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OLA ANDERSSON

Orörd navelsträng efter 
förlossningen låter ju fint – men 
är det verkligen alltid bra?
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A full-term infant, born vigorous and well at a 
hospital, was hypotonic and poorly perfused at 50 
min of age. Lab tests at 2 h of age showed metabolic
acidosis with a pH of 6.95 and base excess of –18. 
The hemoglobin level decreased from 226 g/L in the 
umbilical cord at birth to 108 g/L in the infant at 12 
h of age. 
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Infection, cardiac malformation, and internal
hemorrhage were ruled out. Review of the perinatal 
history revealed the cord was deliberately not 
clamped until the infant was about 50 min old and 
the placenta was placed below the level of the child
during this time. The infant was considered to have
lost a large volume of blood into the placenta, 
causing a hypovolemic shock. 

5

Fo ̈rfattarna rekommenderar 
da ̈rfo ̈r att navelstra ̈ngen
klampas senast da ̊ placenta 
avga ̊r. Om fo ̈ra ̈ldrarna o ̈nskar en 
a ̈nnu senare avnavling a ̈n sa ̊ kan 
positionering av placenta ovan 
barnets niva ̊ vara av va ̈rde. 
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När avgår placenta vid en förlossning? Vaginal, fullgånget barn?

Statistics
Time to placenta delivery (minutes) 
N Valid 896

Missing 8
Mean 12.7
Median 10.0
Minimum 0.0
Maximum 107.0
Percentiles 25 8.0

50 10.0
75 13.0
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OXYTOCIN - KLAMPNING
Time to placenta delivery
(minutes) FÖRE EFTER GAVS EJ
. N Valid 715 166 7

Missing 7 1 0
Mean 12.7 11.7 13.4
Median 10.0 9.0 14.0
Minimum .0 .0 9.0
Maximum 102.0 86.0 19.0
Percentiles 25 8.0 7.0 10.0

50 10.0 9.0 14.0
75 13.0 12.0 17.0
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Hur vanligt är detta?
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Muntlig kommunikation (och sociala media): 
• Hemförlossningar är det vanligt med att man väntar långt 

efter placentas avgång med att avnavla
• ”inte störa”
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Muntlig kommunikation (och sociala media): 
• Hemförlossningar är det vanligt med att man väntar långt 

efter placentas avgång med att avnavla
• ”inte störa”

• Mail från överläkare Gyn/obst Rigshospitalet i Köpenhamn:
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Vi har på Rigshospitalet, København 
indenfor de sidste 2-3 år haft i alt 3 tilfælde, 
hvor det nyfødte barn i forbindelse med 
meget sen afnavling (ca. 10-15 min) og
liggende på mors mave bliver pludselig
dårlig, og hvor man i 2/3 tilfælde
konstaterer, at barnet har lav Hb med behov 
for indlæggelse på neonatal afdelingen til
blodtransfusion.
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I det 3. tilfælde fik barnet, 15 min gammel, 
akut kredsløbssvigt og som led i 
genoplivning blev der givet volumen og blod 
uden at det blev påvist, at barnet var 
anæmisk. 
Alle 3 børn er født til terminen, 
normalvægtige og var ved fødslen friske 
med fuld Apgar score samt med normal pH i 
NS-arterien og NS-vene
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Hur regleras navelcirkulationen?
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Var sker avstängningen?
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Var sker avstängningen?
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The umbilical cord vessels constrict within a few
minutes following delivery. This is apparently an 
important response observed in different 
mammalian species to avoid exsanguination of the 
newborn. Mechanical traction on the cord, 
temperature changes, and changes in oxygen 
tension are thought to provoke this
vasoconstriction
Most probably vasoactive substances are involved
in this major response. Fetal and Neonatal Physiology
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INTRODUCTION

The fetoplacental circulation, also known as the umbilical 
circuit, is critical for fetal development and growth. A long tradi-
tion of observations and experimental work, particularly in 
animals, has given us indispensable insights into this section of 
physiology.1-4 However, with the development of new tech-
niques, particularly in ultrasound, we have been able to study 
the human version of this physiology in recent years free from 
surgical trauma commonly imposed on experimental procedures 
in animals. Although much has been learned from animal physiol-
ogy, these experimental settings often differ from human physiol-
ogy. For example, fetal lambs have a fundamentally different 
placenta; four vessels in the umbilical cord; different anatomy of 
the liver, portal veins, ductus venosus, and intrathoracic inferior 
vena cava; faster growth; shorter pregnancies; lower hemoglo-
bin; and higher heart rate and temperature than the human fetus. 
The following chapter prioritizes human data, with the hope of 
making the presentation also clinically relevant.

ANATOMY
Technically, the fetoplacental circuit starts in the heart as it 
ejects blood into the aorta and ends with the inferior vena cava 
entering the heart (Figure 58-1, A); however, the umbilical cir-
culation starts as the umbilical arteries branch from the internal 
iliac arteries, passing the fetal urinary bladder on both sides to 
enter the umbilical cord through the umbilical ring. Here the 
two arteries are bundled with the umbilical vein to communicate 
with the placenta. The vessels are suspended in Wharton jelly 
and covered with the amniotic membrane to form the free loop 
of the cord (the amniotic part of the umbilical circuit). At the 
insertion of the cord in the placenta, the arteries commonly 
communicate before branching on the amniotic surface of the 
placenta and then further distributing the blood into smaller 
arteries in the depths of the placenta to reach the capillary 
system of the villi. In the villi, the capillaries communicate exten-
sively with each other before fusing into venules and veins to 
finally form a single umbilical vein (two umbilical veins in early 
embryonic development; see Chapter 50) that directs the nutri-

tious venous return through the cord to the fetus. The umbilical 
vein enters through the somehow constricting umbilical ring 
into the fetal abdomen and connects with the left portal branch 
(Figure 58-1, B). This intraabdominal part of the umbilical vein 
obliterates after birth. During fetal life, the umbilical venous 
return continues into the left portal vein branch feeding the left 
liver and then feeds the shunt via the ductus venosus that directs 
blood into the inferior vena cava and foramen ovale. The remain-
ing umbilical bloodstream flows beyond the ductus venosus inlet 
to merge with blood from the main portal stem and circulate 
through the right lobe of the liver (Figure 58-2).

THE VOLUME OF BLOOD IN THE  
UMBILICAL CIRCUIT

The fetus circulates a blood volume corresponding to 11% to 
12% of its weight, which is considerably higher than the 7% 
during adult life.5-8 The reason is that at any time a large propor-
tion of blood is contained within the placenta. This fraction, 
however, decreases from 50% at midgestation to below 25% near 
term, according to sheep data (Figure 58-3).8 Although the fetal 
liver and splanchnic circuit have a capacity to accumulate blood 
volume and act as a buffer within the circulation, the umbilical 
circuit with the huge placental volume contains a correspond-
ingly larger volume buffer.

UMBILICAL BLOOD FLOW
Umbilical blood flow (mL/min) is a key determinant in fetal 
development and growth, has attracted numerous experimental 
and clinical studies, and is still today of great physiologic inter-
est, but this knowledge has not fully reached clinical applicabil-
ity. With improved ultrasound techniques and study designs, a 
number of studies have confirmed and refined the pioneering 
studies by Gill and colleagues9,10 showing that umbilical blood 
volume flow grows linearly during the second half of pregnancy, 
with some blunting towards term (Figure 58-4).11-18 However, 
fetuses developing birth weights exceeding the 90th percentile 
without hyperglycemia have less or no blunting.19 Although 
small dimensions impose substantial measurement variation, the 
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PHYSIOLOGIC BACKGROUND
A sufficient maternal blood supply to the placenta is of utmost 
importance to the fetus during pregnancy and labor. It has long 
been recognized that uterine contractions diminish uteroplacen-
tal blood flow. Contractions of myometrium compress the 
vessels traversing the uterine wall and increase intrauterine pres-
sure, thus influencing the intervillous space pressure as well. 
The intrauterine pressure during labor usually ranges from 25 to 
100 mm Hg. In contrast, the mean pressure in small arteries is 
70 to 95 mm Hg and only 15 mm Hg at the venous end of the 
capillaries. Compression and even collapse of the myometrial 
vessels during labor is thus probable. Even a slight reduction in 
the diameter of an artery results in reduction of flow, because 
resistance to flow is inversely proportional to the fourth power 
of the vessel radius, according to Poiseuille’s law. Obviously, 
during a contraction the uterine veins are affected first, and the 
restricted venous outflow results in a reduction of the pressure 
gradient over the placenta. With use of the radioangiographic 
technique in pregnant women, it has been shown that the mater-
nal blood flow to the placenta decreases markedly during con-
traction.1 Similarly, in the rhesus monkey, diminished arteriolar 
jets have also been demonstrated.2 Flow to the intervillous 
space, however, appears to remain constant.

The intermittent decrement in the blood flow during myome-
trial contractions has been found to be inversely related to the 

increase in intrauterine pressure.3-6 During uterine relaxation 
after a contraction, an increase in blood flow—a reactive 
hyperemia—has been observed,4,6 which compensates for the 
decreased oxygen delivery during the preceding contraction.

With the progress of labor, the peak intrauterine pressure 
during each contraction increases, and the time-averaged blood 
flow in the uterine artery diminishes7 (Figure 59-1). Woodbury 
and colleagues8 described a “maternal effective placental arterial 
pressure,” defined as the arterial pressure minus the pressure 
within the uterus (which opposes the inflow of maternal blood). 
To ensure perfusion of the placenta, the maternal central blood 
circulation responds to contractions by increasing both blood 
pressure and cardiac output.9,10

The circulation of a healthy fetus in uncomplicated labor 
usually remains unaffected. The umbilical circulation is relatively 
unreactive and does not seem to respond to the changes in 
intrauterine pressure or to the short-term changes in the mater-
nal placental blood flow during contractions. During normal 
labor, uterine contractions are not of sufficient magnitude to 
negatively affect gas exchange over the placenta and therefore 
they do not endanger the fetus. In labor with a pathologic 
course, in which uteroplacental blood flow is diminished, fetal 
hypoxemia can develop. In that situation the fetus reacts with 
changes in heart rate, blood pressure, and blood flow.11 Uterine 
contractions can also cause a direct compression of the umbilical 
cord, with restriction of the umbilical blood flow, leading to 
changes in the fetal circulation.

59 Fetal and Placental Circulation 
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tion of observations and experimental work, particularly in 
animals, has given us indispensable insights into this section of 
physiology.1-4 However, with the development of new tech-
niques, particularly in ultrasound, we have been able to study 
the human version of this physiology in recent years free from 
surgical trauma commonly imposed on experimental procedures 
in animals. Although much has been learned from animal physiol-
ogy, these experimental settings often differ from human physiol-
ogy. For example, fetal lambs have a fundamentally different 
placenta; four vessels in the umbilical cord; different anatomy of 
the liver, portal veins, ductus venosus, and intrathoracic inferior 
vena cava; faster growth; shorter pregnancies; lower hemoglo-
bin; and higher heart rate and temperature than the human fetus. 
The following chapter prioritizes human data, with the hope of 
making the presentation also clinically relevant.
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Technically, the fetoplacental circuit starts in the heart as it 
ejects blood into the aorta and ends with the inferior vena cava 
entering the heart (Figure 58-1, A); however, the umbilical cir-
culation starts as the umbilical arteries branch from the internal 
iliac arteries, passing the fetal urinary bladder on both sides to 
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vein enters through the somehow constricting umbilical ring 
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ing umbilical bloodstream flows beyond the ductus venosus inlet 
to merge with blood from the main portal stem and circulate 
through the right lobe of the liver (Figure 58-2).
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UMBILICAL CIRCUIT

The fetus circulates a blood volume corresponding to 11% to 
12% of its weight, which is considerably higher than the 7% 
during adult life.5-8 The reason is that at any time a large propor-
tion of blood is contained within the placenta. This fraction, 
however, decreases from 50% at midgestation to below 25% near 
term, according to sheep data (Figure 58-3).8 Although the fetal 
liver and splanchnic circuit have a capacity to accumulate blood 
volume and act as a buffer within the circulation, the umbilical 
circuit with the huge placental volume contains a correspond-
ingly larger volume buffer.

UMBILICAL BLOOD FLOW
Umbilical blood flow (mL/min) is a key determinant in fetal 
development and growth, has attracted numerous experimental 
and clinical studies, and is still today of great physiologic inter-
est, but this knowledge has not fully reached clinical applicabil-
ity. With improved ultrasound techniques and study designs, a 
number of studies have confirmed and refined the pioneering 
studies by Gill and colleagues9,10 showing that umbilical blood 
volume flow grows linearly during the second half of pregnancy, 
with some blunting towards term (Figure 58-4).11-18 However, 
fetuses developing birth weights exceeding the 90th percentile 
without hyperglycemia have less or no blunting.19 Although 
small dimensions impose substantial measurement variation, the 
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Closure of the human umbilical artery: 
a physiological demonstration of Burton’s theory 

A.C. Yao, J. Lind and T. Lu 

Departments of Pediatrics, Obstetrics and Gynecology, State University of New York, Downstate Medical Center, 

Brooklyn, New York, N. Y. 11203, U.S.A. 

YAO, A.C., LIND, J. and LU, T. (1977): Closure of the human umbilical artery: a physiological demonstration of Burton’s 
theory. Europ. .I. Obstet. Gynec. reprod. Biol., 716, 365-368. 

30 umbilical cords of normal full-term infants were examined immediately after birth for closure of the arteries. Multiple con- 
strictions were observed in the arteries at birth, which increased in number and degree with time. Between the constrictions there 
were segments of dilatations with trapped blood. Cutting through the constrictions in the cords clamped later than 1 min after 
birth did not result in leakage of blood from the adjoining dilated segments which contained trapped uncoagulated blood indicat- 
ing complete closure. This behavior of the vessels is a physiologic example of critical closure of small arteries according to 
Burton’s theory. 

umbilical cord; constrictions of small arteries; perinatal 

Introduction 

At birth, drastic changes in the circulation occur. 
6 fetal circulatory channels have to close functionally. 
The first to close are the umbilical arteries, which 
achieve functional closure within the first minutes of 
life. Blood flow through the umbilical arteries has 
been found to be negligible after 45 set of birth (Yao, 
Hirvensalo and Lind, 1968; Yao and Lind, 1969). The 
manner in which this comes about is rapid and dram- 
atic, but its interpretation is still controversial @leyer, 
Rumpelt, Yao and Lind, 1977; Roach, 1973). An 
investigation has been carried out to further elucidate 
the mechanism involved in this physiologic phenom- 
enon. 

Materials and methods 

Umbilical cords from 30 full-term uncomplicated 
vaginal deliveries were collected for this study. The 

365 

Bunce double blade hemostats (Bunce, 1961) were 
used to clamp a 10 cm segment of the cord near the 
infant (6-10 cm from the umbilicus), then another 
segment immediately after, near the placenta. The 
double clamp was applied within a few seconds up 
to 20 set after birth of the infant in 10 cases, and at 
1 min or more in another 10. In 10 cases the whole 
length of the cord was collected intact at various 
clamping times from a few seconds to 3 min after 
birth of the infant. 

The double clamped umbilical cord segments were 
observed for 1 h with the clamps on, and the number 
of constrictions were counted immediately after birth 
and at 10 min intervals. Then the umbilical arteries in 
the clamped segments were isolated by careful dissec- 
tion and the constrictions counted again and photo- 
graphs taken. Some of the constricted parts of the 
arteries were then cut through and observed for any 
blood leakage and photographs were taken again. 

In those cases where a segment of cord near the 

Flera sammandragningar 
observerades i artärerna vid 
födseln, vilket ökade i antal 
och grad med tiden. Mellan 
förträngningarna fanns det 
segment av utvidgningar med 
”trapped”/infångat blod. 
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Structure and Closure Mechanism 
of the Human Umbilical Artery 

W. W. Meyer 1, H. J. Rumpelt  1, A. C. Yao 2, and J. Lind 3 

Z Department of Pediatric Pathology, University of Mainz, Federal Republic of Germany 
2 Department of Pediatrics, Downstate Medical Center--S. U. N. Y, New York, USA 
3 Wenner-Gren Research Laboratory, Stockholm, Sweden 

A b s t r a c t .  f h e  structure of  the fully-patent umbilical artery and rearrangement 
of  its structural elements with postnatal  closure were examined in 10 
centimeter long umbilical cord segments which were double-clamped at 
different time intervals after delivery. The fully-patent umbilical artery 
consists of two main layers: an outer layer of circularly arranged smooth 
muscle cells and an inner layer which shows rather irregularly and loosely 
arranged cells embedded in abundant  metachromatic ground substance. No 
predominantly longitudinal arrangements of cells and fibers reported by 
earlier investigators could be identified in the inner layer. Closure of the 
umbilical arteries is initiated by numerous localized contractions which are 
mainly formed by muscle cells of  the outer circular layer. Ultimate closure of  
larger segments of the umbilical arteries is also mainly produced by con- 
tractions of  the outer layer. In contrast, the inner layer (which is rich in 
ground substance) seems to serve mainly as a plastic tissue which can easily be 
shifted in an axial direction and then folded into the narrowing lumen to 
complete closure. Electron microscopy reveals that the cells of  this layer 
represent rather poorly differentiated smooth muscle cells which contain only 
a few tiny myofilaments and can therefore hardly contribute actively to the 
process of  closure. 

K e y  w o r d s :  Umbilical artery - B i r t h  - N e o n a t a l  - Blood vessel - S t r u c t u r e  - 

Closure. 

I n t r o d u c t i o n  

During fetal life almost half of the combined output of the fetal heart is 
transported through the umbilical arteries to the placenta, over a distance which 
is greater than that of the length of the fetus and four times as long as the fetal 

Address for offprint requests: Professor J. Lind, Department of Pediatrics, Karolinska sjukhuset, 
104 01 Stockholm, Sweden 

0340-6199/78/0128/0247/$ 02.60 
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Fig. 1 A and B. Structure of a fully-patent umbilical artery in cryostat longitudinal- (A) and cross- 
sections (B). In the longitudinal section (A) stained with Feyrter's thionine technique before 
drying, the outer muscular layer (O) consists of tightly packed cross-sectioned muscle cells whose 
outlines are distinctly visible. The inner layer (/) includes amounts of red-stained metachromatic 
ground substance which appears black in the microphotograph. In the cross-section (B), the outer 
layer shows circularly arranged muscle cells with rod-shaped nuclei. In the inner arterial layer (/) 
the nuclei are obliquely arranged. No longitudinal muscular layer is seen. L = Lumen 

In the longitudinal sections of  the arterial wall striking differences in structure 
of  the arterial layers were also shown (Fig. 1A). In the thin frozen sections, the 
outer  muscular  layer often fell apar t  into longitudinal rows of  muscle cells (Fig. 
2A), suggesting that  the muscular  sheets were only loosely connected by a plastic 
g round  substance. With  drying and shrinking of  this substance, the fragments lost 
their initial vertical posi t ion on the moun t  and t ipped over. In this way they 
appeared as bands parallel to the axis o f  the artery (Fig. 2B). 

In the inner layer, abundan t  metachromat ic  g round  substance consti tuted a 
dominan t  structural  component .  Only a few cells embedded in this substance 

Yttre lager med cirkulärt 
arrangerade muskelceller, inre 
lagret mindre organiserat
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Vascular dimorphism ensured by
regulated proteoglycan dynamics favors
rapid umbilical artery closure at birth
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Abstract The umbilical artery lumen closes rapidly at birth, preventing neonatal blood loss,
whereas the umbilical vein remains patent longer. Here, analysis of umbilical cords from humans
and other mammals identified differential arterial-venous proteoglycan dynamics as a determinant
of these contrasting vascular responses. The umbilical artery, but not the vein, has an inner layer
enriched in the hydrated proteoglycan aggrecan, external to which lie contraction-primed smooth
muscle cells (SMC). At birth, SMC contraction drives inner layer buckling and centripetal
displacement to occlude the arterial lumen, a mechanism revealed by biomechanical observations
and confirmed by computational analyses. This vascular dimorphism arises from spatially regulated
proteoglycan expression and breakdown. Mice lacking aggrecan or the metalloprotease ADAMTS1,
which degrades proteoglycans, demonstrate their opposing roles in umbilical vascular dimorphism,
including effects on SMC differentiation. Umbilical vessel dimorphism is conserved in mammals,
suggesting that differential proteoglycan dynamics and inner layer buckling were positively
selected during evolution.

Introduction
The umbilical cord, typically containing two arteries and one vein in humans, is a crucial fetal struc-
ture in placental mammals. Umbilical arteries carry fetal blood to the placental vascular bed, whereas
the umbilical vein returns oxygenated blood to the fetus. Neonatal respiration at birth renders the
maternal oxygen supply redundant. Umbilical arteries commence closure rapidly after delivery of the
newborn whereas the veins remain open longer. The cord is routinely clamped following delivery
and divided between the clamps in modern obstetric practice. Timing of cord clamping after birth,
whether early or late, is extensively debated (Niermeyer, 2015; Tarnow-Mordi et al., 2017). A
recent recommendation suggested clamping no earlier than 30–60 s after birth to facilitate the
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Abstract The umbilical artery lumen closes rapidly at birth, preventing neonatal blood loss,
whereas the umbilical vein remains patent longer. Here, analysis of umbilical cords from humans
and other mammals identified differential arterial-venous proteoglycan dynamics as a determinant
of these contrasting vascular responses. The umbilical artery, but not the vein, has an inner layer
enriched in the hydrated proteoglycan aggrecan, external to which lie contraction-primed smooth
muscle cells (SMC). At birth, SMC contraction drives inner layer buckling and centripetal
displacement to occlude the arterial lumen, a mechanism revealed by biomechanical observations
and confirmed by computational analyses. This vascular dimorphism arises from spatially regulated
proteoglycan expression and breakdown. Mice lacking aggrecan or the metalloprotease ADAMTS1,
which degrades proteoglycans, demonstrate their opposing roles in umbilical vascular dimorphism,
including effects on SMC differentiation. Umbilical vessel dimorphism is conserved in mammals,
suggesting that differential proteoglycan dynamics and inner layer buckling were positively
selected during evolution.

Introduction
The umbilical cord, typically containing two arteries and one vein in humans, is a crucial fetal struc-
ture in placental mammals. Umbilical arteries carry fetal blood to the placental vascular bed, whereas
the umbilical vein returns oxygenated blood to the fetus. Neonatal respiration at birth renders the
maternal oxygen supply redundant. Umbilical arteries commence closure rapidly after delivery of the
newborn whereas the veins remain open longer. The cord is routinely clamped following delivery
and divided between the clamps in modern obstetric practice. Timing of cord clamping after birth,
whether early or late, is extensively debated (Niermeyer, 2015; Tarnow-Mordi et al., 2017). A
recent recommendation suggested clamping no earlier than 30–60 s after birth to facilitate the
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Abstract The umbilical artery lumen closes rapidly at birth, preventing neonatal blood loss,
whereas the umbilical vein remains patent longer. Here, analysis of umbilical cords from humans
and other mammals identified differential arterial-venous proteoglycan dynamics as a determinant
of these contrasting vascular responses. The umbilical artery, but not the vein, has an inner layer
enriched in the hydrated proteoglycan aggrecan, external to which lie contraction-primed smooth
muscle cells (SMC). At birth, SMC contraction drives inner layer buckling and centripetal
displacement to occlude the arterial lumen, a mechanism revealed by biomechanical observations
and confirmed by computational analyses. This vascular dimorphism arises from spatially regulated
proteoglycan expression and breakdown. Mice lacking aggrecan or the metalloprotease ADAMTS1,
which degrades proteoglycans, demonstrate their opposing roles in umbilical vascular dimorphism,
including effects on SMC differentiation. Umbilical vessel dimorphism is conserved in mammals,
suggesting that differential proteoglycan dynamics and inner layer buckling were positively
selected during evolution.

Introduction
The umbilical cord, typically containing two arteries and one vein in humans, is a crucial fetal struc-
ture in placental mammals. Umbilical arteries carry fetal blood to the placental vascular bed, whereas
the umbilical vein returns oxygenated blood to the fetus. Neonatal respiration at birth renders the
maternal oxygen supply redundant. Umbilical arteries commence closure rapidly after delivery of the
newborn whereas the veins remain open longer. The cord is routinely clamped following delivery
and divided between the clamps in modern obstetric practice. Timing of cord clamping after birth,
whether early or late, is extensively debated (Niermeyer, 2015; Tarnow-Mordi et al., 2017). A
recent recommendation suggested clamping no earlier than 30–60 s after birth to facilitate the
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ABSTRACT
Background Delayed umbilical cord clamping (DCC)
affects the cardiopulmonary transition and blood volume
in neonates immediately after birth. However, little is
known of blood !ow in the umbilical vessels immediately
after birth during DCC. The objective is to describe the
duration and patterns of blood !ow through the
umbilical vessels during DCC.
Methods Arterial and venous umbilical blood !ow was
measured during DCC using Doppler ultrasound in
uncomplicated term vaginal deliveries. Immediately after
birth, the probe was placed in the middle of the
umbilical cord, pattern and duration of !ow in vein and
arteries were evaluated until cord clamping.
Results Thirty infants were studied. Venous !ow: In
10% no !ow was present, in 57% !ow stopped at 4:34
(3:03–7:31) (median (IQR) min:sec) after birth, before
the cord was clamped. In 33%, !ow continued until
cord clamping at 5:13 (2:56–9:15) min:sec. Initially,
venous !ow was intermittent, increasing markedly during
large breaths or stopping and reversing during crying,
but then became continuous. Arterial !ow: In 17% no
!ow was present, in 40% !ow stopped at 4:22 (2:29–
7:17) min:sec, while cord pulsations were still palpable.
In 43% !ow continued until the cord was clamped at
5:16 (3:32–10:10) min:sec. Arterial !ow was pulsatile,
unidirectional towards placenta or bidirectional to/from
placenta. In 40% !ow became continuous towards
placenta later on.
Conclusions During delayed umbilical cord clamping,
venous and arterial umbilical !ow occurs for longer than
previously described. Net placental transfusion is
probably the result of several factors of which breathing
could play a major role. Umbilical !ow is unrelated to
cessation of pulsations.

BACKGROUND
Until 1960, allowing time for placental transfusion
by delaying cord clamping (DCC) was common
and advocated by famous caregivers over the cen-
turies.1 2 With improved medical care and more
women giving birth in hospitals, early/immediate
cord clamping was introduced as an intervention to
reduce the risk of postpartum haemorrhage with
no clear reason.2 The practice of cord clamping has
changed over recent decades, but remains a contro-
versial subject with numerous publications and
meta-analysis discussing the advantages and disad-
vantages of early or delayed cord clamping.3 4

Several guidelines and experts now recommend
delayed cord clamping, but there is a variation in
the advised time after birth and in some guidelines
no maximum time is recommended.4

Despite the debate on DCC, little is known
about the factors regulating blood !ow in the
umbilical vessels immediately after birth. The
concept of net placental-to-infant-transfusion
during DCC has been studied indirectly by measur-
ing circulating blood volume,5 the residual placen-
tal blood volume6 and more recently by the change
in infant weight while the cord is intact.7 The con-
tribution of the umbilical arteries was considered to
be minimal as it was thought that arterial !ow
stopped within 25–45 s.8 However, no explanation
for this cessation of !ow was provided, despite the
fact that umbilical arterial !ow can continue for
hours in exteriorised fetuses, as long as the fetal
state is maintained.9 In addition, recent animal data
indicate that for a stable haemodynamic transition
any delay should not be time-based, but should
depend on the infant’s physiology, particularly
whether the infant is breathing or not.10 In add-
ition, onset of breathing and effort would also
in!uence placental transfusion.11–13

What is already known on this topic

! Delayed umbilical cord clamping is bene"cial
for cardiopulmonary transition and blood
volume in infants at birth.

! Delayed cord clamping is now recommended,
but there is a variation in the advised time
point and in some guidelines no maximum
time is recommended.

! Understanding the physiology of umbilical !ow
after birth can be helpful to understand the
bene"ts/consequences of delayed cord
clamping.

What this study adds

! During delayed cord clamping venous and
arterial umbilical !ow occurs for longer than
previously described.

! Placental transfusion is complex and several
factors, including breathing, and whether
venous and/or arterial !ow is still present, has
to be taken into account.

! Umbilical !ow is unrelated to cessation of
pulsations, and using this as a time point for
cord clamping should be reconsidered.

Boere I, et al. Arch Dis Child Fetal Neonatal Ed 2015;100:F121–F125. doi:10.1136/archdischild-2014-307144 F121
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• As soon as the infant was placed
on the mother’s chest an 
ultrasound probe was gently
placed on a straight section of the 
umbilical cord to visualise all 
vessels. 

• We recorded blood flow (colour
Doppler+M-mode) for 15 s 
alternately in the vein and in one
of the arteries. 

• We were not able to measure
blood volume
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Arterial flow
Timing
In 5/30 (17%) infants absence of arterial flow was observed from the start of initial 
measurement until cord clamping at 04:45 (02:45–07:45) min:sec after birth. In 12/30 
(40%) infants arterial flow was observed but stopped 04:22 (02:29– 07:17) min:sec
after birth before the cord was clamped at 06:15 (05:02–09:30) min:sec. In 11 of these
12 infants pulsations were still palpable after the flow detected by ultrasound had
stopped (including venous flow). In 13/30 (43%) arterial flow was still detectable when
the midwife decided to clamp the cord at 05:16 (03:32–10:10) min:sec after birth.

Flow pattern
In the 25/30 (83%) infants where arterial flow was observed, flow was pulsatile, 
occurring at a pulse rate similar to the infant’s heart rate and flowed from the infant to 
the placenta. The flow was mainly unidirectional (flow towards the placenta during
systole, with no flow during diastole). However, in 18/25 (72%) an intermittent 
bidirectional flow (towards the placenta during systole, and away from the placenta 
during diastole) was observed (figure 3). The frequency of this phenomenon ranged
from 120/ min to 180/min, which most likely reflects the heart rate of the infants. This
bidirectional flow appeared 00:45 (00:25–02:36)
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ABSTRACT
Background Delayed umbilical cord clamping (DCC)
affects the cardiopulmonary transition and blood volume
in neonates immediately after birth. However, little is
known of blood !ow in the umbilical vessels immediately
after birth during DCC. The objective is to describe the
duration and patterns of blood !ow through the
umbilical vessels during DCC.
Methods Arterial and venous umbilical blood !ow was
measured during DCC using Doppler ultrasound in
uncomplicated term vaginal deliveries. Immediately after
birth, the probe was placed in the middle of the
umbilical cord, pattern and duration of !ow in vein and
arteries were evaluated until cord clamping.
Results Thirty infants were studied. Venous !ow: In
10% no !ow was present, in 57% !ow stopped at 4:34
(3:03–7:31) (median (IQR) min:sec) after birth, before
the cord was clamped. In 33%, !ow continued until
cord clamping at 5:13 (2:56–9:15) min:sec. Initially,
venous !ow was intermittent, increasing markedly during
large breaths or stopping and reversing during crying,
but then became continuous. Arterial !ow: In 17% no
!ow was present, in 40% !ow stopped at 4:22 (2:29–
7:17) min:sec, while cord pulsations were still palpable.
In 43% !ow continued until the cord was clamped at
5:16 (3:32–10:10) min:sec. Arterial !ow was pulsatile,
unidirectional towards placenta or bidirectional to/from
placenta. In 40% !ow became continuous towards
placenta later on.
Conclusions During delayed umbilical cord clamping,
venous and arterial umbilical !ow occurs for longer than
previously described. Net placental transfusion is
probably the result of several factors of which breathing
could play a major role. Umbilical !ow is unrelated to
cessation of pulsations.

BACKGROUND
Until 1960, allowing time for placental transfusion
by delaying cord clamping (DCC) was common
and advocated by famous caregivers over the cen-
turies.1 2 With improved medical care and more
women giving birth in hospitals, early/immediate
cord clamping was introduced as an intervention to
reduce the risk of postpartum haemorrhage with
no clear reason.2 The practice of cord clamping has
changed over recent decades, but remains a contro-
versial subject with numerous publications and
meta-analysis discussing the advantages and disad-
vantages of early or delayed cord clamping.3 4

Several guidelines and experts now recommend
delayed cord clamping, but there is a variation in
the advised time after birth and in some guidelines
no maximum time is recommended.4

Despite the debate on DCC, little is known
about the factors regulating blood !ow in the
umbilical vessels immediately after birth. The
concept of net placental-to-infant-transfusion
during DCC has been studied indirectly by measur-
ing circulating blood volume,5 the residual placen-
tal blood volume6 and more recently by the change
in infant weight while the cord is intact.7 The con-
tribution of the umbilical arteries was considered to
be minimal as it was thought that arterial !ow
stopped within 25–45 s.8 However, no explanation
for this cessation of !ow was provided, despite the
fact that umbilical arterial !ow can continue for
hours in exteriorised fetuses, as long as the fetal
state is maintained.9 In addition, recent animal data
indicate that for a stable haemodynamic transition
any delay should not be time-based, but should
depend on the infant’s physiology, particularly
whether the infant is breathing or not.10 In add-
ition, onset of breathing and effort would also
in!uence placental transfusion.11–13

What is already known on this topic

! Delayed umbilical cord clamping is bene"cial
for cardiopulmonary transition and blood
volume in infants at birth.

! Delayed cord clamping is now recommended,
but there is a variation in the advised time
point and in some guidelines no maximum
time is recommended.

! Understanding the physiology of umbilical !ow
after birth can be helpful to understand the
bene"ts/consequences of delayed cord
clamping.

What this study adds

! During delayed cord clamping venous and
arterial umbilical !ow occurs for longer than
previously described.

! Placental transfusion is complex and several
factors, including breathing, and whether
venous and/or arterial !ow is still present, has
to be taken into account.

! Umbilical !ow is unrelated to cessation of
pulsations, and using this as a time point for
cord clamping should be reconsidered.
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Venous flow
Timing
In 3/30 (10%) infants absence of venous flow was observed at the initial 
examination. In 17/30 (57%) venous flow stopped at 04:36 (03:03–08:22) 
min:sec after birth and the cord was clamped 06:02 (04:47–09:35) min:sec
after birth. In 10/30 (33%) venous flow was still present when the cord was
clamped at 05:13 (02:56–09:15) min:sec after birth. 

Flow pattern
In the 27 (90%) infants, where venous flow was observed, it was initially
intermittent during the first breaths. During large breaths the venous flow
increased (figure 1) during inspiration, but the flow completely stopped when
the infant cried during expiration (figure 2) or flow even reversed when crying
hard (observed in 7/27 (26%); figure 2). The frequency of this phenomenon
ranged from 20/min to 50/min, which most likely reflected the respiratory rate 
of the infants. With time, when breathing was more regular and less 
vigorous, the venous flow became more continuous and decreased until it 
stopped. 
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ABSTRACT
Background Delayed umbilical cord clamping (DCC)
affects the cardiopulmonary transition and blood volume
in neonates immediately after birth. However, little is
known of blood !ow in the umbilical vessels immediately
after birth during DCC. The objective is to describe the
duration and patterns of blood !ow through the
umbilical vessels during DCC.
Methods Arterial and venous umbilical blood !ow was
measured during DCC using Doppler ultrasound in
uncomplicated term vaginal deliveries. Immediately after
birth, the probe was placed in the middle of the
umbilical cord, pattern and duration of !ow in vein and
arteries were evaluated until cord clamping.
Results Thirty infants were studied. Venous !ow: In
10% no !ow was present, in 57% !ow stopped at 4:34
(3:03–7:31) (median (IQR) min:sec) after birth, before
the cord was clamped. In 33%, !ow continued until
cord clamping at 5:13 (2:56–9:15) min:sec. Initially,
venous !ow was intermittent, increasing markedly during
large breaths or stopping and reversing during crying,
but then became continuous. Arterial !ow: In 17% no
!ow was present, in 40% !ow stopped at 4:22 (2:29–
7:17) min:sec, while cord pulsations were still palpable.
In 43% !ow continued until the cord was clamped at
5:16 (3:32–10:10) min:sec. Arterial !ow was pulsatile,
unidirectional towards placenta or bidirectional to/from
placenta. In 40% !ow became continuous towards
placenta later on.
Conclusions During delayed umbilical cord clamping,
venous and arterial umbilical !ow occurs for longer than
previously described. Net placental transfusion is
probably the result of several factors of which breathing
could play a major role. Umbilical !ow is unrelated to
cessation of pulsations.

BACKGROUND
Until 1960, allowing time for placental transfusion
by delaying cord clamping (DCC) was common
and advocated by famous caregivers over the cen-
turies.1 2 With improved medical care and more
women giving birth in hospitals, early/immediate
cord clamping was introduced as an intervention to
reduce the risk of postpartum haemorrhage with
no clear reason.2 The practice of cord clamping has
changed over recent decades, but remains a contro-
versial subject with numerous publications and
meta-analysis discussing the advantages and disad-
vantages of early or delayed cord clamping.3 4

Several guidelines and experts now recommend
delayed cord clamping, but there is a variation in
the advised time after birth and in some guidelines
no maximum time is recommended.4

Despite the debate on DCC, little is known
about the factors regulating blood !ow in the
umbilical vessels immediately after birth. The
concept of net placental-to-infant-transfusion
during DCC has been studied indirectly by measur-
ing circulating blood volume,5 the residual placen-
tal blood volume6 and more recently by the change
in infant weight while the cord is intact.7 The con-
tribution of the umbilical arteries was considered to
be minimal as it was thought that arterial !ow
stopped within 25–45 s.8 However, no explanation
for this cessation of !ow was provided, despite the
fact that umbilical arterial !ow can continue for
hours in exteriorised fetuses, as long as the fetal
state is maintained.9 In addition, recent animal data
indicate that for a stable haemodynamic transition
any delay should not be time-based, but should
depend on the infant’s physiology, particularly
whether the infant is breathing or not.10 In add-
ition, onset of breathing and effort would also
in!uence placental transfusion.11–13

What is already known on this topic

! Delayed umbilical cord clamping is bene"cial
for cardiopulmonary transition and blood
volume in infants at birth.

! Delayed cord clamping is now recommended,
but there is a variation in the advised time
point and in some guidelines no maximum
time is recommended.

! Understanding the physiology of umbilical !ow
after birth can be helpful to understand the
bene"ts/consequences of delayed cord
clamping.

What this study adds

! During delayed cord clamping venous and
arterial umbilical !ow occurs for longer than
previously described.

! Placental transfusion is complex and several
factors, including breathing, and whether
venous and/or arterial !ow is still present, has
to be taken into account.

! Umbilical !ow is unrelated to cessation of
pulsations, and using this as a time point for
cord clamping should be reconsidered.
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04:36 (03:03–08:22) min:sec after birth and the cord was
clamped 06:02 (04:47–09:35) min:sec after birth. In 10/30
(33%) venous !ow was still present when the cord was clamped
at 05:13 (02:56–09:15) min:sec after birth.

Flow pattern
In the 27 (90%) infants, where venous !ow was observed, it
was initially intermittent during the "rst breaths. During large
breaths the venous !ow increased ("gure 1) during inspiration,
but the !ow completely stopped when the infant cried during
expiration ("gure 2) or !ow even reversed when crying hard
(observed in 7/27 (26%); "gure 2). The frequency of this phe-
nomenon ranged from 20/min to 50/min, which most likely
re!ected the respiratory rate of the infants. With time, when
breathing was more regular and less vigorous, the venous !ow
became more continuous and decreased until it stopped.

Arterial !ow
Timing
In 5/30 (17%) infants absence of arterial !ow was observed
from the start of initial measurement until cord clamping at
04:45 (02:45–07:45) min:sec after birth. In 12/30 (40%)
infants arterial !ow was observed but stopped 04:22 (02:29–
07:17) min:sec after birth before the cord was clamped at 06:15
(05:02–09:30) min:sec. In 11 of these 12 infants pulsations
were still palpable after the !ow detected by ultrasound had
stopped (including venous !ow). In 13/30 (43%) arterial !ow
was still detectable when the midwife decided to clamp the cord
at 05:16 (03:32–10:10) min:sec after birth.

Flow pattern
In the 25/30 (83%) infants where arterial !ow was observed,
!ow was pulsatile, occurring at a pulse rate similar to the infant’s
heart rate and !owed from the infant to the placenta. The !ow
was mainly unidirectional (!ow towards the placenta during
systole, with no !ow during diastole). However, in 18/25 (72%)
an intermittent bidirectional !ow (towards the placenta during
systole, and away from the placenta during diastole) was observed
("gure 3). The frequency of this phenomenon ranged from 120/
min to 180/min, which most likely re!ects the heart rate of the
infants. This bidirectional !ow appeared 00:45 (00:25–02:36)

min:sec after birth and the median duration was 02:24 (01:37–
03:52) min:sec. In 10/25 (40%) infants, the pulsatile arterial !ow
eventually ceased and became continuous !ow from the infant to
the placenta.

Time difference venous-arterial
In 15 infants venous and arterial !ow stopped at the same time,
either before cord clamping or at the time of cord clamping. In
seven infants arterial !ow stopped before venous !ow with a
time difference of 01:08 (00:51–03:03) min:sec. In eight
infants, venous !ow stopped before arterial !ow with a time dif-
ference of !01:43 (!00:51–02:45) min:sec.

DISCUSSION
This is the "rst study to directly investigate umbilical cord !ow
immediately after birth during delayed cord clamping. We
observed that umbilical venous and arterial blood !ows continue
longer than previously described.6 8 The duration of !ow is
however, highly variable between subjects. The observation that
arterial !ow can continue after venous !ow has stopped (a third
of the infants) has not been described before and might in!u-
ence net placenta-to-infant transfusion. Loss of umbilical cord
pulsations was not correlated to the actual arterial !ow. The
large in!uence of the infants’ "rst breaths, including crying, on
the venous !ow patterns suggests that breathing could play an
important role in the net placental transfusion. Although it was
not possible to quantify the arterial and venous blood volume
changes, the "ndings in this study imply that postnatal placental
transfusion is more complicated than currently assumed.

Yao et al,5 indirectly measured the net placental transfusion
by measuring placental residual blood volume and neonatal
blood volume using the 125I-labelled albumin dilution tech-
nique, which relies on calculations extrapolated from adult
studies. They drained the placenta for 20 min after cord clamp-
ing and observed very little residual volume when cord was
clamped at 3 min,5 which is now the current prevailing view in
the literature.15 We observed that arterial and venous !ow can
occur for a much longer duration than previously envisaged, but
it is debateable as to how much placenta-to-infant transfusion

Figure 1 Example of a !ow pattern in an umbilical vein during
breathing. There is !ow (blue, direction towards infant) with an
increasing velocity creating aliasing of the Doppler !ow signal (†) after
which it decreases. In the middle, !ow stops for a brief moment (*).
Time from start of !ow until start of next !ow pattern is "1500 ms,
which may re!ect a breathing rate of "40/min.

Figure 2 Example of a !ow pattern in an umbilical vein during
crying. There is short period of !ow (blue, direction towards infant)
with an increasing and decreasing velocity (during the short large
inspiration from the cry17) after which !ow stopped during the
expiration of the cry17 with a short period of reversed !ow (red,
direction to placenta) in the middle. Time from start of !ow towards
the infant until the start of the next !ow pattern was "2103 ms, which
may re!ect a breathing rate of "28/min.
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ABSTRACT
Background Delayed umbilical cord clamping (DCC)
affects the cardiopulmonary transition and blood volume
in neonates immediately after birth. However, little is
known of blood !ow in the umbilical vessels immediately
after birth during DCC. The objective is to describe the
duration and patterns of blood !ow through the
umbilical vessels during DCC.
Methods Arterial and venous umbilical blood !ow was
measured during DCC using Doppler ultrasound in
uncomplicated term vaginal deliveries. Immediately after
birth, the probe was placed in the middle of the
umbilical cord, pattern and duration of !ow in vein and
arteries were evaluated until cord clamping.
Results Thirty infants were studied. Venous !ow: In
10% no !ow was present, in 57% !ow stopped at 4:34
(3:03–7:31) (median (IQR) min:sec) after birth, before
the cord was clamped. In 33%, !ow continued until
cord clamping at 5:13 (2:56–9:15) min:sec. Initially,
venous !ow was intermittent, increasing markedly during
large breaths or stopping and reversing during crying,
but then became continuous. Arterial !ow: In 17% no
!ow was present, in 40% !ow stopped at 4:22 (2:29–
7:17) min:sec, while cord pulsations were still palpable.
In 43% !ow continued until the cord was clamped at
5:16 (3:32–10:10) min:sec. Arterial !ow was pulsatile,
unidirectional towards placenta or bidirectional to/from
placenta. In 40% !ow became continuous towards
placenta later on.
Conclusions During delayed umbilical cord clamping,
venous and arterial umbilical !ow occurs for longer than
previously described. Net placental transfusion is
probably the result of several factors of which breathing
could play a major role. Umbilical !ow is unrelated to
cessation of pulsations.

BACKGROUND
Until 1960, allowing time for placental transfusion
by delaying cord clamping (DCC) was common
and advocated by famous caregivers over the cen-
turies.1 2 With improved medical care and more
women giving birth in hospitals, early/immediate
cord clamping was introduced as an intervention to
reduce the risk of postpartum haemorrhage with
no clear reason.2 The practice of cord clamping has
changed over recent decades, but remains a contro-
versial subject with numerous publications and
meta-analysis discussing the advantages and disad-
vantages of early or delayed cord clamping.3 4

Several guidelines and experts now recommend
delayed cord clamping, but there is a variation in
the advised time after birth and in some guidelines
no maximum time is recommended.4

Despite the debate on DCC, little is known
about the factors regulating blood !ow in the
umbilical vessels immediately after birth. The
concept of net placental-to-infant-transfusion
during DCC has been studied indirectly by measur-
ing circulating blood volume,5 the residual placen-
tal blood volume6 and more recently by the change
in infant weight while the cord is intact.7 The con-
tribution of the umbilical arteries was considered to
be minimal as it was thought that arterial !ow
stopped within 25–45 s.8 However, no explanation
for this cessation of !ow was provided, despite the
fact that umbilical arterial !ow can continue for
hours in exteriorised fetuses, as long as the fetal
state is maintained.9 In addition, recent animal data
indicate that for a stable haemodynamic transition
any delay should not be time-based, but should
depend on the infant’s physiology, particularly
whether the infant is breathing or not.10 In add-
ition, onset of breathing and effort would also
in!uence placental transfusion.11–13

What is already known on this topic

! Delayed umbilical cord clamping is bene"cial
for cardiopulmonary transition and blood
volume in infants at birth.

! Delayed cord clamping is now recommended,
but there is a variation in the advised time
point and in some guidelines no maximum
time is recommended.

! Understanding the physiology of umbilical !ow
after birth can be helpful to understand the
bene"ts/consequences of delayed cord
clamping.

What this study adds

! During delayed cord clamping venous and
arterial umbilical !ow occurs for longer than
previously described.

! Placental transfusion is complex and several
factors, including breathing, and whether
venous and/or arterial !ow is still present, has
to be taken into account.

! Umbilical !ow is unrelated to cessation of
pulsations, and using this as a time point for
cord clamping should be reconsidered.
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04:36 (03:03–08:22) min:sec after birth and the cord was
clamped 06:02 (04:47–09:35) min:sec after birth. In 10/30
(33%) venous !ow was still present when the cord was clamped
at 05:13 (02:56–09:15) min:sec after birth.

Flow pattern
In the 27 (90%) infants, where venous !ow was observed, it
was initially intermittent during the "rst breaths. During large
breaths the venous !ow increased ("gure 1) during inspiration,
but the !ow completely stopped when the infant cried during
expiration ("gure 2) or !ow even reversed when crying hard
(observed in 7/27 (26%); "gure 2). The frequency of this phe-
nomenon ranged from 20/min to 50/min, which most likely
re!ected the respiratory rate of the infants. With time, when
breathing was more regular and less vigorous, the venous !ow
became more continuous and decreased until it stopped.

Arterial !ow
Timing
In 5/30 (17%) infants absence of arterial !ow was observed
from the start of initial measurement until cord clamping at
04:45 (02:45–07:45) min:sec after birth. In 12/30 (40%)
infants arterial !ow was observed but stopped 04:22 (02:29–
07:17) min:sec after birth before the cord was clamped at 06:15
(05:02–09:30) min:sec. In 11 of these 12 infants pulsations
were still palpable after the !ow detected by ultrasound had
stopped (including venous !ow). In 13/30 (43%) arterial !ow
was still detectable when the midwife decided to clamp the cord
at 05:16 (03:32–10:10) min:sec after birth.

Flow pattern
In the 25/30 (83%) infants where arterial !ow was observed,
!ow was pulsatile, occurring at a pulse rate similar to the infant’s
heart rate and !owed from the infant to the placenta. The !ow
was mainly unidirectional (!ow towards the placenta during
systole, with no !ow during diastole). However, in 18/25 (72%)
an intermittent bidirectional !ow (towards the placenta during
systole, and away from the placenta during diastole) was observed
("gure 3). The frequency of this phenomenon ranged from 120/
min to 180/min, which most likely re!ects the heart rate of the
infants. This bidirectional !ow appeared 00:45 (00:25–02:36)

min:sec after birth and the median duration was 02:24 (01:37–
03:52) min:sec. In 10/25 (40%) infants, the pulsatile arterial !ow
eventually ceased and became continuous !ow from the infant to
the placenta.

Time difference venous-arterial
In 15 infants venous and arterial !ow stopped at the same time,
either before cord clamping or at the time of cord clamping. In
seven infants arterial !ow stopped before venous !ow with a
time difference of 01:08 (00:51–03:03) min:sec. In eight
infants, venous !ow stopped before arterial !ow with a time dif-
ference of !01:43 (!00:51–02:45) min:sec.

DISCUSSION
This is the "rst study to directly investigate umbilical cord !ow
immediately after birth during delayed cord clamping. We
observed that umbilical venous and arterial blood !ows continue
longer than previously described.6 8 The duration of !ow is
however, highly variable between subjects. The observation that
arterial !ow can continue after venous !ow has stopped (a third
of the infants) has not been described before and might in!u-
ence net placenta-to-infant transfusion. Loss of umbilical cord
pulsations was not correlated to the actual arterial !ow. The
large in!uence of the infants’ "rst breaths, including crying, on
the venous !ow patterns suggests that breathing could play an
important role in the net placental transfusion. Although it was
not possible to quantify the arterial and venous blood volume
changes, the "ndings in this study imply that postnatal placental
transfusion is more complicated than currently assumed.

Yao et al,5 indirectly measured the net placental transfusion
by measuring placental residual blood volume and neonatal
blood volume using the 125I-labelled albumin dilution tech-
nique, which relies on calculations extrapolated from adult
studies. They drained the placenta for 20 min after cord clamp-
ing and observed very little residual volume when cord was
clamped at 3 min,5 which is now the current prevailing view in
the literature.15 We observed that arterial and venous !ow can
occur for a much longer duration than previously envisaged, but
it is debateable as to how much placenta-to-infant transfusion

Figure 1 Example of a !ow pattern in an umbilical vein during
breathing. There is !ow (blue, direction towards infant) with an
increasing velocity creating aliasing of the Doppler !ow signal (†) after
which it decreases. In the middle, !ow stops for a brief moment (*).
Time from start of !ow until start of next !ow pattern is "1500 ms,
which may re!ect a breathing rate of "40/min.

Figure 2 Example of a !ow pattern in an umbilical vein during
crying. There is short period of !ow (blue, direction towards infant)
with an increasing and decreasing velocity (during the short large
inspiration from the cry17) after which !ow stopped during the
expiration of the cry17 with a short period of reversed !ow (red,
direction to placenta) in the middle. Time from start of !ow towards
the infant until the start of the next !ow pattern was "2103 ms, which
may re!ect a breathing rate of "28/min.
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ABSTRACT
Background Delayed umbilical cord clamping (DCC)
affects the cardiopulmonary transition and blood volume
in neonates immediately after birth. However, little is
known of blood !ow in the umbilical vessels immediately
after birth during DCC. The objective is to describe the
duration and patterns of blood !ow through the
umbilical vessels during DCC.
Methods Arterial and venous umbilical blood !ow was
measured during DCC using Doppler ultrasound in
uncomplicated term vaginal deliveries. Immediately after
birth, the probe was placed in the middle of the
umbilical cord, pattern and duration of !ow in vein and
arteries were evaluated until cord clamping.
Results Thirty infants were studied. Venous !ow: In
10% no !ow was present, in 57% !ow stopped at 4:34
(3:03–7:31) (median (IQR) min:sec) after birth, before
the cord was clamped. In 33%, !ow continued until
cord clamping at 5:13 (2:56–9:15) min:sec. Initially,
venous !ow was intermittent, increasing markedly during
large breaths or stopping and reversing during crying,
but then became continuous. Arterial !ow: In 17% no
!ow was present, in 40% !ow stopped at 4:22 (2:29–
7:17) min:sec, while cord pulsations were still palpable.
In 43% !ow continued until the cord was clamped at
5:16 (3:32–10:10) min:sec. Arterial !ow was pulsatile,
unidirectional towards placenta or bidirectional to/from
placenta. In 40% !ow became continuous towards
placenta later on.
Conclusions During delayed umbilical cord clamping,
venous and arterial umbilical !ow occurs for longer than
previously described. Net placental transfusion is
probably the result of several factors of which breathing
could play a major role. Umbilical !ow is unrelated to
cessation of pulsations.

BACKGROUND
Until 1960, allowing time for placental transfusion
by delaying cord clamping (DCC) was common
and advocated by famous caregivers over the cen-
turies.1 2 With improved medical care and more
women giving birth in hospitals, early/immediate
cord clamping was introduced as an intervention to
reduce the risk of postpartum haemorrhage with
no clear reason.2 The practice of cord clamping has
changed over recent decades, but remains a contro-
versial subject with numerous publications and
meta-analysis discussing the advantages and disad-
vantages of early or delayed cord clamping.3 4

Several guidelines and experts now recommend
delayed cord clamping, but there is a variation in
the advised time after birth and in some guidelines
no maximum time is recommended.4

Despite the debate on DCC, little is known
about the factors regulating blood !ow in the
umbilical vessels immediately after birth. The
concept of net placental-to-infant-transfusion
during DCC has been studied indirectly by measur-
ing circulating blood volume,5 the residual placen-
tal blood volume6 and more recently by the change
in infant weight while the cord is intact.7 The con-
tribution of the umbilical arteries was considered to
be minimal as it was thought that arterial !ow
stopped within 25–45 s.8 However, no explanation
for this cessation of !ow was provided, despite the
fact that umbilical arterial !ow can continue for
hours in exteriorised fetuses, as long as the fetal
state is maintained.9 In addition, recent animal data
indicate that for a stable haemodynamic transition
any delay should not be time-based, but should
depend on the infant’s physiology, particularly
whether the infant is breathing or not.10 In add-
ition, onset of breathing and effort would also
in!uence placental transfusion.11–13

What is already known on this topic

! Delayed umbilical cord clamping is bene"cial
for cardiopulmonary transition and blood
volume in infants at birth.

! Delayed cord clamping is now recommended,
but there is a variation in the advised time
point and in some guidelines no maximum
time is recommended.

! Understanding the physiology of umbilical !ow
after birth can be helpful to understand the
bene"ts/consequences of delayed cord
clamping.

What this study adds

! During delayed cord clamping venous and
arterial umbilical !ow occurs for longer than
previously described.

! Placental transfusion is complex and several
factors, including breathing, and whether
venous and/or arterial !ow is still present, has
to be taken into account.

! Umbilical !ow is unrelated to cessation of
pulsations, and using this as a time point for
cord clamping should be reconsidered.
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Pierre Budin
1846-1907

Första avnavlingsstudien?

one of the ”fathers of neonatology”

•1876

•Blod kvar i placenta
•Tidig avnavling 109 ml (n=29)
•Sen avnavling 17 ml (n=32)

Vad vet vi då?

31 32
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Measuring placental transfusion for term births: 
weighing babies with cord intact
(Farrar et al, BJOG 2011;118(1):70-5) 

Observational study, N=13 vaginal delivery and N=13 CS. Placental transfusion usually complete by 2 min, 
sometimes continued up to 5 min; contributed 24-32 ml/kg of BW; 30-40% of total potential blood
volume. Did not differ according to infant position, type of delivery or uterotonic drug.

33

Chen X, Li X, Chang Y, Li W, Cui H. Effect and safety of timing of cord 
clamping on neonatal hematocrit values and clinical outcomes in term 
infants: A randomized controlled trial. Journal of Perinatology. 
2018;38(3):251-257. doi:10.1038/s41372-017-0001-y.

34

Det handlar om en deciliter 
blod…

35

…och tre minuter
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Omedelbart
(< 30 s)

Sent
(> 180 s)Före födseln

45 ml/kg

150 ml
45 ml/kg

150 ml
70 ml/kg

250 ml
15 ml/kg

50 ml
100 ml/kg

350 ml
70 ml/kg

250 ml
+100 ml

37

Extra transfusion från placenta: 25-35 ml/kg

Högre hemoglobin
Fysiologisk hemolys

Undvikande av järnbrist

Födelse

2 dagar
3 månader

4-6 månader

År

Sen avnavling

Ökade järnförråd

Skydd mot anemi Optimal utveckling

‘Placentatransfusionsmodellen’

38

Sen avnavling och Ferritinnivåer vid 4-8 månader

0

20

40

60

80

100

120

140

Andersson 2011 (4m) Chaparro 2006 (6m) Ceriani Cernadas 2010
(6m)

KC 2017 (8m)

Early Cord clamping Delayed Cord clamping

p<0.001
Geometric mean ratio: 
1.6; 95% CI: 1.2 to 2.1

p<0.001

+47%
+59%

+45%

Mexico, 2 min, n=358 Argentina, 3 min, n=159Sweden, 3 min, n=347

+33%

Nepal, 3 min, n=400

p<0.001

39

Studie i Nepal

• 540 barn
• ≤ 1 min vs. ≥ 3 min

• Hb och Ferritin vid 8 och 12 
månader

KC & al, JAMA Ped 2017

40
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Kc A, Rana N, Malqvist M, Jarawka Ranneberg L, Subedi K, Andersson O. Effects of Delayed 
Umbilical Cord Clamping vs Early Clamping on Anemia in Infants at 8 and 12 Months: A 
Randomized Clinical Trial. JAMA Pediatr. 2017;171(3):264-270.

P=0.01 P<0.001 P=0.02 P=0.08

9 %
reduktion

8 %
reduktion

41

Kc A, Rana N, Malqvist M, Jarawka Ranneberg L, Subedi K, Andersson O. Effects of Delayed 
Umbilical Cord Clamping vs Early Clamping on Anemia in Infants at 8 and 12 Months: A 
Randomized Clinical Trial. JAMA Pediatr. 2017;171(3):264-270.

P=0.01 P<0.001 P=0.02 P=0.08

14 %
reduktion

8 %
reduktion

42

Varför oroa sig för järn och hjärnans utveckling?

•Hippocampus
•Myelin
•Dopaminerga
neuron

43

•Myelin = 
nervcellernas 
isoleringsmaterial 
• medierar hastighet 
och genomförande

• Kritisk period: GÅ 32 v 
till 2 år

44
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Brain Myelin Content and Neurodevelopment:
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Abstract Objective This study aimed to determine if delayed cord clamping (DCC) affected
brain myelin water volume fraction (VFm) and neurodevelopment in term infants.
Study Design This was a single-blinded randomized controlled trial of healthy pregnant
womenwith term singleton fetuses randomizedatbirth to either immediate cord clamping
(ICC) (! 20 seconds) or DCC (" 5minutes). Follow-up at 12 months of age consisted of
blood work for serum iron indices and lead levels, a nonsedated magnetic resonance
imaging (MRI), followed within the week by neurodevelopmental testing.
Results At birth, 73 women were randomized into one of two groups: ICC (the usual
practice) or DCC (the intervention). At 12months, among 58 active participants, 41 (80%)
had usable MRIs. There were no differences between the two groups onmaternal or infant
demographic variables. At 12 months, infants who had DCC had increased white matter
brain growth in regions localized within the right and left internal capsules, the right
parietal, occipital, and prefrontal cortex. Gender exerted no difference on any variables.
Developmental testing (Mullen Scales of Early Learning, nonverbal, and verbal composite
scores) was not signi!cantly different between the two groups.
Conclusion At 12 months of age, infants who received DCC had greater myelin
content in important brain regions involved in motor function, visual/spatial, and
sensory processing. A placental transfusion at birth appeared to increase myelin
content in the early developing brain.
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P: 73 healthy term pregnant women and their 
singleton fetuses

I: Delayed CC, >5 minutes
C: Immediate CC, <20 seconds). 
O: 4 mo – ferritin levels. 

Brain myelin content was measured with MRI
at 4 and 12 mo

45

Ferritin:
At 4 months, infants with DCC had significantly greater ferritin levels (96.4 vs 65.3 ng/dL, P = .03) 

Myelin:

research examining whether these myelination differences
between infants with DCC and ICC persist, become more ex-
tensive, or normalize over time will be important. Evaluation
of the long-term consequences of DCC on infant brain de-
velopment and other neurodevelopmental outcomes is planned.
In this RCT, infants will return for MRI scans and
neurodevelopmental testing at 12 and 24 months of age, pro-
viding the opportunity to continue to study such outcomes.

The early developing brain regions, ie, the internal cap-
sules, differed between infants with DCC and ICC. These areas
of the brain are essential to a wide variety of cognitive func-
tions, including motor and sensory processing.46 Previous
studies investigating neurobehavioral outcomes following DCC
using neurodevelopmental testing only demonstrated im-
proved scores in fine motor and the social domains in infants
with DCC at 4 years of age, especially in boys,51 although no
differences were seen at 4 and 12 months of age.3,52 Our find-
ings suggest that differences in myelin content may underlie
neurodevelopmental differences between infants with DCC and
ICC that appear later in childhood. The present study exam-
ined neurodevelopmental outcomes in infants at 4 months of
age as this stage of infancy marks the onset of the most rapid
period of myelin development.46 We observed no
neurodevelopmental differences between the DCC and ICC
groups at this early time. VFm differences between children
with above-average and below-average cognitive ability do not
present until early toddlerhood (1-2 years).53 Thus,
neurodevelopmental gains resulting from DCC may not be ob-
servable until later in development. Assessment of the infants
enrolled in our current RCT at 12 and 24 months of age will
allow us to examine whether these differences manifest over
time.

One potential mechanism underlying our findings of early
myelination in infants with DCC and ICC may be related to
iron. Iron is involved in myelinogenesis and is a necessary
component for the maturation and function of the
oligodendrocytes.21 Studies in animals have demonstrated that
ID can lead to altered myelin lipid synthesis,15,54 changes in
myelin basic protein transcripts,55 and fundamental changes
to the myelin-producing oligodendrocyte populations.21 ID can

disrupt the trajectory of myelination growth and subse-
quently result in long-lasting myelin alterations.13 Our find-
ings associating VFm and blood ferritin levels have not been
reported previously. The increased iron stores afforded by in-
creased red cell volume at birth facilitated by DCC appear to
lead to increased infant myelination at 4 months of age. Myelin-
producing oligodendrocytes, the predominant cell type con-
taining iron, are composed of a mixture of ferritin subunits,
which allows these cells to both store and use iron in the bio-
synthesis of cholesterol and lipids for myelin production.21 Thus,
increased iron endowed through placental transfusion as mea-
sured by ferritin may enable oligodendrocytes to more rapidly
accumulate iron and initiate and sustain myelination more
quickly. However, this theory should be more specifically in-
vestigated with additional research in humans and animals.
Nonetheless, our findings provide further evidence of an as-
sociation between iron or ferritin and early brain myelina-
tion and may have important implications for clinical practice
based on these underlying mechanisms.

This study used a 5-minute delay for DCC. When the study
began in 2010, skin-to-skin care was adopted by the hospital
as the standard of care for healthy infants born at term. We
chose the 5-minute delay based on our pilot study,56 which
showed that RPBV was significantly greater in infants placed
skin-to-skin with ICC or a 2-minute delay compared with
infants with a 5-minute delay or cord milking (!5). We wanted
to obtain the maximum difference in placental transfusion
between groups to optimize variances in the MRI results. One
concern was that a delay of 5 minutes in this RCT resulted in
a RPBV of 20 mL/kg, which was more residual blood than ex-
pected. It is also more than we found in our earlier pilot study,
which yielded 11 mL/kg for infants born at term after 5 minutes.
In addition, Yao reported 13.8 mL/kg of RPBV after a 3-minute
delay with infants held below the level of the perineum, sug-
gesting that placing the infant on the maternal abdomen slows
the placental transfusion.2

Although we demonstrated greater ferritin levels at 4 months
with DCC, the levels were lower than those in a study by
Andersson et al, who reported a 3-minute delay but did not
discuss placement of the infant.3 In a personal conversation,

Figure 3. Group differences in myelin content between infants with DCC vs ICC by actual treatment. Significance is indicated
by the color scale on the right with yellow at P value of .01 and red at a P value of .05. These colors represent areas in which
myelin is greater in infants who had DCC compared with those who had ICC.
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dependent on adequate iron and iron stores to support the
demands of myelin growth which sharply accelerates during
the !rst fewmonths after birth.32 In this study, higher ferritin
levels at 4 months of age appeared to support increased brain
myelin in important brain regions and we now show this
extends out to 12 months of age. The practice of cutting the
cordquicklyat birthprevents an infant’s access to this essential
iron source and may result in ID, placing them at risk for
reduced brain myelin content. ID can result in epigenetic
changes via both deoxyribonucleic acid methylation and his-
tonemodi!cationpathwayspotentially leading to thenegative
long-term neurodevelopmental impact seen in children with
ID in infancy.16,33

Infants in this study who received DCC left less blood (34%)
behind in the placenta compared to those who had ICC. This
con!rms a placental transfusion occurred with DCC. Along
withRBCs, thisbloodcontainsa largevolumeofstemscellsand
essential plasma.34 Although we did not measure stem cells,
others have shown that RPBV contains a large number and
variety of naïve stem cells including preoligodendrocytes.35,36

Ferritin has been an important biomarker inmultiple DCC
clinical trials for both term and preterm infants. However, by
12 months of age, ferritin levels usually do not signi!cantly
differ between children exposed to ICC or DCC.37,38 This
provides support for our hypothesis that better iron stores at
4months of age (as a result of placental transfusion) result in
more myelin content in the early developing brain regions at
both at 4 and 12 months of age.

In this cohort of children, there was a signi!cant differ-
ence in cord clamping time at birth. The ideal time for
clamping the cord remains controversial. A 5-minute delay
was chosen to re"ect a clearer contrast between our two
groups (ICC and DCC) and to offset any potential effect from
infants being placed on the maternal abdomen (i.e., infant
held above the level of the placenta). Examining varying cord
clamping times with infants placed skin-to-skin, we
obtained differences of 35mL/kg RPBV with ICC, 25mL/kg
with a 2-minute delay, 11mL/kg with a 5-minute delay, and
18mL/kg with cord milking (!ve times). This suggests when
infants are placed on the maternal abdomen, more time is
needed to achieve an adequate placental transfusion.39

Two studies recently have added new information charac-
terizing intact cord blood "ow that supports physiologic cord
clamping and extended delay. Boere et almeasured blood"ow
in the umbilical cord after birth and before cord clampingwith
Doppler ultrasound in 30 uncomplicated term spontaneous
vaginal births.40 Over 80% of the infants in the study had
umbilical arterial "ow (UAF) continued for at least
4.22minutes after birth and by 6minutes, 43% still had UAF
when the cord was clamped. The UAF was pulsatile similar to
the infant’s heartbeat and "ow was mainly unidirectional,
from the infant to the placenta. In another study of the
duration of cord pulsations by palpation in 102 infants with
DCC at vaginal birth, pulsations continued for 213 seconds
medianduration.41Whendividing the group inhalf belowand
above themedian, they found that infantswith longerduration
of cord pulsations had higher birthweights (3,530 vs. 3,250,
p! 0.005) and longer third stage of labor (12 vs. 8minutes,
p< 0.001), without an increased risk of postpartum hemor-
rhage. An observational study of 900 Swedish women and
infants with extended cord clamping time (median 6minutes,
ranging from 0 to 23.5minutes), reported less postpartum
hemorrhage and no difference in infant bilirubin levels with
longer cord clamping times.42 Extending cord clamping times
(>180 seconds) is avery suitable area for further investigation.

The children in this cohort showed no signi!cant differ-
ences in the MSEL verbal or nonverbal language scores or in
overall cognitive abilities or social emotional competence on
the BITSEA. Thiswas not an unexpected !nding and is similar
to the results reported by Andersson et al in over 300
Swedish healthy term infants randomized to either ICC
(" 10 seconds) or DCC (# 180 seconds) at birth.38 Andersson
et al found at 12 months of age, DCC showed no effect on
developmental outcomes. However, at 4 years, they found
higher !ne motor skills and social domain scores in the DCC
group, especially in boys. It is likely that developmental
differences may not be discernable until a child needs to
use higher order functioning such as executive function.15

Interestingly, Kc et al, using the Ages and Stages Question-
naire, reported higher scores in the infantswho received DCC
(# 180 seconds) at 12 months in a study of more than 330
Nepalese term infants.43 The childrenwho received DCC also

Fig. 2 MRI view comparison of brain myelin. Signi!cance is indicated by the color scale on the right with yellow at a p-value of 0.01 and red at p-
value of 0.05. The color represents areas in which myelin is greater in infants who had DCC compared with those who had ICC. DCC, delayed cord
clamping; ICC, immediate cord clamping; MRI, magnetic resonance imaging.
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Abstract Objective This study aimed to determine if delayed cord clamping (DCC) affected
brain myelin water volume fraction (VFm) and neurodevelopment in term infants.
Study Design This was a single-blinded randomized controlled trial of healthy pregnant
womenwith term singleton fetuses randomizedatbirth to either immediate cord clamping
(ICC) (! 20 seconds) or DCC (" 5minutes). Follow-up at 12 months of age consisted of
blood work for serum iron indices and lead levels, a nonsedated magnetic resonance
imaging (MRI), followed within the week by neurodevelopmental testing.
Results At birth, 73 women were randomized into one of two groups: ICC (the usual
practice) or DCC (the intervention). At 12months, among 58 active participants, 41 (80%)
had usable MRIs. There were no differences between the two groups onmaternal or infant
demographic variables. At 12 months, infants who had DCC had increased white matter
brain growth in regions localized within the right and left internal capsules, the right
parietal, occipital, and prefrontal cortex. Gender exerted no difference on any variables.
Developmental testing (Mullen Scales of Early Learning, nonverbal, and verbal composite
scores) was not signi!cantly different between the two groups.
Conclusion At 12 months of age, infants who received DCC had greater myelin
content in important brain regions involved in motor function, visual/spatial, and
sensory processing. A placental transfusion at birth appeared to increase myelin
content in the early developing brain.
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Rana & al, Neonatology 2018

Färre barn med risk för 
försening i utveckling

49

Finmotorik vid  4 år

Andersson & al, JAMA Ped 2015

50

Extra transfusion från placenta: 25-35 ml/kg

Högre hemoglobin
Fysiologisk hemolys

Undvikande av järnbrist

Födelse

2 dagar
3 månader

4-6 månader

År

Sen avnavling

Ökade järnförråd

Skydd mot anemi Optimal utveckling

DCC > 3 min vs.  ECC < 1 min

51

Prematura?
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Fogarty, M., Osborn, D. A., Askie, L., Seidler, A. L., Hunter, K., Lui, K., . . . Tarnow-Mordi, W. 
(2018). Delayed vs early umbilical cord clamping for preterm infants: a systematic review
and meta-analysis. Am J Obstet Gynecol, 218(1), 1-18. doi:10.1016/j.ajog.2017.10.231

53

P: 18 randomiserade kontrollerade studie 2834 nyfödda < 37 v
I: Sen (>30 s)
C: Tidig (<30 s) 
O: Sen avnavling var associerad med

• Färre behövde blodtransfusion pga anemi 13 studier, 2595 nyfödda
RR 0.81, 95% CI 0.74 to 0.87

• mindre IVH (ultraljuddiagnos alla grader) 19 studier, 2871 nyfödda
RR 0.87, 95% CI 0.75 to 1.00

• Minska dödlighet under sjukhustiden, 18 studier, 2834 nyfödda
RR 0.68; 95% CI 0.52 to 0.90

Fogarty & al. Am J Obstet Gynecol 2018
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P: ≤ 28 v
I: Sen (>30 s)
C: Tidig (<30 s) 
O: Sen avnavling var associerad med

Fogarty & al. Am J Obstet Gynecol 2018
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Guidelines
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Fullgångna Prematura
Sverige 2008 2-3 min 30-120 s
WHO 2014 > 1 min =
UK (NICE) 2014 1-5 min =
ERC/ILCOR 2015-2020 > 1 min =
USA (ACOG) 2017-19 > 30-60 s =
Italien 2018 1-3 min 60 s (< 29 v)

> 90 s (> 29 v)

Guidelines

57

Vaginalt förlösta fullgångna
1. minst 60 s för att optimera kardiovaskulär övergång vid födseln och för att 

främja placental transfusion (stark rekommendation) (1A).
2. torka och stimulera spädbarn som inte andas genom att gnugga ryggen två till 

tre gånger för att uppmuntra spontan andning före avnavling och avnavla vid 
kvarstående apné (stark rekommendation) (1B).

3. efter 3 minuter för att förbättra järnförråden under de första 3-6 månaderna, 
även om den optimala avnavlingstiden inte har definierats (svag 
rekommendation) (2B).

4. en längre avnavling föreslås (upp till 5 min, tills pulsationer slutar, etc.) om det 
begärs av föräldrarna (svag rekommendation) (2C).

5. Vid sen avnavling kan nyfödda placeras på moderns mage eller bröstkorg eller 
hållas under perineum (svag rekommendation) (2C).

58

Elektivt Kejsarsnitt (CS)

30 s
N=64

Vaginalt
Tidigt (ECC)

≤ 10 s
N=166

Sent (DCC)

≥ 180 s
N=168

59

4 mån

Hb
(g/l)

Ferritin
(μg/l)

MCV
(fl)

Järnmättnad
(%)

Transferrin-
receptor
(mg/l)

CS 113 116 80 18 3.6

ECC 113 78 78 16 4.0

DCC 113 115 79 18 3.7

P 0.90 <0.001 <0.001 0.001 0.001
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Katheria & al. 2019. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping With Death or Severe
Intraventricular Hemorrhage Among Preterm Infants. JAMA.. doi:10.1001/jama.2019.16004

Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping
With Death or Severe Intraventricular Hemorrhage Among Preterm Infants
Anup Katheria, MD; Frank Reister, MD; Jochen Essers, MD; Marc Mendler, MD; Helmut Hummler, MD; Akila Subramaniam, MD; Waldemar Carlo, MD;
Alan Tita, MD; Giang Truong, MD; Shareece Davis-Nelson, MD; Georg Schmölzer, MD; Radha Chari, MD; Joseph Kaempf, MD; Mark Tomlinson, MD;
Toby Yanowitz, MD; Stacy Beck, MD; Hyagriv Simhan, MD; Eugene Dempsey, MD; Keelin O’Donoghue, MD; Shazia Bhat, MD; Matthew Hoffman, MD;
Arij Faksh, MD; Kathy Arnell, RN; Wade Rich, RRT; Neil Finer, MD; Yvonne Vaucher, MD, MPH; Paritosh Khanna, MD; Mariana Meyers, MD;
Michael Varner, MD; Phillip Allman, MS; Jeff Szychowski, PhD; Gary Cutter, PhD

IMPORTANCE Umbilical cord milking as an alternative to delayed umbilical cord clamping may
provide equivalent benefits to preterm infants, but without delaying resuscitation.

OBJECTIVE To determine whether the rates of death or severe intraventricular hemorrhage
differ among preterm infants receiving placental transfusion with umbilical cord milking vs
delayed umbilical cord clamping.

DESIGN, SETTING, AND PARTICIPANTS Noninferiority randomized clinical trial of preterm
infants (born at 23-31 weeks’ gestation) from 9 university and private medical centers in 4
countries were recruited and enrolled between June 2017 and September 2018. Planned
enrollment was 750 per group. However, a safety signal comprising an imbalance in the
number of severe intraventricular hemorrhage events by study group was observed at the
first interim analysis; enrollment was stopped based on recommendations from the data and
safety monitoring board. The planned noninferiority analysis could not be conducted and a
post hoc comparison was performed instead. Final date of follow-up was December 2018.

INTERVENTIONS Participants were randomized to umbilical cord milking (n = 236) or delayed
umbilical cord clamping (n = 238).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of death or severe
intraventricular hemorrhage to determine noninferiority of umbilical cord milking with a 1%
noninferiority margin.

RESULTS Among 540 infants randomized, 474 (88%) were enrolled and completed the trial
(mean gestational age of 28 weeks; 46% female). Twelve percent (29/236) of the umbilical
cord milking group died or developed severe intraventricular hemorrhage compared with 8%
(20/238) of the delayed umbilical cord clamping group (risk difference, 4% [95% CI, !2% to
9%]; P = .16). Although there was no statistically significant difference in death, severe
intraventricular hemorrhage was statistically significantly higher in the umbilical cord milking
group than in the delayed umbilical cord clamping group (8% [20/236] vs 3% [8/238],
respectively; risk difference, 5% [95% CI, 1% to 9%]; P = .02). The test for interaction
between gestational age strata and treatment group was significant for severe
intraventricular hemorrhage only (P = .003); among infants born at 23 to 27 weeks’ gestation,
severe intraventricular hemorrhage was statistically significantly higher with umbilical cord
milking than with delayed umbilical cord clamping (22% [20/93] vs 6% [5/89], respectively;
risk difference, 16% [95% CI, 6% to 26%]; P = .002).

CONCLUSIONS AND RELEVANCE In this post hoc analysis of a prematurely terminated
randomized clinical trial of umbilical cord milking vs delayed umbilical cord clamping among
preterm infants born at less than 32 weeks’ gestation, there was no statistically significant
difference in the rate of a composite outcome of death or severe intraventricular
hemorrhage, but there was a statistically significantly higher rate of severe intraventricular
hemorrhage in the umbilical cord milking group. The early study termination and resulting
post hoc nature of the analyses preclude definitive conclusions.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03019367

JAMA. 2019;322(19):1877-1886. doi:10.1001/jama.2019.16004
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Död eller allvarlig IVH
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Allvarlig IVH
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El-Naggar, W., Afifi, J., Dorling, J., Bodani, J., Cieslak, Z., Canning, R., Ye, X.Y., Crane, J., Lee, S.K., Shah, P.S., 2020. A Comparison of
Strategies for Managing the Umbilical Cord at Birth in Preterm Infants. The Journal of Pediatrics.. doi:10.1016/j.jpeds.2020.05.018

Preterm infants <33 weeks of gestation admitted to the Canadian Neonatal 
Network between January 2015 and December 2017
9729 included; 4916 (50.5%) ECC, 394 (4.1%) UCM, and 4419 (45.4%) DCC. 

ECC group compared with UCM group
Mortality or major morbidity: aOR, 1.18; 95% CI, 1.03-1.35). 

ECC as compared with DCC 
Mortality: aOR, 1.6 [95% CI, 1.22-2.1] 
IVH: aOR, 1.29 [95% CI, 1.19-1.41]. 

UCM compared with DCC 
Severe IVH were higher with UCM: aOR, 1.38; 95% CI, 1.05-1.81)

Peak serum bilirubin levels were not significantly different.

Conclusions
Both DCC and UCM were associated with better short-term outcomes than ECC; however, the odds of severe
intraventricular hemorrhage were higher with UCM compared with DCC. 
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Argentina ECC 
(n=91)

DCC 
(n=90) p

24-48 timmars ålder
Bilirubin (μmol/L)

median (IQR) 
124 

(95-153)
122

(85-153)
n.s.

Avnavlingsstudien (Sverige) (n=129) (n=136)

(median) 2.4 dagar

Bilirubin (μmol/L) 144 (62) 145 (67) 0.96

USA (n=23) (n=21)

Peak total bilirubin (μmol/L) 156 (34) 145 (68) 0.56

Ceriani Cernadas & al 2006

Anderson & al 2011

Mercer & al 2018
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Argentina ECC 
(n=91)

DCC 
(n=90) p

Bilirubin > 275 μmol/L , n (%) 2 (2.2) 0 (0.0) n.s

Ceriani Cernadas & al 2006

Sverige (n=129) (n=136)

Bilirubin > 275 μmol/L , n (%) 3 (2.3) 1 (0.7) 0.36

Behandlade med fototerapi, n (%) 2 (1.1) 1 (0.5) 0.62

Anderson & al 2011
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Ej förlöst prematura

Prematura Fullgångna

86/95 = 91%
54/95 = 57%
avnavlade 
efter 3 
minuter

73

Andreas Winkler, Neonatolog Halmstad Anna Gustafsson, Gyn/Obst Varberg
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Metod
• Prospektiv observationsstudie
• Förlossningarna i Halmstad och Varberg
• Vaginala förlossningar ≥ 37+0
• Barnmorskor avnavlade efter egen preferens

• Assistent dokumenterade tiden till avnavling med stoppur
• Data dokumenterades

• Uppskattad postpartumblödning
• Transkutant bilirubin vid tiden för PKU-prov
• Oxytocin Dos och före/efter klampning)

75

Maternella karakteristika
Ålder (år) 30.3 ± 4.4
Paritet (inclusive aktuellt barn) 1.8 ± 0.9
Vikt vid inskrivning på MVC (kg) 69.4 ± 13.9
Body mass index 24.8 ± 4.6

Resultat

N=912 (Varberg 460, Halmstad 452)

76



2022-01-26

20

Nyfödda resultat
Gestationsålder (veckor) 40.1 ± 1.3
N (%) pojkar 468 (51.3)

Tid till avnavling 383 ± 167
Födelsevikt(g) 3607 ± 469
Total PPH (ml) 406 ± 296
Bilirubin (µmol/l) 135.1 ± 66.5
Apgar score 1 min 9 ± 1
Apgar score 5 min 10 ± 0
Apgar score 10 min 10 ± 0

77

Bilirubin

Bilrubin 
(mikromol/L)

Pearson 
Correlation -0,032
Sig. (2-tailed) 0,343
N 866

78

Uppskattad postpartumblödning

Postpartumblödning (ml)

Spearm
an's rho

Correlation
Coefficient -,115**
Sig. (2-
tailed) 0,001

N 904

79

Tid till avnavling
≤180 sek >180 sek

n (%) total n (%) total P
Fototerapi 0 (0) 63 6 (0.7) 841 >.99
PPH > 500 ml 20 (31.7) 63 155 (18.4) 841 .01
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Föreslagna rekommendationer

• Fullgångna
• Vaginal förlossning 3 minuter eller mer
• Kejsarsnitt 1 minut

• Prematura (med HR > 100 och andning)
• V34-36+6 2-3 min
• V29-33+6 90-120 s
• Under v 29 60 s

• Mjölkning går inte att rekommendera i nuläget
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European  Resuscitation  Council  Guidelines  for  Resuscitation  2015
Section  7.  Resuscitation  and  support  of  transition  of  babies  at  birth

Jonathan  Wylliea,!,  Jos  Bruinenbergb, Charles  Christoph  Roehrd,e, Mario  Rüdiger f,
Daniele  Trevisanutoc, Berndt  Urlesbergerg

a Department of Neonatology, The James Cook University Hospital, Middlesbrough, UK
b Department of Paediatrics, Sint Elisabeth Hospital, Tilburg, The Netherlands
c Department of Women and Children’s’ Health, Padua University, Azienda Ospediliera di Padova, Padua, Italy
d Department of Neonatology, Charité Universitätsmedizin, Berlin, Berlin, Germany
e Newborn Services, John Radcliffe Hospital, Oxford University Hospitals, Oxford, UK
f Department of Neonatology, Medizinische Fakultät Carl Gustav Carus, TU Dresden, Germany
g Division of Neonatology, Medical University Graz, Graz, Austria

Introduction

The following guidelines for resuscitation at birth have been
developed during the process that culminated in the 2015
International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment Rec-
ommendations (CoSTR, 2015).1,2 They are an extension of the
guidelines already published by the ERC3 and take into account
recommendations made by other national and international orga-
nisations and previously evaluated evidence.4

Summary of changes since 2010 guidelines

The following are the main changes that have been made to the
guidelines for resuscitation at birth in 2015:

• Support of transition: Recognising the unique situation of the
baby at birth, who rarely requires ‘resuscitation’ but sometimes
needs medical help during the process of postnatal transition.
The term ‘support of transition’ has been introduced to better
distinguish between interventions that are needed to restore vital
organ functions (resuscitation) or to support transition.

• Cord clamping:  For uncompromised babies, a delay in cord
clamping of at least 1 min  from the complete delivery of the
infant, is now recommended for term and preterm babies. As yet
there is insufficient evidence to recommend an appropriate time
for clamping the cord in babies who require resuscitation at birth.

• Temperature: The temperature of newly born non-asphyxiated
infants should be maintained between 36.5 "C and 37.5 "C after
birth. The importance of achieving this has been highlighted and

! Corresponding author.
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reinforced because of the strong association with mortality and
morbidity. The admission temperature should be recorded as a
predictor of outcomes as well as a quality indicator.

• Maintenance of temperature:  At <32 weeks gestation, a com-
bination of interventions may  be required to maintain the
temperature between 36.5 "C and 37.5 "C after delivery through
admission and stabilisation. These may  include warmed humid-
ified respiratory gases, increased room temperature plus plastic
wrapping of body and head, plus thermal mattress or a ther-
mal  mattress alone, all of which have been effective in reducing
hypothermia.

• Optimal assessment of heart rate: It is suggested in babies
requiring resuscitation that the ECG can be used to provide a rapid
and accurate estimation of heart rate.

• Meconium: Tracheal intubation should not be routine in the
presence of meconium and should only be performed for sus-
pected tracheal obstruction. The emphasis should be on initiating
ventilation within the first minute of life in non-breathing or
ineffectively breathing infants and this should not be delayed.

• Air/Oxygen: Ventilatory support of term infants should start with
air. For preterm infants, either air or a low concentration of oxy-
gen (up to 30%) should be used initially. If, despite effective
ventilation, oxygenation (ideally guided by oximetry) remains
unacceptable, use of a higher concentration of oxygen should be
considered.

• Continuous Positive Airways Pressure (CPAP): Initial respira-
tory support of spontaneously breathing preterm infants with
respiratory distress may  be provided by CPAP rather than intu-
bation.

The guidelines that follow do not define the only way  that resus-
citation at birth should be achieved; they merely represent a widely
accepted view of how resuscitation at birth can be carried out both
safely and effectively (Fig. 7.1).

http://dx.doi.org/10.1016/j.resuscitation.2015.07.029
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Återupplivning?

“For uncompromised babies, a delay in cord clamping of at least 1min from the 
complete delivery of the infant, is now recommended for term and preterm babies. 
As yet there is insufficient evidence to recommend an appropriate
time for clamping the cord in babies who require resuscitation at 
birth.” 
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Asfyxi = pulslöshet (grekiska)
Syrebrist i samband med förlossningen

Störning i cirkulationen mellan moderkaka och foster:
Hypoxi/anoxi ➢ ökning av koldioxid/kolsyra
Anaerob glykolys ➢ ökning av laktat
Ineffektivt energiuttnyttjande ➢ hypoglykemi
pH sjunker
Cellskada – inflammation - celldöd

O2

Glukos
CO2

Laktat
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Övervakning/återupplivning nära mamman

Pågående placentacirkulation

O2 Glukos pH

Vid födelsen

0-3 (11) 
minuter

Avvakta med avnavling

Korrigering av metabol situation

Förbättrad vitalitet Högre Apgar-poäng
Minskat behov av återupplivning
Minskat behov av neonatal vård

Hypotesen: ‘Placentatransfusion vid återupplivning’

Transfusion från placenta

Respiration O2<=>CO2 Ökad blodvolym/bättre perfusion

Minuter
Timmar
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Barn som behövde återupplivning 
total= 231

Sena total= 134 Tidigt total= 97

Sent avnavlade 
total= 780

Tidigt avnavlade 
total = 780

Inkluderade = 1560
Randomisering före födelsen

Pilotstudie i Nepal
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Ogynnsamma resultat efter återupplivning:
Tidig vs. Sen avnavling
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SAVE-studien
Sen Avnavling vid behov av VEntilation
Sustained cord circulation And VEntilation
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Jämföra vad som sker om vi 
väntar att klippa navelsträngen (3min) 
hos barn som behöver åtgärder för att
andas

med 

Som idag där vi klipper
navelsträngen direkt

Vilka blir effekterna?
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Inne på rummet

90

Inne på rummet

• Neopuff
• Sug
• Gasblandare
• Apgar-klocka
• Saturationsmätare

• Inne på rummet när barnet är 
med i studien och lottat till 
Neo-HLR med  intakt 
navelsträng
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TACK!
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