macrosomia
had a significantly higher tendency to require delivery by Cesarean
section (67.5%).
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Table 2 Maternal cesarean section rate and neonatal outcomes between
macrosomic infants delivered by healthy and diabetic mothers
Healthy
(n ¼ 100) No. (%)
Cesarean section
Hypoglycemia
Shoulder dystocia
Admission to NICU
Respiratory distress
Apgar score <7 at 1-min

38
4
1
2
4
1

(38.0)
(4.0)
(1.0)
(2.0)
(4.0)
(1.0)

Diabetic
(n ¼ 77) No. (%)
52
39
7
9
8
4

(67.5)
(50.6)
(9.1)
(11.7)
(10.4)
(5.2)

length ratio, a decrease in head circumference to shoulder
circumference ratio and a decrease in HC/CC.

P-value

<0.001
<0.001
0.028
0.021
0.094
0.225

Abbreviation: NICU, neonatal intensive care unit.

Discussion
The significance of QI, KI and HC/CC and their clinical value in
identifying macrosomic infants delivered by diabetic mothers
Newborns with birth weight X4000 g and without perinatal
neonatal complications are called ‘normal’ macrosomic infants.7
As macrosomic infants delivered by gestational diabetic pregnant
women are at higher risk of complications,8 we need more
information9 in order to distinguish whether a macrosomic infant
is delivered by a gestational diabetic or a healthy pregnant woman.
Aside from BW, further body indices are required.
The lack of a universally accepted definition of macrosomia
remains a problem.10 In China, macrosomia is defined as birth
weight X4000 g. However, some cases of macrosomia may be
affected by the interactions of genetics and other factors and could
develop ultimately into healthy infants with symmetrical
proportions, although their birth length is greater than average
and they weigh more than 4000 g. Our study attempted to provide a
possible foundation for identifying macrosomic infants delivered by
diabetic mothers by introducing some rarely used body indices,
such as QI, KI and HC/CC, in order to better reflect neonatal
physical development characteristics.
In the 1980s,11 the neonatal physical development research
collaboration group of 15 cities in China did some tentative studies
and partially established a normal range and evaluation criteria for
neonatal physical development indicators.12 QI, KI and HC/CC were
among them, as they are able to reflect the newborns’ development in
detail. However, there is still no report on how the above body indices
apply in macrosomia. The aim of our study is to investigate whether
there is any difference in these neonatal body indices between
macrosomic infants delivered by healthy and diabetic mothers.
We concluded that in the two groups of macrosomic infants
with birth weight X4000 g, QI, KI and HC/CC were of great
statistical significance. In addition, macrosomic infants delivered
by diabetic mothers showed a disproportionate growth pattern, with
overgrowth of insulin-sensitive tissues, such as adipose and muscle,
whereas the growth of insulin-insensitive organs, such as the brain
and kidneys, did not increase conspicuously.13 This character
represented the tendency of subcutaneous fat deposition toward
shoulders and limbs and led to an increase in birth weight to birth

Maternal fasting BG and macrosomia
For pregnant women, fasting BG in early pregnancy acts as an
important predictive factor in macrosomia.14,15 Higher fasting first
trimester BG levels significantly increase the risk for adverse
pregnancy outcomes, including macrosomia.16 Women with
impaired fasting glucose were more likely to have an large for
gestational age infant than those without glucose impairment.14
Simultaneously, the incidence of neonatal complications (such as
fetal distress, malformations and Erb’s palsy) was also increased.17
Macrosomic infants delivered by mothers with GDM are
primarily due to maternal hyperglycemia and fetal
hyperinsulinism. Maternal hyperglycemia may cause
morphological changes in the placenta in affected women. Studies
revealed increasing angiogenesis and chorionic villous branching
seen in the human placenta of maternal diabetic pregnancies,18
which provided a greater surface for maternal–fetal blood
exchange and facilitated the passage of glucose to the fetus, thereby
explaining fetal macrosomia. After passing through the fetoplacental barrier, the mother’s glucose induces the release of
insulin from the fetal pancreas, leading to fetal hyperinsulinism.19
Studies also examined the implications of multiple growth factors
and their receptors in GDM and macrosomia,18–20 which may have
an influence on the transport of glucose across the placenta
and lead to the eventual delivery of a macrosomic infant.
As discussed above, there is significant correlation between a
higher maternal fasting BG level and the delivery of a macrosomic
infants, which also leads to the increasing incidence of perinatal
and other complications in these infants.
The correlation of QI and HC/CC to maternal fasting BG is
significantly higher than that of neonatal birth weight to
maternal fasting BG
The correlation coefficients of QI and HC/CC were higher in maternal
fasting BG than in neonatal birth weight, suggesting that QI and HC/
CC may better reflect fetal intrauterine energy metabolism. This leads
us to conclude that for macrosomic infants whose mothers’ BG level
is unclear during delivery, QI, HC/CC and KI should be paid great
attention. For macrosomic infants with higher QI and KI but lower
HC/CC, a close eye should be kept on future development. For future
studies, via a prospective calculation and statistic analysis, we will try
to provide a definitive value for the above indices to evaluate
macrosomic infants delivered by diabetic mothers.
The adverse prognostic incidence of macrosomic infants
delivered by diabetic mothers is significantly higher than that of
macrosomic infants delivered by healthy mothers
Our study came to the conclusion that the incidence of
hypoglycemia, NICU admission and shoulder dystocia in
Journal of Perinatology
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macrosomic infants delivered by diabetic mothers was significantly
higher than those delivered by healthy mothers. Because of poor
glycemic control, the diabetic pregnant women were subjected to
hyperglycemia, which in turn led to fetal hyperinsulinemia. After
delivery, excessive neonatal insulin resulted in neonatal
hypoglycemia. In addition, fetal hyperinsulinemia was also
associated with hyperplasia of adipose tissue in the shoulders,
leading to shoulder dystocia. Birth trauma and immediate neonatal
outcomes mandated a higher incidence of NICU admissions, which
was consistent with several previous studies.21,22 Regarding the
increased incidence of respiratory distress and 1-min Apgar score
<7, one possible explanation could be the high cesarean section
rate in these infants. Through retrospective analysis, we found that
the cesarean section rate for macrosomic infants delivered by
diabetic mothers is up to 67.5% (52/77). With the help of strict
glycemic control and antenatal care, our hospital has seen a recent
downward trend in this ratio.
As our study is retrospective, the relative information from
mothers could only be collected from the case records. As BG might
only reflect one aspect of maternal and fetal energy metabolism, our
future research will be prospective in nature and will focus on the
relationship between the above body indices, along with more indices
and their effect on maternal metabolic indicators such as HbA1C.
Our research demonstrated that the two types of macrosomic
infants, both with birth weight X4000 g, had no difference in BL,
HC and CC; however, QI, KI and HC/CC were of great statistical
significance. Meanwhile, the correlation between QI, HC/CC and
maternal fasting BG was significantly higher than that between birth
weight and maternal fasting BG. QI, KI and HC/CC may be better
ways to distinguish asymmetrical, large babies with macrosomiarelated syndrome. Our next analysis of this group will provide the
cutoff points of QI, KI and HC/CC in order to enhance the
identification of macrosomic infants delivered by diabetic mothers.
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Objective: Hospital length of stay (LOS) is important to administrators and
families of neonates admitted to the neonatal intensive care unit (NICU).
A prediction model for NICU LOS was developed using predictors birth
weight, gestational age and two severity of illness tools, the score for
neonatal acute physiology, perinatal extension (SNAPPE) and the morbidity
assessment index for newborns (MAIN).

Study Design: Consecutive admissions (n ¼ 293) to a New England
regional level III NICU were retrospectively collected. Multiple predictive
models were compared for complexity and goodness-of-fit, coefficient of
determination (R2) and predictive error. The optimal model was validated
prospectively with consecutive admissions (n ¼ 615). Observed and
expected LOS was compared.
Result: The MAIN models had best Akaike’s information criterion,
highest R2 (0.786) and lowest predictive error. The best SNAPPE model
underestimated LOS, with substantial variability, yet was fairly well
calibrated by birthweight category. LOS was longer in the prospective
cohort than the retrospective cohort, without differences in birth weight,
gestational age, MAIN or SNAPPE.
Conclusion: LOS prediction is improved by accounting for severity of
illness in the first week of life, beyond factors known at birth. Prospective
validation of both MAIN and SNAPPE models is warranted.
Journal of Perinatology (2013) 33, 147–153; doi:10.1038/jp.2012.62;
published online 7 June 2012
Keywords: neonatal intensive care units; length of stay; severity of
illness index; benchmarking; projections and predictions; score for
neonatal acute physiology

Introduction
A variety of generic clinical scoring systems have been developed to
measure severity of illness and to predict mortality.1–3 Despite a
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recognized interest in predicting morbidity and quality of life
measures,4 mortality remains the most common outcome for these
scoring systems. Nonetheless, they have driven a wide range of
applications, including quality assurance programs,5 triaging
patients to appropriate services,6 cost effectiveness analyses7,8 and
for benchmarking ICU performance.9 Scoring systems have been
used in clinical decision making,10 stratification for research
trials11 and pediatric trauma outcomes.12–14 Length of hospital
stay (LOS) is often reported as an ancillary or intermediate
outcome, but has merit in its own right.
Among scores developed specifically for neonatal medicine,15–16
two that have demonstrated sound prediction of morbidity and
death are the morbidity assessment index for newborns (MAIN)
score,17 and the score for neonatal acute physiology, perinatal
extension (SNAPPE).18 SNAPPE and MAIN were derived from
different populations. The MAIN score was designed to compare
outcomes among high-risk maternal populations or obstetric
healthcare delivery systems.19 It was developed as a discriminative
index for neonates more than 28 weeks gestation, born 1995
to 1996 with minimal to moderate neonatal morbidities.
In contrast, the score for neonatal acute physiology was a
physiologic organ system-based illness severity score developed
to predict mortality in the neonatal intensive care unit (NICU).20
SNAPPE parsed the original 26 variables into the six most
relevant, augmented with three other variables: birth weight,
small for gestational age status and 5-min Apgar scores.21
SNAPPE scoring requires less extensive record keeping than the
MAIN score.
The goal of the present study is to use these illness severity and
morbidity tools to develop a single LOS prediction model valid
across the full spectrum of gestational ages using first week of life
data from which MAIN and SNAPPE were validated. The relative
contributions from birth weight, gestational age and each severity
of illness score are unknown. Accurately modeling individual
patient LOS would help manage family expectations, as well as
contribute vitally to NICU resource allocation. Team assignment
cohorts, staff scheduling, resource costs and revenues correlate
with NICU census. Census, as the accumulation of current
neonates, is affected by how long each neonate stays in the NICU.
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Understanding variation in individual LOS may enable NICU
census projections, with resultant organizational and financial
benefits from effective resource management.

Methods
The training set consisted of 293 consecutive NICU admissions,
ranging in morbidity from minimal to severe. These were
ascertained using retrospective data collection from chart
abstractions from all newborns born between August and
October 1999 and admitted to our NICU. In order to test the validity
of the model developed a prospective study was undertaken.
The prospectively collected validation data set included 615
consecutive admissions, as well as 61 existing NICU patients,
from April to September 2002.
Eligibility
Every viable newborn admitted to the nicu at Women and Infants
Hospital within 24 h of birth was recruited. Newborns were
excluded if they (1) died before NICU admission; (2) were admitted
for preterminal comfort care (defined as neither intubation nor
cardio-respiratory resuscitation); (3) had a major congenital
anomaly.
Scoring and data collection
With IRB approval, data were manually extracted for MAIN and
SNAPPE scores for the training data set, as was SNAPPE for the
validation data set. We collected the 47 items representing 24
neonatal attributes identified as most relevant in the MAIN
validation data set19 over the first day and first 7 days of life. The
SNAPPE score was also assessed for all neonates, for the first and
third 24-h periods of life. Examples of our MAIN and SNAPPE data
collection sheets are available on request. Missing data for severity
of illness scores were reconciled according to the original MAIN
and SNAPPE protocols. For example, if a child did not have a blood
gas on day 3, then they received a ‘0’ for that SNAPPE element. For
transported infants, the SNAPPE on day 1 of life was calculated
for the actual day of life one, even if the child was in a normal
nursery or in an outlying hospital.
The gestational age was taken as actual completed gestational
weeks. An infant who was 32 6/7 was recorded as 32 weeks. An
infant who was 33 0/7 was recorded as 33 weeks. Fractional days
were discarded due to uncertainty of the best obstetric estimate.
Pediatric assessment of gestational age was used if obstetric
estimate was not available. Weight was taken from documentation
in the operating room, delivery room or NICU, whichever was
recorded first. Newborns dying during the first 24-h scoring period
were scored, but were analyzed separately. LOS reflects total
primary hospitalization following their admission to a NICU,
incrementing at midnight. Time spent in other facilities before
discharge home was included in LOS.
Journal of Perinatology

Statistical methods
One-way frequencies were used to summarize the distribution of
MAIN score items. Accelerated failure time parametric survival
models22 were used to assess the relationship between LOS and
birth weight, gestational age and their second-order terms, as well
as the MAIN and SNAPPE morbidity scores. To distinguish the
superior scoring system, separate regressions were considered
involving MAIN and SNAPPE. SNAPPE scores were modeled both as
quantitative and categorical factors (p8, 9 to 12, X13). Neonates
discharged before day 3 of life had a presumed SNAPPE of zero.
To avoid estimation bias, analysis was repeated with a regression
imputation approach predicting SNAPPE on day 3 of life for these
patients.23 Regression models were used to identify the most
relevant variables and their contribution to LOS, based on a
retrospective data set. Parametric nested model development is
described in more detail in Supplementary Appendix 3. Generalized
coefficients of determination (R2), the Akaike’s information
criterion (AIC) and K-fold cross-validation were used for model
comparison. R2 estimates how much of outcome variability is
accounted for by the model. AIC penalizes models with excess
logistic regression variables that fail to improve prediction error.24
K-fold cross-validation partitions the data to compare each model’s
inherent predictive ability.
Models were examined for subpopulations of very brief hospital
stays, of birth weight categories and of disposition destination.
The effect of missing data was explored by repeating analyses on all
admissions, by imputing missing data, and by excluding patients
for whom complete data were not available. Imputing day 3
SNAPPE scores for patients discharged before day 3 was done by
regression on the population with complete data. LOS by weight
categories were compared with one-tailed student’s t-test. Low and
very low birthweight (VLBW) groups were compared with the
normal birth weight group with marginal generalized R2.
Regardless of which model demonstrated best predictive power,
external validation was planned for the optimal SNAPPE model. An
independent data set was available that had SNAPPE but no MAIN
data elements. At a minimum, the potential for census prediction
using individual LOS could be established. Calibration by patient
disposition and birth weight category was done with observed
minus expected LOS (OMELOS), with expected being the predicted
median LOS using the best SNAPPE model. Observed and predicted
median LOS was plotted on a logarithmic (base 10) scale for
the overall validation population. Patients who died, were retrotransferred to a level II facility, or were transferred out to a level III
facility were identified and included.
Census projections were calculated from the validation data set.
Observed census on a given day was the accumulation of all
neonates whose admit date was in the past and discharge date
in the future. Expected census on a given day includes those
neonates who would still be in the NICU by their predicted
individual LOS. Observed and expected census (mean±s.d.) was
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compared using student’s t-test, and graphed to identify focal
trends and outliers. Pearson’s correlation was used to quantify the
association between observed and expected daily census, and was
followed by hierarchal linear regression to identify variation due to
daily admissions. Seasonality was examined by controlling for
census date.
Results
LOS, birth weight, gestational age, discharge type, SNAPPE scores
and MAIN scores for the training (3 months, 1999) and validation
(6 months, 2002) populations are shown in Supplementary
Appendix 1. Illness severity score distributions are shown in
Figure 1. The distribution of day 1 SNAPPE score demonstrated low
acuity in the majority of neonates, with increasing physiologic
stability by day 3. MAIN scores increased from day 1 to day 7 as
expected for a cumulative scoring system. Infants discharged with
home health services had longer LOS. Average LOS was higher in
the validation population (P<0.04), primarily due to longer upper
quartile LOS (28 vs 19 days). Associated factors include VLBW
(P<0.05, see Figure 2) and older postnatal age among those who

died (23.8±8.5 vs 2.5±1.4 days). The mortality rate jumped to
45% among neonates with SNAPPE >70 on day 1 of life, consistent
with Richardson’s original population observations.21 Correlation
analysis shows significant interrelationship between MAIN scores
on days 1 and 7, SNAPPE scores on day 1 and 3, birth weight,
gestational age and LOS (Supplementary Appendix 2).
Regression models (Supplementary Appendix 3) developed using
data from 278 admissions found a log-logistic distribution fit best
for SNAPPE as a quantitative variable, and Weibull fit best for
MAIN. Table 1 shows model constituent variables and predictive
ability. Superior models have high R2, low AIC and low prediction
error by cross validation. Models have incrementally greater
explanatory power by adding a weight-by-age interaction term,
MAIN or SNAPPE scores, and a SNAPPE day 1-by-day 3 interaction
term. MAIN model 6a explained the highest proportion of the
variance in LOS (R2 0.786, AIC 556, cross validation 0.524), as
compared with the best SNAPPE model 4a (R2 of 0.709, AIC 623,
cross validation 0.575). Analysis of birth weight subgroups
identified the same pattern, with generalized R2 on MAIN and
SNAPPE models for normal birth weight (>2500 g, n ¼ 126) of
0.563 and 0.271, for low birthweight (1500 to 2500 g, n ¼ 102) of
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Figure 1 Distributions for severity of illness scores: (a) Neonatal acute physiology, perinatal extension (SNAPPE) scores on day 1 and 3 show increasing proportion of
stable neonates in both derivation and validation populations. (b) Cumulative morbidity assessment index for newborns (MAIN) scores increase over first week.
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Table 1 Model constituent variables and predictive ability
Coefficient variables

BW
GA
BW  GA
BW  BW
SNAPPE DOL1
SNAPPE DOL3
SNAPPE
DOL1  DOL3
MAIN 1
MAIN 7
MAIN 1  MAIN 7
Predictive ability
AIC
R2
Cross validation

Model
1

2

3

4a

4b

5a

5b

6a

6b

7a

7b

|
|

|
|
|

|
|

|
|

|
|

|
|
|

|
|
|

|
|

|
|

|
|
|

|
|
|

|

|
|
|
|

|
|
|

|

|

|
|
|

|
|

|
|
|

|
|

|
|
|

|
|

556
0.79
0.52

558

560

563

663
0.66

652
0.67

642
0.68

623
0.71
0.58

639

632

650

Abbreviations: AIC, Akaike’s information criterion; BW, birthweight; GA, gestational age;
MAIN, morbidity assessment index for newborns; SNAPPE, score for neonatal acute
physiology, perinatal extension.

0.641 and 0.612 and for VLBW (<1500 g, n ¼ 50) of 0.679
and 0.608, respectively. To account for short stays in the training
data set, the analyses were repeated either imputing or setting
SNAPPE day of life 3 to 0 for the 50 patients discharged before that
day. Neither the variable estimates, model AIC, R2 or prediction
error changed notably.
External validation was feasible for the SNAPPE models.
OMELOS was calculated for each individual in the validation
population based on SNAPPE model 4a.
Journal of Perinatology

On average, the best SNAPPE model underestimated LOS
(OMELOS 3.3 ±41 days, n ¼ 675), even after removing the
outlier populations that died or were transferred (2.6±14,
n ¼ 580). This may reflect higher observed LOS in the validation
population, particularly among extremely low birthweight (born
<750 g birth weight) neonates. The wide OMELOS variability
among neonates who died (88±195 days, n ¼ 15), reflects
their exclusion in development of the original prediction models.
There is substantial variability in OMELOS for patients who
were transferred to other level III units (78±106 days, n ¼ 19),
were retro-transferred (9±23 day, n ¼ 61) as well. Fair model
calibration is demonstrated in Figure 3, examining OMELOS by
birth weight subgroup. A log-linear relationship between observed
and predicted LOS is shown in Figure 4, by type of hospital
disposition.
Calculated census fluctuations are shown in Figure 5. Observed
census (65.6±5.37) was lower than expected census (67.1±4.60,
P<0.001) primarily due to discrepancies on days in September.
Census predictions using individual LOS predictions were
significantly correlated with observed census (r ¼ 0.25, P<0.01).
The correlation between observed and expected census increases
(r ¼ 0.46, P<0.001) when controlling for date, suggesting a
seasonal effect not accounted for in the prediction. Hierarchal
linear regression showed that daily admissions accounted for
additional 10% of observed census variation over and above the
impact of expected census (DR2 ¼ 0.10, F(1, 180) ¼ 21.03,
P<0.001).
Discussion
NICU resource allocation, staffing, costs and revenues all pivot
around one measure: census. Variability in census requires
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Figure 3 Calibration of neonatal acute physiology, perinatal extension (SNAPPE) model by birthweight category, observed minus expected length of stay (OMELOS). The
model overestimated length of stay (LOS) in the smallest neonates, but underestimated LOS for those neonates with birth weight between 1000 and 1750 g.

7
6

Neonatal deaths
Neonates retro-transfered
Other neonatal transfers
Surviving neonates not transferred

log(observed LOS)

5
4
3
2
1
0
1

2

3

4

5

6

log(predicted median LOS)

Figure 4 Observed vs predicted length of stay (LOS) by hospital disposition,
logarithm10 (days), validation population. Notable outliers include neonates who
died or were transferred to level III facilities, but level II retro-transfers were
similar to survivors who were not transferred.

persistent attention by administrators, as inefficient resource
allocation incurs costs. Although stochastic fluctuations in birth
rates greatly impact census, other factors also contribute to census
variability. Once admitted to the NICU, a neonate contributes to
census for the duration of his stay. Quantifying variation in
individual LOS with moderate accuracy would thereby facilitate
NICU resource allocation. It would also help families directly by
reducing the uncertainty in the response to their most consistent
question ‘when will he be able to go home?’.
We sought a single model to predict LOS across our entire
population as well as possible in the first week of life. MAIN had

been developed in a population of larger neonates (<1% VLBW),
and SNAPPE has demonstrated its best relationship to LOS among
populations of smaller neonates (>45% VLBW).17,18 We found that
models including MAIN were statistically superior to those with
SNAPPE overall, as well as within our normal, low birth weight
and VLBW populations. This relative performance may result from
information details (incorporating 47 vs 9 perinatal factors) or
time span (covering 7 days vs 3 days), or both. The density of
information detail has practical implications. The superior model
was chosen with Aikake’s Information Criterion, which adjusts for
the number of predictors, but not for the complexity inherent to
each predictor. SNAPPE elements may be captured automatically
from some electronic medical record systems; the clinical utility of
MAIN may be limited unless informatics strategies are developed to
acquire the data.
Severity of illness scoring in the first week of life improves LOS
prediction beyond gestational age and birth weight alone, from
65.5 to 70.9% (using SNAPPE) to 78.6% (using MAIN) of the
variance in hospital LOS for this population. Individual LOS
prediction is less certain, notably shorter than expected among
neonates who died and longer than expected among neonates
transferred to another level III facility. Although these sickest
neonates represented <5% of the overall population, they as well as
those excluded for congenital anomalies detract from the strength
of single-model LOS prediction. Some LOS variance among the
large proportion of healthier neonates (week 1 discharges, Figure 4
lower left corner) is an artifact of extra day accrual at midnight.
A neonate born just before midnight has a measured LOS one
greater than an equivalent neonate born at 1:00 hours. Rounding
of hospital days or gestational weeks also create noise in LOS
measurement. Avoiding fractions of days to align with hospital
accounting systems affects observed LOS, with progressively less
impact on longer stays. Rounding down gestational age implies
that up to 6 days in utero has no physiologic impact on severity of
Journal of Perinatology
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Figure 5 Fluctuation in observed daily neonatal intensive care unit (NICU) census compared with predicted NICU census, based on accumulating admissions and their
predicted lengths of stay (LOS).

illness, which for the youngest neonates is a source of variance in
expected LOS.
Other sources of bias were sought. Seasonal variations cannot be
excluded given 3-and 6-month data collection periods. Discharge
practice patterns may not align among neonatal attending
physicians even with a single institution. Tracking LOS at other
facilities enabled correlation of complete hospitalization to
physiologic stability (retro-transfer squares in Figure 4), reducing
measurement bias. Inclusion of pre-existing neonates reduces
sampling bias. Exclusion of neonates with congenital anomalies
may limit application of a single model. Mortality rates may have
introduced bias, since non-survival truncates observed LOS, but
they were similar in our overall (2.1% vs 2.2%) as well as in the
extremely low birthweight (23.1% vs 18.8%) population, consistent
with published neonatal mortality trends in the 1995 to 2002
epoch.25 We did note a shift towards later postnatal age at death,
also consistent with the literature.26,27 There were no other
identifiable populations or clinical practice differences in the in
these epochs. Repeating these analyses with a more recent data set,
one that includes the MAIN variables, may give insight to the
source or persistence of these differences.
Prolonged NICU stays are associated with intermediate clinical
outcomes and social factors that affect LOS. Bannwart28 showed
LOS prediction models using the entire hospital stay were superior
to those using just the first 3 days (R2 0.81 vs 0.60). Cotton29
identified specific morbidities (necrotizing enterocolitis requiring
surgery, chronic lung disease at 36 weeks, late-onset sepsis,
severe retinopathy of prematurity), treatments (multiple doses
surfactant, H2 blockers, postnatal steroids) and nutritional variables
(average weight gain, time to full feeds) that increased the odds
of prolonged hospital stay. We sought a predictive model using
Journal of Perinatology

week 1 data, wherein SNAPPE and MAIN were validated. The
predictions would likely be enhanced by integrating morbidities
from later in the hospital stay, or possibly by using the early data to
profile risk for these intermediate clinical outcomes. These LOS
prediction models should be generalized with caution until tested
in other settings. Severity of illness measures partially compensate
for case mix, but differing populations and treatment practices may
significantly affect LOS.
Census projections built upon individual SNAPPE LOS
predictions correlated well with observed census. Given markedly
better variance explained using MAIN LOS predictions, census
projections using these would be even more accurate. Census
was progressively overestimated over the study period, even though
the individual SNAPPE model underestimated LOS on average.
The offset in September suggests discharge practice variation
between providers. Our data confirm the correlation between
daily admissions and census fluctuation. Other variables likely
affect census trends, including seasonality of admissions and
changing discharge practices when approaching bed capacity.
Biasing early and late census populations, either by excluding
short stay neonates or overrepresenting sicker neonates, was
minimized by tracking neonates for many weeks before and
after the study. Modeling NICU census with inclusive
admission and discharge functions may contribute as much to
census projections as individual LOS based on physiologic
abnormalities. Timely update of individual morbidities, mortality
or unexpected early discharges or transfers would make census
prediction even more robust. These initial data provide proof of
principle for proceeding with models that incorporate those
individual elements that can impact the reliability of census
prediction.
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Conclusion
LOS prediction is improved by accounting for severity of illness
in the first week of life, beyond factors known at birth. Models
including MAIN outperformed those with SNAPPE in all
populations. Our findings of poor LOS prediction for individuals,
and moderately accurate LOS prediction for populations, are
consistent with reports in the adult and neonatal literature.
Within our study populations, the difference between observed and
expected LOS varied less when neonates who died or transferred
were excluded. This may be improved further by modeling
categorical diagnoses (for example, necrotizing enterocolitis,
sepsis) and interventions (for example, surgery) after the first
week of life. Prospective comparison of MAIN and SNAPPE using
more recent, inclusive, multiyear data sets is warranted. With
recalibration of prediction equations, and validation of individual
LOS predictions, modeling NICU census may yet be realized.
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Physical activity and maternal–fetal circulation measured
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Objective: To examine the association of physical activity on maternal–
fetal circulation measured by uterine and umbilical artery Doppler flow
velocimetry waveforms.

Study Design: Participants included 781 pregnant women with Doppler
ultrasounds of the uterine and umbilical artery and who self-reported past
week physical activity. Linear and generalized estimating equation
regression models were used to examine these associations.
Result: Moderate-to-vigorous total and recreational activity were associated
with higher uterine artery pulsatility index (PI) and an increased risk of
uterine artery notching as compared with reporting no total or recreational
physical activity, respectively. Moderate-to-vigorous work activity was
associated with lower uterine artery PI and a reduced risk of uterine artery
notching as compared with no work activity. No associations were identified
with the umbilical circulation measured by the resistance index.
Conclusion: In this epidemiologic study, recreational and work activity
were associated with opposite effects on uterine artery PI and uterine
artery notching, although associations were modest in magnitude.
Journal of Perinatology (2013) 33, 87–93; doi:10.1038/jp.2012.68;
published online 7 June 2012
Keywords: work; recreational activity; maternal–fetal blood flow;
pregnancy; Doppler flow velocimetry waveform; pre-eclampsia

Introduction
The American College of Obstetricians and Gynecologists
encourages pregnant women, in the absence of either medical or
obstetric complications, to engage in regular, moderate intensity
exercise.1 This recommendation is based on scientific evidence that
moderate intensity exercise during pregnancy is not generally
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associated with adverse fetal and maternal outcomes.2–4 Regular
physical activity and exercise during pregnancy may alter the
maternal hemodynamic system and placental function by
increasing placental volumes and growth rates.5,6 Enhanced
placental growth and vascularity may be an adaptive response to
intermittent reductions in feto-placental blood flow during
exercise.7 It has been hypothesized that these effects may increase
the rate of placental perfusion and transfer function and reduce the
fraction of non-functional tissue in the placenta,8,9 which might be
beneficial for both the mother and the fetus.7
Doppler ultrasound provides a non-invasive way to examine
placental blood flow and placental vascular resistance on the maternal
and fetal sides of the placenta, enabling information about the
maternal–fetal circulation.10,11 For example, when placental
impedance increases, the uterine and umbilical arterial diastolic flow
decreases, which is associated with persistence of a diastolic notch in
uterine arteries or with either low, absent or even reversed end-diastolic
blood flow in the umbilical artery that can be detected by Doppler
ultrasound.10,12,13 Numerous studies have established an association
between abnormal Doppler velocimetry waveforms in the uterine
and umbilical arteries and adverse pregnancy outcomes such as
pre-eclampsia, intrauterine growth retardation, and prediction of fetal
distress, perinatal mortality, or admission to the neonatal intensive care
unit, but the association is weaker in low-risk pregnant women.10,13–18
Several randomized clinical trials have evaluated the immediate
effect of maternal exercise on maternal–fetal circulation with Doppler
velocimetry, although the sample sizes have been small. Most
measurements were taken before and soon after exercise. Findings for
the uterine artery Doppler indices have not been consistent, including
studies finding no meaningful changes,19–21 an increase in the
indices22–24 and an increase followed by a decrease in the indices
following bouts of exercise.25,26 More consistently, studies have found
no change in umbilical artery Doppler indices with exercise.19,22–24
These studies were conducted on small samples; thus, no general
conclusion has been made regarding the acute effect of physical
exercise on resistance of maternal–fetal blood flow.
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We are not aware of any observational studies that report on
associations between physical activity during pregnancy and
changes of Doppler flow measurements of the uteroplacental unit.
This study provides a comprehensive analysis of overall physical
activity and several components of physical activity on maternal–
fetal circulation during mid-pregnancy.

Methods
Study population
This analysis includes participants in the third phase of the PIN
(Pregnancy, Infection and Nutrition) Study, a prospective study
examining etiologic factors (physical activity, stress and placental
vascular compromise) for preterm delivery. The study protocol was
approved by the Institutional Review Board at the University of
North Carolina, Chapel Hill, NC, USA. Women seeking services
before 20 weeks’ gestation from prenatal clinics at the University of
North Carolina Hospitals between January 2001 and June 2005 were
asked to participate with written informed consent. Exclusion
criteria included being less than age 16, non-English speaking, not
planning to continue care or deliver at the study site, carrying
multiple gestations, or not having a telephone for the phone
interviews. During the course of pregnancy, the women were asked
to complete two research clinic visits and two telephone interviews.
After excluding women who enrolled in the study a second or third
time, women who did not complete Doppler ultrasounds of either or
both of uterine and umbilical artery at two clinic visits, or who did
not complete the first telephone interview with information from a
1-week physical activity recall, leaving 781 women in the analysis.
Physical activity measurement
A 1-week recall of physical activity was obtained from the phone
interview at 17 to 22 weeks’ gestation. The questionnaire included
six separate sections for work, recreational, outdoor household,
indoor household, child–adult care and transportation, with
evidence for validity and reliability reported elsewhere.27 The
questionnaire assessed frequency and duration of all moderate and
vigorous physical activities the women participated in during the
past week. For example, a question regarding participation in
particular modes of recreational activity stated: ‘in the past-week,
did you participate in any non-work, recreational activity or
exercise, such as walking for exercise, swimming, dancing, that
caused at least some increase in breathing and heart rate?’ If the
woman answered ‘Yes’, the interviewer asked her to list all types of
recreational activities. For each type of activity, the woman reported
the number of sessions in the past week, duration of each session
and her perception of the intensity classified as: ‘fairly light’,
‘somewhat hard’ and ‘hard or very hard’, from the Borg scale.28
For scoring based on absolute intensity, we assigned an intensity
code for each activity using metabolic equivalent (MET) from
published tables.29
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In this analysis, we focused on total activity and two typical types
of physical activity (work and recreational activity) because national
guidelines or recommendations focus on these specific types of
activities.1,30 To address perceived or relative intensity, for each type
of activity we calculated the total number of hours per week overall
and in ‘fairly light’, ‘somewhat hard’ and ‘hard or very hard’
intensity (the latter two defines moderate-to-vigorous intensity). To
examine absolute intensity, we multiplied the hours per week in
each activity by its corresponding MET value and summed them up
to calculate total MET-hours per week and MET-hours per week for
moderate-to-vigorous activity, defined as activities with a MET value
X4.8, which corresponds to the lower range of moderate intensity
for women 20 to 39 years of age.31 Total activity was calculated by
summing up all the values for all activity types. Each physical
activity variable in the analysis was categorized into four levels: (1)
no activity, (2) fairly light activity, (3) moderate-to-vigorous activity
less than or equal to the median value among participants that
reported that activity and (4) moderate-to-vigorous activity greater
than the median value. The only exception was for moderate-tovigorous work activity, which had a low prevalence, so we collapsed
the variable into three categories.
Outcome measurement
During the first clinic visit, at 15 to 20 weeks’ gestation, the
sonographer performed Doppler ultrasonography to obtain flow
velocity waveforms in the uterine arteries (left and right). During
the second clinic visit, at 24 to 29 weeks’ gestation, Doppler
ultrasonography was similarly performed in the uterine arteries, as
well as the umbilical artery. The woman lay in a semi-recumbent
position, and both uterine arteries were examined at their crossing
with the external iliac artery using a 3.5 MHz transabdominal
probe. For the umbilical artery, Doppler velocity waveforms were
obtained from the free-floating loop of the umbilical cord during
fetal quiescence. Doppler waveform indices were calculated from
computerized planimetry as systolic/diastolic ratio, pulsatility index
(PI) in the uterine artery measures, and as resistance index (RI) in
the umbilical artery measures. Also, presence of an early diastolic
notch in the uterine arteries or umbilical artery, presence and
direction of diastolic flow in umbilical artery, and location of the
placenta, categorized as anterior, posterior, left lateral, right lateral,
previa and fundal in the uterine cavity were recorded.
For the uterine artery analysis, PI was chosen as a continuous
outcome measure, because of its nearly normal distribution and
having very few outliers. The mean of the left and right artery PI
measurements was used for the final analysis. We also used a
dichotomous variable that indicated the presence of an early
diastolic notch in either or both the left and right uterine arteries.
For the umbilical artery analysis, RI was chosen as a
continuous outcome measure because of its nearly normal
distribution in the study population. With very few participants with
adverse umbilical artery outcomes, such as notch present or
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Table 1 Doppler waveform indices used in this study
Arteries examined

Outcome indices

Time of measurement

Calculation

Uterine arteries

Mean of PI

PI ¼ (S–D)/A

Umbilical artery

Any early diastolic notch in either or both
uterine arteries
RI

Measured twice at 15–20 and 24–29
weeks’ gestation
Measured twice at 15–20 and 24–29
weeks’ gestation
Measured once at 24–29 weeks’ gestation

Yes or no
RI ¼ (S–D)/S

Abbreviations: A, time-averaged maximum velocity; D, end-diastolic velocity; PI, pulsatility index; RI, resistance index; S, peak systolic velocity.

reversed diastolic flow in the umbilical artery Doppler, we did not
analyze these measures. A summary of Doppler waveform indices
used in this study are presented in Table 1.
Covariate measurement
Other information on participants was obtained from the first
phone interview at 17 to 22 weeks’ gestation and medical records.
Sociodemographic variables included age at enrollment, race
(white, black, other), marital status, completed years of education
and household percentage of poverty for 2001.32 Pre-pregnancy
body mass index was calculated from self-reported weight and
measured height (kg m –2) and categorized based on the Institute
of Medicine guidelines.33 Adequacy of total weight gain was
calculated as a ratio of observed weight to expected weight based on
the Institute of Medicine guidelines in effect during the time of
data collection.33 Pregnancy and medical history variables included
reproductive history (parity, history of stillbirth, miscarriage and
abortions), chronic hypertension, pre-existing diabetes and
bleeding during pregnancy. Lifestyle behaviors included
prepregnancy body mass index, smoking, alcohol consumption and
drug use. All of these covariates were explored as potential
confounders in each of the models. Gestational age at the
ultrasound measurements was included in all models.
Statistical analyses
Multiple linear regression modeling was performed for the
umbilical RI and started with full models, including physical
activity, all covariates as previously described, gestational age at the
time of ultrasound and placental location. We used a backward
elimination approach to remove variables from the model.34 Two
criteria were used for elimination of a variable: (1) P-value for the
t-test for the presence of this variable in the model exceeding 0.10,
indicating the variable did not contribute meaningfully to the
prediction of umbilical RI, and (2) removal of the variable from
the model not changing the estimate of coefficients for physical
activity exposure measure by >10%, indicating the variable was
not a confounder. We retained any confounder identified in any of
the three physical activity models in all final models, together with
gestational age at the second ultrasound measure. Finally, to
account for other types of physical activity when examining the
association with work and recreational activity, we included a

continuous variable (‘other physical activity’) defined by
subtracting of the specific exposure activity value of interest from
the total activity value in the final models. We reported
corresponding regression coefficients and P-values for physical
activity variables in each model.
We fit generalized estimating equation models to the uterine
artery Doppler data using PROC GENMOD with REPEATED
statement in SAS (SAS Institute, Cary, NC, USA) for the continuous
outcome as mean uterine PI, measured twice.35 We reported beta
regression coefficients with 95% confidence intervals (CIs) and Pvalues for physical activity variables in each model. The betas had
an interpretation as the association of a one-level change in each
exposure on mean uterine PI as a continuous outcome, controlling
for all other covariates and adjusting for the longitudinal
clustering. Also using generalized estimating equation models for
the presence of a notch in either or both uterine arteries, as a
dichotomous outcome, measured twice, we reported crude and
adjusted relative risk with their CIs. All final models were adjusted
for appropriate confounders (that is, removal of the variable did
not change the physical activity exposure estimate by >10%),
gestational age at the first and second clinic visit, placental
location at the second visit and ‘other physical activity’.
Reproductive history (parity, history of stillbirths, miscarriages and
abortions), bleeding during pregnancy, prepregnancy body mass
index, adequacy of maternal weight gain, alcohol use and drug use
were not confounders in any model, and thus are not adjusted for
in the multivariable analyses. Pregnancy outcomes (for example,
pre-eclampsia, preterm birth), which were evaluated at the
termination of pregnancy were not included in the analysis as
confounders or effect modifiers.

Results
Descriptive characteristics
Distribution of sociodemographic, lifestyle and pregnancy
characteristics of study participants are presented in Table 2.
Women were mostly white, married and well educated. Almost 40%
of women were overweight or obese. At 17 to 22 weeks’ gestation,
30% of women reported at least some work-related physical activity
in the past week and 63% reported at least some recreational
physical activity.
Journal of Perinatology
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Table 2 Selected sociodemographic, lifestyle, and pregnancy characteristics of
the study participants (N ¼ 781)
Number

Percent

Age in years
p20
21–34
X35

76
596
109

9.7
76.3
14.0

Race
White
Black
Other

548
161
72

70.2
20.6
9.2

Marital status
Not married

226

28.9

Education in years
High school or less (p12)
Some college (13–15)
College graduation

181
162
438

23.2
20.7
56.1

Percentage of the poverty line based on
household income
<100
100–200
>200

120
100
526

16.1
13.4
70.5

Body mass index before pregnancy
Underweight <19.8 kg m – 2
Normal: 19.8– <26.0 kg m – 2
Overweight: 26– <29.0 kg m –2
Obese: X29.0 kg m –2

104
369
88
208

13.5
48.0
11.4
27.1

Chronic hypertension

67

9.0

Pre-existing diabetes

36

4.8

Smoking
Non-smoker
Past smoker
Current smoker

492
104
115

69.2
14.6
16.2

We compared characteristics of women who were included in
the analysis (n ¼ 781) and those who were eligible, but were not
included (n ¼ 1094) because of lack of information on Doppler
ultrasound or 1-week recall physical activity (data not shown).
Chi-square statistics were used for comparison. We found no
differences between the included and excluded groups (P>0.05) on
most characteristics (for example, age, race, education, marital
status, general health, pre-pregnancy body mass index, parity,
maternal weight gain, adequacy of prenatal care and smoking).
Also, no differences between the included and excluded groups were
Journal of Perinatology

found regarding regular exercise before pregnancy, and during the
first and second trimester of pregnancy. However, women who were
included in the analysis were more likely to have a lower percent
below poverty than women not included in the analysis.
Physical activity and uterine artery PI and early diastolic
notching
At the first clinic visit, the mean uterine PI was 1.15. (s.d. ¼ 0.46),
and 29% had an early diastolic notch present in either
or both uterine arteries. At the second clinic visit, the mean uterine
PI was 0.88 (s.d. ¼ 0.28), 11% had a notch present in either
or both uterine arteries, and the mean umbilical RI was 0.66
(s.d. ¼ 0.06).
Table 3 displays the generalized estimating equation models for
the relationship between perceived intensity of physical activity and
the two outcomes, mean uterine PI and any uterine artery
notching at either or both first and second clinic visit. Moderate-tovigorous total and recreational activity above the median were both
associated with higher uterine PI as compared with no total or
recreational physical activity, respectively, (beta coefficient ¼ 0.092
(95% CI 0.006, 0.178) and 0.073 (95% CI 0.003, 0.144)). Moderateto-vigorous work activity was associated with lower uterine PI (beta
coefficient ¼ 0.107 (95% CI 0.164, 0.049) as compared
with reporting no work activity. The risk of any uterine artery
notching was higher among women reporting moderate-tovigorous recreational activity above the median compared with
those reporting no recreational physical activity (relative risk
adjusted ¼ 1.75 (95% CI 1.11 to 2.75)).
Physical activity and umbilical RI
The multiple linear regression models between physical activity and
the umbilical RI are described in Table 4. Total, recreational and
work physical activity at any level of intensity were not associated
with the umbilical artery RI.
Sensitivity analysis
All results presented in Tables 3 and 4 were recalculated using
absolute intensity (in MET-hours per week) for physical activity,
rather than perceived intensity (in hours per week). The findings
were quite similar (data not shown). We also explored all
recreational and work models without further adjustment for ‘other
physical activity’ and our interpretations did not meaningfully
change (data not shown).

Discussion
To our knowledge, this is the first epidemiologic study to
investigate the association between physical activity and vascular
resistance in the uterine and umbilical artery blood flow. We found
that moderate-to-vigorous total and recreational physical activity
above the median was associated with a higher uterine artery PI
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Table 3 The associations between self-reported physical activity (using perceived intensity at 17–22 weeks’ gestation) and mean uterine artery PI and the risk of any
uterine artery notching at both Doppler measurements (N ¼ 781).
Mean uterine artery PIa

Risk of any uterine artery notching

%

Beta

95% CI of beta

P-value

RR unadjusted (95% CI)

RR adjusted (95% CI)b

Total physical activity (median ¼ 2.75 hours per week)
No activityc
52
Fairly light total activity
224
MV total activity p the median
256
MV total activity > the median
249

6.6
28.7
32.8
31.9

Reference
0.063
0.059
0.092

(0.023, 0.149)
(0.026, 0.143)
(0.006, 0.178)

0.15
0.18
0.04

1.00
0.87 (0.48, 1.57)
0.84 (0.46, 1.50)
1.01 (0.56, 1.81)

1.00
1.09 (0.54, 2.22)
1.23 (0.61, 2.49)
1.48 (0.73, 2.99)

Recreational activity (median ¼ 2.0 hours per week)
No recreational activityc
Fairly light recreational activity
MV recreational activity p the median
MV recreational activity > the median

293
185
175
128

37.5
23.7
22.4
16.4

Reference
0.038
0.045
0.073

(0.026, 0.102)
(0.019, 0.109)
(0.003, 0.144)

0.25
0.17
0.04

1.00
1.11 (0.76, 1.62)
1.21 (0.82, 1.78)
1.59 (1.04, 2.39)

1.00
1.25 (0.82, 1.92)
1.43 (0.93, 2.18)
1.75 (1.11, 2.75)

Work activity
No work activityc
Fairly light work activity
Some MV work activity

546
146
89

69.9
18.7
11.4

Reference
0.014
0.107

(0.075, 0.046)
(0.164, 0.049)

0.64
p0.001

1.00
1.00 (0.69, 1.44)
0.61 (0.39, 0.98)

1.00
1.19 (0.80, 1.77)
0.64 (0.38, 1.08)

N

Abbreviations: CI, confidence interval; MV, moderate to vigorous; PI, pulsatility index; RR, relative risk.
a
Adjusted for household percentage of poverty (<100, 100–200, >200), pre-existing diabetes (yes, no), smoking (no, past, current), gestational age at first and second visit (weeks) and
other physical activity.
b
Adjusted for household percentage of poverty (<100, 100–200, >200), pre-existing diabetes (yes, no), smoking (no, past, current), gestational age at first and second visit (weeks),
placental location at second visit (anterior, posterior, other) and other physical activity.
c
Referent group, women with no specific activity.
Median among participants who reported at least some moderate-to-vigorous physical activities.
In all models, variables with more than two levels were coded as indicator variables.

and notching, which was in agreement with previous randomized
trials assessing acute exercise response.22–24 In contrast, we
observed a lower uterine artery PI among women reporting
moderate-to-vigorous work activity, suggesting a reduction of
impedance in uterine circulation. We can only speculate as to the
reason for the differences in associations between recreational and
work activities; it may be that recreational activities by nature are
shorter term and episodic in contrast to work activities, which may
occur throughout the day.
We found an increased risk of the presence of any uterine artery
notching among women reporting moderate-to-vigorous
recreational activity above the median, and somewhat higher for
total physical activity, suggesting somewhat higher chronic
impedance of uterine artery circulation. However, we also found a
reduced risk of uterine artery notching among women reporting
moderate-to-vigorous work activity.
A link between physical activity and increased resistance in the
uteroplacenta is plausible biologically. In normal pregnancy,
maternal hemodynamic adaptations, including changes in
vascular tone, increase in placental bed blood flow through
hormonally mediated vascular growth and remodeling and
decreased adrenergic response, lead to low vascular impedance in
the uteroplacenta and decreased placental vascular resistance.9,11,36

Among women engaging in exercise during pregnancy, many other
biological effects are observed including increased resting maternal
plasma volume, intervillous space blood volume, enhanced fetoplacental growth, placental function and vascularity.5–7
Observations in the placental biopsy after delivery reveal a
significantly greater total vascular volume and total capillary
volume in the placental villi among women engaging in exercise.8
Other important findings in the placental biopsy included increased
total villous surface area, increased cell proliferation and reduced
fraction of non-functional tissue.8,37 The chronic effects on these
physiological and functional changes increase overall placental
perfusion, placental bed blood flow at rest, and both oxygen and
substrate delivery.7,8 All of these changes imply a reduction of
resistance in the placental blood flow among women engaging in
exercise during pregnancy, consistent with the apparent reduction
in resistance associated with work activity but not to our total and
recreational activity findings.
Our study found no associations between types of physical
activity, including work and recreational activity, at any level of
intensity with the umbilical Doppler RI. Umbilical resistance
reflects fetal circulation and our findings support the null
observations of other randomized trials assessing acute response of
exercise.19,22 –24
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Table 4 The association between past week physical activity (using perceived
intensity at 17–22 weeks of pregnancy) and umbilical artery resistance index at
24–29 weeks of pregnancy (N ¼ 781)
Modeling with physical activity in
perceived intensitya
Total physical activity (median ¼ 2.75
hours per week)
No activityb
Fairly light total activity
MV total activity p the median
MV total activity > the median

Beta (95% CI)

Reference
0.005 (0.013, 0.021)
0.009 (0.011, 0.027)
0.007 (0.014, 0.019)

P-value

0.62
0.39
0.50

Recreational activity (median ¼ 2.0 hours
per week)
No recreational activityb
Fairly light recreational activity
MV recreational activity p the median
MV recreational activity > the median

Reference
0.002 (0.021, 0.009)
0.002 (0.016, 0.017)
0.004 (0.017, 0.011)

0.79
0.71
0.58

Work activity
No work activityb
Fairly light work activity
Some MV work activity

Reference
0.005 (0.013, 0.006)
0.001 (0.010, 0.014)

0.43
0.86

Abbreviations: CI, confidence interval; MV, moderate to vigorous.
a
Adjusted for household percentage of poverty (<100, 100–200, >200), weight gain ratio
of observed weight/expected weight based on IOM guidelines (<1, 1– <2, X2),
gestational age at second visit (weeks), placental location at second visit (anterior,
posterior, other) and other physical activity.
b
Referent group, women with no specific activity.
Median among participants who reported at least some moderate-to-vigorous activities.
In all models, variables with more than two levels were coded as indicator variables.

Strengths and limitations
In this study, physical activity was collected through a 1-week
recall questionnaire to capture comprehensive information on the
type, frequency, duration and intensity of all types of physical
activity during pregnancy. We assessed the intensity of each activity
using both perceived (self-reported) and absolute intensity (from
the compendium of physical activities).29 Outcome data were
measured at one or two different time points during pregnancy,
taking into account the variability of these measures along with
gestational age. Information on key confounders was collected in
detail, allowing us to evaluate the effects of specific types of
physical activity and we were able to control for other activities
simultaneously.
However, several limitations of this study should be noted.
Although there is evidence to support the validity and reliability of
the physical activity questionnaire among pregnant women,27
measurement error is inevitable based on of self-reports. Physical
activity can be variable over a short period of time, so that physical
activity measured in a 1-week period may not be representative
over a longer interval, especially during pregnancy. Such
Journal of Perinatology

misclassification of exposure is likely to be random with respect to
the outcomes and therefore, is most likely to bias relationships
toward the null. Doppler velocimetry indices were also subject to
some variances between and within ultrasonographers. The
findings could also be biased by inadequate adjustment for
unmeasured confounding such as nutrition status or stress during
pregnancy. Timing between measures of physical activity and the
Doppler ultrasound exams may introduce some biases because of
variable patterns of physical activity during pregnancy.

Conclusion
In this epidemiologic study, recreational and work activity were
associated with opposite effects on uterine artery PI and uterine
artery notching, although associations were modest in magnitude.
No association was found between physical activity and umbilical
circulation measured by the RI. Future studies could consider a
time series design with multiple prospective measurements of both
physical activity and Doppler indices during pregnancy. Other
parameters, such as middle cerebral artery Doppler indices, could
be included in future studies.
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Introduction
The ABO blood group is the first and the most well-known blood
type system in humans.1 This blood system has important roles in
human physiology, biomedical science, anthropology, legal issues,
as well as transfusion and transplantation medicine.1,2 The blood
group of an individual is controlled by a single gene (the ABO
gene) located on the long arm of chromosome 9 (9q34) with three
variant alleles: A, B and O.3 The A and B alleles encode
some specific enzymes (glycosyltransferases) that produce

both A (glycosyltransferase a1,3-GalNAc-transferase) and B
(a1,3Gal-transferase) antigens.3,4 The O allele encodes an inactive
glycosyltransferase, hence neither A nor B antigen is synthesized.3
Both A and B antigens are found on the surface of red blood cells
and other tissues including vascular endothelium, epidermis and
glandular or other epitheliums lining visceras.5
Aside from its physiologic role, recent studies have shown
associations between particular ABO phenotypes and various
pathologic events, for example, infection, bleeding disorder,
thromboembolic disease, cancers and so on.6–9 The possible
mechanisms for the associations are the influences of some genetic
variants at the ABO locus on the aberrations of some biological
substances, such as proinflammatory cytokine, adhesion molecules
and thrombogenic factor.10,11 The effects of blood types on
pregnancy outcomes have also been reported, however, with
inconsistent results.12–15 Some authors found a greater risk of
preeclampsia in women with A or AB blood types,12–14 whereas
another study found that percentage of O blood type was high
among women with gestational diabetes mellitus (GDM).16 Others
did not find any relationship between maternal blood group and
pregnancy outcomes including preeclampsia, postpartum
hemorrhage, intrauterine growth restriction, large for gestational
age (GA) infants or stillbirth.15
Bearing in mind the limited data from a few studies with
inconsistent results, additional information is needed. Furthermore,
all previous studies were carried out in Western populations with
possibly different distributions of ABO phenotypes from Asian women.
Hence, more research on this subject is necessary. The aim of this
study was to evaluate the relationship between maternal ABO blood
group and risks of pregnancy complications or adverse pregnancy
outcomes in Thai women. More specifically, we focused on the
complications or adverse outcomes that were previously reported on
this topic and the ones that are presently recognized as unfavorable
pregnancy outcomes. These included preeclampsia, GDM, preterm
delivery, low birth weight (LBW) and small for GA (SGA) infants.
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Methods
This study was approved by the Bangkok Metropolitan
Administration Ethics Committee for Research Involving Human

Objective: To determine the relationship between maternal ABO blood
group and risk of adverse pregnancy outcomes.

Study Design: Data on ABO phenotypes and pregnancy outcomes were
collected from medical records of 5320 singleton pregnant women who had
ABO blood testing and follow-up care until delivery in our institution.
Adverse pregnancy outcomes that were studied in relation to maternal blood
group included preeclampsia, gestational diabetes mellitus (GDM), preterm
delivery, low birth weight (LBW) and small for gestational age (SGA) infants.
Result: Out of 5320 women, 350 (6.6%), 333 (6.3%) and 543 (10.2%)
women were diagnosed with preeclampsia, GDM and preterm delivery,
respectively. LBW and SGA were, respectively, observed in 394 (7.4%) and
178 (3.3%) infants. By uni- and multivariable analyses, women with A or
AB blood types, but not B, were found at increased risk of preeclampsia
compared with O type individuals; adjusted relative risks were 1.7 (95%
confidence interval (CI), 1.3 to 2.3; P ¼ 0.001) for A phenotype and 1.7
(95% CI, 1.1 to 2.6; P ¼ 0.01) for AB phenotype. There were no significant
relationships between blood types and GDM, preterm delivery, LBW or SGA.
Conclusion: Maternal ABO blood group was associated with the risk of
preeclampsia, but not with GDM, preterm delivery, LBW or SGA.
Journal of Perinatology (2013) 33, 107–111; doi:10.1038/jp.2012.73;
published online 7 June 2012
Keywords: ABO blood group; pregnancy outcomes; risk
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Table 1 Characteristic features of the study population stratified by ABO phenotypes
Characteristic

Total (n ¼ 5320)

P-valuea

Blood group
A (n ¼ 1153)

B (n ¼ 1832)

AB (n ¼ 379)

O (n ¼ 1956)

Age (years), n (%)
<20
20–34
X35

701 (13.2)
3922 (73.7)
697 (13.1)

161 (14.0)
832 (72.1)
160 (13.9)

244 (13.3)
1345 (73.4)
243 (13.3)

51 (13.4)
283 (74.7)
45 (11.9)

245 (12.5)
1462 (74.8)
249 (12.7)

0.79

Parity, n (%)
Nullipara
Multipara

2668 (50.2)
2652 (49.8)

566 (49.1)
587 (50.9)

933 (50.9)
899 (49.1)

200 (52.8)
179 (47.2)

969 (49.5)
987 (50.5)

0.51

392
503
187
71

631
812
276
113

135
172
55
17

631
909
317
99

0.49

Body mass index (kg m2), n (%)
<20.0
1789 (33.6)
20.0–24.9
2396 (45.0)
25.0–29.9
835 (15.7)
X30.0
300 (5.7)

(34.0)
(43.6)
(16.2)
(6.2)

(34.4)
(44.3)
(15.1)
(6.2)

(35.6)
(45.4)
(14.5)
(4.5)

(32.3)
(46.5)
(16.2)
(5.0)

a 2

w test.

Subjects. We performed a retrospective analysis of all consecutive
Thai pregnant women who attended our antenatal clinic between 1
July 2008 and 30 June 2010. Inclusion criteria were singleton
pregnancies who sought their first antenatal care at GA p14 weeks,
and who underwent ABO blood typing along with other basic
antenatal care laboratory investigations in our institution. Exclusion
criteria were those who had: known underlying disease or condition
that could affect the pregnancy outcomes (that is, chronic
hypertension, overt diabetes, renal or collagen vascular disease,
hyperthyroidism, smoking or congenital fetal anomalies), Rhnegative blood type, delivery elsewhere and incomplete clinical data.
Data collected were: maternal age, parity, body mass index at
first visit, ABO blood group, GA at delivery, route of delivery,
neonatal birth weight and adverse pregnancy outcomes. ABO blood
group was determined by a standard blood group serology analysis.
This included both testing of A and B antigens on red blood cells
(with anti-A and anti-B reagents) and testing of anti-A and anti-B
antibodies in serum (with A and B antigens). The result of each
test was certified by laboratory personnel before submitting the
final report. Pregnancy complications or adverse pregnancy
outcomes in this study included preeclampsia, GDM, preterm
delivery, LBW and SGA infants. Preeclampsia was defined based
on the guideline of the American College of Obstetricians and
Gynecologists.17 All women were screened for GDM. Those with a
positive screen were scheduled for a diagnostic test. The diagnosis
of GDM was based on the Carpenter and Coustan criteria.18
Preterm delivery included a delivery before the completion of 37
weeks of gestation. Neonatal birth weights <2500 g or under the
10th percentile for that particular GA, using a Thai infant birth
weight nomogram,19 were considered LBW or SGA infants,
respectively.
Journal of Perinatology

Statistical analysis was performed with the SPSS software
package version 11.5 (SPSS, Chicago, IL, USA). Continuous
variables among the four groups of women with different blood
types (A, B, AB or O) were compared by using one-way analysis of
variance; when overall analysis was significant, the intergroup
comparisons were then made by the Scheffe method. Categorical
variables between groups were compared with the w2 test. Owing to
its absence of both A and B antigens, O blood type was used as the
reference group. The relative risks (RRs) with 95% confidence
intervals (CIs) of the five outcomes studied in A, B and AB blood
types were analyzed by stepwise logistic regression adjusted for
potential confounders. P-value <0.05 was considered statistically
significant.
Results
A total of 5320 gravidas were included in this study; 50.2% were
nulliparous. Mean age and body mass index at first visit were
27.0±6.3 years and 22.2±4.3 kg m2, respectively. The
distribution of ABO phenotypes in the study population was as
follows: A ¼ 21.7%, B ¼ 34.4%, AB ¼ 7.1% and O ¼ 36.8%. Among
women with four different blood types, no significant differences
in terms of teenage or elderly mothers, rate of nullipara and
percentages of overweight or obesity were observed. Details of the
characteristic features of the study population are presented in
Table 1.
Out of 5320 women, 350 (6.6%), 333 (6.3%) and 543 (10.2%)
had preeclampsia, GDM and preterm delivery, respectively. With
regard to their babies, 394 (7.4%) and 178 (3.3%) were,
respectively, diagnosed with LBW and SGA infants. Table 2 presents
birth outcomes of the women. There were no significant differences
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Table 2 Birth outcomes of the study population stratified by ABO phenotypes
Total (n ¼ 5320)

Outcome

Gestational age at delivery (weeks), mean (SD)
Route of delivery, n (%)
Cesarean route
Vaginal route
Normal delivery
Vacuum extraction
Forceps extraction
Neonatal birth weight (g), mean (SD)

Blood group

P-value

A (n ¼ 1153)

B (n ¼ 1832)

AB (n ¼ 379)

O (n ¼ 1956)

38.3 (1.7)

38.2 (1.7)

38.3 (1.7)

38.3 (1.5)

38.3 (1.6)

1593
3727
3328
343
56

346
807
711
84
12

540
1292
1138
133
21

124
255
234
20
1

583
1373
1245
106
22

(29.9)
(70.1)
(62.6)
(6.4)
(1.1)

3093.1 (457.7)

(30.0)
(70.0)
(61.7)
(7.3)
(1.0)

3101.5 (471.1)

(29.5)
(70.5)
(62.1)
(7.3)
(1.1)

3084.3 (449.7)

(32.7)
(67.3)
(61.7)
(5.3)
(0.3)

3073.1 (472.7)

0.25a
0.25b,c

(29.8)
(70.2)
(63.7)
(5.4)
(1.1)
0.52a

3100.3 (454.3)

a

One-way analysis of variance.
w test.
c
Comparison is between cesarean and vaginal routes.
b 2

Table 3 Adverse pregnancy outcomes of the four groups of women according to their blood phenotypes
Outcome

Total
(n ¼ 5320)

Blood group
A (n ¼ 1153)
n (%)

Preeclampsia

350 (6.6)

100 (8.7)

GDM

333 (6.3)

80 (6.9)

Preterm delivery

543 (10.2)

125 (10.8)

LBW

394 (7.4)

79 (6.9)

SGA

178 (3.3)

35 (3.0)

Crude/adjusted
RR (95% CI)a
1.7
1.7
1.2
1.2
1.2
1.2
0.9
0.9
0.8
0.8

(1.3–2.2)
(1.3–2.3)
(0.9–1.7)
(0.9–1.6)
(0.9–1.5)
(0.9–1.5)
(0.7–1.2)
(0.7–1.2)
(0.5–1.3)
(0.5–1.2)

B (n ¼ 1832)
n (%)

113 (6.2)
119 (6.5)
194 (10.6)
138 (7.5)
58 (3.2)

Crude/adjusted
RR (95% CI)a
1.2
1.1
1.2
1.1
1.1
1.1
1.0
1.0
0.9
0.8

(0.9–1.5)
(0.8–1.4)
(0.9–1.5)
(0.9–1.5)
(0.9–1.4)
(0.9–1.4)
(0.8–1.3)
(0.8–1.3)
(0.6–1.2)
(0.6–1.2)

AB (n ¼ 379)
n (%)

32 (8.4)
23 (6.1)
39 (10.3)
34 (9.0)
14 (3.7)

Crude/adjusted
RR (95% CI)a
1.6
1.7
1.1
1.1
1.1
1.0
1.2
1.1
1.0
0.9

(1.1–2.5)
(1.1–2.6)
(0.7–1.7)
(0.7–1.8)
(0.8–1.6)
(0.7–1.5)
(0.8–1.8)
(0.8–1.7)
(0.6–1.8)
(0.5–1.7)

O (n ¼ 1956)
n (%)

Crude/adjusted
RR (95% CI)a

105 (5.4)

F
(Reference)
F
(Reference)
F
(Reference)
F
(Reference)
F
(Reference)

111 (5.7)
185 (9.5)
143 (7.3)
71 (3.6)

Abbreviations: CI, confidence interval; GDM, gestational diabetes mellitus; LBW, low birth weight; RR, relative risk; SGA, small for gestational age.
a
Adjusted for age, parity, body mass index and other adverse pregnancy outcomes in the Table.

of GA at delivery, route of delivery or neonatal birth weight among
the four groups of women with different blood types.
Table 3 compares the adverse pregnancy outcomes or pregnancy
complications among women with A, B, AB, and O phenotypes. By
univariable analysis, women with A or AB blood types, but not B,
had significantly higher risk of preeclampsia than O type
individuals. We used multivariable analysis to adjust for potential
confounders for preeclampsia, including age, parity, body mass
index as well as the other variables in the Table. Both A and AB
phenotypes were identified as independent risk factors for
preeclampsia (RR, 1.7; 95% CI, 1.3 to 2.3; P ¼ 0.001 and RR, 1.7;
95% CI, 1.1 to 2.6; P ¼ 0.01, respectively). On the other hand, uniand multivariable analyses did not show significant relationships
between blood types and GDM, preterm delivery, LBW or SGA.

Upon further analysis, we found that the degree of RRs
increased as the clinical manifestations of hypertensive disorders
became more severe. The adjusted RRs of gestational hypertension,
mild preeclampsia and severe preeclampsia in A blood type were
1.0 (95% CI, 0.6 to 1.8; P>0.05), 1.6 (95% CI, 1.1 to 2.3;
P ¼ 0.01) and 2.1 (95% CI, 1.3 to 3.3; P<0.01), respectively,
whereas the respective adjusted RRs in AB blood type were 1.1 (95%
CI, 0.4 to 2.6; P>0.05), 1.6 (95% CI, 1.1 to 2.8; P ¼ 0.04) and 1.8
(95% CI, 1.1 to 3.6; P ¼ 0.03).
Discussion
The ABO blood group is the most important blood type system in
humans especially in medicine. The distribution of ABO phenotypes
Journal of Perinatology
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varies across the globe, depending on racial/ethnic origins and
geographic regions. For example, A blood type is more common
than the other blood types in Japan and European countries,
whereas O type predominates in the United States.20 O blood type is
also the most common blood type found in Thai population
followed by B, A and AB types: 37.8% for O type, 34.8% for B, 20.5%
for A and 6.9% for AB.21 Our study that focused only on pregnant
women also found similar distribution of blood types as those
encountered in the general Thai population.21
Several studies have shown associations between particular ABO
phenotypes and pregnancy complications. In a study conducted by
May, British women with A blood type had a 2.7-fold risk of
preeclampsia compared with O type individuals.13 Similarly,
Spinillo et al.14 and Hiltunen et al.12 found an increased risk of
preeclampsia by 2.1- to 3.1-folds in Italian and Finnish gravidas
with AB blood type compared with O type women. However, the
impact of blood types on pregnancy complications was not observed
by Clark et al. who conducted a study on Scottish women.15 In our
study, we also found that both A and AB blood types were
significantly associated with preeclampsia; however, the 1.7-fold
risk in either blood group was smaller than those observed in
previous reports.12–14 Different results regarding the magnitude of
associations among these studies might lie on various sample sizes,
racial/ethnic origins studied, and population characteristics (that
is, primigravidas in the studies of May and Spinillo et al. vs a
combination of primi- and multigravidas in the studies of Hiltunen
et al., Clark et al. and our study).
We also found a direct association of degree of RRs with severity
of preeclampsia in A and AB blood types. Our results were consistent
with the findings of Hiltunen et al.12 who reported RRs of 2.1 for
preeclampsia as a whole and 2.3 specifically for severe preeclampsia
in AB type individuals. Knowing the risk of specific type of
hypertensive disorders (that is, mild or severe preeclampsia) may be
clinically useful because the maternal and neonatal prognosis as
well as pregnancy management depend on the severity of the disease.
There are several hypotheses for the observed relationship
between ABO blood types and preeclampsia. One possible
mechanism is due to an effect of von Willebrand factor, which was
found higher in non-O (A, B, and AB) compared with O type
individuals.22 Evidence suggests that von Willebrand factor can
promote platelet aggregation/adhesion and atherosis formation
leading to endothelial dysfunction, which is known to be involved
in the pathogenesis of preeclampsia.23–25 Other mechanisms may
also get involved because our study found only an increased risk of
preeclampsia in women with A and AB blood types, but not B type
gravidas. Some inflammatory markers, that is, tumor necrosis
factor-alpha and soluble intercellular adhesion molecule 1 were
identified to be upregulated by single-nucleotide polymorphism
rs651007 at the ABO locus, especially with the A allele.10,11,26
As these markers are associated with preeclampsia,27–29 this is
therefore another possible mechanism.
Journal of Perinatology

It is well recognized that SGA shares the same underlying
pathogenesis with preeclampsia. However, our study could not
demonstrate association of a particular ABO phenotype with the
risk of having an SGA infant as we found with preeclampsia. This
might be due to the small number of subjects studied. Nevertheless,
we found that A blood type was a significant risk factor for
coincidental events of SGA and preeclampsia (rather than SGA
alone) with an adjusted RR of 3.4 (95% CI, 1.1 to 9.9; P ¼ 0.03).
Further studies with larger sample sizes might verify the potential
influence of ABO phenotype on this pregnancy outcome.
One previous study identified a higher prevalence of O blood
type in gravidas with GDM compared with non-GDM group (52.2%
vs 33.3%).16 However, evaluation of the risk factors for GDM was
not the main purpose of such a study, so information on the RR of
this pregnancy complication in relation to maternal blood group
was not reported. In our study, we found that the RRs of GDM
among the four blood phenotypes were comparable. Similarly, we
observed no associations of blood types with preterm delivery or
LBW. These negative results may serve as basic data for future
research to look for other genetic variants that may link to such
complications.
This is the first study to evaluate the impact of ABO blood types
on maternal and neonatal outcomes in Asian population. The
strength of our study was that it was conducted on a large cohort of
pregnant women. Additionally, all of the study population
underwent blood group testing, therefore information on blood
phenotypes was considered accurate. At the same time, some
drawbacks of this study were recognized. First of all, as this was a
retrospective study, data on other potential risk factors for the
outcomes being investigated were not available, such as, history of
preeclampsia or GDM in prior pregnancies and so on. However, we
adjusted for known potential confounders by using multivariable
analysis. Second, the possible impact of minor red blood cell
antibodies on adverse pregnancy outcomes could not be addressed
because the majority of the study population was not crossmatched. Third, we did not include Rh-negative blood group
subjects because of its low incidence (<0.5%) in Thai
population.30 Consequently, impact on women with this particular
blood type was not determined. Lastly, the possible influences of
neonatal or paternal ABO blood types on pregnancy outcomes
could not be assessed because additional blood testing was not
possible in our retrospective study. These limitations may be
minimized in future and prospective studies.
In conclusion, our results demonstrated that maternal ABO
blood group was associated with the risk of preeclampsia, but not
with GDM, preterm delivery, LBW or SGA. A and AB blood types
were independent risk factors for preeclampsia and the degree of
RRs varied directly with the severity of the disease. Our findings
might have a role in identifying women at risk and to alert a
clinician to the possibility of a case of preeclampsia and proactive
early detection. At all times, we were aware of the limitations
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regarding the small proportion of A and AB phenotypes in our
population and of the modest increased risk of preeclampsia in
either blood type. Hence, one could not draw a final conclusion
from our results until further research with various population
groups further validate our findings.
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29 Chavarrı́a ME, Lara-González L, Garcı́a-Paleta Y, Vital-Reyes VS, Reyes A. Adhesion
molecules changes at 20 gestation weeks in pregnancies complicated by preeclampsia.
Eur J Obstet Gynecol Reprod Biol 2008; 137: 157–164.
30 Puangsricharern A, Suksawat S. Prevalence of Rh negative pregnant women who
attended the antenatal clinic and delivered in Rajavithi Hospital: 2000-2005. J Med
Assoc Thai 2007; 90: 1491–1494.

Journal of Perinatology

Journal of Perinatology (2013) 33, 94–97
r 2013 Nature America, Inc. All rights reserved. 0743-8346/13
www.nature.com/jp

ORIGINAL ARTICLE

Preterm severe preeclampsia in singleton and twin pregnancies
DE Henry, TF McElrath and NA Smith
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Objective: We aimed to evaluate rates of delivery and clinical manifestations
of preterm severe preeclampsia in singleton and twin gestations.

Study Design: This retrospective cohort study included 86 765 deliveries
from 2000 to 2009, including 3244 twins. Rates of delivery for severe
preeclampsia among infants born 24 to 31 þ 6, and 32 to 36 þ 6 weeks
gestation were calculated, and diagnostic criteria were compared.
Result: Re-term severe preeclampsia was more common in twin
pregnancies (2.4% vs 0.4%, P<0.001, relative risk 5.70 (95% confidence
interval 4.47 to 7.26)). This was also true for deliveries from 24 to 31 þ 6
(0.8% vs 0.2%, P<0.001) and 32 to 36 þ 6 weeks (1.7% vs 0.3%,
P<0.001). Diagnostic criteria and disease manifestation including
hemolysis elevated liver enzymes low platelet count syndrome, abruption
and growth restriction were similar between groups.
Conclusion: Twin pregnancies are significantly more likely than
singletons to be delivered preterm for severe preeclampsia. Diagnostic
criteria and disease manifestation were similar in singletons and twins, at
all gestational ages.
Journal of Perinatology (2013) 33, 94–97; doi:10.1038/jp.2012.74;
published online 7 June 2012
Keywords: risk; diagnostic criteria; multifetal gestation; prematurity

Introduction
Preeclampsia is a heterogeneous syndrome thought to complicate 5
to 8% of pregnancies.1 At term, the disease is easily managed by
delivery of the fetus, although preterm severe disease can present a
diagnostic and therapeutic challenge.2,3 It is well-established that
women with twin pregnancies are at increased risk of hypertensive
disorders in pregnancy,4–9 however, prior studies have attributed a
risk to the entirety of gestation, rather than assessing when rates of
disease begin to increase. Thus it is unknown whether twin
pregnancies are affected by preeclampsia earlier than are
Correspondence: Dr DE Henry, Department of Obstetrics and Gynecology, Brigham and
Women’s Hospital, Harvard Medical School, 75 Francis St, Boston, MA 02115, USA.
E-mail: dmhenry@partners.org
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singletons, or with different manifestations of disease. A better
understanding of early, severe disease in multiple gestations may
aid our ability to care for multifetal pregnancies, and improve our
understanding of the pathophysiology of the disease.
We hypothesized that severe preterm preeclampsia would be
more common among twin gestations, and that clinical
presentation of the disease may differ by twinning status. We
therefore, primarily, aimed to compare the rates of delivery for
preterm severe preeclampsia between singleton and twin gestations
in a large cohort, and secondarily, to compare the clinical
manifestations of disease in these two groups.
Methods
We conducted a retrospective cohort study at a single institution
including all deliveries of singleton or twin gestations from 2000 to
2009. An institutional database containing demographic, prenatal
and intrapartum data was used to identify all women with
diagnoses of preeclampsia or hypertension, and delivery between 24
and 0/7 and 36 and 6/7 weeks gestation. For all women who
delivered before 37 weeks, and carried a diagnosis of hypertension
or preeclampsia, electronic medical records were reviewed. A
diagnosis of severe preeclampsia was made based on clinician
diagnosis and validated by chart review using American College of
Obstetricians and Gynecologists criteria.1 This included blood
pressure >160/110 on two instances at least 6 h apart, symptoms
of severe headache, visual changes, epigastric pain, transaminase
values greater than twice normal, platelets 100 000, >5 g of
proteinuria in 24 h, oliguria (<500 ml in 24 h), severe fetal growth
restriction or pulmonary edema. Only women who met the above
criteria for severe preeclampsia were included in the study. Patient
data including age, gravidity, parity, other intrapartum diagnoses
and preeclampsia diagnostic criteria were collected. The presence of
hemolysis elevated liver enzymes low platelet count syndrome,
clinical diagnosis of placental abruption, eclampsia and fetal
criteria such as intrauterine growth restriction (estimated fetal
weight <10%), and absent or reversed umbilical artery Doppler
flow, and intrauterine fetal death were noted. Owing to
heterogeneous prenatal records, it was not possible to determine all
medical comorbities.
Patient demographics and intrapartum diagnoses were
compared between women with twin and singleton gestations, and

Risk of preterm severe preeclampsia
DE Henry et al

95

between those who delivered from 24 and 31 þ 6 weeks and those
from 32 and 36 6/7 weeks. At our institution, severe preeclamptics
who qualify for expectant management are delivered at 34 weeks.
By using a 32-week threshold, we aimed to capture those patients
that did not qualify for expectant management owing to the
severity of their disease. The rate of preterm delivery for severe
preeclampsia was calculated for all gestational age categories.
The proportion of preterm deliveries accounted for by severe
preeclampsia was also calculated for twins and singletons at each
gestational age category. Finally, we compared the criteria by
which patients met the diagnosis of severe preeclampsia. The data
were analyzed using STATA 4.0. w2 tests and student’s t-tests were
used for comparison, and Yates’ correction was applied for low
frequencies. Logistic regression was used to identify factors
associated with twin gestation among women with severe
preeclampsia.

Table 1 Characteristics of women with preterm severe preeclampsia by twinning
status
Demographics
Age
AgeX35
Gravidity
Parity
Gestational age at delivery

31.0 (6.4)
116 (33)
2.3 (1.7)
0.7 (1.0)
32.0 (3.0)

Ethnicity
Caucasian
African–American
Asian
Hispanic
Unknown/Other

162 (46)
87 (25)
49 (14)
16 (5)
38 (11)

Mode of delivery

Results
There were 86 765 births during our study period, including 83 310
singletons, 3244 twins and 211 higher-order multiples. There were
6259 preterm deliveries (4672 singletons, 1399 twins, and 188
higherorder multiples). Among those, 352 women with a singleton
gestation and 79 women with a twin gestation delivered preterm
and had a diagnosis of severe preeclampsia as ascertained by
diagnosis at delivery, and validated by chart review utilizing
American College of Obstetricians and Gynecologists criteria for
diagnosis of severe preeclampsia. The characteristics of women
with singleton and twin gestations were compared (Table 1).
Women with a twin gestation were older (mean age 32.7 vs
31.0 years, P ¼ 0.04) than those with a singleton, and had fewer
pregnancies and deliveries. 75% of women with a twin gestation
were nulliparous compared with 55% of women with a singleton,
P<0.001. Gestational age at delivery was the same between groups.
African–American women were more likely to have a singleton
gestation than a twin gestation (P ¼ 0.015). The majority of
patients were delivered via cesarean section, although there was no
difference in the cesarean delivery rate between singleton and twin
gestations. Women with singleton gestations were more likely than
women with twin gestations to have a preexisting diagnosis of
chronic hypertension (18% vs 8%, P ¼ 0.03). Women with twins
were more likely to have a secondary diagnosis of preterm labor
(10% vs 2%, P<0.001).
Logistic regression was used to evaluate factors associated with
twining status among the cohort of women with a diagnosis of
severe preeclampsia. Potential confounders were evaluated
including age, race and chronic hypertension. In a model
controlling for chronic hypertension and ethnicity, only race was a
significant predictor of twinning status, with African–American
women less likely to have a twin gestation (odds ratio 0.28, 95%
confidence interval (0.122 to 0.650)).

Singleton (N ¼ 352) Twin (N ¼ 79) P-value
Mean (s.d.)
Mean (s.d.)
32.7 (6.1)
29 (37)
1.9 (1.0)
0.3 (0.7)
32.5 (2.6)

50
7
6
5
11

(63)
(9)
(8)
(6)
(14)

0.040
NS
0.012
0.003
NS

NS
0.015
NS
NS
NS

N (%)

N (%)

P-value

101 (29)
248 (71)

18 (23)
61 (77)

NS

Secondary diagnoses at delivery

N (%)

N (%)

P-value

Chronic hypertension
PPROM
Chorioamnionitis
Preterm labor
History of prior preterm birth
IUFD

62 (18)
7 (2)
0
7 (2)
44 (13)
3 (1)

6 (8)
2 (3)
0
8 (10)
4 (5)
0

0.030
NS
NA
<0.001
NS
NS

Vaginal
Cesarean

Abbreviations: NS, not significant; s.d., standard deviation.

Next, we evaluated these same characteristics within gestational
age categories 24 to 31 6/7 and 32 to 36 6/7 weeks. Among women
who delivered between 32 0/7 and 36 6/7 weeks gestation, those
with twin gestations were significantly older and had fewer
pregnancies and deliveries. Those with twins were more likely to
have a diagnosis of preterm labor; 16% vs 2%, P<0.001, among
women delivered between 24 and 31 6/7 weeks, and 7% vs 2%,
P ¼ 0.066 among women delivered between 32 and 36 6/7 weeks.
This difference was only statistically significant in the women who
delivered in the earliest gestational age category.
Rates of preterm delivery for severe preeclampsia were calculated
and compared (Figure 1). Over the entire population of births,
women with twins were significantly more likely than those with a
singleton to have a preterm delivery for severe preeclampsia (2.4%
vs 0.4%, P<0.001), with a relative risk of 5.70 (95% confidence
interval 4.47 to 7.26). This was true for women delivering between
24 0/7 and 31 6/7 weeks (0.8% vs 0.2%, P<0.001) and 32 to 36 6/7
weeks (1.7% vs 0.3%, P<0.001).
We evaluated the contribution of severe preeclampsia to preterm
birth rates. Among 1905 babies born between 24 0/7 to 31 6/7
Journal of Perinatology
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weeks gestation, delivery for severe preeclampsia was equally
common between singleton and twin gestations (9% vs 8%,
P ¼ 0.53). However, when evaluating those delivered between
32 0/7 and 36 6/7 weeks gestation, the rate of preterm delivery
for severe preeclampsia was greater for singletons than twins
(7% vs 5%, P ¼ 0.031).
Finally, the diagnostic criteria for severe preeclampsia were
compared. Rates of HELLP (hemolysis-elevated liver enzymes low
platelet count), abruption, eclampsia and fetal criteria were similar
between singleton and twin gestations. Women with a twin
gestation were more likely to be diagnosed with severe preeclampsia
based on lab abnormalities alone (12% vs 3%, P ¼ 0.002). All
other categories of diagnostic criteria were similar between twins
and singletons. Rates stratified by gestational age are reported
in Table 2.
Discussion
Preterm severe preeclampsia carries high morbidity, and often
presents a therapeutic dilemma for clinicians balancing the needs
of mother and fetus. The risk of preterm severe preeclampsia has
not been well-defined, and it is unknown whether the
pathophysiology of preeclampsia in singleton and multiple
gestations differs. In this cohort of nearly 87 000 births, twin

Rate of delivery for severe preeclampsia

2.50%

Singleton

*

Twin

N=79

2.00%

*

* p < 0.001

N=54

1.50%

1.00%

*
N=25

0.50%
N=352

N=214
N=138

0.00%
< 37 weeks

32-37 weeks

24-32 weeks

Figure 1 Rates of severe preeclampsia by twinning status and gestational age.

pregnancies were significantly more likely than singletons
to be delivered preterm due to severe preeclampsia.
The clinical manifestations of preterm severe preeclampsia
appeared to be similar between singleton and twins. Results
from this large, population-based cohort may be applicable to other
tertiary care centers, and may help further characterize a rare
disease process.
The findings seen here are consistent with the large body of
work showing increased hypertensive disorders among women with
multiple gestations.4–9 Sibai et al.8 reported the rates of severe
preeclampsia among twins as high as 6.4%. The rate of 2.4% here
is lower, but this is likely explained by the limitation of the current
study to preterm disease, and by the larger cohort size.
Furthermore, the incidence of preterm severe preeclampsia did not
differ by year of delivery within our cohort, supporting the internal
validity of our estimates. Our rates of hemolysis elevated liver
enzymes low platelet count syndrome and placental abruption are
within the previously published estimates.8,10
Little literature exists describing the clinical manifestations
of preterm severe preeclampsia in either singleton or twin
pregnancy. Although this study was underpowered todetect a
difference in diagnostic criteria, there did not appear to be
significant differences between twin and singleton gestations,
with the exception of increased deliveries for laboratory findings
only in 32 to 36 þ 6 week twins. This may suggest that the
underlying pathophysiology of preterm severe preeclampsia
is not altered in the setting of multifetal gestation. Data on
how gestational age at onset and twinning status interact is
limited, and our study suggests that although women with twins
are more likely to develop early severe preeclampsia than women
with a singleton gestation, the manifestations of this disease
appears similar.
This study has several important limitations. This was a
retrospective investigation with the typical constraints on data
collection. As such, there are several potential confounders that
could not be accounted for, including maternal medical disease
(with the exception of chronic hypertension), mode of conception
and smoking status. However, the aim of this study was not to

Table 2 Severe preeclampsia diagnostic criteria by twinning status and gestational age at delivery
Diagnostic criteria

24 0/7–31 6/7 weeks
Singleton (N ¼ 138)

Blood pressure alone
HELLP
Fetal growth restriction
Abruption
Serum laboratories

27
14
23
4
5

(20)
(10)
(17)
(3)
(4)

P-value

Twins (N ¼ 25)
2
2
4
1
2

(12)
(8)
(16)
(4)
(8)

Abbreviations: HELLP, hemolysis elevated liver enzymes low platelet count; NS, not significant.
Values are represented as N (%).
Journal of Perinatology

32 0/7–36 6/7 weeks
Singleton (N ¼ 214)

NS
NS
NS
NS
NS

70
10
27
8
6

(33)
(5)
(13)
(4)
(3)

P-value

Twins (N ¼ 54)
17
6
3
1
7

(31)
(11)
(6)
(2)
(13)

NS
NS
NS
NS
0.002
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assess risk factors for the development of the disease, but rather to
describe the incidence of a rare outcome among a large
population-based cohort. The contribution of maternal
comorbidities to the risk of severe preeclampsia has been
established.11 Our goal was to compare rates and manifestations of
disease between singletons and twins. In our cohort, it is unlikely
that chronic hypertension or race accounted for the increased risk
among women with twin gestations, as the incidence of chronic
hypertension and white race were actually greater among women
with a singleton. There were differences in age and parity
between twins and singletons that could not be controlled for,
however, these may be statistical more than clinical. For
example, the mean difference in age between groups was <2 years.
Also, prior work has suggested that differences in parity do not
explain the increased rate of preeclampsia in twins.12 Finally,
our study was limited to women who delivered between 24 0/7 and
36 6/7 weeks gestation, therefore the results may not be
applicable to women with severe preeclampsia before viability
or at term.
Additional research is needed to investigate the relationship
between early severe preeclampsia and multifetal gestation.
Prospective studies evaluating the effect of obesity, use of assisted
reproductive technology and other possible risk-modifiers of this
relationship are needed. Our study provides a description of a rare
but morbid disease and its relationship to twin gestations. These
findings may be useful in both antenatal surveillance as well as
patient counseling.
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Objective: To describe the findings on fetal and postnatal magnetic
resonance imaging (MRI) in premature infants with twin–twin transfusion
syndrome (TTTS) and to determine whether currently used staging systems
and other fetal and postnatal factors correlate with brain injury in this
population.

Study Design: We performed a prospective study of 22 premature
infants with TTTS whose mothers had fetal MRIs. Postnatal brain MRI
was performed at term equivalent age (38 to 44 weeks) and medical
records were reviewed. Brain injury was scored on fetal and postnatal
MRIs using an injury scale incorporating hemorrhagic and
nonhemorrhagic injury.
Result: The median (range) gestational age (GA) was 31 weeks (26 to 35)
and birth weight (BW) was 1296 g (762 to 2330). In all, 5/22 patients (23%)
had brain injury seen on fetal MRI and 15/22 patients (68%) had brain
injury seen on postnatal MRI. Quintero stage was the only predictor variable
that was significantly correlated with the total brain injury score (P ¼ 0.05).
Conclusion: Postnatal brain injury in premature infants with TTTS is
correlated with Quintero stage. GA and BW are not predictive of brain
injury in this cohort of infants.
Journal of Perinatology (2013) 33, 112–118; doi:10.1038/jp.2012.87;
published online 28 June 2012
Keywords: Quintero; Cincinnati; brain injury; neuroimaging

Introduction
Twin–twin transfusion syndrome (TTTS) is a serious complication
of twin gestation with an incidence of B10% of monochorionic
pregnancies.1 TTTS occurs when unbalanced vascular anastomoses
develop within the placenta, causing a discrepancy in the
distribution of blood volume between the two fetuses. One twin
Correspondence: Dr SL Merhar, Perinatal Institute, Division of Neonatology, Cincinnati
Children’s Hospital, 3333 Burnet Ave ML 7009, Cincinnati, OH 45229, USA.
E-mail: stephanie.merhar@cchmc.org
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becomes the ‘donor’ twin and develops oligohydramnios, and the
other becomes the ‘recipient’ twin and develops polyhydramnios
and occasionally cardiac dysfunction. Both fetuses are at risk
for brain injury, intrauterine fetal demise and prematurity. The
Quintero staging system, based on ultrasound and Doppler
findings, has been used for several years and correlates with the
risk of perinatal survival2 and later neurodevelopmental disability.3
More recently, several groups have attempted to develop scoring
systems incorporating cardiovascular features of the recipient
twin.4,5 There is controversy over whether these newer scoring
systems add any prognostic value to Quintero staging.6
Selective fetoscopic laser photocoagulation (SFLP) of vascular
anastomoses has improved survival and outcomes in TTTS as
compared with amnioreduction, but rates of neurological injury and
neurodevelopment impairment among survivors remain high.3,7–11
Antenatal brain injury in TTTS is thought to be due to alterations
in cerebral blood flow, and postnatal brain injury is often due to
complications of prematurity. Prior studies of brain injury in TTTS
have relied on postnatal ultrasound to determine the rates of
neurological injury. However, premature infants can suffer
neurological injury during labor and delivery or in the first 24 h after
birth, so determining the timing of lesions using even early postnatal
ultrasound may not be accurate. In addition, ultrasound is known to
have low sensitivity and specificity to detect nonhemorrhagic brain
injury in neonates, and does not predict later neurodevelopmental
outcomes as well as magnetic resonance imaging (MRI).12–14 For
these reasons, MRI may be more useful and accurate to determine
brain injury in both the fetal and early postnatal periods.
The purpose of this study is to describe findings seen on fetal
and postnatal MRI in premature infants with TTTS and to
determine the correlation of various factors, including injury
seen on fetal MRI and recipient cardiovascular status, with
neurological injury seen on MRI at term equivalent age.
Methods
All mothers who received a fetal MRI at the Fetal Care Center of
Cincinnati for the evaluation of TTTS and who delivered at least
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one live twin at a Cincinnati area hospital from October 2009 to
March 2011 were approached for participation in the study. The
study was approved by the Institutional Review Boards from the
three Cincinnati area hospitals from which the patients were
recruited. Diagnosis of TTTS was based on sonographic criteria
as per standard practice: (1) the presence of monochorionic
diamniotic twins, (2) oligohydramnios in the donor twin with the
largest vertical pocket <2 cm, (3) polyhydramnios in the recipient
twin with the largest vertical pocket >8 cm and (4) exclusion of an
alternative diagnosis. The pregnancies were prospectively staged
according to the Quintero staging system,2 along with the
Cincinnati modification of the Quintero stage.4 The Cincinnati
modification incorporates the cardiomyopathy of the recipient twin
and has been shown to correlate with recipient survival (Table 1).
Fetal MRI was obtained as part of the standard practice on
all patients referred for TTTS and was performed on a 1.5T GE
Signa HDx (Waukesha, WI, USA) with a torso-phased array coil
without maternal/fetal sedation. Fetal imaging consisted of a
single-shot fast spin echo T2-weighted image and gradient echo
T1-weighted images. T2 imaging of the fetal brain was performed
in axial, coronal and sagittal planes at a slice thickness of 3 to
4 mm and field of view of 30 mm. Postnatal MRI was obtained at
term equivalent age (37 to 44 weeks) without sedation using the
‘feed and swaddle’ method.15 All postnatal scans were performed on
a 1.5T GE Signa HDx using a standard neonatal brain protocol,
which consisted of the following sequences: sagittal 3D fast-spoiled
gradient-recalled, axial fast-spin echo proton density/T2, axial
multiplanar gradient-recalled T2* gradient-recalled echo and 15
direction axial diffusion tensor imaging with average diffusion
coefficient and trace maps.
Scoring of MRIs
Fetal MRIs were evaluated by a single radiologist experienced in
fetal MRI. Postnatal MRIs were evaluated by two independent
radiologists blinded to the gestational age (GA) and clinical course
of the infants. A scoring system incorporating white-matter injury,
gray-matter injury and hemorrhagic injury was used for scoring
both fetal and postnatal MRIs (Table 2). The system was modified
from the Woodward et al.12 scoring system, which has been shown
to correlate with neurodevelopment outcome at 2 years of age.
Injury was classified as hemorrhagic (including periventricular,
intraventricular and cerebellar hemorrhage) or nonhemorrhagic
(including white- and gray-matter injury and malformations).
Chart review
After the infants were enrolled in the study, the prenatal chart was
reviewed for the following information: Quintero stage at the time
of presentation, Cincinnati modification at the time of
presentation, donor versus recipient status, type of treatment, GA at
treatment, intrauterine fetal demise, GA at delivery, and antenatal
steroids. The infant’s postnatal chart was reviewed for the following

Table 1 Quintero staging with Cincinnati modification
Stage

Donor

Recipient

Recipient
cardiomyopathy

I
II
III
IIIa
IIIb
IIIc
IV
V

Oligohydramnios
Absent bladder
Abnormal Doppler

Polyhydramnios
Bladder seen
Abnormal Doppler

Hydrops
Death

Hydrops
Death

None
Mild
Moderate
Severe

information: birth weight (BW), sex, race, Apgar scores, days of
mechanical ventilation, surfactant, culture positive sepsis, proven
necrotizing enterocolitis, bronchopulmonary dysplasia and head
ultrasound results.
Statistical analysis
Because of the small sample size and non-normal distribution of
the data, nonparametric methods were used for all statistical tests
conducted. The Spearman’s correlation coefficient was used to
investigate the association between continuous predictors (for
example, Quintero stage, BW) and the continuous outcome
variable of postnatal brain injury score (total, hemorrhagic and
nonhemorrhagic). The association between potential continuous
predictor variables and the dichotomous outcome of brain injury
versus no brain injury seen on postnatal MRI was tested using
Wilcoxon Rank Sum test (nonparametric equivalent of the t-test).
Statistical analysis was performed using SAS (Version 9.2, SAS
Institute, Cary, NC, USA).

Results
A total of 22 patients were enrolled in the study from October 2009
to March 2011. Patient demographics are shown in Table 3. There
was no difference in demographic and clinical characteristics
between the study patients and those in which consent was not
obtained for study participation (n ¼ 9). See Supplementary
Table 6 for more detailed information on the 22 enrolled subjects.
Five subjects (23%) demonstrated brain injury on fetal MRI.
Three fetuses had unilateral germinal matrix or intraventricular
hemorrhages, one had mild unilateral ventricular enlargement,
one had enlarged extra-axial spaces and one had borderline
ventriculomegaly with increased extra-axial fluid. In addition,
three fetuses had prominent cerebral venous sinuses, which was
not considered injury.
15/22 patients had some injury seen on postnatal MRI (injury
score >0) (Figure 1). In all, 12 of these 15 patients had an injury
score >1. Injury scores ranged from 0 to 16 (of a maximum
possible 32). The types of injuries seen are shown in Table 4.
Journal of Perinatology
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Table 2 Scoring system for fetal and postnatal brain injury in TTTS
Nonhemorrhagic injury
White matter
White-matter injury nature and extent
Normal: 0
Focal T1 or T2 signal foci (p2/hemisphere): 1
>2/hemisphere: 2
Periventricular white-matter loss
None: 0
Mild reduction (mild increase in ventricular size): 1
Marked reduction (associated significant increase in
intraventricular size): 2
Cystic abnormalities
None: 0
Single focus <2 mm: 1
Multiple or >2 mm: 2
Ventricular dilatation
Normal: 0
Moderate: 1
Marked: 2
Abnormality of corpus callosum
None: 0
Focal thinning: 1
Global thinning: 2
Anomaly of corpus callosum
None: 0
Dysgenesis: 1
Absence: 2
Gray matter
Cortical injury (nonmalformative)
None: 0
Single: 1
Multiple: 2
Gyral maturation
Normal for term: 0
2–4 week delay (mild simplification): 1
Significant delay >4 weeks: 2
Gyral malformation
Heterotopia: 1
Transmantle or schizencephaly: 2
Diffuse malformation, unilateral: 3
Diffuse malformation, bilateral: 4
Size of subarachnoid space
Small/normal: 0
Mild enlargement: 1
Moderate global enlargement: 2

Hemorrhagic injury
Periventricular (score each side)
None: 0
<25% of ventricular surface: 1
25–50% of ventricular surface: 2
>50% of ventricular surface: 3

Journal of Perinatology

Table 2 Continued
Cerebellar hemorrhage (total number)
None: 0
1–4: 1
X5 or any larger than 1 cm: 2
Intraventricular
None: 0
Unilateral: 1
Bilateral: 2
Abbreviation: TTTS, twin–twin transfusion syndrome.

Table 3 Demographic and clinical variables
Characteristic (n ¼ 22)

Gestational age, weeks
Birth weight, g
Quintero stage
Cincinnati stage
Age at fetal MRI, weeks
Age at postnatal MRI, weeks

Male
White
IUFD of one twin
Treated with SFLP
Received antenatal steroids
Required mechanical ventilation
NEC
Sepsis
BPD

Median
(donors)

Median
(recipients)

Range

31
1292
III
IIIc
22
40

31
1300
III
IIIc
22
40

26–35
762–2330
I–IV
I–IV
17–26
39–42

n ¼ 11

n ¼ 11

6
10
1
9
11
5
0
0
3

7
10
1
9
11
2
0
0
1

Abbreviations: BPD, bronchopulmonary dysplasia; IUFD, intrauterine fetal demise; MRI,
magnetic resonance imaging; NEC, necrotizing enterocolitis; SFLP, selective fetoscopic
laser photocoagulation.

Several infants had more than one finding on postnatal MRI. All
the five patients with injury seen on fetal MRI had postnatal injury.
The prominent cerebral venous sinuses seen on fetal MRI had all
been resolved on postnatal MRI. Only 4 of the 15 patients with
brain injury seen on MRI had any abnormalities seen on head
ultrasound, although two patients had no head ultrasounds
performed during their neonatal intensive care unit stay. Head
ultrasounds were obtained by the clinical team and were not part
of the study protocol.
Results of the statistical analysis indicated that Quintero stage
was the only predictor variable that was significantly correlated
with the total brain injury score (Spearman’s correlation ¼ 0.43,
P ¼ 0.05). Cincinnati stage, GA, injury on fetal MRI, Apgar scores,
donor versus recipient status, sex, intrauterine fetal demise of twin
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Figure 1 Representative fetal and postnatal magnetic resonance imaging (MRI) of recipient twin with twin–twin transfusion syndrome (TTTS), Quintero and
Cincinnati stage IV.

Table 4 Postnatal brain injury in 22 infants with TTTS
Postnatal brain injury

Intraventricular/periventricular
hemorrhage
White-matter volume loss
Ventriculomegaly
Unilateral
Bilateral
Cerebral volume loss
Periventricular white-matter injury
Migrational anomalies (cleft with graymatter heterotopia)
Cerebellar injury

Donor
(n ¼ 11)

Recipient
Total Total
(n ¼ 11) (n ¼ 22) %

4

3

7

32%

4

3

7

32%

1
2
3
2
1

1
1
2
2
0

2
3
5
4
1

9%
14%
23%
18%
5%

1

1

2

9%

Abbreviation: TTTS, twin–twin transfusion syndrome.

and BPD were not significantly associated with the brain injury
score. Although not statistically significant, higher total brain
injury score appeared to trend with higher GA at treatment
(Spearman’s correlation ¼ 0.34, P ¼ 0.13), birth weight
(Spearman’s correlation ¼ 0.32, P ¼ 0.14) and days of mechanical
ventilation (Spearman’s correlation ¼ 0.37, P ¼ 0.09). The
Cincinnati score (Spearman’s correlation ¼ 0.48, P ¼ 0.02) and
the Quintero score (Spearman’s correlation ¼ 0.54, P ¼ 0.009)
were both significantly correlated with the hemorrhagic injury
score. Days of mechanical ventilation were significantly correlated
with the nonhemorrhagic injury score (Spearman’s correlation ¼
0.49, P ¼ 0.02). See Supplementary Table 7 for all Spearman’s
correlations.
Given that the Cincinnati modification describes the
cardiovascular disease of the recipient but not the donor, we did an
analysis to evaluate the donor and recipient twins separately. We
found that the brain injury scores of donors and recipients were
correlated differently with the Cincinnati and Quintero staging
(Table 5). We also looked at the relationship between the postnatal

brain injury score and all other potential predictor variables in
donors and recipients separately, and found that BW was the only
factor significantly correlated with hemorrhagic injury score in
recipients (Spearman’s correlation ¼ 0.65, P ¼ 0.02).

Discussion
The main objectives of our study were to describe the patterns of
fetal and postnatal brain injury as seen on MRI in a cohort of
premature infants with TTTS and to determine clinical predictors
of postnatal brain injury. Multiple prior studies have looked at
prenatal brain injury in infants with TTTS. Most of these studies
exclusively looked at postnatal ultrasound in the first 24 to 48 h of
life to describe prenatal brain injury, assuming that lesions seen
this early were acquired prenatally. The incidence of brain injury
seen on head ultrasound in these studies ranged widely from 6 to
64%, and definitions of brain injury varied.16–23 We saw some
evidence of brain injury on postnatal MRI in 15/22 (68%) infants
in our study, and 12/22 (54%) had injury scores >1 using our
scale. Only 4 of the 15 infants had any evidence of brain injury on
head ultrasound, which confirms prior studies that MRI is more
sensitive and specific than ultrasound,12,13 especially for whitematter injury.
Only one study has specifically looked at fetal MRI in TTTS.24
In this study, 12/24 of the donor twins had enlarged cerebral
venous sinuses on fetal MRI, and 2/24 had MRI findings of
cerebral malformations (one with alobar holoprosencephaly and
one with a frontal lobe cortical malformation). In the recipient
twins, cerebral ischemia or IVH that was not demonstrated
on prenatal ultrasound was noted on the fetal MRI images
in 2/24, and cerebral venous sinus enlargement was seen in
3/24. We only rarely saw cerebral venous sinus enlargement on the
fetal MRIs (in two donors and one recipient), and did not
see this finding on the postnatal MRIs. This finding most likely
reflects venous hypertension in the cerebral circulation. Other
findings on fetal MRI in our cohort were as follows; enlarged
Journal of Perinatology
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Table 5 Pearson’s correlation of staging of TTTS and postnatal brain injury
score
Quintero
stage

Cincinnati
modification

Recipients
Total-injury score
Hemorrhagic injury score
Nonhemorrhagic injury score

0.37, P ¼ 0.25
0.43, P ¼ 0.18
0.15, P ¼ 0.65

0.39, P ¼ 0.23
0.71, P ¼ 0.01
0.11, P ¼ 0.74

Donors
Total-injury score
Hemorrhagic injury score
Nonhemorrhagic injury score

0.54, P ¼ 0.08
0.72, P ¼ 0.01
0.12, P ¼ 0.72

0.19, P ¼ 0.58
0.23, P ¼ 0.50
0.10, P ¼ 0.77

Abbreviation: TTTS, twin–twin transfusion syndrome.
Bold entries indicate statistically significant correlations, with p<0.05.

extra-axial spaces, unilateral ventricular dilation and
intraventricular hemorrhage (grades I to II). As the fetal MRIs in
our cohort were obtained before laser treatment (at a median of 22
weeks gestation), they may not have demonstrated injury acquired
between the MRI and birth. One patient had gray-matter
heterotopia and polymicrogyria seen on postnatal MRI but had a
normal fetal MRI. Polymicrogyria is thought to occur during or
after the neuronal migration period.25 It has been described before
in case reports of infants with TTTS,26–28 and in the infant in our
study it may have been due to a vascular insult that occurred after
the fetal MRI, performed at about 20 weeks in this patient.
Multiple types of brain injury have been described in infants
with TTTS. The most common types seen are germinal matrix/
intraventricular hemorrhage and white-matter injury.16–18,23,29
Germinal matrix hemorrhage/IVH is due to bleeding from the
germinal matrix, a highly cellularized and vascular region present
from B10 to 32 weeks of gestation.30 The hemodynamic
disturbances in fetuses with TTTS leading to bleeding from the
thin-walled vessels within the germinal matrix could explain the
high incidence (7/22) seen in our cohort of patients. Only three of
the seven patients who eventually developed germinal matrix
hemorrhage/IVH had evidence on fetal MRI, so some of the
patients almost certainly developed this complication perinatally or
postnatally, and it may have been related to prematurity rather
than TTTS. White-matter injury, both cystic and diffuse, has also
frequently been described in infants with TTTS.16–18,23,29 The
preterm brain responds to inflammation and ischemia by preoligodendrocyte necrosis or apoptosis and reactive astrocytosis,
which are thought to lead to later myelination deficits.31 Also, the
disturbed blood flow in fetuses with TTTS could explain the whitematter injury, ranging from mild white-matter volume loss to
periventricular leukomalacia, in 7 of the 22 babies in our study
cohort. Cerebellar hemorrhage has not been described previously in
Journal of Perinatology

infants with TTTS. It is estimated that 2 to 20% of very low BW
infants suffer cerebellar hemorrhage,32–35 which is better seen on
MRI than on ultrasound.34,35 Cerebellar injury has been related to
poor neurodevelopment outcomes in former preterm infants.34,36
The mechanism of injury is thought to be similar to the
pathogenesis of IVH, so it is not surprising that 2/22 infants in our
study showed evidence of cerebellar injury on postnatal MRI.
We evaluated two infants whose co-twins died after laser
surgery. One infant, born at 35 weeks, had no brain injury.
The other, born at 32 weeks, had intraventricular hemorrhage
bilaterally, as well as bilateral cerebellar hemisphere ischemic
injury. Multiple reports of brain injury after co-twin demise exist
in the literature.8,27,37–40 The surviving twin is thought to
exsanguinate into the dead co-twin, leading to hypoxic brain
injury in the survivor, which may manifest as polymicrogyria,
hemorrhage, ventriculomegaly or delayed sulcation. The selective
fetoscopic laser photocoagulation procedure should protect the
surviving twin by eliminating the vascular anastomoses in the
placenta, but some anastomoses remain that may allow for
transfer of blood volume into the low resistance circulation of the
expired fetus.
In our statistical analysis, we found that the Quintero stage at
presentation was the only statistically significant predictor for total
brain injury score. The Quintero staging system was initially
developed to describe the severity of TTTS, and worsening Quintero
stage over time appears to be associated with poorer outcomes.41
When evaluating donors and recipients separately, we found that
the Cincinnati modification better predicted hemorrhagic injury in
recipients while the Quintero score better predicted hemorrhagic
injury in donors. Neither staging system was well-correlated with
the nonhemorrhagic injury score. It is unclear why hemorrhagic
injury was better correlated with the staging systems, but we
hypothesize that the vascular changes in TTTS as both Quintero
and Cincinnati stages increase may contribute more to germinal
matrix bleeding than to hypoxia-ischemia leading to white-matter
injury. The Cincinnati modification better captures the vascular
changes of the recipient twin, while the disease state of the donor
twin is better described by the Quintero stage.
The strengths of our study include its prospective nature,
allowing for a predetermined protocol for the fetal and postnatal
MRI scans. However, only babies who survived to neonatal
intensive care unit discharge were included, which may have
introduced selection bias. Given the timing of the fetal and
postnatal scans, it is difficult to truly know what brain injury was
antenatal (and thus TTTS related) and which injury was
postnatal (and therefore potentially prematurity related). In
addition, we were unable to include a control group, although it
is difficult to determine an appropriate control group for this
cohort of infants. The small sample size limited our statistical
analysis, as we found some trends that were not significant at the
P ¼ 0.05 level.
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In conclusion, TTTS is associated with a high risk of brain
injury in survivors, and the incidence and severity of injury is
related to the Quintero stage. Neonatologists should be aware of the
high risk of brain injury and neurodevelopment disability in
survivors of TTTS, regardless of GA at birth. These infants should
receive at the minimum head ultrasound and close developmental
follow up, with MRI at term equivalent age as the preferred method
of imaging. Fetal MRI is an important adjunct to look at prenatal
injury, but MRI should be repeated postnatally, as injury can occur
before and after laser surgery as well as after birth.
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