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ABSTRACT

Objective: To compare iron stores in infants born
after elective caesarean section (CS) and a 30 s delay
of umbilical cord clamping with those born vaginally
after early (<10 's) or delayed (>180s) cord clamping.
Design: Prospective observational study with
historical control.

Setting: Swedish county hospital.

Population: 64 infants born after elective CS were
compared with a historical control of 166 early
clamped and 168 delayed clamped after vaginal birth.
Methods: Blood and iron status were measured in
blood samples collected at birth, 48-96 hours after
birth, 4 and 12 months of age.

Primary and secondary outcome measures:
Ferritin at 4 months of age was the primary outcome,
second outcome measures were other indicators of
iron status, and haemoglobin, at 4 and 12 months of
age, as well as respiratory distress at 1 and 6 hours
after birth.

Results: At 4 months infants born by elective CS had
better iron status than those born vaginally subjected
to early cord clamping, shown by higher adjusted
mean difference of ferritin concentration (39 pg/L (95%
Cl 10 to 60)) and mean cell volume (1.8 fL (95% Cl
0.6 to 3.0)); and lower levels of transferrin receptors
(=0.39 mg/L (95% Cl —0.69 to —0.08)). No
differences were seen between infants born after
elective CS and delayed clamped vaginally born infants
at 4 months. No differences were found between
groups at 12 months of age.

Conclusions: Waiting to clamp the umbilical cord for
30 s after elective CS results in higher iron stores at

4 months of age compared with early cord clamping
after vaginal birth, and seems to ensure iron status
comparable with those achieved after 180 s delayed
cord clamping after vaginal birth.

INTRODUCTION

During the two last decades, evidence has
accumulated regarding the benefits of
waiting to clamp the umbilical cord for
2-3min in term births.'” Research has

Strengths and limitations of this study
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m This study compares iron status and haemato-
logical parameters up to 12 months in term
infants after caesarean section (CS) with those
born vaginally in relation to time to umbilical
cord clamping.

= As an observational study with historical con-
trols, results must be interpreted with caution
because of potential bias from confounding.

= Nutrition and growth rate is expected to influence
iron status at a later age, and we could control
for these data.

= Only 35-40% of eligible pregnancies were
included, why readiness to participate may be a
confounding factor.

= A limitation for the conclusion is that cord
clamping at 30s at elective CS has not been
compared with the usual practice of immediate
cord clamping at elective CS.

mainly included vaginal births, omitting the
global increase in elective caesarean section
(CS) births.

Newborns subjected to delayed cord
clamping (DCC) have higher haemoglobin
(Hb) concentrations at 24—48 hours of life,
and improved iron stores at 4-6 months.!
After delivery, the newborn may receive up
to 30 mL/kg blood from its placental circula-
tion within 3-5min,” ® contributing 75 mg
iron which is equivalent to the infant’s
requirements for 3—4 months.

Iron deficiency is associated with impaired
development,” and a main reason for adopt-
ing DCC has been to reduce iron deficiency.
Recently, we have shown that DCC is asso-
ciated with improved fine motor skills at
4 years of age.”

Less is known about the placental transfu-
sion after prelabour elective CS. Elective CS
can be performed for several reasons, includ-
ing maternal, fetal and preferential factors.’
The obstetrician has to weigh possible
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benefits against possible disadvantages for the mother
and child. To ensure that this decision is evidence
based, research must contribute to a wider understand-
ing of long-term consequences of these actions.

Pioneering physiological studies in the 1960s by Lind
and colleagues showed that there was less placental
transfusion after CS than after early cord clamping
(ECQ) following vaginal delivery.10 More recently it was
demonstrated that it is possible to harvest a higher
volume of blood to stem cell banks after CS, also point-
ing to a reduced placenta to child transfusion after cs.M!

CS was associated with anaemia at 12 and 58 months
in two large longitudinal Chinese birth cohorts,'* and a
systematic review and meta-analysis found that CS com-
pared with vaginal delivery was associated with a
reduced placental transfusion and poor iron-related
haematological indices in both cord and peripheral
blood."”

We set out to prospectively study infants after elective
CS, and follow them with the same protocol used for
our cord clamping trial, using the vaginally born chil-
dren as a historic control group. After delayed umbilical
cord clamping at 180 s after vaginal births was intro-
duced at the hospital, the board of obstetricians chose
to perform cord clamping at 30 s after the delivery of
the child in elective CS as a pragmatic attempt to allow
for at least some placental blood transfusion.

Our hypothesis was that iron stores measured by fer-
ritin at 4 months in children delivered by CS with cord
clamping after 30 s would be lower than children born
vaginally after DCC and thus similar to those born vagi-
nally after ECC.

METHOD

Study design

This is a prospective observational study of children
delivered by CS, using reference data from a study’ of
children randomised to DCC versus ECC after vaginal
delivery.

Setting

During the period of 6 June 2010 and 29 February 2012,
women planned for elective CS were approached by the
midwife, informed of the study and asked for consent,
which was then signed by both parents. The historical
control group consisted of 382 term newborns included
in a randomised controlled trial between 16 April 2008
and 22 May 2009. The results from this trial have been
reported in several papers.” ® '* The study was per-
formed at the Hospital of Halland, Halmstad, Sweden.

Participants

Pregnant women were eligible if they met the following
criteria: non-smoking; normal pregnancy (no pre-
eclampsia, no diabetes, no prolonged rupture of
membranes or signs of infection) and term pregnancy
(gestational age 37+0 to 41+6 weeks). The mother also

had to understand Swedish well enough to participate in
the study. Exclusion criteria were serious congenital mal-
formations, syndromes or other congenital diseases that
could affect the outcome measures. For the elective CS
group, an additional eligibility criterion was admission
for a scheduled CS.

For the reference groups, eligibility also included
being randomised to ECC or DCC in the performed
randomised trial, having the intervention as allocated
(per protocol), and being born vaginally.

After delivering the infant, the obstetrician placed the
baby on the mother’s thighs or beside her on the oper-
ation table and waited 30 s to clamp the umbilical cord,
as advised by the present routine at the hospital. The
timing at 30 s had been chosen by the board of obstetri-
cians at the hospital before initiation of the current
study. The timing of the clamping was noted. After
clamping, blood samples for blood gas evaluation was
taken routinely from the placental side of the umbilical
vessels, and for the research project samples were taken
for analysis of blood status; Hb and mean cell volume
(MCV), and iron status; transferrin saturation (TS),
soluble transferrin receptor (sTfR) and ferritin.
Although ferritin is considered the most useful iron
status marker, it is not sufficiently validated in children."
We chose to also include TS (lower in iron deficiency)
and sTfR (higher in iron deficiency) as they, as well as
Hb and MCV, provided additional information on the
iron status of the infant.

As inflammation is known to influence iron status
markers,'® blood samples with C reactive protein (CRP)
>10 mg/L were excluded from analysis.

Apgar scores, birth weight, length and head circumfer-
ence were recorded according to routine. At 1 and
6 hours after birth, the midwife assessed the infant’s
well-being, and prospectively noted in the protocol
whether there were any respiratory difficulties (grunting,
presence of nostril flaring, respiratory frequency above
60 breaths/min and intercostal retractions) as well as if
the baby had been breast fed.

At the time for routine venous blood sampling for
metabolic screening at 2 days postpartum, additional
blood samples were collected, that is, blood and iron
status, and CRP.

At 3 months of age, a letter was sent to ask the parents
to return with their child at 4 months for sampling of
blood status, iron status and CRP. Again, at 11 months of
age, an invitation to return at 12 months was sent.
Venous blood samples for blood status, iron status and
CRP were obtained.

Blood was collected in EDTA tubes (BD Vacutainer,
Plymouth, UK) for blood status, and in serum separator
tubes (BD Vacutainer) for iron status, and CRP.

Complete blood counts were analysed with an auto-
mated haematology analyser (Sysmex XE 2100, Sysmex,
Kobe, Japan). Iron status indicators, and CRP were ana-
lysed with Cobas 6000 (Roche Diagnostics, Basel,
Switzerland).
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At 4 months, mothers reported their infant’s feeding
habits in a three-day diary and infant’s length and
weight was measured.

Definitions

At 2 days

Anaemia: Hb<145 g/L,17 polycythaemia: haematocrit
>0.65."

At 4 months
Anaemia: Hb<105 g/ L,15 iron deficiency: two indicators
of iron status outside reference range (ferritin

<20 pg/L," MCV<73 L, TS<10%,% sTfR>7 mg/L”).

At 12 months

Anaemia: Hb<110 g/L, iron deficiency: two indicators of
iron status outside reference range (ferritin <12 pg/L,
MCV<70 fL, and TS<10%, sTfR>5.6 mg).*!

Outcomes

The primary outcome was infant serum ferritin at
4 months of age. Secondary outcomes included infant
Hb and iron status (measured as serum ferritin, TS,
sTfR, MCV) at 4 and 12 months of age, Apgar score at
birth, and observations on breast feeding and respiratory
symptoms at 1 and 6 hours after birth.

Confounders

To be able to compare the included children with the
historical reference group and to ensure that inclusion
criteria were met, data on the mother (reported illness,
medication, parity, weight, height, smoking habits, blood
group Rhesus factor status and Hb concentration at the
time of admission to antenatal care) were obtained from
medical records. Nutrition and growth may affect iron
status at 4 months; to adjust for this we controlled
feeding habits at 4 months of age. As birth weight can
be affected by the size of placental transfusion, we
decided to only use length as a proxy for growth from
birth to 4 and 12 months.

Sample size

Our hypothesis was that the difference in ferritin at
4 months in children born by elective CS and DCC
would be the same as that shown between DCC and
ECC in a previous study,” that is a difference in log10
ferritin between 2.07 and 1.90 with a SD of 0.34. To
show this difference, a sample size of 63 was needed.

Statistical analysis

For the group comparison of continuous variables, we
used one-way analysis of variance (ANOVA) for variables
with normal distribution and Bonferroni as post hoc test
for pairwise comparisons. Categorical variables were
compared between pairwise groups by using Fisher’s
exact test and across all three groups with Pearson x*
test. Ferritin concentration was logl0 transformed for

analysis. A p<0.05 was considered significant. We used
SPSS, V.22.0 (IBM, Armonk, New York, USA).

For adjusted analyses, analysis of covariance
(ANCOVA) was used for test scores with Bonferroni post
hoc test for pairwise comparisons. For adjustment vari-
ables, background variables (table 1) with a difference
between groups with a p<0.1 were chosen, resulting in
mothers’ age and gestational age.

RESULTS

During the inclusion period, 505 infants were born after
CS, 98 (19%) preterm and 34 (7%) post-term, figure 1.
Among the term newborns (n=373), CS were classified
as acute (174, 47%), elective with a medical reason (145,
39%), and elective with no medical reason (54, 14%).
From the 199 elective term CS, 26 could not be included
due to maternal disease (diabetes, n=12), pre-eclampsia,
n=6, intrauterine growth restriction (IUGR), n=6 and
combination of pre-eclampsia and IUGR, n=2.
Additionally, five women smoked at admission to ante-
natal care, leaving 168 possible for inclusion. One
hundred and four declined participation, resulting in
the inclusion of 64 deliveries with elective CS. We did
not record the reason to decline out of respect for
parents’ privacy, but reluctance to return for repeated
blood sampling was the most common objection.
Furthermore, 166 ECC and 168 DCC controls were avail-
able for analysis, figure 1. We did compare data between
the 64 included elective CS with the available data from
the 104 who declined inclusion and no significant differ-
ences in maternal age, gestational age, infants’ birth
weight, length or head circumference was found, nor
any differences in Apgar score or umbilical blood gases,
pointing to our sample being representative for the
whole cohort (results not shown).

At 4 months 59 (92.2%) infants in the elective CS
group returned for blood sampling between 6 October
2010 and 28 June 2012. Corresponding blood samples
had been obtained from 153 (92.2%) in the ECC group
and from 156 (92.9%) in the DCC group between 8
August 2008 and 1 October 2009. At 12 months, 56
(87.5%) infants returned in the elective CS group
between 31 May 2011 and 20 February 2013, while in
the control group, 144 (86.7%) samples were available
from the ECC and 149 (88.7%) from the DCC group
(collected between 8 April 2009 and 21 May 2010; see
figure 1).

For baseline characteristics, see table 1. The sex distri-
bution was comparable between groups; 28 (44%) were
males in the CS group, 83 (50%) in the ECC group and
73 (44%) in the DCC group, p=0.44. As expected, the
gestational age was lower in the elective CS group than
in the ECC group, —1.2 weeks (95% CI —1.5 to —0.8,
p<0.001), and DCC group, —1.1 weeks (95% CI —1.5 to
—0.8, p<0.001). The maternal age was also higher in the
elective CS group than the in DCC group, 2.2 years
(95% CI 0.5 to 3.9, p=0.005).
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Table 1 Maternal and birth characteristics and early outcomes after elective CS or vaginal birth after early (<10 s) or delayed (>180 s) umbilical cord clamping*
Mean difference (95% Cl)t

Maternal characteristics CS n ECC n DCC n p Valuef CS vs ECC p Value§ CS vs DCC p Value§
At admission to antenatal care

Weight, kg 69.3 (14.8) 56 66.4(12.0)0 164 67.3(12.2) 168 0.32

Length, cm 166.8 (6.6) 56 167.9(6.4) 147 167.5(5.1) 141 0.44

Body mass index, kg/m? 248(4.3) 56 23.6(3.8) 146 239(3.6) 141 0.16

Haemoglobin, g/L 126.4 (10.1) 57 128.0(8.8) 161 128.0(10.8) 168 0.55
At day of giving birth

Age, years 33.0(56) 64 31.7(42) 166 30.8(4.9) 168 0.006 1.4 (-0.3 to 3.0) 0.15 2.2 (0.5 10 3.9) 0.005

Parity (including study child) 1.9(1.0) 64 1.8(0.9) 166 1.8(0.7) 168 0.88

Adjusted™ mean difference (95% CI)

Early infant characteristics cs n ECC n DCC n pValuet CSvsECC p Value] CS vs DCC p Valueq|
Gestational age, weeks 38.9(06) 64 40.0(1.1) 166 40.0(1.1) 168 <0.001 -1.2(-1.5t0-0.8) <0.001 ~1.1(-15t0 -0.8) <0.001
Apgar score at 1-min 9.0(1.0) 64 88(0.8) 166 9.0(0.4) 168 0.008 0.2 (-0.1 to 0.4) 0.42 —0.1(-031t002)  >0.99
Length, cm 504 (82.0) 64 50.7(1.9) 165 50.9(1.9) 168 0.23 0.7 (0.0 to 1.3) 0.046 0.4 (-0.2 to 1.1) 0.31
Birth weight, gram 3537 (567) 64 3523 (483) 166 3632 (464) 168 0.10 224 (51 to 398) 0.006 104 (=70 to 277) 0.45
Head circumference, cm 35.8(1.5) 64 347(1.3) 166 35.0(1.37) 168 <0.001 1.7 (1.2 to 2.1) <0.001 1.4 (0.9t0 1.9) <0.001
pH in umbilical cord artery 7.29 (0.05) 57 7.27 (0.08) 159 7.26 (0.08) 144 0.04 0.02 (-0.01 t0 0.05) 0.33 0.025 (-0.01 t0 0.06) 0.16
Base deficit 20(25) 56 4.4(34) 158 4.8(37) 143 <0.001 -2.0(-3.41t0-0.6) 0.002 2.4 (-3.81t0-1.0) <0.001

*Data are mean (SD) or mean difference (95% Cl).

TAdjusted for maternal age and gestational age.

FThe p values were calculated using one-way ANOVA.

§The p values were calculated using one-way ANOVA with Bonferroni post hoc comparison.

fIThe p values were calculated using analysis of covariance with Bonferroni post hoc comparison.

ANOVA, analysis of variance; CS, caesarean section; DCC, delayed cord clamping; ECC, early cord clamping.
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[Caesarean births (June 2010 to February 2012)J [

Vaginal births (April 2008 to May 2009) J

[ Assessed for eligibility (n= 505) I

Excluded (n=441)
Not meeting inclusion criteria (n= 337)
Declined to participate (n= 104)

A

Included (n=64)

A,

Cord clamping (30's, n=64 )

v

Follow-Up 2 days

Blood sample (n=53)

v

[ Follow-Up 4 months ] I Blood sample (n=59) ‘

A 4

[ Follow-Up 12 months ] ’ Blood sample (n=56) ‘

Figure 1 Trial profile. Flow diagram.

Apgar scores at 1 and 5 min were comparable between
groups.

Hb was lower in umbilical cord blood in the elective
CS group, when compared with the ECC group,
adjusted mean difference (AMD) —13.5 (95% CI —20.3
to —6.6, p<0.001) g/L and the DCC group, AMD
-85g/L (95% CI —15.4 to —1.5, p=0.01). However, at
48-72 hours of age, the Hb level did not differ between
groups. The Hb level after delivery increased more in
the DCC (31.3g/L [7.8], n=121) and CS (35.6g/L
[16.8], n=38) groups as compared with the ECC group
(11.5 g/L [16.8], n=121), p<0.001, indicating a larger
placental transfusion.

At 4 months, differences in ferritin, MCV, and transferrin
receptors (but not in TS) indicated better iron status in the
CS group compared with the ECC group (table 2). The
proportions of infants having abnormal values for iron
status parameters did not differ between the CS group, and
the ECC and DCC groups, respectively (table 3).

At 12 months, no differences between groups in iron
status or blood status could be shown (tables 2 and 3).

Auxiliary analysis
Postnatally, children born after CS were more likely to
not having been breast fed 1 hour after delivery as com-
pared with the ECG, relative risk (RR) 2.1 (95% CI 1.5
to 2.9) and DCC groups, RR 2.5 (95% CI 1.7 to 3.5).
The CS group had a higher risk of respiratory distress at
6 hours after birth compared with ECC, RR 3.4 (95% CI
1.1 to 10.5) and DCC, RR 4.4 (95% CI 1.4 to 14.9).
Respiratory distress at 1-hour of age and breast feeding
frequency at 6 hours did not differ between groups.

At 4 months, exclusive breast feeding was equally
prevalent among the groups, CS 27 (47%), ECC 78

| Assessed for eligibility (n=1992) |

Excluded (n= 1592)
Not meeting inclusion criteria (n= 929)
Declined to participate (n= 663)

v

Randomised (n= 400)

Early clamping (< 10's, n= 166 )
Did not receive intervention (n=34)

Delayed clamping (> 180 s, n= 168)
Did not receive intervention (n= 32)

‘ v

Blood sample (n=152) Blood sample (n=152)

Blood sample (n= 153) ‘ | Blood sample (n= 156) |

A4

Blood sample (n= 144) | ’ Blood sample (n= 149) |

(52%) and DCC 84 (56%), p=0.45. Exclusive breast
feeding correlated positively to the infants’ serum fer-
ritin level (r=0.144, p=0.007), but not to any other blood
sample analysed at 4 months. If ‘exclusive breast
feeding’ was included in the ANCOVA, results were not
different for any variable in any significant way, except
for TS, where the elective CS group attained a signifi-
cantly higher value than ECC: AMD 2.0% (95% CI 0.0
to 4.0), p=0.049.

The length and weight at 4 and 12 months of age
were comparable across groups, also when adjusted for
gestational age. Also weight and length gain from birth
was comparable between groups at 4 and 12 months of
age (data not shown). Adding ‘length gain’ into the
adjusted model did not alter differences in any signifi-
cant way.

DISCUSSION

Main findings

The findings in this prospective observational study indi-
cate that in infants born after elective CS with umbilical
cord clamping after 30s, iron stores at 4 months are
comparable to iron stores in vaginally born infants sub-
jected to DCC (>1805s), and improved compared with
vaginally born infants subjected to ECC (<10 ).

Strengths and limitations

The main strength of the present study is to report data
on iron status and haematological parameters in term
infants after CS, as compared with vaginal deliveries and
in relation to time to umbilical cord clamping.
Haematological and iron status after different timings of
umbilical cord clamping have previously been reported
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in several studies." Among available studies with
4 months or longer follow-up on iron stores, three
excluded infants born after CS? * ?* while one included
CS but did not separate results from vaginal birth.** From
an ethical, and in many cases also medical point of view,
it is impossible to randomise women to either elective CS
or vaginal birth. As the trial is observational, and not ran-
domised, the interpretation of the study’s results is
limited by the possibility of bias and confounding factors.
These include in particular unidentified differences in
baseline characteristics between groups, including pre-
natal maternal as well as perinatal and postnatal infant
influences. Except for iron stores at birth, nutrition and
growth rate is expected to influence iron status at a later
age, and we could control for these data that did not alter
the main outcomes. In all three groups, only 35-40% of
eligible pregnancies were included. Data from the
included EC cohort were not significantly different from
those who declined consent, indicating similarity
between included and ‘declined inclusion’ pregnancies.
A limitation for the conclusion is that cord clamping at
30 s at elective CS has not been compared with the usual
practice; immediate clamping at elective CS.

Interpretation

Previous studies have implied less placental transfusion
after CS. Consequently our findings are not in line with
the relatively scarce literature on this subject. One
explanation of our finding that CS rather improves iron
stores compared with ECC at 4 months of age could be
that the obstetrician actually waited 30s to clamp the
cord. The timing to umbilical cord clamping after CS
has usually not been reported in other studies, but we
presume it to have been performed immediately after
delivery. Another potentially contributing factor to the
improved iron stores is that infants born after elective CS
have a lower blood pressure due to less circulating
adenosine and Catecholamines,24 2 facilitating a faster
blood transfusion from the placenta. Unfortunately, we
did not record the time for the first breath/cry, but
earlier reports indicate that most newborns had started
breathing before the cord was clamped in the CS
group.”®

Hb in the umbilical cord blood sample was signifi-
cantly lower after elective CS compared with ECC and
DCC, a finding in coherence with a recent systematic
review and meta—analysis.13 This finding suggests that
umbilical cord Hb may not be a reliable marker of iron
status in newborns, as the result may reflect both iron
status and mode of delivery.

Our study supports the pragmatic approach to wait for
30 s before clamping after CS, as we could not demon-
strate any negative effect on iron homeostasis compared
with the vaginally born groups. Our findings might
imply that whatever negative consequences on the
child’s health CS is associated with, waiting for 30 s to
clamp the cord reduces those that could possibly be
explained by a diminished placental blood transfusion.

CONCLUSION

Erickson-Owens ¢t al’’ have suggested umbilical cord
milking as a possible procedure to facilitate the placental
transfusion after CS in term infants. Our results suggest
that the less invasive method of a 30 s DCC might be suf-
ficient to ensure the placental transfusion after elective
CS. Large observational studies, most preferably pro-
spective with vaginally born matched controls, are indi-
cated and warranted.

In summary, our study demonstrated that infants born
after elective CS with cord clamping at 30 s had iron stores
similar to those born vaginally with DCC and better than
those born vaginally with ECC at 4 months of age.
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