
Hemodynamic Effects of Delayed Cord Clamping
in Premature Infants

WHAT’S KNOWN ON THIS SUBJECT: Delayed umbilical cord
clamping in premature infants has been associated with
decreased rates of intraventricular hemorrhage; however, the
mechanisms that explain this finding have not been described.

WHAT THIS STUDY ADDS: Premature infants with delayed
umbilical cord clamping have improved superior vena cava blood
flow over the first days of life. This may provide one of the
mechanism(s) by which this technique reduces the incidence in
intraventricular hemorrhage in this at-risk population.

abstract
BACKGROUND AND OBJECTIVE: Delayed cord clamping (DCC) has been
advocated during preterm delivery to improve hemodynamic stability
during the early neonatal period. The hemodynamic effects of DCC in
premature infants after birth have not been previously examined. Our
objective was to compare the hemodynamic differences between pre-
mature infants randomized to either DCC or immediate cord clamping
(ICC).

METHODS: This prospective study was conducted on a subset of infants
who were enrolled in a randomized controlled trial to evaluate the
effects of DCC versus ICC. Entry criteria included gestational ages of
240 to 316 weeks. Twins and infants of mothers with substance abuse
were excluded. Serial Doppler studies were performed at 66 2, 246 4,
48 6 6, and 108 6 12 hours of life. Measurements included superior
vena cava blood flow, right ventricle output, middle cerebral artery
blood flow velocity (BFV), superior mesenteric artery BFV, left ventricle
shortening fraction, and presence of a persistent ductus arteriosus.

RESULTS: Twenty-five infants were enrolled in the DCC group and 26 in
the ICC group. Gestational age, birth weight, and male gender were
similar. Admission laboratory and clinical events were also similar.
DCC resulted in significantly higher superior vena cava blood flow
over the study period, as well as greater right ventricle output and
right ventricular stroke volumes at 48 hours. No differences were
noted in middle cerebral artery BFV, mean superior mesenteric
artery BFV, shortening fraction, or the incidence of a persistent
ductus arteriosus.

CONCLUSIONS: DCC in premature infants is associated with potentially
beneficial hemodynamic changes over the first days of life. Pediatrics
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Delayed cord clamping (DCC) has been
previously shown to result in significant
placental transfusion in term and pre-
mature infants.1,2 The latter received
∼10% to 15% additional blood volume,3

which may provide beneficial effects
during the transition from fetal to
neonatal life. Immediate cord clamping
(ICC) deprives the premature infant of
this potential additional blood volume,
which could result in hypovolemia and
hypotension, leading to serious mor-
bidities, such as periventricular or in-
traventricular hemorrhage (P/IVH) and
periventricular leukomalacia.4 Although
there are multiple risk factors for the
development of P/IVH, a strong associa-
tion exists with decreased blood flow
measured in the superior vena cava
(SVC).5

We have previously shown that DCC for
45 seconds after birth resulted in de-
creased rates of IVH in premature
infants.6 This finding was recently
confirmed by a meta-analysis.7 As a re-
sult of these findings, the International
Consensus on Cardio-Pulmonary Re-
suscitation has endorsed DCC for pre-
mature infants not needing immediate
intervention.8 However, the mecha-
nisms that account for an association
between DCC and the reduced in-
cidence of P/IVH have not been in-
vestigated. One possibility is that DCC
improves circulating blood volume, in-
cluding brain blood flow resulting in
increased blood flow in the SVC.

Theobjectiveof thecurrent studywas to
perform ultrasound Doppler meas-
urements to evaluate the hemodynamic
changes associated with DCC in pre-
mature infants over thefirst fewdays of
life. Our hypothesis was that DCC would
lead to greater SVC andmiddle cerebral
artery (MCA) blood flow velocity (BFV).

METHODS

Study Design

The study was performed between May
2009 and July 2010 at Women & Infants

Hospital of Rhode Island. The study was
a prospective cohort study nested
within a randomized control trial. The
latter is an ongoing National Institutes
of Health–funded single-center study to
randomly assign premature infants to
DCC for 45 seconds or to ICC (Clinical
Trials NCT00818220). Entry criteria in-
cluded a gestational age of 240/7 to 316 /7

weeks. Exclusion criteria included twin
infants and infants of mothers with
substance abuse. All infants from the
main trial were eligible and parental
informed consent was obtained sepa-
rately. This study was approved by the
institutional review boards of Women &
Infants Hospital of Rhode Island and the
University of Rhode Island. Cord-clamp
timing was recorded by a research
nurse present at the delivery who was
responsible for infant enrollment and
group allocation.

Ultrasound Studies

Sequential hemodynamic studies were
performed at 66 2, 246 4, 486 6, and
1086 12 hours of life by using a Toshiba
Aplio XG ultrasound Doppler machine
(Tustin, CA) by a single investigator (R.S.)
who was not aware of the infant’s main
trial enrollment status, except in 4 cases
when he was the responsible neo-
natologist at the delivery. A subset of 10
infants underwent repeated testing to
determine intraobserver reliability. The
hemodynamic variables measured in-
cluded SVC blood flow, incidence of low
SVC flow, right ventricle output (RVO),
MCA-BFV, superior mesenteric artery
BFV (SMA-BFV), and left ventricle short-
ening fraction. If a persistent ductus
arteriosus (PDA) was visualized from
the parasternal short axis view, the
size and direction of blood flow were
documented. SVC blood flow and RVO
(mL/kg/min) were calculated by using
previously described techniques,9,10

after calculating respective stroke
volumes from the velocity time in-
tegral and by using the infant’s heart
rate and body weight. Low SVC flow

was considered as any measurement
#45 mL/kg/min. Mean BFV measure-
ments were calculated by tracing the
Doppler curve for 3 sequential heart-
beats and averaging the values. The
primary outcome was the SVC blood
flow andMCA-BFV over the course of the
study. Secondary outcomes included all
other ultrasound measurements.

Patient Data

Maternal data, including age, placental
complications (placenta previa, abrup-
tion, intrauterine growth restriction,
premature prolonged rupture of mem-
branes), clinical chorioamnionitis, an-
tenatal steroid administration, perinatal
magnesiumadministration, andmodeof
delivery, were obtained from medical
records. Infant data at birth, including
gestational age, gender, race, weight,
Apgar scores at 1 and 5minutes, need of
intubation after delivery, initial blood
gas values, hematocrit, and blood pres-
sure,were also obtained frommedical
records.

Statistical Analysis

Intraobserverreliabilitywasdetermined
by themedianvarianceandrepeatability
coefficient. Demographic and clinical
continuous variables were compared
by using a 2-tailed Student’s t test or
Wilcoxon rank-sum test. Categorical
variableswere compared by usingx2 or
Fisher’s exact test as appropriate. Two-
way analysis of variance (ANOVA) for
repeated measures (rANOVA) was per-
formed with treatment group and time
as the repeated factors. Logistic re-
gression models controlling for dif-
ferences in categorical variables were
performed if present. If the global
ANOVA F tests were significant (P ,
.05), post hoc testing with the Fisher
least significant difference test was
used to detect differences between
the groups at specific time points (P,
.05). Dichotomous outcome variables
were evaluated similarly by using
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robust variance logistic regression.
Data were analyzed by using Stata 10
(StataCorp, College Station, TX).

RESULTS

Over the course of the study, 188
motherswere enrolled,with 78of them
delivering infantswhowererandomized.
Sixty of these women were approached
for enrollment to the secondary hemo-
dynamic study. There were 9 refusals,
leaving 51 infants undergoing exami-
nations. The groups consisted of 25
infants receiving DCC and 26 infants
receiving ICC. Maternal variables were
similar (Table 1). Infants with DCC were
3 days older than the infants exposed to
ICC (P = .4) and had birth weights that

were 88 g heavier than the ICC group
(P = .5). These differences were con-
trolled for in all analyses of hemo-
dynamic measurements. Thirty-two
percent of infants with DCC were
younger than 27 weeks’ gestational
age and, similarly, 38% of infants with
ICC were younger than 27 weeks’ ges-
tational age. More black infants were
exposed to DCC, whereas more Hispanic
infants were exposed to ICC. All other
demographic variables were similar
between the 2 groups (Table 2). The
initial events at delivery and admission
laboratory values were similar between
the 2 groups. The initial severity of
illness, as determined by neonatal
acute physiology scores, was similar.

Cord-clamping time was longer in the
DCC than the ICC group (416 9 vs 56 7
seconds, Table 2). There were no dif-
ferences between groups in heart rate,
mean blood pressure, and respiratory
variables, including percentage of
infants intubated and mean airway
pressure values over the course of
the studies. The examiner exhibited
a median intraobserver variability of
10% and a repeatability coefficient
for the SVC flow measurement of
24 mL/kg/min.

Hemodynamic Data

Infants exposed to DCC exhibited higher
SVC blood flow over the course of the
study compared with the infants ex-
posed to ICC after controlling for ges-
tational age and birth weight (ANOVA:
Groups, P = .003, Table 3 and Fig 1).
Infants exposed to DCC had higher RVO
and right ventricle stroke volumes
(RV-SV) than infants exposed to ICC at
48 hours of life (ANOVA: Interactions,
P , .003, Fisher least significant dif-
ference, P , .04). Infants exposed to
DCC trended to have higher RV-SV over
the course of the study (ANOVA: Groups,
P = .1). Only 1 infant in the ICC group at
the 6-hour measurement had low SVC
flow of 44 mL/kg/min. There were no
differences identified between the
groups for mean MCA BFV, SMA-BFV,
shortening fraction, or in the incidence
of a PDA.

There were 2 protocol violations con-
sisting of 2 infants who were enrolled
into the ICCgroupbuthadcord-clamping
durations that were.30 seconds. Data
analysis by actual received treatment
revealed that infants exposed to DCC
exhibited higher RV-SV than infants ex-
posed to ICC (ANOVA: Groups, P = .04).

DISCUSSION

This study demonstrates that pre-
mature infants exposed to DCC have
higher SVC blood flow during the first 4
days of lifewhen comparedwith infants

TABLE 1 Maternal Demographic and Clinical Characteristics

DCC, n = 25 ICC, n = 26 P

Maternal age, mean (SD) 28.1 (7.0) 28.2 (5.3) .9
Placental complications, n (%) .9
Previa 1 (4.0) 1 (3.9)
Abruption 1 (4.0) 3 (11.5)
IUGR 1 (4.0) 2 (7.7)
PPROM 5 (20.0) 5 (19.2)

Chorioamnionitis, n (%) 2 (8.0) 4 (15.4) .7
Antenatal steroid doses, n (%) .1
0 1 (4.0) 3 (11.5)
1 9 (36.0) 3 (11.5)
2 15 (60.0) 20 (76.9)

Perinatal magnesium, n (%) 17 (68.0) 18 (69.2) .9

IUGR, intrauterine growth restriction; PPROM, premature prolonged rupture of membranes.

TABLE 2 Infants’ Demographic and Clinical Characteristics after Delivery

DCC, n = 25 ICC, n = 26 P

Gestation wk, mean (SD) 28.3 (2.3) 27.7 (2.0) .4
Birth weight, g, mean (SD) 1204 (394) 1116 (467) .5
Cesarean delivery, n (%) 9 (36.0) 14 (53.9) .3
Race, n (%) .01
Black 6 (24.0) 2 (7.7)
White 15 (60.0) 16 (61.5)
Hispanic 1 (4.0) 8 (30.8)
Other 3 (12.0) 0

Cord clamping time, s, mean (SD) 41 (9) 5 (7) ,.01
Apgar 1 min, median (range) 7 (2–9) 7 (2–9) .6
Apgar 5 min, median (range) 8 (3–9) 8 (5–9) .6
Intubated, n (%) 10 (40.0) 12 (46.1) .8
SNAP score, mean (SD) 13.6 (6.0) 14.0 (9.8) .8
pH, mean (SD) 7.3 (0.07) 7.3 (0.09) .7
pCO2 mm Hg, mean (SD) 44.3 (12.3) 46.9 (17.5) .6
pO2 mm Hg, mean (SD) 57.4 (29.0) 63.5 (21.4) .4
BE mmol/L, mean (SD) 21.3 (3.5) 21.4 (2.4) .9
HCT, mean (SD) 47.6 (7.9) 46.6 (6.4) .7

BE, base excess; HCT, hematocrit; SNAP, score of neonatal acute physiology.
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exposed to ICC. Furthermore, the dif-
ferences in SVC flow between the DCC
and ICC groups at 48 and 108 hours (53
and 54 mL/kg/min, respectively) were
greater than at 6 and 24 hours (26 and
23 mL/kg/min), suggesting that the
effects of DCC persist beyond the im-
mediate postnatal period when P/IVH
frequently occurs. We speculate that,
in premature infants exposed to DCC,
the higher SVCbloodflow values are the
result of increased blood volumes. In-
creased SVC blood flow in preterm
infants may attenuate P/IVH rates by
facilitating a more efficient cerebral
vascular regulation in the presence of
pathophysiological events, such as hyp-
oxia and hypercarbia.

In a recent observational nonrandom-
ized study of 30 infants with an average

gestational age of 26.5weeks,Meyerand
Mildenhall11 identified greater median
SVC blood flow values at 24 hours of
age for 13 infants exposed to DCC
(91 mL/kg/min) compared with 17 infants
exposed to ICC (52 mL/kg/min). Their
observed SVC blood flow values at 24
hours of age for infants exposed to DCC
were 70% greater than that of the
infants exposed to ICC. These differ-
ences were greater than the 20% dif-
ference between the DCC and ICC
groups that we observed in the current
study. Although interobserver variabil-
ity could explain some of the difference
between the studies, it is also possible
that DCC has a greater effect on SVC
flow at lower gestational ages, as the
referenced infants were about 1 week
younger than in the current study.

In a separate study, investigators eval-
uated cerebral oxygenation values by
using near-infrared spectroscopy in 39
infants with a mean gestational age of
30.4 weeks, who were randomized to
DCC or ICC. They found higher regional
tissue oxygenation values of about 4%
at 4 and 24 hours after birth; however,
this finding did not persist at the eval-
uations 72 hours after birth.12 Although
these findings are suggestive of im-
proved physiologic outcomes resulting
from DCC, it is not possible to discern
howmuch of the improved oxygenation
could be related to the higher hemat-
ocrit values that they observed in the
infants exposed to DCC and/or differ-
ences in SVC blood flow. Previous work
has suggested that changes in cerebral
oxygenation correlate with changes in
SVC blood flow.13

SVC blood flow is a measurement of
systemic bloodflow that is independent
of blood pressure and the fetal shunts,
such as a PDA or patent foramen-ovale.9

Therefore, infants may have low sys-
temic blood pressure without low SVC
flow, or vice versa. The meta-analysis
and our study did not find differences
in blood pressure or inotropic use for
low blood pressure in the infants ex-
posed to ICC compared with those ex-
posed to DCC.7 Although there appears
to be a strong correlation between
low SVC flow and the development of
P/IVH,5 low SVC blood flow does not ap-
pear to consistently correlate with low
blood pressure.5 Although some large
studies have identified an association
between low blood pressure values and
the development of P/IVH,14 more recent
studies have not observed this associa-
tion.15 The differences in the results in
these reports14–16 could be related to
variability in the definitions of hypoten-
sion in extremely premature infants,
variability in the levels of blood pressure
that triggered treatment,17 and the lack
of correlation between blood pressure
and cerebral blood flow values.18

TABLE 3 Hemodynamic Measurements Over Course of Study

Age, h 6 24 48 108 P

SVC blood flow, mL/kg/min DCC 112 (30) 132 (49) 176 (72) 178 (85) .003
ICC 89 (24) 108 (31) 119 (39) 129 (38)

RVO, mL/kg/min DCC 282 (93) 379 (103) 426 (116) 405 (115) .5
ICC 295 (98) 342 (100) 350 (109) 432 (153)

RV-SV, mL/beat DCC 9.5 (4.6) 11.8 (5.0) 12.9 (4.7) 11.8 (4.8) .1
ICC 8.8 (4.4) 10.1 (4.7) 9.2 (4.4) 10.9 (4.4)

MCA-BFV, cm/s DCC 12.2 (4.0) 15.9 (5.0) 18.2 (4.1) 19.1 (5.3) NS
ICC 11.9 (3.2) 15.4 (4.5) 17.4 (6.1) 19.5 (7.3)

SMA-BFV, cm/s DCC 17.7 (9.6) 18.2 (7.9) 18.6 (5.9) 23.0 (11.1)
ICC 16.5 (4.9) 19.2 (7.3) 18.1 (5.3) 23.3 (7.8)

SF % DCC 31.6 (8.8) 28.3 (9.4) 33.6 (6.2) 33.3 (10.9)
ICC 31.8 (5.7) 31.1 (9.4) 33.8 (9.6) 32.2 (7.9)

PDA % DCC 75 47.6 38.5 14.3
ICC 72.2 42.8 36.8 0

Results are mean (SD) unless otherwise indicated. P values are for overall group difference by ANOVA (means). NS, non
significant; SF, shortening fraction.

FIGURE 1
SVC blood flow over the course of the study, mean 6 SD (ANOVA: Groups, P = .003).
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In theory, treatments that increase SVC
blood flow could attenuate rates of IVH;
however, there are no data to support
this contention.19 High-dose dobutamine
and dopamine in the presence of a PDA
have been shown to increase SVC blood
flow without affecting the incidence of
IVH.20,21 We speculate that DCC could
potentially represent an important in-
tervention that could increase SVC
blood flow and, consequently, provide
a hemodynamic explanation for the re-
duced incidence of IVH after DCC.6,11

Early SVC blood flow measurements in
the infants exposed to ICC were higher
than previously reported.9 An increase
in SVC blood flow values over time in
infants not receiving any intervention
has been previously observed.19 Pre-
vious explanations have included im-
provements in neonatal care.19 The
infants in our study were of an older
gestational age than the previously
referenced studies, which may limit
direct comparisons between absolute
values of SVC blood flow; moreover, the
relatively higher absolute SVC values
would not affect comparisons between
the DCC and ICC groups. It is important
to note, however, that we observed
similar SVC blood flow values at 6 and
24 hours of age to those in a cohort of
infants with gestational ages that were
similar to those in the current study.22

Although there is less information re-
garding SVC blood flow values after the
third day of life, we found that the val-
ues in our ICC group at a mean age of
4.5 days (125 6 38 mL/kg/min) were

very similar to a recent prospective
observational study of 17 infants with
a mean gestational age of 28 weeks
who were studied at a median age of 5
days (130 6 40 mL/kg/min).20

Although infants with low SVC blood
flow have also been reported to have
low MCA blood velocity values,9 con-
trary to our hypothesis, the elevated
SVC blood flow values were not asso-
ciated with increased MCA-BFV meas-
urements. These findings could be
related to the fact that the former
measurement is actual blood flow,
whereas the MCA velocity measure-
ment is only velocity and does not re-
flect changes in vessel size.

The finding of the higher RVO values at
48 hours, as well as increased stroke
volumes over the course of the study
in the infants exposed to DCC, supports
the contention that stable premature
infants respond to increased SVC blood
flow by increasing their RVO because
of increased stroke volume, rather
than increased heart rate. Although in
response to stress and pathophysio-
logical conditions premature infants
have been reported to increase cardiac
output by increasing heart rate,23 less
is known regarding the ability of stable
premature infants to respond to in-
creases in preload (SVC blood flow) and,
hence, cardiac output by increasing
stroke volume. Based on our findings, it
is not feasible to discern whether DCC
improves stroke volume by increasing
total blood volume and preload or by

decreasing afterload. The mechanism
by which DCC facilitates improved
stroke volume is intriguing and merits
further investigation.

Although this secondary study was
nested ina randomizedcontrol trial, the
2 groups were equally matched except
for race (more black infants and fewer
Hispanic infants in DCC group); how-
ever, it is unlikely that this difference
would affect the hemodynamic out-
comes that result from the study
intervention. The interobserver vari-
ability is far greater than intraobserver
variability of SVC blood flow measure-
ments.22 To control for these potential
differences, we limited these meas-
urements to 1 examiner (R.S.), whose
intraobserver variability was compa-
rable with published findings.22

In summary, the results of our study
have categorized the hemodynamic
effects of DCC in premature infants,
which include increasedSVCbloodflow,
and increased RVO and RV-SV at 48
hours of life. These adaptive cardio-
vascular changes may provide one of
the mechanism(s) by which DCC
reduces the incidence in IVH in pre-
mature infants.
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