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s me on e Full-term newborns with stational age of 37 to
ﬁ’;’vﬁﬁfﬁﬁﬁ’—* 41 weeks were eligible if the mother was healthy,
(Population/ 25 3 nonsmoker, and had an uncomplicated

Problem) pregnancy with expected vaginal delivery.
Nl « Delayed umbilical cord clamping
(Intervention) (>180 second safter delivery)
EEER - Early umbilical cord clamping

f (Comparison) ( <10 seconds after delivery).

22 primary outcome

=  Full-scale IQ as assessed by the WPPSI-III

W 4t Secondary outcomes

Development as assessed by the scales from the WPPSI-
Il and Movement ABC

Development as recorded using the ASQ, and behavior
using the Strengths and Difficulties Questionnaire.

4 (Outcome)
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primary outcome
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Secondary outcomes
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WPPSI-III
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*Full-scale IQ

Movement ABC
= &w IR

*Verbal 1Q

*Performance
*Processing-speed quotient
*(General language composite

,{ASQ 48 Month ASQ-3 Information Summar

~: ASQ
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*Manual dexterity
*Posting coins 1n box
*Bead threading
*Drawing bicycle trail

*Communication
*Motor skill(Gross/ Fine)

| [*Problem solving

*Personal-social
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This study is a follow-up of a randomized clinical trial conducted at the
Hospital of Halland from April 16, 2008 ,through May 21, 2010.

Follow-up was conducted at the same location from April11 ,2012, through
August 13,2013

Full-term newborns with a gestational age of 37 to 41 weeks were eligible if
the mother was healthy, was a nonsmoker, and had an uncomplicated
pregnancy with expected vaginal delivery.

The original trial and the follow-up study were approved by the Regional
Ethics Review Boardat Lund University (protocols 41/2008 and 23 /

2012 ) ,and written patient consent was obtained from parents separately for
the study and follow-up.

Both studies were registered with Clinicaltrials.gov (NCT01245296 and
NCT01581489).

=\Z

p=11] 4

SR - mE T 2 RER




T2 I XM mERZTF ?
(REME)

fﬁfﬁ'ﬁ!ﬁ’l@*fﬁ“i{,"w[l%% ST PR rF*fo PGS 213 | B
FOZERE PRI S PR (ON  ERIRERHT) B ) [R5 el -
« Randomization assignments (1:1), consisting of delayed
(2180 seconds after delivery) or early (<10 seconds after

delivery) CC, were contained in sealed, numbered, opaque

envelopes that were opened by the midwife when delivery

was imminent.
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« Data from all 4 tests were acquired from 243 of 382 children (63.6%)
and from at least 1 test from 263 children (68.8%) (Figure1). There
was no significant difference in response rates between the delayed-
an dearly- CC groups.

ﬂ  Baseline Characteristics of participants in the follow-up did not differ
2
&

between the 2 groups (Table1).

.+ + As previously reported, birth weights were higher in the delayed-CC
SR group as a result of the intervention. At 4 years, there were no group
| /*' differences in the mean(SD) weight or height measurements ,which
were17.3 (2.1)kg and 104(4)cm in the delayed-CC group(n=136)
vs17.1 (2.1)kg and 104(4)cm in the early-CC group(n=120) (P=.45
and P=.90,respectively).




Table 1. Baseline and Background Characteristics by Intervention Group Comparing Infants
With Delayed CC vs Early CC*

Delayed Early
CcC ccC
Characteristic Value® Patients, No. Value® Patients, No.
Maternal data
Age, y 31.4 (4.4) 141 32.0(4.2) 122
Weight, kg 141 119
Hemoglobin level at first antenatal 12.8 (1.1) 141 12.9 (0.9) 116
visit, g/dL
Parity (including newborn child) 1.7 (0.7) 141 1.7 (0.8) 122
College education, No. (%) 90 (66.7) 135 85 (70.2) 121
Newborn data
Male sex, No. (%) 60 (42.6) 141 57 (46.7) 122
Gestational age, wk 40.1 (1.0) 141 40.1 (1.1) 122
Apgar score, min
1 8.8 (0.8) 141 8.7 (1.0) 122
s 9.8 (0.5) 141 9.8 (0.7) 122
Measurement at birth
Weight, kg® 3.64 (0.48) 141 3.50(0.52) 122
Length, cm 50.9 (1.9) 141 50.6 (2.1) 120
Head circumference, cm 34.B (1.4) 141 34.5 (1.4) 122
Umbilical cord blood sample tests
pH 7.26 (0.08) 117 7.26 (0.09) 117
Base deficit 4.8 (2.5) 116 5.1 (3.6) 116
Hemoglobin level, g/dL 16.0 (1.8) 122 16.3 (1.6) 109
Mean cell volume, fL 105 (5) 122 106 (5) 109
Ferritin level, ng/mL 225 (140) 136 232 (163) 119
Transferrin
Saturation, % 54.32 (16.6) 132 53.4 (17.6) 115
Level, mg/L 5.26 (1.85) 140 5.33 (1.96) 122
Condition 1 h after birth, No. (%)
Respiratory symptoms® 12 (9.0) ﬁ—?%gég -
Breastfed 95 (72.0) == =
Exclusively breastfed at 4 mo, No. (%) 80 (56.7) - = I:I § I:I * (‘%%
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 Follow-up was conducted at the same location from April

11 ,2012, through August 13 ,2013
 All children included in the original study (n=382) were eligible

for the follow-up. An invitation letter for the follow-up study was
sent 1 month before the child’s fourth birthday.

« The children were assessed by a psychologist(B.L.) at 48 to 51
months of age.

« WPPSI-III ; Movement ABC ; ASQ
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200 Randomized to early cord clamping
(=10s)

166 Received randomized intervention
23 Did not receive randomized intervention

11 Excluded
7 Inclusion criteria not followed
3 Family decided to stop participation
immediately after intervention
1 Data not recorded

l

67 Lost to follow-up (family decided to stop
participating)

122 Completed =1 test
eceived ran mized intervention

113 Completed all tests

DSt rresererrefOmized intervention
117 Wechsler Preschool and Primary Scale of

Intelligence, Third Edition

107 Received randomized intervention
116 Movement Assessment Battery for

Children, Second Edition

107 Received randomized intervention
121 Ages and Stages Questionnaire,

Third Edition

108 Received randomized intervention
119 Strengths and Difficulties Questionnaire

106 Received randomized intervention

=R DR

1992 Assessed for eligibility

1592 Excluded
- 929 Did not meet inclusion criteria
663 Declined to participate

400 Randomized

200 Randomized to delayed cord clamping
(=180 s)

168 Received randomized intervention
25 Did not receive randomized intervention

7 Excluded
4 Inclusion criteria not followed
3 Family decided to stop participation
immediately after intervention

|

52 Lost to follow-up (family decided to stop
participating)

141 Completed =1 test
eceived randonized intervention

130 Completed all tests

e = oY mized intervention
136 Wechsler Preschool and Primary Scale of

Intelligence, Third Edition

117 Received randomized intervention
135 Movement Assessment Battery for

Children, Second Edition

116 Received randomized intervention
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 The mother and the midwife could not be masked, but all
staff and researchers involved in the collection or
analysis of data were blinded to the allocation group.
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Table 2. Neurodevelopment at 48 Months of Age in Children Born at Term Who Were Randomized to Delayed CC or Early CC?

'\f‘F_'” [_T{L{ B! lg‘

Delayed CC Early Eq Unadjusted Adjusted®
Mean Difference Mean Difference
Characteristic Mean (5D) Patients, No. Mean (5D) Patients, No. (95% CI) PValue®  (95%CI) P Valued
WPPSI-1II
[ Full-scale 10 117.1(9.7) 135 117.1 (9.7) ] 116 01(-24t025) 095 06(-18t02.9) 065
Verbal 10 121.2 (13.8) 136 121.7 (12.5) 116 -05(-3.8t0 2.7) 0.74 03(-3.0te3.5) 087]
Performance 115.0(7.9) 135 1153 (12.5) 117 -0.3(-24tw 1.7) 074 -01(-2.1t01.9) 092 iﬂ
Processing-speed 100.7 (7.9) 129 08.9 (10.0) 111 18(-05tc41) 0.12 22(-01t045 0.06 E[
guotient
General language 112.1 (12.8) 133 112.9 (10.2) 108 -08(-3.7t0 2.2) 0.62 -0.4(-3.5t02.7) 081
composite
Table 3. Proportion of 4-Year-0ld Children With Neurodevelopmental Test Scores Below Cutoff Levels?
Delayed CC Early CC Unadjusted® Adjusted®<
Test Score Value, No. (%) Patients, No. Value, No. (%) Patients, No. OR (95% CI) PValue  OR(95%Cl) P Value
WPPSI-1II
[ Full-scale 10<85 1(0.7) 135 0 116 NA >.09 NA >09
Verbal 10<85 2(1.5) 136 1(0.9) 116 1.7(0.2t0 19.2) .66 1.7 (0.1t0 18.7) 68
Performance 1(0.7) 135 0(0) 117 NA =099 NA =99
Processing-speed 2 (1.6) 129 7(6.3) 111 0.2 (0.0to1.2) 07 0.2 (0.0t01.1) 06 [0
quotient <85
General language 4(3.0) 133 2(1.9) 108 1.6(0.2t00.1) 57 1.3 (0.2 to 8.3) J6

composite <85
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Table 2. Neurodevelopment at 48 Months of Age in Children Born at Term Who Were Randomized to Delayed CC or Early CC?

Delayed CC Early CC Unadjusted Adjusted®
Mean Difference Mean Difference

Characteristic Mean (SD) Patients, No. Mean (5D) Patients, No. (95% Cl) PValue®  (95% Cl) P Valued®
WPPSI-111
Full-scale 10 117.1(9.7) 135 117.1(9.7) 116 01(-24t02.5) 095 0.6(-181t02.9) 0.65
Verbal 1Q 121.2 (13.8) 136 121.7(12.5) 116 -05(-38t02.7) 074 0.3(-3.0to3.5) 0.87
Performance 115.0 (7.9) 135 115.3 (12.5) 117 -03(-24t017) 074 -01¢(-21t019) 0892
Processing-speed 100.7 (7.9) 129 98.9 (10.0) 111 18(-05t0d.1) 012 22(-01t045) 0.06
quotient
General language 112.1(12.8) 133 112.9(10.2) 108 -08(-3.7t02.2) 062 -04(-35t027) 081
composite
Movement ABC
Manual dexterity 8.4(2.4) 133 8.2 (2.5) 116 02(-04t08) 053 0.3(-0.2t00.9) | 0.25 |
Posting coins in box 8.1(2.7) 134 8.1(2.7) 116 0.0(-06t00.7) 0.92 0.3(-04t01.0) | 0.44 i\
Bead threading 83(3.1) 134 78(3.4) 116 04(-03t013) 0.28 05(-02t01.3) | 0.17 E
Drawing bicycle trail 9.3(1.6) 133 9.1(1.8) 116 02(-03to06) 042 0.3(-02t00.7) | 0.23
ASQ — —
Total score 278.9 (21.6) 130 275.5 (27.6) 115 35(-2.7t 9.7y 027 4.7(-1.3t0o106) 0.12
Communication 56.6 (5.3) 132 57.7 (5.5) 117 -10(-24t00.3) 013 -0.9(-2.2t00.5) 022
Motor skill

Gross 56.1 (6.5) 134 55.7 (7.9) 119 04(-14t02.1) 007 0.2(-16t02.0) 0.82

Fine 54.2 (7.3) 134 52.3(9.4) 118 1.9(-0.2t04.1) 0.07 2.1(0.2 to 4.0) l 0.03 l *
Problem solving 56.1(7.1) 134 55.8(6.9) 117 03(-14t02.1) 0.72 U5 (-UbYto /4 0.35
Personal-social 55.5 (7.0) 135 53.1 (8.6) 119 2.4(041to04.4) 0.02 28(08to4d7) 0.006{ %

Abbreviations: ASQ, Ages and Stages Questionnaire, Third Edition; CC, umbilical
cord clamping: Movement ABC, Movement Assessment Battery for Children,
Second Edition; WPPSI-IlI, Wechsler Preschool and Primary Scale of

Intelligence, Third Edition.

* Delayed CC was defined as 180 s or more after delivery: early CC, 10 s or less.

b Adjusted for the child’s sex, mother's educational level, father’s educational

level, and child's age at testing.

© Pwvalues were calculated using the  test.

4 P values were calculated using analysis of covariance.
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Table 3. Proportion of 4-Year-Old Children With Neurodevelopmental Test Scores Below Cutoff Levels®

Delayed CC Early CC Unadjusted® Adjusted®*
Test Score Value, No. (%) Patients, No. Value, No. (%) Patients, No. OR (95% CI) P Value OR (95% CI) P Value
WPPSI-III
Full-scale 10<85 1(0.7) 135 0 116 NA >.99 MA =00
Verbal 1Q<85 2(1.5) 136 1(0.9) 116 1.7 (0.2 t0 19.2) .66 1.7 (0.1 to 18.7) .68
Performance 1(0.7) 135 0 (0) 117 NA >.99 MA >.00
Processing-speed 2(1.8) 129 71(6.3) 111 0.2 (0.0to 1.2) .07 0.2 (0.0 to 1.1) .06
guotient <85
General language 4(3.0) 133 2(1.9) 108 1.6 (0.2 to 9.1) .57 1.3 (0.2 t0 8.3) i
composite <85
Movement ABC
Manual dexterity 24 (18.0) 133 30(25.9) 116 0.6 (0.3t01.2) .14 0.6 (0.3 t01.2) 15
=7 (15th percentile)
Posting coins in box 40 (29.9) 134 41 (35.3) 116 0.8 (0.5t01.3) .36 0.7 (0.4 t0 1.2) 16
=7 (15th percentile)
Bead threading 21 (15.7) 134 23(19.8) 116 0.8(0.4to1.4) .39 0.7 (0.4 to 1.5) 41
<7 (15th percentile)
Drawing bicycle trail 51(3.8) 133 15)K12.9) 116 0.2 (0.1t 0.7) 01 0.3 (0.1 t0 0.8) 02
=7 (15th percentile)
ASU
u \‘ Communication <46.2 11(8.3) 132 5(4.3) 117 2.0 (0.7 to 6.0) .20 1.8 (0.6 to 5.8) .32
‘\} > e e T 134 e} 119 0.8 (0.3 t0 2.2) .62 0.9 (0.3 to 3.2) i
e Fine motor <36.7 J (3.7) 134 li (11.0 118 0.3 (0.1 to 0.9) .03 0.2 (0.1 to 0.8) 02
f, Problem solving <42.3 7(5.2) 134 10 (8.5) 117 0.6 (0.2 to 1.6) .30 0.3 (0.1 to <1.0) .05
=social = 4 135 10 (841 119 0.3(0.1to1.1) .07 0.3 (0.1to01.2) 10
Immature pencil grip® 18](13.2) 136 30§25.6) 117 0.4 (0.2 to 0.8) .01 0.4 (0.2 to 0.8) 01
Abbreviations: ASQ, Ag‘es and Stathionnaire. Third Edition; CC, umbilical ~ ®Unadjusted and adjusted ORs were analyzed by logistic regression.
cord clamping; Movement ABC, Movement Assessment Battery for Children, © Adjusted for the child’s sex, mother's educational level, father's educational
Second Edition; NA, not analyzed because n = 0in 1 group: OR, odds ratio; level, and child's age at testing.

WPPSI-Il, Wechsler Preschool and Primary Scale of Intelligence, Third Edition.

#The children were born at term and randomized to delayed (=180 s after
delivery) or early (=10 s) umbilical CC.

9 Palmar supinate or digital pronate grip.
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Figure 2. Proportion of Children With a Neurodevelopmental Score
Below the Normal Range at 48 Months of Age
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WFPPSI- 111 Maovement ABC ASOQ Fine - Motor
Processing-Speed Bicycling-Trail Task Score <36.7
Score <BS SCore < 7

(2.0%vs12.5%;P=.06) (3.6% vs 23.1%; P =.008) (8.9%vs23.6%; P=.03)
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Delayed CC compared with early CC improved scores in

the fine-motor and social domains at 4 years of age,

especially in boys, indicating that optimizing the time to
CC may affect neurodevelopment in a low-risk
population of children born in a high-income country.
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