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Abstract
Objective This narrative review was performed to evaluate the correct timing of umbilical cord clamping for term infants. 
It was intended to determine any advantages or disadvantages from early or delayed cord clamping for newborns, infants 
or mothers.
Methods A systematic search on two databases was conducted using the PICO pattern to define a wide search. Out of 43 
trials, 12 were included in this review. Three of the included studies are meta-analyses, nine are randomized controlled trials.
Results Early or delayed cord clamping was defined differently in all the included trials. However, there are many advan-
tages from delayed cord clamping of at least > 60 s for newborns and infants up to 12 months of age. The trials showed no 
disadvantages for newborns or mothers from delayed cord clamping, except for a lightly increased risk of jaundice or the 
need for phototherapy.
Conclusion Delayed umbilical cord clamping for term infants should be performed. Further research is needed to improve 
knowledge on physiological timing of umbilical cord clamping in term infants, which also leads to the same advantages as 
delayed cord clamping.

Keywords Umbilical cord clamping · Newborn outcomes · Maternal outcomes · Quality of evidence · Narrative review
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Introduction

Umbilical cord clamping—overview

The correct timing of umbilical cord clamping for term new-
borns has long been debated in obstetrics [1–3]. This is a usual 
intervention during the active or passive management of the 
third stage of labour, and, the question arises as to whether 
the neonatal outcome after different timings of cord clamping 
should be investigated. Active management includes the pro-
phylactic administration of uterotonic medication, cord clamp-
ing and controlled traction of the umbilical cord to deliver 
the placenta. Passive management is described as waiting for 
physiological signs of placental detachment before it is sponta-
neously delivered. Since 2014, the WHO recommends a wait-
ing period of 1–3 min before cord clamping after the birth of 
term infants [4].

The maternal outcome of active management has already 
been thoroughly documented: it decreases the risk of post-
partum haemorrhage [5]. Studies have been conducted with 
regard to the handling of the third stage of labour, in which 
obstetricians and midwives took part. These studies indicate 
that 73% of the midwives in the UK prefer active management 
and 41% usually clamp the umbilical cord within 20 s after the 
birth of term infants [6].

There is ample evidence showing the advantages for term 
infants when the cord was clamped at a later point in time, e.g. 
60 s after birth [7]. The advantages for term infants include 
higher haemoglobin levels, a decreased risk of anaemia and 
lower rates of chronic lung disease [7]. There is also evidence 
proving the longer term advantages for term infants whose 
cord was clamped more than 60 s after birth, ranging up to 
12 months of life [8].

The actual guideline for obstetrics in Germany recommends 
waiting at least 1 min and up to 5 min, or when it stops pulsat-
ing, before cord clamping [9]. The guideline from paediatrics 
also recommends delayed cord clamping between 1 to 3 min 
after birth [10].

Aims

This narrative review aims to evaluate the timing of umbili-
cal cord clamping for term infants. Furthermore, the review 
was conducted to expound any advantages and disadvantages 
from early or delayed cord clamping for mothers, newborn and 
infants. To improve the evidence-based work of midwives in 
Germany, the handling of the third stage of labour should be 
critically evaluated.

Methods

Study design

This study design (narrative review) was chosen to detect 
the actual meta-analyses, systematic reviews and RCTs 
covering the research question of this review. Furthermore, 
the study design offers an opportunity to summarize all 
study results achieved since 2011 and to survey the cur-
rent state of research. The search strategy adheres to the 
standards of a systematic search to decrease the risk of 
selection bias [11].

Search strategy

The PICO pattern was used to differentiate the search 
strategy. Patients were pregnant women who gave birth 
at > 37 weeks of gestational age and their newborns. The 
intervention was declared as the time of umbilical cord 
clamping. Therefore, the comparison refers to the type of 
intervention to compare the outcome of early or delayed 
cord clamping management. The outcome was defined as 
measurable short- and long-term effects for the baby. To 
determine if there were any disadvantages in connection 
with the cord clamping methods for the mother, whether 
active or passive management of the third stage of labour 
was performed was not specified. This led to the central 
research question: Which timing of umbilical cord clamp-
ing on term infants provides advantages for the newborn 
and produces no disadvantages for mother or newborn?

An electronic search in the Cochrane library and Pub-
Med within a time range from  3rd October to  1st November 
2022 was performed. The language for both databases was 
restricted to German and English. The searched article 
types were predetermined as meta-analyses, systematic 
reviews, randomized controlled trials and clinical trials 
from the last 10 years. A search string for an advanced 
search was created to extract data to follow the guide-
lines for systematic search and to improve the reproduc-
ibility. The first sequence chosen was “effects umbilical 
cord clamping” which should be mentioned in the title or 
abstract. The second sequence was supposed to exclude the 
literature concerning preterm birth. Search string: (effects 
umbilical cord clamping) [Title/Abstract]) NOT (preterm 
[Title])). A filter was added to search for meta-analyses, 
systematic reviews and randomized controlled trials for the 
time range between 2011 and 2022. This search method 
produced 43 results, the exclusion and inclusion criteria 
are described in the following section.
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Inclusion/exclusion criteria and data synthesis

The included studies were selected using the following 
criteria. The search was directed towards studies inves-
tigating short-term and long-term effects for newborns 
whose cord was clamped early or delayed after birth, dif-
ferentiated in two points of time. Only trials with moth-
ers and newborns with > 37 weeks of gestational age were 
included. There were no restrictions regarding different 
birth modes. Studies were also included which investigated 
the impact of umbilical cord clamping on maternal factors 
to evaluate a potential disadvantage from cord clamping 
for the mother.

Trials examining other central interventions than 
umbilical cord clamping were excluded. The studies which 
showed effects for extremely low birthweight newborns 
or other preterm births before 37 weeks of gestation were 
also excluded. Two studies were excluded because of a 
protocol-based study design and a comment, which did 
not contain relevant information. The PRISMA flowchart 
(Fig. 1) shows the search procedure; the exact data from 
included and excluded studies are presented in the table 
for study characteristics.

Quality of evidence

The quality of the systematic reviews and meta-analyses 
was evaluated by the AMSTAR 2 tool [12]. The conduct 
of RCTs is transparently presented using the CONSORT 
checklist to assess the risk of bias of the summary of 
results in this review [13].

Results

Study characteristics

The 12 included studies investigated the effects of different 
timing of umbilical cord clamping for newborns and moth-
ers and the long-term effects for infants from 2 months to 
3 years. The timing of umbilical cord clamping extended 
from immediately to 5 min or no pulsation of the umbili-
cal cord, the literature review showed a high heterogene-
ity of management of cord clamping. Out of 12 articles, 3 
were meta-analyses and 9 RCTs and no RCTs were included 
which were already included in one of the meta-analyses 
[14–25]. The study population in the different RCTs ranged 
from 56 to 720 participants [14, 15, 17, 19–24]. The details 
of included studies can be found in Table 1.

Neonatal outcomes

The results of 12 included studies show significant advan-
tages in delayed cord clamping (different timings) for 
newborns and infants up to 12 months of age, as shown in 
Table 2. The advantages concern haemoglobin, haematocrit, 
iron and ferritin levels and mean corpuscular volumes for 
newborns and infants up to 12 months of age [16, 18, 19, 
22–25]. In addition, delayed cord clamping seems to reduce 
the incidence of anaemia and iron deficiency anaemia in 
infants up to 12 months of age [16, 18, 22, 25]. Furthermore, 
the results show that delayed cord clamping seems to affect 
early neuronal development advantageously, measured by 
the Ages and Stages Questionnaire [26]. One meta-analysis 
showed jaundice requiring phototherapy for the delayed cord 
clamping group, another meta-analysis showed an increase 
in serum bilirubin for infants at 3–5 months of age [18, 25]. 
One result shows low haematocrit levels in the first hours 
after birth, but the confidence interval was large [18]. In 
summary, there are many advantages of delayed cord clamp-
ing and one possible disadvantage regarding the incidence 
of jaundice or need for phototherapy.

Maternal outcomes

Table 3 shows the results of seven included studies which 
investigated effects for the mother of different timing of 
umbilical cord clamping. There seems to be no disadvan-
tages for mothers when the cord is clamped after a delay. 
Sun et al. stated a significant reduction in blood loss after 
delayed cord clamping, which indicates a potential advan-
tage for the mother [24]. One trial showed a beneficial effect 
on pain during suturing of perineal tears measured by differ-
ent scales (Numeric Rating Scale, Visual Analogue Scale, 

Data from electronic search 

using search string (n=43)

Extracted data after review of 

abstracts (n=31)

Included studies (n=12)

Excluded data (n=31)

Not relevant: 

intervention (n=20)

Not relevant: patient 

(n=3)

Duplication (n=6)

Study design (n=2)

•

•
•

•

Fig. 1  PRISMA flowchart



50 Archives of Gynecology and Obstetrics (2024) 309:47–62

1 3

Ta
bl

e 
1 

 S
tu

dy
 c

ha
ra

ct
er

ist
ic

s

St
ud

y
St

ud
y 

de
si

gn
In

te
rv

en
tio

ns
/S

et
tin

g/
C

ou
nt

ry
St

ud
y 

po
pu

la
tio

n
A

im
s

O
ut

co
m

es
In

cl
us

io
n 

cr
ite

ria

M
c 

D
on

al
d 

et
 a

l. 
(2

01
3)

 
[1

8]
C

oc
hr

an
e 

m
et

a-
an

al
ys

is
In

te
rv

en
tio

n 
gr

ou
ps

: e
ar

ly
 

co
rd

 c
la

m
pi

ng
 (w

ith
in

 
15

 s 
to

 ≤
 60

 s)
 o

r l
at

e 
co

rd
 c

la
m

pi
ng

 (≥
 60

 s 
to

 3
–5

 m
in

), 
di

ffe
re

nt
 

m
an

ag
em

en
t o

f u
te

ro
-

to
ni

c 
m

ed
ic

in
e 

in
 b

ot
h 

gr
ou

ps
. D

at
a 

fro
m

 1
96

6 
to

 2
01

2

15
 ra

nd
om

iz
ed

 c
on

tro
lle

d 
tri

al
s, 

39
11

 lo
w

-r
is

k 
w

om
en

M
at

er
na

l a
nd

 n
eo

na
ta

l 
eff

ec
ts

 o
f d

iff
er

en
t t

im
-

in
g 

of
 u

m
bi

lic
al

 c
or

d 
cl

am
pi

ng

N
o 

si
gn

ifi
ca

nt
 ri

sk
 fo

r 
di

sa
dv

an
ta

ge
s f

or
 th

e 
m

ot
he

r; 
ad

va
nt

ag
es

 
fo

r n
ew

bo
rn

s f
ro

m
 la

te
 

co
rd

 c
la

m
pi

ng
 g

ro
up

, 
in

cr
ea

se
d 

ris
k 

fo
r p

ho
-

to
th

er
ap

y 
in

 la
te

 c
or

d 
cl

am
pi

ng
 g

ro
up

Eff
ec

ts
 o

f e
ar

ly
 a

nd
 la

te
 

co
rd

 c
la

m
pi

ng
 fo

r m
ot

h-
er

s a
nd

 te
rm

 in
fa

nt
s

Sa
la

ri 
et

 a
l. 

(2
01

4)
 [2

3]
Pr

os
pe

ct
iv

e 
ra

nd
om

iz
ed

 
cl

in
ic

al
 tr

ia
l

In
te

rv
en

tio
n 

gr
ou

ps
: e

ar
ly

 
co

rd
 c

la
m

pi
ng

 (<
 10

 s)
 

or
 la

te
 c

or
d 

cl
am

pi
ng

 
(≥

 3 
m

in
). 

Si
ng

le
-c

en
tre

 
stu

dy
 in

 Ir
an

 o
ve

r a
 

6-
m

on
th

 p
er

io
d

56
 lo

w
-r

is
k 

w
om

en
–n

ew
-

bo
rn

 p
ai

rs
 d

el
iv

er
ed

 
be

tw
ee

n 
37

 a
nd

 
42

 w
ee

ks
 o

f g
es

ta
tio

n

Th
e 

eff
ec

ts
 o

f e
ar

ly
 o

r 
de

la
ye

d 
co

rd
 c

la
m

pi
ng

 
of

 n
or

m
al

-w
ei

gh
t t

er
m

 
in

fa
nt

s o
n 

ne
w

bo
rn

 
ha

em
at

oc
rit

 le
ve

ls

Si
gn

ifi
ca

nt
 in

cr
ea

se
 o

f 
ha

em
at

oc
rit

 le
ve

ls
 o

f 
ne

w
bo

rn
s a

t 2
 h

 a
nd

 
18

 h
 a

fte
r b

irt
h.

 N
o 

di
f-

fe
re

nc
e 

in
 A

pg
ar

 sc
or

es
 

or
 d

ur
at

io
n 

of
 th

e 
th

ird
 

st
ag

e 
of

 la
bo

ur

Eff
ec

ts
 o

f e
ar

ly
 a

nd
 la

te
 

co
rd

 c
la

m
pi

ng
 fo

r l
ow

-
ris

k 
m

ot
he

rs
 a

nd
 te

rm
-

ne
w

bo
rn

s

Su
n 

et
 a

l. 
(2

01
7)

 [2
4]

R
an

do
m

iz
ed

 c
on

tro
lle

d 
tri

al
In

te
rv

en
tio

n 
gr

ou
ps

: e
ar

ly
 

co
rd

 c
la

m
pi

ng
 (<

 60
 s)

 
or

 d
el

ay
ed

 c
or

d 
cl

am
p-

in
g 

(>
 60

 s 
or

 a
fte

r p
ul

-
sa

tio
n)

. S
in

gl
e-

ce
nt

re
 

stu
dy

 in
 C

hi
na

33
8 

lo
w

-r
is

k 
w

om
en

 a
nd

 
ne

w
bo

rn
 p

ai
rs

 a
t o

r 
af

te
r 3

7 
w

ee
ks

 g
es

ta
-

tio
na

l a
ge

M
at

er
na

l a
nd

 n
eo

na
ta

l 
eff

ec
ts

 o
f d

el
ay

ed
 

um
bi

lic
al

 c
or

d 
cl

am
pi

ng
 

in
 c

ae
sa

re
an

 se
ct

io
n

Si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
in

 re
si

du
al

 b
lo

od
 in

 th
e 

pl
ac

en
ta

, p
os

tp
ar

tu
m

 
ha

em
or

rh
ag

e,
 h

ae
m

o-
gl

ob
in

 a
nd

 h
ae

m
at

oc
rit

 
le

ve
ls

 o
f h

ee
l b

lo
od

 
(7

2 
h 

af
te

r b
irt

h)
 a

nd
 

su
cc

es
sf

ul
 re

su
sc

ita
tio

n

Eff
ec

ts
 o

f d
el

ay
ed

 c
or

d 
cl

am
pi

ng
 fo

r m
ot

he
rs

 
an

d 
te

rm
 in

fa
nt

s

M
er

ce
r e

t a
l. 

(2
01

8)
 [1

9]
R

an
do

m
iz

ed
 p

ar
tia

lly
 

bl
in

de
d 

co
nt

ro
lle

d 
tri

al
In

te
rv

en
tio

n 
gr

ou
ps

: 
Ea

rly
 c

or
d 

cl
am

pi
ng

 
(<

 20
 s)

 o
r d

el
ay

ed
 c

or
d 

cl
am

pi
ng

 (>
 5 

m
in

) 
in

 v
ag

in
al

ly
 d

el
iv

er
ed

 
ne

w
bo

rn
s. 

C
or

d 
m

ilk
in

g 
(fi

ve
 ti

m
es

) i
ns

te
ad

 o
f 

de
la

ye
d 

co
rd

 c
la

m
pi

ng
 

in
 c

ae
sa

re
an

 se
ct

io
ns

. 
Si

ng
le

-c
en

tre
 st

ud
y 

at
 a

 
te

rti
ar

y 
ho

sp
ita

l i
n 

th
e 

U
SA

73
 lo

w
-r

is
k 

w
om

en
 a

nd
 

ne
w

bo
rn

 p
ai

rs
, s

in
gl

e-
to

n 
pr

eg
na

nc
ie

s a
nd

 
te

rm
 la

bo
ur

Eff
ec

ts
 o

f p
la

ce
nt

al
 tr

an
s-

fu
si

on
 in

 b
ra

in
 m

ye
lin

a-
tio

n 
at

 4
 m

on
th

s o
f a

ge
. 

Sh
or

t- 
an

d 
lo

ng
-te

rm
 

eff
ec

ts
 a

fte
r b

irt
h 

an
d 

at
 

48
 h

 o
f l

ife
 in

 h
ae

m
o-

gl
ob

in
, h

ae
m

at
oc

rit
 a

nd
 

bi
lir

ub
in

 le
ve

ls

Si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 
br

ai
n 

m
ye

lin
 in

 im
po

r-
ta

nt
 a

re
as

 fo
r e

ar
ly

 li
fe

 
fu

nc
tio

na
l d

ev
el

op
m

en
t 

an
d 

in
cr

ea
se

 o
f f

er
-

rit
in

 le
ve

ls
 in

 in
fa

nt
s o

f 
4 

m
on

th
s o

f a
ge

Lo
ng

-te
rm

 e
ffe

ct
s o

f e
ar

ly
 

or
 d

el
ay

ed
 c

or
d 

cl
am

pi
ng

 
fo

r t
er

m
 in

fa
nt

s



51Archives of Gynecology and Obstetrics (2024) 309:47–62 

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
St

ud
y 

de
si

gn
In

te
rv

en
tio

ns
/S

et
tin

g/
C

ou
nt

ry
St

ud
y 

po
pu

la
tio

n
A

im
s

O
ut

co
m

es
In

cl
us

io
n 

cr
ite

ria

C
he

n 
et

 a
l. 

(2
01

8)
 [1

5]
R

an
do

m
iz

ed
 c

on
tro

lle
d 

tri
al

In
te

rv
en

tio
n 

gr
ou

ps
: 

im
m

ed
ia

te
 c

or
d 

cl
am

p-
in

g 
(<

 15
 s)

 o
r d

el
ay

ed
 

co
rd

 c
la

m
pi

ng
 (a

t 
30

, 6
0,

 9
0,

 1
20

, 1
50

, 
18

0 
s o

r n
o 

pu
ls

at
io

n)
, 

th
e 

in
fa

nt
 w

as
 h

el
d 

(1
0–

15
 c

m
) b

el
ow

 th
e 

pl
ac

en
ta

72
0 

w
om

en
–n

ew
bo

rn
 

pa
irs

 w
ith

 lo
w

 ri
sk

s, 
la

bo
ur

 b
et

w
ee

n 
37

 +
 0–

41
 +

 6 
w

ee
ks

 o
f 

ge
st

at
io

n.
 R

an
do

m
iz

ed
 

in
to

 8
 g

ro
up

s (
n =

 90
)

Ev
al

ua
te

 e
ffe

ct
s a

nd
 

sa
fe

ty
 o

f d
iff

er
en

t t
im

-
in

g 
of

 u
m

bi
lic

al
 c

or
d 

cl
am

pi
ng

Si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 
ha

em
at

oc
rit

 le
ve

ls
 a

nd
 

no
 h

ar
m

fu
l e

ffe
ct

s f
or

 
m

ot
he

r a
nd

 n
ew

bo
rn

Eff
ec

ts
 o

f d
el

ay
ed

 c
or

d 
cl

am
pi

ng
, t

im
in

g 
of

 c
or

d 
cl

am
pi

ng
 a

nd
 d

is
ad

-
va

nt
ag

eo
us

 e
ffe

ct
s f

or
 

ne
w

bo
rn

s a
nd

 m
ot

he
rs

Pu
ris

ch
 e

t a
l. 

(2
01

9)
 [2

1]
R

an
do

m
iz

ed
 c

lin
ic

al
 tr

ia
l

In
te

rv
en

tio
n 

gr
ou

ps
: 

im
m

ed
ia

te
 c

or
d 

cl
am

p-
in

g 
(1

5 
s)

 o
r l

at
e 

co
rd

 
cl

am
pi

ng
 (6

0 
s)

, m
ea

s-
ur

em
en

ts
 a

t t
w

o 
di

ffe
r-

en
t h

os
pi

ta
ls

 (U
SA

)

11
3 

w
om

en
, t

er
m

 
si

ng
le

to
n 

ge
st

at
io

n 
(≥

 37
 w

ee
ks

)

C
om

pa
re

 in
flu

en
ce

 o
f 

m
at

er
na

l b
lo

od
 lo

ss
 in

 
sc

he
du

le
d 

ca
es

ar
ea

n 
de

liv
er

y

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
in

 m
at

er
na

l h
ae

m
o-

gl
ob

in
 le

ve
ls

 fr
om

 
pr

eo
pe

ra
tio

na
l t

o 
1 

da
y 

po
st-

op
er

at
io

na
l

W
om

en
 w

ith
 si

ng
le

to
n 

pr
eg

na
nc

ie
s (

≥
 37

 w
ee

ks
) 

an
d 

sc
he

du
le

d 
ca

es
ar

ea
n 

de
liv

er
y,

 e
ffe

ct
s o

f c
or

d 
cl

am
pi

ng
 m

an
ag

em
en

t 
fo

r m
ot

he
rs

Zh
ao

 e
t a

l. 
(2

01
9)

 [2
5]

Sy
ste

m
at

ic
 re

vi
ew

 a
nd

 
m

et
a-

an
al

ys
is

In
te

rv
en

tio
n 

gr
ou

ps
: e

ar
ly

 
co

rd
 c

la
m

pi
ng

 (0
–6

0 
s)

 
vs

. l
at

e 
co

rd
 c

la
m

pi
ng

 
(>

 60
 s 

or
 a

fte
r p

ul
sa

t-
in

g)
. D

at
a 

of
 lo

ng
-te

rm
 

eff
ec

ts
 a

fte
r n

eo
na

ta
l 

pe
rio

d 
(p

re
te

rm
 a

nd
 

te
rm

 in
fa

nt
s)

 p
ub

lis
he

d 
be

tw
ee

n 
19

60
 a

nd
 2

01
7

20
 tr

ai
ls

, 3
73

3 
in

fa
nt

s
O

nl
y 

ra
nd

om
iz

ed
 c

lin
ic

al
 

tri
al

s

Lo
ng

-te
rm

 e
ffe

ct
s o

f 
de

la
ye

d 
or

 e
ar

ly
 c

or
d 

cl
am

pi
ng

 o
n 

in
fa

nt
s 

af
te

r n
eo

na
ta

l p
er

io
d 

(p
re

te
rm

 a
nd

 te
rm

 b
irt

h)

Si
gn

ifi
ca

nt
 a

dv
an

ta
ge

s 
(h

ae
m

at
ol

og
ic

al
 a

nd
 

iro
n 

st
at

us
) f

ro
m

 
de

la
ye

d 
co

rd
 c

la
m

pi
ng

 
fo

r t
er

m
 in

fa
nt

s a
fte

r 
2–

12
 m

on
th

s

Eff
ec

ts
 o

f e
ar

ly
 a

nd
 

de
la

ye
d 

co
rd

 c
la

m
pi

ng
 

on
 te

rm
 in

fa
nt

s a
fte

r 
ne

w
bo

rn
 p

er
io

d,
 n

ot
 

pr
et

er
m

 b
irt

hs

R
an

a 
et

 a
l. 

(2
01

9)
 [2

2]
R

an
do

m
iz

ed
 c

on
tro

lle
d 

tri
al

In
te

rv
en

tio
n 

gr
ou

ps
: e

ar
ly

 
co

rd
 c

la
m

pi
ng

 (≤
 60

 s)
 

an
d 

la
te

 c
or

d 
cl

am
pi

ng
 

(≥
 18

0 
s)

. S
in

gl
e-

ce
nt

re
 

cl
in

ic
al

 tr
ia

l i
n 

N
ov

em
-

be
r 2

01
4 

at
 a

 te
rti

ar
y 

ho
sp

ita
l i

n 
N

ep
al

33
2 

lo
w

-r
is

k 
m

ot
he

r–
ne

w
bo

rn
 p

ai
rs

, t
er

m
 

in
fa

nt
s

Lo
ng

-te
rm

 e
ffe

ct
s o

f e
ar

ly
 

vs
. l

at
e 

co
rd

 c
la

m
pi

ng
 

on
 in

fa
nt

s a
t 1

2 
m

on
th

s 
of

 a
ge

Si
gn

ifi
ca

nt
 im

pr
ov

em
en

t 
of

 n
eu

ro
de

ve
lo

pm
en

t a
t 

12
 m

on
th

s o
f a

ge
 in

 th
e 

de
la

ye
d 

co
rd

 c
la

m
pi

ng
 

gr
ou

p 
(3

 m
in

), 
m

ea
s-

ur
ed

 b
y 

th
e 

A
ge

s a
nd

 
St

ag
es

 Q
ue

sti
on

na
ire

. 
Si

gn
ifi

ca
nt

 in
cr

ea
se

 o
f 

ha
em

og
lo

bi
n 

le
ve

ls
 a

t 
12

 m
on

th
s

Eff
ec

ts
 o

f e
ar

ly
 o

r l
at

e 
co

rd
 

cl
am

pi
ng

 o
n 

in
fa

nt
s



52 Archives of Gynecology and Obstetrics (2024) 309:47–62

1 3

Ta
bl

e 
1 

 (c
on

tin
ue

d)

St
ud

y
St

ud
y 

de
si

gn
In

te
rv

en
tio

ns
/S

et
tin

g/
C

ou
nt

ry
St

ud
y 

po
pu

la
tio

n
A

im
s

O
ut

co
m

es
In

cl
us

io
n 

cr
ite

ria

Li
 e

t a
l. 

(2
02

0)
 [1

7]
R

an
do

m
iz

ed
 c

on
tro

lle
d 

tri
al

In
te

rv
en

tio
n 

gr
ou

ps
: n

o 
la

bo
ur

 a
na

lg
es

ia
 a

nd
 

w
ith

 la
bo

ur
 a

na
lg

es
ia

 
(p

ai
n 

pu
m

p 
an

d 
pu

de
n-

da
l n

er
ve

 b
lo

ck
 b

y 
in

fil
tra

tio
n 

an
ae

st
he

si
a)

. 
Su

bg
ro

up
s:

 e
ar

ly
 c

or
d 

cl
am

pi
ng

 (a
fte

r m
uc

us
 

su
ck

in
g)

 a
nd

 d
el

ay
ed

 
co

rd
 c

la
m

pi
ng

 (a
fte

r 
pu

ls
at

in
g)

. S
ub

gr
ou

ps
 

w
er

e 
bo

th
 p

er
fo

rm
ed

 in
 

ea
ch

 in
te

rv
en

tio
n 

gr
ou

p.
 

Si
ng

le
-c

en
tre

 st
ud

y 
fro

m
 C

hi
na

28
8 

m
ot

he
rs

 (a
ge

 o
f 

18
–3

4 
ye

ar
s)

 w
ith

 p
er

-
in

ea
l t

ea
r a

fte
r d

el
iv

er
y 

of
 a

 si
ng

le
to

n 
te

rm
 

in
fa

nt
 (3

7–
41

 w
ee

ks
 o

f 
ge

st
at

io
n)

Eff
ec

ts
 o

f d
el

ay
ed

 c
or

d 
cl

am
pi

ng
 o

n 
pa

in
 d

ur
-

in
g 

su
tu

rin
g 

pe
rin

ea
l 

te
ar

s, 
th

e 
he

al
in

g 
of

 th
e 

pe
rin

ea
l w

ou
nd

 a
nd

 th
e 

m
at

er
na

l c
oo

pe
ra

tio
n 

de
gr

ee
. M

ea
su

rin
g 

w
as

 
pe

rfo
rm

ed
 a

m
on

g 
ve

ri-
fie

d 
pa

in
 sc

al
es

Si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 

pa
in

 d
ur

in
g 

su
tu

rin
g 

pe
rin

ea
l t

ea
rs

 a
dv

o-
ca

tin
g 

de
la

ye
d 

co
rd

 
cl

am
pi

ng
, m

or
e 

pa
in

 
pe

rc
ep

tio
n 

w
ith

 la
bo

ur
 

an
al

ge
si

a 
w

as
 o

bs
er

ve
d.

 
D

eg
re

e 
of

 c
oo

pe
ra

tio
n 

(s
ec

on
da

ry
 o

ut
co

m
e)

 
di

ffe
re

d,
 a

ls
o 

ad
vo

-
ca

tin
g 

de
la

ye
d 

co
rd

 
cl

am
pi

ng

Eff
ec

ts
 o

f e
ar

ly
 o

r d
el

ay
ed

 
co

rd
 c

la
m

pi
ng

 o
n 

m
at

er
-

na
l p

ai
n 

pe
rc

ep
tio

n 
af

te
r 

sp
on

ta
ne

ou
s l

ab
ou

r o
f 

te
rm

 in
fa

nt

Fu
 e

t a
l. 

(2
02

0)
 [1

6]
Sy

ste
m

at
ic

 re
vi

ew
 a

nd
 

M
et

a-
an

al
ys

is
In

te
rv

en
tio

n 
gr

ou
ps

: e
ar

ly
 

co
rd

 c
la

m
pi

ng
 (i

nt
er

-
m

ed
ia

te
 to

 ≤
 60

 s)
 o

r 
de

la
ye

d 
co

rd
 c

la
m

pi
ng

 
(≥

 60
– ≥

 18
0 

s a
nd

 n
o 

pu
ls

at
io

n)
. D

at
a 

fro
m

 
19

97
–2

01
7

13
 (q

ua
si

) r
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tri
al

s, 
96

2–
19

82
 in

fa
nt

s f
or

 
di

ffe
re

nt
 e

ffe
ct

s. 
Si

n-
gl

et
on

 p
re

gn
an

ci
es

 a
nd

 
te

rm
 in

fa
nt

s

Eff
ec

ts
 o

f d
el

ay
ed

 c
or

d 
cl

am
pi

ng
 o

n 
ha

em
o-

gl
ob

in
, m

ea
n 

co
r-

pu
sc

ul
ar

 v
ol

um
e 

an
d 

fe
rr

iti
n 

le
ve

ls
 in

 in
fa

nt
s 

of
 2

 m
on

th
s o

r o
ld

er
 

(m
ax

. 1
2 

m
on

th
s)

Si
gn

ifi
ca

nt
 in

cr
ea

se
 

of
 h

ae
m

og
lo

bi
n,

 
fe

rr
iti

n 
an

d 
M

C
V

 
le

ve
ls

 in
 d

el
ay

ed
 c

or
d 

cl
am

pi
ng

 g
ro

up
s f

or
 

in
fa

nt
s b

et
w

ee
n 

2 
an

d 
12

 m
on

th
s o

f a
ge

Lo
ng

-te
rm

 e
ffe

ct
s o

f e
ar

ly
 

or
 d

el
ay

ed
 c

or
d 

cl
am

pi
ng

 
fo

r t
er

m
 in

fa
nt

s

O
fo

je
be

 e
t a

l. 
(2

02
1)

 [2
0]

R
an

do
m

iz
ed

 c
on

tro
lle

d 
tri

al
In

te
rv

en
tio

n 
gr

ou
ps

: e
ar

ly
 

co
rd

 c
la

m
pi

ng
 (0

–1
5 

s)
 

an
d 

de
la

ye
d 

co
rd

 
cl

am
pi

ng
 (6

0 
s)

 a
t o

ne
 

ho
sp

ita
l i

n 
N

ig
er

ia

10
2 

lo
w

-r
is

k 
ne

w
bo

rn
–

m
ot

he
r p

ai
rs

 a
fte

r 
sp

on
ta

ne
ou

s l
ab

ou
r a

t 
37

–4
2 

w
ee

ks
 o

f g
es

ta
-

tio
n

M
ea

n 
ha

em
og

lo
bi

n 
an

d 
bi

lir
ub

in
 le

ve
ls

 o
f t

he
 

ne
w

bo
rn

 (a
t b

irt
h 

an
d 

48
 h

 a
fte

r b
irt

h)
, m

at
er

-
na

l p
os

tp
ar

tu
m

 h
ae

m
or

-
rh

ag
e,

 in
fa

nt
 a

na
em

ia
 

an
d 

po
ly

cy
th

ae
m

ia
 o

r 
ne

ed
 fo

r p
ho

to
th

er
ap

y 
an

d 
pr

op
or

tio
n 

of
 re

s-
pi

ra
to

ry
 sy

m
pt

om
s

Si
gn

ifi
ca

nt
 a

dv
an

ta
ge

s o
f 

de
la

ye
d 

co
rd

 c
la

m
p-

in
g 

an
d 

no
 si

gn
ifi

ca
nt

 
m

at
er

na
l o

r n
eo

na
ta

l 
co

m
pl

ic
at

io
ns

Eff
ec

ts
 o

f e
ar

ly
 o

r d
el

ay
ed

 
co

rd
 c

la
m

pi
ng

 o
n 

te
rm

 
in

fa
nt

s a
nd

 m
ot

he
rs

 a
fte

r 
sp

on
ta

ne
ou

s l
ab

ou
r w

ith
 

lo
w

 ri
sk

s

B
er

g 
et

 a
l. 

(2
02

1)
 [1

4]
R

an
do

m
iz

ed
 c

on
tro

lle
d 

tri
al

In
te

rv
en

tio
n 

gr
ou

ps
: 

ea
rly

 c
or

d 
cl

am
pi

ng
 

(≤
 60

 s)
 o

r d
el

ay
ed

 c
or

d 
cl

am
pi

ng
 (≥

 18
0 

s)
 a

t 
on

e 
te

rti
ar

y 
ho

sp
ita

l i
n 

N
ep

al

35
0 

lo
w

-r
is

k 
te

rm
 in

fa
nt

s, 
m

ea
su

re
m

en
t w

ith
 A

ge
s 

an
d 

St
ag

es
 Q

ue
sti

on
-

na
ire

 a
t 3

 y
ea

rs
 o

f a
ge

Eff
ec

ts
 o

f e
ar

ly
 o

r d
el

ay
ed

 
co

rd
 c

la
m

pi
ng

 o
n 

ne
ur

od
ev

el
op

m
en

t a
t 

3 
ye

ar
s o

f a
ge

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

s 
in

 A
SQ

 sc
or

es
 a

cc
ep

t 
th

e 
ris

k 
fo

r a
ffe

ct
ed

 
gr

os
s m

ot
or

 d
ev

el
op

-
m

en
t (

gi
rls

) i
n 

th
e 

ea
rly

 
co

rd
 c

la
m

pi
ng

 g
ro

up

Eff
ec

ts
 o

f e
ar

ly
 o

r d
el

ay
ed

 
co

rd
 c

la
m

pi
ng

 o
n 

te
rm

 
in

fa
nt

s. 
In

 th
is

 st
ud

y,
 

in
fa

nt
s f

ro
m

 3
4 

w
ee

ks
 

of
 g

es
ta

tio
na

l a
ge

 w
er

e 
in

cl
ud

ed
, t

he
 m

ea
n 

ge
st

a-
tio

na
l a

ge
 w

as
 3

9 +
 0 

±
 1 

an
d 

39
 +

 3 
±

 1.
1 

w
hi

ch
 

le
d 

to
 in

cl
us

io
n 

to
 th

is
 

re
vi

ew



53Archives of Gynecology and Obstetrics (2024) 309:47–62 

1 3

Table 2  Neonatal outcomes

Outcome Number of 
participants

Statistical method Effect size

APGAR score < 7 at 5 min [18] 1399 Risk ratio, 95% CI 1.23 [0.73, 2.07]
APGAR score at 1 min [24] 338 Mean difference (delayed/early) 9.52 ± 1.05/9.56 ± 1.08, p = 0.904
APGAR score at 5 min [24] 338 Mean difference (delayed/early) 9.84 ± 3.74/9.80 ± 0.50, p = 0.770
APGAR score at 5 min [23] 56 Mean difference (delayed/early) 9.3 ± 0.6/9.4 ± 0.6, p = 0.5
APGAR score at 1 min [19] 44 Median difference (delayed/early) 8(3–9)/8(2–9), p = 0.77
APGAR score at 5 min [19] 44 Median difference (delayed/early) 9(8–9)/9(5–9), p = 0.67
APGAR score at 1 min [21] 113 Median difference 0 (0, 0), p = 0.39
ARGAR score at 5 min [21] 113 Median difference 0 (0, 0), p = 0.26
Admission to SCN, NICU [18] 1675 Risk ratio, 95% CI 0.79 [0.48, 1.31]
Admission to NICU [21] 113 Risk difference 5.2 (− 2.2, 12.7) p = 0.36
Admission to neonatal department [15] 720 Mean difference Not significant for each timing group (8 

groups)
Respiratory distress [18] 835 Risk ratio, 95% CI 0.70 [0.22, 2.19]
Percentage of asphyxia resuscitation (suc-

cessful) [24]
338 Count/Percentage (delayed/early) 12 (100%)/11 (55%), p = 0.016

Jaundice requiring phototherapy [18] 2324 Risk ratio, 95% CI 0.62 [0.41, 0.96]
Jaundice requiring phototherapy [21] 113 Risk difference  − 1.8 (− 5.3, 1.7) p = 0.50
Jaundice requiring phototherapy [20] 102 Risk ratio, 95% CI [0.98, 1.04] p = 0.561
Jaundice requiring phototherapy[24] 338 Percentage (delayed vs. early) 11.8% vs. 12.4% p = 0.868
Jaundice requiring phototherapy [15] 720 Mean difference Not significant for each timing-group (8 

groups)
Clinical jaundice [18] 2098 Risk ratio, 95% CI 0.84 [0.66, 1.07]
Neonatal jaundice [20] 102 Risk ratio, 95% CI 1.0 [0.89, 1.15] p = 0.856
Serum bilirubin at 3–5 months [25] 169 Weighted MD, 95% CI 2.02 [1.59, 2.45] p < 0.00001
Mean infant bilirubin at birth (g/dL) [20] 102 Mean difference, 95% CI  − 0.04 [ − 0.38, 0.30] p = 0.815
Mean infant bilirubin after 48 h (g/dL) [20] 102 Mean difference, 95% CI  − 0.17 [ − 0.55, 0.21] p = 0.380
Hyperbilirubinemia (TC-measurement) [24] 338 Percentage (delayed vs. early) 14.8% vs. 14.2% p = 0.877
Highest bilirubin (mmol/L) [24] 338 Mean difference (delayed/early) 10.599 ± 1.885 / 10.374 ± 1.776, p = 0.260
Bilirubin (mg/dL) at 72 h [15] 720 Mean difference ± SD Not significant for each timing group (8 

groups)
Bilirubin > 12.9 mg/dL at 72 h [15] 720 Mean difference Not significant for each timing group (8 

groups)
BilliTool, high-risk zone (billitool.org) [19] 44 Median difference (delayed/early) 2(9)/2(10), p = >0.99
Peak total bilirubin (mg/dL) [19] 44 Mean difference (delayed/early) 8.5 ± 4/9.1 ± 2, p = 0.56
Polycythaemia [18] 1025 Risk ratio, 95% CI 0.39 [0.12, 1.27]
Polycythaemia (haematocrit > 65%) [20] 102 Risk ratio, 95% CI 0.0, undefined
Cord haemoglobin (g/dL) [18] 696 Mean difference, 95% CI 0.41 [0.15, 0.66]
Cord haemoglobin (g/L) [24] 338 Mean difference (delayed vs. early) 150.633 ± 11.037/149.964 ± 10.766, p = 0.564
Mean cord haemoglobin at birth (g/dL) [20] 102 Mean difference, 95% CI  − 0.40 [0.29, 0.51] p < 0.001
Newborn haemoglobin (g/dL) [18] 671 Mean difference, 95% CI  − 2.17 [− 4.06, − 0.28]
Newborn haemoglobin (g/dl) at 2 h [23] 56 Mean difference (delayed vs. early) 17.2 ± 2/15.7 ± 1.6, p = 0.004
Newborn haemoglobin (g/dl) at 18 h [23] 56 Mean difference (delayed vs. early) 18.7 ± 1.7/16.7 ± 2, p = 0.0002
Newborn haemoglobin (g/L) at 72 h (heel 

blood) [24]
338 Mean difference (delayed vs. early) 188.520 ± 14.292/171.733 ± 10.809, 

p = 0.0001
Newborn haemoglobin (g/dL) at 24–48 h 

[18]
884 Mean difference, 95% CI  − 1.49 [ − 1.78, − 1.21]

Newborn haemoglobin (g/dL) at 24–72 h 
[21]

90 Mean difference, 95% CI 1.67 [0.75, 2.59] p < 0.001

Mean newborn haemoglobin (g/dL) at 48 h 
[20]

102 Mean difference, 95% CI  − 1.35 [0.80, 1.90] p < 0.001

Newborn haemoglobin (g/dL) at 48 h [19] 44 Mean difference (delayed vs. early) 19.1 ± 2/18.0 ± 2, p = 0.06
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Table 2  (continued)

Outcome Number of 
participants

Statistical method Effect size

Infant haemoglobin (g/dL) at 3–6 months 
[18]

1115 Mean difference, 95% CI  − 0.15 [ − 0.48, 0.19]

Infant haemoglobin (g/dL) at 4 months [19] 44 Mean difference (delayed vs. early) 11.7 ± 1.0/11.7 ± 0.7, p = 0.93
Infant haemoglobin (g/dL) ≥ 6 months [25] 1670 Mean difference, 95% CI 0.15 [0.06, 0.25] p = 0.002
Infant haemoglobin (g/dL) 2–12 months [16] 1982 Mean difference, 95% CI 0.4678 [0.1515, 0.7841] p = 0.004
Infant haemoglobin (g/dL) at 12 months [22] 326 MLR (B), 95% CI 1.8 [0.6, 3.1], p = 0.004
Low Infant haemoglobin (g/dL) at 

3–6 months [18]
954 Risk ratio, 95% CI 1.05 [0.79, 1.39]

Cord haematocrit (%) [24] 338 Mean difference (delayed vs. early) 45.199 ± 3.509/45.534 ± 4.226, p = 0.482
Cord haematocrit (%) [19] 44 Mean difference (delayed vs. early) 43.7 ± 6/45.8 ± 5, p = 0.25
Newborn haematocrit (%) at 2 h [23] 56 Mean difference (delayed vs. early) 49.5 ± 4.4/45.1 ± 4, p = 0.0003
Newborn haematocrit (%) at 18 h [23] 56 Mean difference (delayed vs. early) 52.9 ± 4.3/47.7 ± 5.5, p = 0.0002
Newborn haematocrit (%) at 24 h [18] 180 Mean difference, 95% CI  − 4.40 [ − 5.71, − 3.09]
Newborn haematocrit (%) at 48 h [19] 44 Mean difference (delayed vs. early) 57.6 ± 6/53.1 ± 6, p = 0.01
Newborn haematocrit (%) at 72 h (heel 

blood) [24]
338 Mean difference (delayed vs. early) 51.614 ± 6.174/45.139 ± 4.306, p = <0.0001

Infant haematocrit at 3–5 months [18] 160 Mean difference, 95% CI  − 0.40 [ − 1.48, 0.68]
Infant haematocrit (%) at 4 months [19] 44 Mean difference (delayed/early) 34 ± 2.3/34 ± 2.4, p = 0.76
Haematocrit at 24 h (%) [15]:
Cord clamping < 15 s 90 Mean difference ± SD 56.5 ± 6.4, p < 0.001
Cord clamping at 30 s 90 Mean difference ± SD 57.3 ± 6.5, p < 0.001
Cord clamping at 60 s 90 Mean difference ± SD 58.8 ± 5.9, p < 0.001
Cord clamping at 90 s 90 Mean difference ± SD 59.7 ± 8.7, p < 0.001
Cord clamping at 120 s 90 Mean difference ± SD 59.5 ± 6.6, p < 0.001
Cord clamping at 150 s 90 Mean difference ± SD 59.7 ± 6.8, p  < 0.001
Cord clamping at 180 s 90 Mean difference ± SD 60.3 ± 5.4, p < 0.001
Cord clamping “no pulsation” 90 Mean difference ± SD 61.0 ± 6.0, p < 0.001
Low infant haematocrit at 6 h (< 45%) [18] 272 Risk ratio, 95% CI 16.18 [2.05, 127.37]
Low infant haematocrit at 24–48 h (< 45%) 

[18]
268 Risk ratio, 95% CI 6.03 [2.27, 16.07]

Low infant haematocrit at birth-48 h (anae-
mia < 45%) [20]

102 Risk ratio, 95% CI 0.0, undefined

Anaemia incidence (< 45%) [24] 56 Percentage (delayed vs. early) 3.7%/31%, p = 0.008
Infant iron deficiency at 3–6 months [18] 1152 Risk ratio, 95% CI 2.65 [1.04, 6.73]
Iron deficiency < 6 months [25] 507 Risk ratio, 95% CI 0.13 [0.04, 0.44] p = 0.0009
 ≥ 6 months [25] 1071 Risk ratio, 95% CI 0.55 [0.43, 0.72] p < 0.00001
Birthweight (g) [18] 3139 Mean difference, 95% CI  − 101.18 [ − 157.59, − 44.76]
Birthweight (g) [21] 113 Mean difference, 95% CI  − 43 (− 195, 109) p = 0.57
Not breastfeeding at one month [18] 268 Risk ratio, 95% 1.10 [1.00, 1.20]
Not breastfeeding at discharge and 

2–6 months later [18]
Risk ratio, 95% Not significant

Neurodevelopment at 4 months (ASQ 
problem-solving score) [18]

365 Mean difference, 95% CI  − 1.80 [ − 3.38, − 0.22]
Not significant

Further ASQ questions and total score 
(4 months) [18]

365 Risk Ratio, 95% CI 0.43 [0.26, 0.71], p < 0.001 NNT 11 (7–35)

Neurodevelopment at 12 months (ASQ total 
score) [22]

332 Mean difference, 95% CI 4.4 [1.8, 6.9], p = 0.001

Neurodevelopment at 12 months (ASQ total 
score) [22]

283 Risk Ratio, 95% CI 0.48 [0.28, 0.79], p = 0.003, NNT 11 (7–34)

ASQ: Communication (12 months) [22] 332 Mean difference, 95% CI 0.8 [0.2, 1.3], p = 0.008
ASQ: Communication (12 months) [22] 283 Risk Ratio, 95% CI 0.61 [0.39, 0.95], p = 0.03, NNT 14 (8–141)



55Archives of Gynecology and Obstetrics (2024) 309:47–62 

1 3

Table 2  (continued)

Outcome Number of 
participants

Statistical method Effect size

ASQ: Gross motor (12 months) [22] 332 Risk Ratio, 95% CI 0.54 [0.34, 0.83], p = 0.004
ASQ: Personal-social (12 months) [22] 332 Mean difference, 95% CI 1.5 [0.7, 2.3], p < 0.001
ASQ: Personal-social (12 months) [22] 283 Risk Ratio, 95% CI Not significant
ASQ: Fine motor, problem solving 

(12 months) [22]
332 Mean difference, 95% CI Not significant

ASQ: Total score, all parameters at 3 years 
[14]

350 Percentage (delayed vs. early) 6 (6.3%) vs. 14 (18.9%), p = 0.02

ASQ: Gross motor (girls) at 3 years, delayed 
development [14]

350

Symptoms of infection during first 4 months 
[18]

Fever, diarrhoea, loose stools, hard stools, 
abdominal pain, vomiting, cough, breath-
ing difficulties, rhinorrhoea, nasal conges-
tion, rash, crying, tiredness, visit paediatri-
cian/other doctor, antibiotics, admitted to 
hospital

360 Risk ratio, 95% CI Not significant

Respiratory symptoms [20] 102 0.0, undefined
Neonatal crying/breathing established before 

cord clamping [21]
78 Risk difference, 95% CI 46.4 [31.7, 61.1] p < 0.001

Placental weight(g) [21] 113 Mean difference, 95% CI  − 38 [− 81, 6] p = 0.09
Residue blood (ml) (Placenta) [24] 338 Mean difference (delayed/early) 46.278 ± 39.205/95.301 ± 66.954, p = < 0.0001
Neonatal temperature (°C) [21] 113 Median difference 0 (− 0.1, –0.1) p = 0.33
Umbilical cord measures [21]
Arterial base excess
Cord venous/ arterial pH, venous base excess

105–109 Median difference  − 1.1 (− 2.3, –0.1) p = 0.004

Umbilical cord haemoglobin g/dL (venous) 
[21]

113 Mean difference, 95% CI 0.07 [− 0.42, 0.56] p = 0.78

Incidence of anaemia ≥ 6 months [25] 1717 Risk ratio, 95% CI 0.92 [0.87, 0.99] p = 0.02
Iron deficiency anaemia 4–12 months [25] 1799 Risk ratio, 95% CI 0.68 [0.49, 0.94] p = 0.02
Mean corpuscular volume (fL) at 4 months 44 Mean difference (delayed/early) 81.4 ± 4.0/81.5 ± 3.7, p = 0.94
Mean corpuscular volume < 6 months [25] 661 Mean difference, 95% CI 0.33 [0.15, 0.51] p = 0.0003
Mean corpuscular volume at 2–12 months 

[16]
962 Mean difference, 95% CI 0.5751 [0.1637, 0.9865] p = 0.006

Serum iron at 2–4 months [25] 570 Mean difference, 95% CI 0.23 [0.06, 0.40] n p = 0.007
Total body iron at 4–6 months [25] 578 Mean difference, 95% CI 0.45 [0.29, 0.62] p < 0.00001
Body iron at 6 months [25] 235 Weighted MD, 95% CI 20.80 [6.39, 35.13] p = 0.01
Stored iron at 6 months [25] 235 Weighted MD, 95% CI 19.90 [7.67, 32.12] p = 0.0001
Cord ferritin ng/dL [19] 44 Mean difference (delayed/early) 145 ± 92/141 ± 93, p = 0.89
Serum ferritin < 6 months [25] 975 Mean difference, 95% CI 1.22 [0.47, 1.98] p = 0.01
 ≥ 6 months [25] 1867 Mean difference, 95% CI 2.37 [0.99, 3.76] p = 0.0008
Serum ferritin at 2–12 months [16] 1956 Mean difference, 95% CI 2.1450 [1.0431, 3.2470] p = 0.0001
Ferritin (ng/dL) at 4 months [19] 44 Mean difference (delayed/early) 96.4 ± 58/65.3 ± 32, p = 0.03
Log serum-ferritin at 4 months [19] 44 Mean difference (delayed/early) 4.4 ± 0.5/4.1 ± 0.5, p = 0.03
Ferritin at 12 months [22] 326 MLR (B), 95% CI 0.09 [ − 0.5, 6.3], p = 0.09
Transferrin saturation at 2–12 months [25] 874 Mean difference, 95% CI 1.05 [0.53, 1.57] p < 0.0001
Transferrin (mg/dL) at 4 months [19] 44 Mean difference (delayed/early) 228 ± 31/239 ± 35, p = 0.28
Soluble transferrin receptor (mg/L) at 

4 months [19]
44 Mean difference (delayed/early) 3.8 ± 0.9/3.8 ± 0.8, p = 0.93

Reticulocyte haemoglobin at 4 months [25] 343 Weighted MD, 95% CI 0.70 [0.28, 1.12] p = 0.001
Reticulocyte count at 4 months [25] 343 3.00 [0.67, 5.33] p = 0.01
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Verbal Rating Scale, Faces Pain Scale) from late cord clamp-
ing with different methods of labour analgesia [17]. How-
ever, it has to be critically evaluated if this effect shows a 
correlation with the timing of umbilical cord clamping. In 
summary, it can be assumed that delayed cord clamping is 
safe for the mother, even though there were differences in 
management of uterotonics used for the third stage of labour.

Quality of evidence

Overall, the quality of all included studies, RCTs and meta-
analyses seems to be moderate or high. Table 4 shows the 
results of the evidence evaluation of the meta-analyses via 
AMSTAR-2 score and Table 5 shows the results of the evi-
dence evaluation of the RCTs via CONSORT.

There is a medium–high to high quality of the included 
meta-analyses (11 of 16 [16], 13 of 16 [25], 16 of 16 
[18], respectively, which fulfilled criteria according to 
AMSTAR-2).

Among the included RCTs, 5 studies showed high qual-
ity (30–33 of 37 CONCORT criteria met) [13, 14] and 3 
studies showed medium–high quality (28 and 29 of 37 
CONSORT criteria met, respectively) [13, 15], whereas 
1 study was of insufficient quality or could only be inade-
quately assessed via CONSORT (19 criteria met) [13, 24].

Discussion

Results’ overview

The aim of this review was to evaluate the timing of umbili-
cal cord clamping for term infants from 37 + 0 weeks ges-
tational age, to describe the effects of the timing of cord 
clamping for newborns and mothers and to improve the 
evidence-based work of midwives in Germany. The results 
of this review regarding the timing of umbilical cord clamp-
ing arose from low-risk populations in most of the trials 
[14, 15, 18–20, 22–25]. The majority of infants were born 
vaginally, three of the included trials also included primary 
caesarean sections [18, 21, 24]. Furthermore, most of the 

included mother–newborn pairs had singleton pregnancies 
[15–17, 20, 21, 24]. The results may not apply to vaginal-
operative deliveries or other birth risks; however, overall, 
there were no birth risks such as asphyxia, placental anoma-
lies, intrauterine growth restrictions, differences in APGAR 
scores between groups or differences in neonatal mortality 
and morbidity [17, 18, 21–25].

The evaluation about the exact timing of umbilical 
cord clamping in term infants cannot be concluded, the 
included trials report about many advantages for newborn 
and infants up to 12 months of age from delayed cord 
clamping, but all the included trials reached this outcome 
for different timings of cord clamping. The timing of early 
cord clamping ranged from immediately to < 60 s, the tim-
ing of delayed cord clamping ranged from 60 s after birth 
up to cessation of umbilical cord pulsation, which is a 
broad description because of the individual, physiologi-
cal differences depending on the time of onset of respira-
tion. However, delayed cord clamping > 60 s seems to be 
advantageous for newborns in terms of iron stores and its 
short and long-term effect up to 12 months of age [16, 
18–21, 23–25]. Timing of cord clamping in term infants 
could have an impact on neuronal development [14, 18, 
22]. Some trials reported an increase in bilirubin levels or 
clinical jaundice which increases the need for photother-
apy, but other risk factors were not strictly considered [18, 
25]. Delayed cord clamping for different timings seems 
to have no disadvantages for mothers; one trial described 
pain reduction while suturing perineal tears, but this result 
can also be correlated with psychological satisfaction with 
the birth [17].

There is need for further research to evaluate if there 
are different results in terms of advantageous effects for 
newborns when the mother’s haemoglobin is low at the 
start of labour. One trial measured the effects of change of 
mother’s haemoglobin from early or delayed cord clamp-
ing which was not significant, but did not measure the 
correlation between the strength of effects for newborns 
and their mother’s haemoglobin [21]. There is also hetero-
geneity in the definition of delayed cord clamping. Maybe 
the measurement of effects of placental blood perfusion 
after birth should include the physiological process of 

Table 2  (continued)

Outcome Number of 
participants

Statistical method Effect size

Comparison of myelin content (measure-
ment with MRI, Voxel-wise VFm) at 
4 months [19]

44 General linear model, unpaired 
t-test and permutation testing

Colour-scale: p = 0.05 for several brain areas

Dichotomous comparison of myelin content 
and ferritin (measurement with MRI, 
Voxel-wise VFm) at 4 months [19]

44 Colour-scale: p = 0.05 to 0.01 for several brain 
areas
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adaptation. What the duration of umbilical cord pulsation 
depends on should also be evaluated, and whether a physi-
ological time of cord clamping can be determined.

According to the actual AWMF guideline for vaginal 
birth at term, the results for timing of umbilical cord 
clamping are equivalent. They recommend waiting at least 

Table 3  Maternal outcomes

Outcome Number of 
participants

Statistical method Effect size

Severe postpartum haemorrhage > 1000 ml 
[18]

2066 Risk ratio, 95% CI 1.04 [0.65, 1.65]

Severe postpartum haemorrhage > 1000 ml 
[21]

113 Risk difference 1.7 (− 9.5, 12.9) p > 0.99

Severe postpartum haemorrhage > 1000 ml 
[15]

720 Mean difference ± SD Not significant for each timing group (8 groups)

Postpartum haemorrhage (ml) [24] 338 Mean difference (delayed/early) 156.775 / 221.627, p = <0.0001
Postpartum haemorrhage > 500 ml [18] 2260 Risk ratio, 95% CI 1.17 [0.94, 1.44]
Postpartum blood loss > 500 ml [15] 720 Mean difference ± SD Not significant for each timing group (8 groups)
Mean maternal blood loss ≥ 500 ml [20] 102 Risk ratio, 95% CI 0.6 [0.26, 0.79] p = 0.653
Mean blood loss [18] 1345 Mean difference, 95% CI 5.11 [ − 23.18, 33.39]
Mean blood loss (ml) 720 Mean difference ± SD Not significant for each timing-group (8 groups)
Estimated blood loss [21] 113 Median difference, 95% CI 0 [0, 0] p = 0.13
Maternal haemoglobin (g/dl) 24 to 72 h post-

partum [18]
1128 Mean difference, 95% CI  − 0.12 [ − 0.30, 0.06]

Maternal haemoglobin (g/dl) 1 day post-
operational [21]

113 Mean difference, 95% CI 0.12 g/dL [− 0.22 to 0.46]

Need for blood transfusion [18] 1345 Risk ratio, 95% CI 1.02 [0.44, 2.37]
Need for blood transfusion [21] 113 Risk difference, 95% CI  − 3.6 [− 8.4, 1.3] p = 0.24
Need for manual removal of placenta [18] 1515 Risk ratio, 95% CI 1.59 [0.78, 3.26]
Length of third stage > 30 min [18] 1345 Risk ratio, 95% CI 1.18 [0.55, 2.52]
Length of third stage > 60 min [18] 1345 Risk ratio, 95% CI 1.11 [0.33, 3.74]
Duration of third stage (minutes) [23] 56 Mean difference (delayed/early) 8.9 ± 5/10.2 ± 3.7, p = 0.2
Duration of third stage (minutes) [15] 720 Mean difference ± SD Not significant for each timing group (8 groups)
Need for therapeutic uterotonics [18] 963 Risk ratio, 95% CI 0.94 [0.74, 1.20]
Uterotonic administration [21] 113 Risk difference  − 0.13 (− 9.33, 9.56) p > 0.99
Total surgical time [21] 113 Median difference, 95% CI 3.0 [− 6.0, 12.0] p = 0.18
Hysterectomy [21] 113 Risk difference 0.1 (− 4.8, 4.9) p > 0.99
Pain during suturing perineal tears [17] 288 Mean value of pain scores 

(NRS, VAS, VRS, FPS)
(Mann–Whitney-U test)

NRS: p < 0.001 VAS: p < 0.001; VRS: p < 0.001 
FPS: p < 0.001With labour analgesia (Delayed vs. early cord 

clamping) [17]
123

No labour analgesia (Delayed vs. early cord 
clamping) [17]

165 NRS: p < 0.001; VAS: p < 0.001; VRS: 
p < 0.001; FPS: p < 0.001

Delayed cord clamping (no labour analgesia 
vs. labour analgesia) [17]

147 NRS: p = 0.007; VAS: p = 0.29; VRS: p = 0.005; 
FPS: p = 0.005

Early cord clamping (no labour analgesia vs. 
labour analgesia) [17]

141 BRS: p = 0.685; VAS: p = 0.418; VRS: 
p = 0.005; FPS: p = 0.053

Degree of cooperation during suturing per-
ineal tears [17]

165 Cooperation rate (%)
(Chi-square test)

78.57% vs. 29.63% (x2 = 39.839) p < 0.001

Delayed cord clamping vs. early cord clamp-
ing (no analgesia) [17]

90.48% vs. 45% (x2 = 29.351) p < 0.001

Delayed cord clamping vs. early cord clamp-
ing (with analgesia) [17]

123

Delayed cord clamping with analgesia vs. 
without analgesia [17]

Early cord clamping with analgesia vs. with-
out analgesia [17]

288 Not significant
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1 min up to 5 min before cord clamping or to wait until 
the cord stops pulsating, depending on whether active or 
passive management of the third stage of labour is chosen 
[9]. Regarding the present research question, the authors of 
the AWMF guideline also found no disadvantageous effect 
for the mother and advantageous effects for newborn and 
infants up to 4 months of age from delayed cord clamp-
ing after 1 min [9]. It should be noted that this review did 
not include the placement of the newborn while waiting 
for cord clamping after a vaginal delivery. This is due to 
the fact that the usual management directly after birth and 
the actual recommendations emphasize skin-to-skin con-
tact and only the minimum of intervention in this “sen-
sitive phase” [9]. This recommendation is also given by 
the paediatric guidelines for term newborns after vaginal 
birth, i.e. skin-to-skin contact should be enabled before 
cord clamping [10]. They also point out that physiological 
processes for the decision of the timing of cord clamping 

should be observed, and the adaptation of the cardiovascu-
lar system and respiration is decisive for the health of the 
newborn [10]. The recommendations of the World Health 
Organization also include the definition of delayed cord 
clamping is > 1 min up to 3 min, and point out that there 
has to be research to evaluate a physiological timing of 
cord clamping [27].

Limitations and risk of bias

The inclusion criteria were strictly observed and evaluated 
if the trial was appropriate (Table 1). A risk of selection bias 
could be present, as only one person assessed the inclusion 
process. However, the inclusion process took place using the 
PICO pattern to make sure the research questions and aims 
are matching. Despite the orientation on systematic search 
by creating a search string, there is a risk of not accessing all 
relevant articles, especially because of language restrictions 

Table 4  Quality of evidence, AMSTAR-2-Score

Dimensions of AMSTAR-2 Mc Donald 
et al. (2013) 
[18]

Zhao et al. (2019) [25] Fu et al. (2020) [16]

1. Did the research questions and inclusion criteria for the review include the 
components of PICO?

Yes Yes Yes

2. Did the report of the review contain an explicit statement that the review meth-
ods were established prior to the conduct of the review and did the report justify 
any significant deviations from the protocol?

Yes Yes Yes

3. Did the review authors explain their selection of the study designs for inclusion 
in the review?

Yes Yes Yes

4. Did the review authors use a comprehensive literature search strategy? Yes Partial yes Partial yes
5. Did the review authors perform study selection in duplicate? Yes Yes Yes
6. Did the review authors perform data extraction in duplicate? Yes Yes Yes
7. Did the review authors provide a list of excluded studies and justify the exclu-

sions?
Yes No Partial yes

8. Did the review authors describe the included studies in adequate detail? Yes Yes Yes
9. Did the review authors use a satisfactory technique for assessing the risk of 

bias (RoB) in individual studies that were included in the review?
Yes Yes No

10. Did the review authors report on the sources of funding for the studies 
included in the review?

Yes No Yes

11. If meta-analysis was performed, did the review authors use appropriate meth-
ods for statistical combination of results?

Yes Yes Yes

12. If meta-analysis was performed, did the review authors assess the potential 
impact of RoB in individual studies on the results of the meta-analysis or other 
evidence synthesis?

Yes Yes No

13. Did the review authors account for RoB in individual studies when interpret-
ing/ discussing the results of the review?

Yes Yes No

14. Did the review authors provide a satisfactory explanation for and discussion 
of any heterogeneity observed in the results of the review?

Yes Yes Yes

15. If they performed quantitative synthesis, did the review authors carry out 
an adequate investigation of publication bias (small study bias) and discuss its 
likely impact on the results of the review?

Yes Yes Yes

16. Did the review authors report any potential sources of conflict of interest, 
including any funding they received for conducting the review?

Yes Yes Yes
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(German and English). The data extraction and synthesis 
were also made by one person, but reviewed by an independ-
ent researcher; however, this could have led to an observer 
bias. The data collected from all included studies are shown 
in Tables 2 and 3. The structure for data extraction was to 
collect all relevant data, primary and secondary outcomes 
independent of the significance, to eliminate reporting bias. 
The data synthesis consciously produced a sort of perfor-
mance bias because the aim was to evaluate the timing of 
umbilical cord clamping, and nearly every included study 
had a different timing of cord clamping. It is unavoidable 
that there is a risk of bias for the search strategy because 
the search was not conducted in many databases and maybe 
could not include every trial concerning the effects of umbil-
ical cord clamping.

Tables 4 and 5 show the methodological quality of each 
included trial or meta-analysis. Nevertheless, all the biases 
created in the included trials lead to an increased risk of bias 
in this review. Some of the included RCTs did not perform 
a structured randomization, and the blinding of patients or 
research staff was not completely described in every RCT. 
The determination of cord clamping by stopwatch was per-
formed in many trials, and some did not describe in detail 
how the timing was measured. As mentioned, the placement 
of the newborn above or below the placenta and the impact 
of gravity were not considered in this review, some studies 
mentioned placement and others did not, and this could have 
an impact on the effects from cord clamping.

In summary, there is a risk of different biases and a limita-
tion in informative value; however, the results of this review 
correspond to the actual recommendations for practitioners 
in Germany, and the review gives an important impulse for 
further research to evaluate the exact timing of umbilical 
cord clamping, the effects of waiting until pulsation has 
stopped and also to explore the boundaries of waiting 1 min 
before cord clamping.

Authors’ conclusion

This narrative review shows that delayed cord clamping 
on term infants > 37 weeks of gestational age, with no or 
low birth risks, born vaginally or by primary caesarean sec-
tion, has advantageous effects for newborns and infants up 
to 12 months of age. This management of umbilical cord 
clamping could reduce the incidence of anaemia and seems 
to correlate with a better neurodevelopment during the early 
life of infants. In addition, it shows that there are no adverse 
effects for the mothers, so the management of delayed cord 
clamping seems to be safe concerning postpartum haemor-
rhage and high blood loss. Unfortunately, the second part 
of this central research question about the exact timing of 

umbilical cord clamping leading to the aforementioned 
advantages cannot be answered. The critical value for both 
early and delayed cord clamping has to be determined in 
further research to produce exact results for their implemen-
tation into practice. Rana et al. showed a cut-off point of 
61 s for early cord clamping, other authors describe advan-
tageous effects from 60 to 120 s, while the effects could be 
stronger when the umbilical cord was cut later because of 
the perfusion of placental blood [22]. In contrast, Chen et al. 
showed no significant increase in haematocrit levels in new-
borns after 90 s [15]. Further research should address the 
question of if there are any signs to improve the knowledge 
about physiological umbilical cord clamping to achieve the 
advantages of longer placental perfusion for each individual 
term infant.
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