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Effects of cord milking in late preterm infants and full-term infants: a systematic review

and meta-analysis

Abstract

Background: Umbilical cord milking (UCM) consists of performing several milkings of the
cord from the placenta to the neonate. The objective was to evaluate the effects of UCM on

newborns >34 weeks gestation.

Methods: Searches were conducted in MEDLINE, EMBASE, CINAHL, the Cochrane
Database of Clinical Trials, and the clinicaltrails.gov database for randomized clinical trials
(RCT), with no time or language restrictions, and for articles that compared UCM with other
strategies. The main results were initial haemoglobin and haemoglobin after 6 weeks. The data
were collected by two reviewers and the quality of the studies was assessed using the Cochrane

Manual methodology.

Results: The sample included 1,845 newborns in 10 RCTs. The use of UCM in >34 weeks
gestation newborns was not related to initial haemoglobin levels (Pooled Weighted Mean
Difference: (PWMD=0.40g/L [-0.16 to 0.95]), or after 6 weeks (PWMD=0.07g/L [-0.29 to
0.27]). A reduction in haemoglobin levels was also observed at 6 weeks when the control group

had undergone late clamping (PWDM=0.16g/L [-0.26 to -0.06]).

Conclusions: UCM produced no differences in haematological variables for newborns with >
34 weeks of gestation relative to controls. However, a slight decrease in haemoglobin levels is

observed at 6 weeks when the control group is made up of newborns with late clamping.

Funding: The authors declare that this study was conducted without funding.



23 Keywords: delayed cord clamping, umbilical cord clamping, preterm infants, full-term

24  infants and meta-analysis.

25



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

1 INTRODUCTION

After birth, blood flow between the newborn and the placenta may continue for several
minutes, until the umbilical cord is cut or clamped . This placental transfusion is part of the

physiologic transition from foetal to neonatal circulation .

For full-term births, umbilical blood flow usually completes in two minutes, but it may
continue for up to five minutes. This gives the newborn 80 to 100 ml of additional blood which

can imply from one-third to a quarter of the neonatal blood volume at birth - .

Increased blood intake from placental transfusion leads to higher levels of neonatal

haemoglobin #8, additional iron reserves, and fewer cases of childhood anaemia °!!.

12,13 14-16

For these reasons, Clinical Practice Guidelines (GPC) and various scientific societies
recommend delaying umbilical cord clamping—known as delayed cord clamping (DCC)—
whenever possible, due to its positive impact on neonatal health. However, this technique may
not possible in some circumstances for a variety of reasons such as immediate neonatal
resuscitation or maternal hemodynamic instability. As an alternative to DCC in these cases, the

use of umbilical cord milking (UCM) has been proposed. This technique involves performing

several milkings of the umbilical cord from the placenta to the neonate !”.

A meta-analysis on the use of UCM was published in 2015, including seven randomised
controlled trials (RCTs) '®. Two studies included in this meta-analysis included full-term
newborns and late preterm infants (>34° weeks gestation); the rest of the studies included only
premature infants. The authors concluded that by performing UCM in premature newborns,
haemoglobin and haematocrit levels were higher than by performing another type of clamping.

They also found a reduced risk of oxygen need and intraventricular haemorrhage when UCM
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was performed. However, due to the small number of studies on full-term newborns, the

researchers were unable to reach any conclusions about this group.

In addition, a review of UCM use in full-term newborns and late preterm infants was published
in 2019 that included eleven studies '°. This review did not perform a meta-analysis and both
RCT and observational studies were included. The authors concluded that most studies showed
benefits to haematological variables for both umbilical cord milking and late cord clamping, as

compared to immediate cord clamping (ICC).

Despite the benefits shown for full-term newborns, the use of UCM remains an unstandardized
practice that requires further evaluation. It is important to determine the benefits and risks by

gestational age for DCC and ICC— the most relevant variables.

As such, the main objective of this systematic review and meta-analysis was to evaluate the
effects of UCM on full-term newborns and late preterm infants (>34 weeks of gestation). As a
secondary objective, the effects of stratified UCM were evaluated by weeks of gestation

(>34/34-37/>37 weeks) and type of control (ICC/DCC).

2 METHODS

This systematic review with meta-analysis was conducted in accordance with the PRISMA

) 20 statement.

(Preferred Reporting Items for Systematic Review and Meta-Analyses
2.1. Data sources and searches

The search strategy was: (stripping OR milking OR squeezing) AND (umbilicus OR umbilical

cord OR cord). A systematic search was performed in the main databases: Cochrane Library
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Plus, EMBASE, Scopus, Pubmed, and ClinicalTrials.gov. The specific database search strategy

is described in detail in Appendix 1.

The inclusion criteria were: (I) type of study: RCT; (II) population, including studies on > 34
gestational age (GA) newborns; and (III) type of intervention, where studies that investigated
UCM against a control intervention (ICC or DCC) were included. The exclusion criteria were
RCTs that included both full-term and premature newborns without the possibility of isolating

information from each group.

RCTs were selected without time or language restrictions. Two reviewers (IOE and JRA)
independently evaluated the articles obtained from a bibliographic search that was conducted
using titles and summaries in a first stage. They then evaluated the selected full texts. Any
disagreement was resolved upon reaching a consensus. If this was not possible, a third reviewer

(AHM) evaluated the articles.

The main result of our study was haemoglobin measured within 24 hours of birth and
haemoglobin measured at six weeks. The secondary results were: birth adaptation variables
(Apgar score at 1 and at 5 minutes); other haematological variables (first haematocrit, need for
transfusion before hospital discharge, hyperbilirubinemia requiring light therapy, ferritin levels
at six weeks, and serum bilirubin at 48 hours). The mean blood pressure was also included
within 6 hours from birth, and the clinical observation of jaundice. Short-term morbidities were
studied such as hypotension in the first 24 hours requiring inotropic volume or support, heart
rate and breathing rate at 30 minutes and 48 hours after birth, and mortality before hospital

discharge.

2.2. Data extraction and quality assessment
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The three reviewers (IOE, AAA and AHM) conducted data collection and quality assessment
independently. For continuous results, means and standard deviations (SD) were collected
whenever possible. When the means and SDs were not available and originally appeared as
median and range, or interquartile range, contact was sought with the authors and results were
requested. When this was not possible, the results were converted to mean and SD 2!. For the

categorical outcomes, the records of the study events were collected.

The risk of bias in each included study was assessed using the criteria described in the Cochrane
Handbook for Systematic Reviews of Interventions *2. Seven domains related to the risk of
bias were evaluated in each included trial because there is evidence that these problems are
associated with biased estimates of the treatment effect: [1] random sequence generation; [2]
concealment of assignment [3]; blinding of participants and staff [4]; blinding of results
assessment [5]; incomplete results data [6]; selective reports; and [7] other bias. The authors’

judements on the reviews were classified as "low risk", "high risk", or "uncertain risk" of bias.
9 9

2.3- Data synthesis

For the categorical results, relative risk (RR) was used, along with 95% of confidence interval
(95% CI). The Fixed Effects models by Mantel-Haenszel and the random effect models by
Der Simonian-Lairden were used depending on the absence or presence of heterogeneity,
respectively. Heterogeneity between the studies was estimated by statistical tests I° and
Cochran’s Q-tests. I 2 <25%, 25-50 and >50% values typically correspond to small, medium,

and large heterogeneity, respectively 2>,
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For the quantitative results, the pooled weighted mean difference (PWMD) with 95% CI were
used. Publication bias was also evaluated using the Egger test 2. Statistical significance was

defined at 0.05 level.

All calculations were performed with the StatsDirect statistical software, version 2.7.9

(StatsDirect Ltd., Cheshire, England).

3 RESULTS
3.1. Study selection

A total of 1,492 studies were extracted from the literature search. After the duplicate items
were removed, the 504 remaining documents were screened by title and summary. After
applying the inclusion/exclusion criteria, 10 articles were selected for qualitative and

quantitative analysis (meta-analysis) (Figure 1).

3.2. Study characteristics

The sample included 1,845 newborns with GA between 34° and 41%7 weeks. The selected

studies were conducted in the US 2%, India 2’32, Egypt 3>**, and Italy *.

The sample size of the studies ranged from 24 to 300 newborns. UCM was compared with
DCC in six RCTs 282931734 and ICC in four RCTs 2%?73%35 One RCT ?® included DCC as
control and DCC with milking the cut cord (DCM). In this case, to carry out the metanalysis,

we only included data on the UCM and DCC groups, and excluded data on the DCM group.
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The description of the UCM technique varied between the studies, including the number of
times the cord was milked towards the newborn (3 to 5 times), as well as studies describing

milking speed as 10 cm within 1 second.

The number of neonates in each study, the description of the UCM method used, how the cord

was handled in the control group, and the exclusion criteria are shown in Table 1.

3.3. Study and data quality

The risk of bias for the seven domains in each study is shown in Supplementary Figure 1. Six
of the ten studies were assessed as low risk for randomised sequence generation; in one study,
it was unclear; and three of them were assessed as high risk because the details on the methods
used for randomisation were not described. All studies reported that blinding of the involved
healthcare professionals was not possible due to the nature of the intervention (Supplementary

Table 1).

3.4 Main outcome and meta-analysis

3.4.1. Primary outcomes

3.4.1.1. Haemoglobin at 24 hours of birth

When grouping 5 newborn studies >34 GA 20283034 no significant differences in initial
haemoglobin values between the intervention and the control groups were observed (figure 2a

and figure 2b). In another study ?’, newborns between 34-37 GA proved to have increased
8
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haemoglobin levels in the intervention group (PWMD 1.60 g/L [0.96-2.23]) relative to the the
control group (Table 2 and Supplementary Table 2). In three studies that had ICC as the control
group 26273 it was observed that UCM was not related to an increase in haemoglobin relative
to the control group. No significant differences were found when comparing the intervention

group versus DCC (Table 2 and Supplementary Table 2).

3.4.1.2. Haemoglobin at 6 weeks

27-29,31,33,34

Six studies evaluated haemoglobin levels at six weeks after birth in neonates with

GA >34, and no significant differences were found between the intervention and the control

28.29.33.34 " a significant decrease in

group. However, in four studies on 885 >37 GA newborns
haemoglobin levels at six weeks from birth was observed in the intervention group as compared
to the control group (PWDM-0.16 g/L [-0.26 to -0.06]) (Figure 2¢ and figure 2d. Table 2 and

Supplementary Table 2).

In the sub-analysis by control group, when comparing the intervention group with the ICC
group, only one study 2’ showed an increase in haemoglobin levels at six weeks (PWDM 1.10
g/L [0.73 to 1.47]). However, in five studies evaluating UCM versus DCC 282313334
haemoglobin levels at six weeks of birth were lower in the intervention group, as compared to

the control group (PWDM-0.16 g/L [-0.26 t0-0.06]) (Table 2 and Supplementary Table 2).

3.4.2. Secondary outcomes

3.4.2.1. Phototherapy
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No significant differences in light therapy were observed between the intervention and control

groups in four studies 26283 (figure 2e and figure 2f. Table 2 and Supplementary Table 3).

3.4.2.2. Mean blood pressure

In three studies 20?7

, mean blood pressure of the UCM group was significantly higher than
in the control group (PWMD-2.87 mmHg [0.76 to 4.98]) (Table 2 and Supplementary Table

2).

3.4.2.3. APGAR scores at 1 minute

Only two studies 2632

evaluated APGAR scores at 1 minute and found that this was higher in
the intervention group than in the control group (PWMD-0.49 mmHg [0.04 to 0.94]) (Table 2

and Supplementary Table 2).

3.4.2.4. Other variables

No intergroup differences were found for the clinical observation of jaundice, haematocrit,
serum bilirubin at 48 hours, Apgar scores at 5 minutes, ferritin at 6 weeks, and heart and
respiratory rate at 30 minutes and 48 hours after birth (Table 2, Supplementary Table 2 and

Supplementary Table 3).

3.4.6. Publication bias

No publication bias was observed in the study of any variable, although there were many

outcomes with few studies, so it was not possible to evaluate the bias for all of them (Table 2).

10
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4 DISCUSSION

The results of our meta-analysis showed that performing UCM in full-term and late preterm
newborns (>34 GA) was not globally related to the initial haemoglobin levels nor levels at six
weeks. Neither was it related to the need for light therapy, haematocrit levels, nor the other
studied variables, except for small, non-clinically relevant increases in Apgar at 1 minute and

blood pressure scores with respect to the control groups.

As for the initial haemoglobin levels, no differences were found globally, by the type of control,
nor in the >37 GA newborns group. The late preterm infants (34-37 GA) group sub-analysis
was the only one associated with higher initial haemoglobin levels, although the data belonged
to a single study. In addition, in this study, ICC defined the control group, so higher initial
levels of haemoglobin could indeed be attributed to the type of control rather than to gestational

age.

Another studied outcome was haemoglobin levels at 6 weeks. No differences were found either
globally or in the late preterm infant group. However, lower haemoglobin levels were observed
in the UCM group, as compared to the control group in those > 37 GA and when the control
group was defined by DCC. By contrast, when the control group was defined by ICC, the
outcomes showed higher values in the UCM group. These results could be explained by the
technical superiority of DCC as compared to UCM and the superiority of UCM with respect to
ICC. However, studies on this topic are scarce and their low number of study subjects prevents

conclusive results.

Findings suggest that in cases when it is not possible to perform DCC, UCM may be an

alternative method to consider. The placenta contains approximately 15 to 20 ml of blood per

11
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kilogram of body weight, regardless of the birth weight *¢ which, if UCM is performed, results
in an increase in systemic blood volume, and therefore increased foetal haemoglobin, that could

reduce the risk of anaemia among newborns 37+,

Similarly, this increase in blood volume contributes to the physiological mechanisms that help
the newborn transition from placental to neonatal circulation, which may help stabilise blood
pressure and cardiovascular changes. This could explain the increase in mean blood pressure
observed in the intervention group relative to the control group *°*!. However, it is important
to note that a mean difference of 2.87 mmHg may not have a clinically significant impact on

the haemodynamic state of the newborn.

In our study, an increase in APGAR score at 1 minute was found in the intervention group, as
compared to the control group, although this difference was likely not clinically relevant. As
such, new trials are required to confirm this benefit since only two studies evaluated this
variable. New studies that set cut-off points, such as Apgar scores <7, are required to help
establish whether the differences have a clinically relevant impact on newborn health.
Nevertheless, no differences were found between the Apgar scores at five minutes, and this is
widely understood to be a more valuable assessment criterion of newborn wellbeing than one-
minute Apgar. The need for phototherapy, neonatal jaundice, bilirubin levels, heart rate, and

respiratory rate showed no differences among the study groups.

Several trials have been conducted demonstrating the advantages of DCC for the
haematological status of full-term newborns, but there have been few trials that analyse the
benefits of performing UCM. In our review, no superiority of the UCM technique over DCC
is found. However, despite this, the authors of an Italian study on caesarean-born, term
neonates suggested that if DCC cannot be performed, UCM may be considered as an alternative

procedure to increase haemoglobin levels in the postnatal period and iron reserves in the

12
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following weeks *>. Some scientific societies, including the Royal College of Obstetricians and
Gynaecologist (RCOG) * also see UCM as an alternative to late clamping in premature
newborns, however they warn that further research is needed on its benefits and associated

risks before the technique should be carried out systematically.

4.1 Strengths and limitations

The main strength of this systematic review and meta-analysis is that, to our knowledge, this
is the first meta-analysis that only includes studies on full-term newborns and late preterm
infants. In addition, the effect of UCM by subpopulations according to gestational age and type

of controls, as well as the study of publication bias, have been analysed.

There are several limitations of our systematic review. The inclusion and exclusion criteria
were of high variance, so there is heterogeneity in the study population. However, it was also
observed that the measured variables varied widely between the different studies. Another
limitation is the lack of standardisation of UCM practice among the studies, although the
method was described in detail in most trials. Finally, based on the results of this review of ten
studies, UCM may have beneficial effects. However, further research is needed before its

12716 recommend DCC, future

widespread use can be recommended. As the current guidelines
studies should consider DCC as a control intervention, in addition to using more uniform

inclusion and exclusion criteria and well-defined outcome measures for more reliable synthesis

of the data.

4.2 Conclusions

13



269  The main conclusion drawn from our systematic review is that performing UCM does not
270  appear to lead to significant differences in haematologic variables in late preterm infants and
271 full-term newborns with respect to controls (ICC/DCC). However, small differences have been
272 observed when stratifying by GA meta-analysis and type of control. UCM does not appear to
273 present an increased risk of associated complications for the variables studies and could be
274  considered as an alternative to DCC on those occasions when delayed cord clamping cannot
275  be carried out. However, due to the low frequency with which some of these complications
276  appear, and the low number of participants among the published studies, further research is

277  needed to confirm the safety of this practice and its recommended use.

278
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Table 1. Characteristics of the included studies.

UCM
Gestation UuCM Control
Author  Year N Country No. of Exclusion Criteria
al age Speed  Condition
times
Maternal medical and obstetric complications, severe anaemia (<9.0 g dI-! Hb), clotting
disorders and suspected intrauterine growth restriction. Women who smoked in pregnancy
Erickson- Rhode
2012 24 Island 37-4197wk 5 - IcC or who were non-English speakers were excluded. After delivery, the infant was excluded
Owens
(USA) if there was a confirmed diagnosis of intrauterine growth restriction or serious congenital
anomalies.
Short umbilical cord length (<25 cm), limp at birth, non-vigorous and born through
10 cm meconium-stained liquor, delivery by caesarean section for fetal compromise, multiple
North
Upadhyay 2013 200 >34%wk 3 within ICC births, delivery to Rh-negative mothers, major congenital anomalies, cord
India
Is prolapse, hydrops fetalis, placenta previa, placental abruption, and cord abnormalities such
as true knots.
Umbilical cord length <25 cm, non-vigorous babies with or without meconium-stained
Northern 10 cm liquor, multiple births (twins, triplets), babies of Rh-negative mothers, babies of retrovirus
Yadav 2015 300 >37wk 3 DCC, DCM
India within positive mothers, babies born with any major congenital anomalies, cord prolapse and cord
Is anomalies such as true knots.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Upadhyay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23123382
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/umbilical-cord
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/distilled-beverage
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/congenital-malformation
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/umbilical-cord-prolapse
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/umbilical-cord-prolapse
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/hydrops-fetalis
https://www-sciencedirect-com.sescam.a17.csinet.es/topics/medicine-and-dentistry/placenta-previa

10 cm Length of umbilical cord <25cm, non-vigorous babies, multiple births (twins, triplets),
Jaiswal 2015 200 India >36 wk 3 within DCC babies of Rh negative and retrovirus positive mothers, antenatally diagnosed major

Is congenital anomalies, cord prolapse, hydrops fetalis and cord anomalies like true knots.

Mothers with Rh negative blood group, haemolytic anaemia, those on medications, such as
Northeast anticonvulsants, insulin, thyroxin and steroids, and those having obstetrical problems, such
Bora 2015 179 37-415wk 3 - ICC

India as preeclampsia, eclampsia and diabetes mellitus, prolonged rupture of membranes,

confirmed or suspected infection and those with foetal malformations.

10 cm
Northern
Agarwal 2016 161 37-41wk 3 within DCC Cases were excluded from the study if the time exceeded 30 seconds of the cord cut.
India
Is
Known congenital anomalies of foetus, Rhesus sensitisation, foetal hydrops, medical
El Cairo
Hazem 2016 300 >37 wk 5 - DCC disorder (preeclampsia - diabetes mellitus - hypertension - SLE), need for urgent
(Egypt)
resuscitation and multiple pregnancies.
Congenital malformation of central nervous system, chromosomal abnormalities, major
Girish 2018 101 India > 35wk 3 - DCC
congenital malformations, and culture positive early onset sepsis.
Mothers with twins pregnancy, preterm delivery (< 37 weeks, patient should be sure of
date and date confirmed by ultrasound, e.g. biparietal diameter and femur length),
El Cairo
Azaree 2018 250 > 37wk 5 - DCC prolonged rupture of membranes (> 18 hours), fever, or foul smelling liquor, antepartum
(Egypt)

haemorrhage, pregnancy-induced hypertension or diabetes mellitus and history of maternal

liver or kidney disease or any other systemic illness.

24


https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaiswal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26008758

Diagnosis of intrauterine growth restriction or serious congenital anomalies

or NICU admission, Rh, or major ABO isoimmunisation indexed

AbanoTer
Zanardo 2019 130 39-40%7 3 - IcC by a positive direct antiglobulin test, and drugs administered to the infants. Neonates

me, (Italy)
were also excluded if an umbilical artery blood sample for blood gas analysis and

contemporary Hct levels was not or incorrectly obtained.

Abbreviations: ICC, immediate cord clamping; DCC, delayed cord clamping; UCM, umbilical cord milking.; DCM, DCC with milking the cut cord.
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Table 2. Comparison of Umbilical Cord Milking vs Control Intervention

Gestational No of
No of - RR (95% CI)° MD (95% CI)° I Value, % Cochra  Egger
QOutcome age participan
studies n’s Q bias
ts
>34 weeks 5 853 0.40 (-0.16 to 0.95)* 84.2% (57.3-91.5)"  <0.001 0.469
>37 weeks 4 653 0.09 (-0.06 to 0.23) 39.0% (0-78.9) 0.178 0.946
Haemoglobin 34-37 weeks 1 200 1.60 (0.96 to 2.23) NC NC NC
Control ICC 3 403 0.62 (-0.81 to 2.05)* NC <0.001 0.716
Control
2 450 0.12 (-0.03 to 0.27) NC 0.455 NC
DCC
>34 weeks 6 1255 0.07(-0.29 to 0.43)* 88.4% (76.1-92.9)**  <0.001 0.449
>37weeks 4 885 -0.16 (-0.26 to -0.06) 0.0% (0-67.9) 0.650 0.657
H: lobin 6
ACmOgIobIn b T eeks 2 370 0.46 (-0.85 to 1.77)* NC <0.001 NC
weeks
Control ICC 1 170 1.10 (0.73 to 1.47) NC NC NC
Control
5 1085 -0.16 (-0.26 to -0.06) 0.0% (0-64.1) 0.792 0.780
DCC
1.36 (0.74-2.50
>34 weeks 4 712 ( ) 0.0% (0-72.9) 0.619 0.534
>37weeks 3 512 1.36 (0.74-2.50) 0.0% (0-77.9) 0.619 NC
Phototherapy 34-37weeks 1 200 NC NC NC NC
Control ICC 2 224 5.00 (0.26-95.07) NC NC NC
Control
2 488 1.24 (0.66-2.32) NC 0.726 NC
DCC
Clinical
observation of >34weeks 2 224 0.63 (0.07-5.26)* NC 0.005 NC
jaundice
Haematocrit >34 weeks 3 354 0.49 (-0.55 to 1.54) 23.7% (0-78.7) 0.270 NC
Mean blood
>34 weeks 3 424 2.87 (0.76 to 4.98) 0.0% (0-72.9) 0.608 NC
pressure
Serum
>34 weeks 4 554 0.33 (-0.05 to 0.73) 0.0% (0-67.9) 0.478 0.737
Bilirubin
Apgar scores 1
>34 weeks 2 125 0.49 (0.04 to 0.94) NC 0.276 NC
minute
Apgar scores 5
>34 weeks 3 413 0.11 (-0.31 to 0.53)* 87.8% (51.1-94.2)**  0.003 NC

minutes
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Ferritin 6

>34 weeks 327 -8.40 (-26.30 to 9.50)* 97.3% (95.5-98.2)**  <0.001 NC
weeks
Heart rate 30

>34 weeks 400 0.11 (-1.61 to 1.84) NC 0.143 NC
min
Heart rate 48 h >34 weeks 400 1.17 (-0.66 to 3.01) NC 0.862 NC
Respiratory

>34 weeks 400 -0.17 (-1.66 to 1.32) NC 0.513 NC
rate 30 min
Respiratory

>34 weeks 400 0.83 (-0.54 t0 2.22) NC 0.544 NC
rate 48 h

NR: Not reported; NR: Not calculated; CI: Confidence Interval.

heterogeneity.

*Random effects (DerSimonian-Laird).** 12 >50% correspond to large
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Appendix 1. Search strategies

Database Search Strategies Hits
(stripping[All Fields] OR milking[ All Fields] OR squeezing[All Fields]) AND (("umbilicus"[MeSH Terms] OR
"umbilicus"[All Fields]) OR ("umbilical cord"[MeSH Terms] OR ("umbilical"[All Fields] AND "cord"[All Fields]) OR
Pubmed 291
"umbilical cord"[All Fields]) OR ("cone-rod dystrophies"[MeSH Terms] OR ("cone-rod"[All Fields] AND
"dystrophies"[ All Fields]) OR "cone-rod dystrophies"[All Fields] OR "cord"[All Fields]))
(‘stripping'/exp OR stripping OR 'milking'/exp OR milking OR squeezing) AND (‘umbilicus'/exp OR umbilicus OR
Embase 446
'umbilical cord'/exp OR 'umbilical cord' OR (('umbilical'/exp OR umbilical) AND cord) OR cord)
Scopus (stripping OR milking OR squeezing) AND (umbilicus OR umbilical AND cord OR cord) 648
Clinicaltrials (stripping OR milking OR squeezing) AND (umbilical cord OR cord) 50
Cochrane Library plus (stripping OR milking OR squeezing) AND (umbilicus OR umbilical AND cord OR cord) 57
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Supplementary table 1. Assessment of the risk of bias. Information sources comments by reviewers

Blinding of

Random sequence Allocation
participants and Blinding of outcome  Incomplete outcomes Selective reporting
generation (selection concealment Other bias
personnel assessment data (attrition bias) (reporting bias)
bias) (selection bias)
(performance bias)
Unclear Unclear Low Risk Low Risk Low Risk Low Risk Low Risk
Not blinded: Blinded: Nursery and
Obstetrician, lab staff.
Erickson-Owens DA; 2012
paediatrician and staff In addition. those
Randomisation card (No information ’ Only 1 loss in cord
- variables measured as
Randomised controlled trial was opened how this  available on envelopes (It is only reported milking
; in outs Hb
Oct 2008 — Jan 2009 card was performed is ~ being sealed, opaque, that they did not know Al Oicome 4Te Foll
. ollow up:
N =24 (12:12) not reported) numbered ...) about the intervention and haematocrit,
36 — 48 hours
and that those who whose measurement
knew about it, did not does not depend on
report it) blinding
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
Upadhyay A; 2013
Computer generated It reports not being The variables

Randomised controlled trial

April 2010 — Sept 2011

random numbers in
blocks of 4. These

numbers were divided

Serially numbered
opaque sealed

envelopes

possible for
researchers or

clinicians.

measured as main
outcome are

analytical, so its

14 losses in

intervention group
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N =200 (100:100)

into 2 groups based on

measurement does not

15 losses in control

whether the random depend on blinding.
group
number was odd or
even.
Follow up: 6 weeks
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
2015; Yadav
UCM: 7 losses
Generated random Not blinded: Primary )
Blinded: Study DCC 7 losses
Randomised controlled trial number list in Numbered, opaque, investigator and
participants and lab DCM: 5 losses
Jan 2014 — Dec 2014 sequentially using an sealed envelopes, neonatal team
investigators
N =300 (100:100:100) online software
Follow up: 6 weeks
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
2015; Jaiswal
Computer generated Serially numbered Not blinded: Blinded: Lab
Follow up:
Randomised controlled trial random numbers in opaque sealed Clinicians investigator, NICU
24 — 48 hours
Aug 2012 — Aug 2013 blocks of 8. envelopes staff, and radiologist
N =200 (100:100)
2015; Bora Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
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Randomised controlled trial
July 2012 — June 2013

N =200 (50:50:50:50)

Anaemia milk:

5 losses

Anaemia non-milk: 6

Blinded: Nursery, losses
Computer generated Opaque sealed Not blinded: o
follow up providers, No anaemia milk: 5
random numbers envelopes Clinicians
and lab staff. losses
No anaemia, no milk:
5 losses
Follow up:
6 months
Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk
2016; Agarwal Trial follow-up
("we used computer- UCM: 17 losses
R . Sealed, numbered Not blinded: Blinded: Staff,
Randomised controlled trial generated random DCC: 22 losses
opaque envelopes Clinicians researchers involved
Aug 2013 — Aug 2014 numbers in blocks of pad P Follow-up: 1 year
N =200 (100:100) 8”)
2016; Hazem High Risk High Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Randomised controlled trial
Aug 2015 — March 2016

N =300 (150:150)

No information

No information

Masking: Single

(Outcomes Assessor)

Masking: Single
Started: 300 (UCM
(Outcomes Assessor)
150; DCC 150)
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Completed: 292
(UCM 145: DCC147)
Reason Not
Completed: Adverse
Event (UCM 2; DCC
3) and Lost to Follow-

up (UCM 3: DCC 4)

Girish; 2018

Quasi-randomised controlled
Jan 2015 — Oct 2016

N =101 (50:51)

High Risk

High Risk

Low Risk Unclear* Low Risk Low Risk

Low Risk

We choose to
randomise neonates
based on their months
of birth. Infants born
during even months
(February, April, June,
August, October, and
December) were
included in the UCM
group, and those born
during odd months
(January, March, May,

July, September, and

No information

UCM:

12 losses
Non-blinded. (Analyst

Non-blinded could have been
Control:
blinded)
8 losses
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November) were

assigned to the control

group.

High Risk High Risk Unclear Unclear Low Risk Low Risk Low Risk
2018; Azaree
Randomised controlled trial No information No information No information No information No losses
June 2017 — Dec 2017
N =250 (125:125)
Unclear Unclear Unclear Low Risk Low Risk Low Risk

2019; Zanardo

Randomised controlled trial
Oct 2018 — Jan 2019

N = 130 (65:65)

Low Risk

Just before surgery, a

randomisation card
was opened by the
investigator, who
informed the
obstetrician of the
group assignment:
ICC or

intact UCM, the

intervention group.

(It is not reported
whether the
randomisation card
was opaque, sealed,

numbered...)

No information

No information

167 women were
admitted for a term
elective
Caesarean section.
Overall, 130 women
and their foetuses
were
enrolled and
randomised, and all
women/infant pairs

completed
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the haematological

study,
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Supplementary Table 2. Quantitative variables subjected to study in full-term and late preterm infants

Haemoglobin Haematocrit Mean blood pressure Ferritin 6 weeks Serum Bilirubin Haemoglobin 6 weeks
Author
Milking Control Milking Control Milking Control Milking Control Milking Control Milking Control
2012; Erickson-Owens 153 (1.8) 14.6 (1.3) 475 (6.1) 452 (4.1) 57 (9) 51 (10) NR NR 124(2.1) 11.8(3.8) NR NR
2013; Upadhyay 15.1 (2.5) 13.5(2.1) NR NR 51.6 (11.3) 48.4 (10.7) 355.9 (182.6) 177.5 (135.8) 7.4 (3.1) 6.6 (2.3) 11.9 (1.5) 10.8 (0.9)
2015; Yadav 16.5 (1.8) 16.2 (1.8) 49.9 (5.4) 48.8 (5.5) NR NR 190.73 (94.35) 257.86(94.88) 72(2.4) 72(2.4) 10.8 (1.4) 10.8 (1.5)
2015; Jaiswal NR NR NR NR 64.39 (10.85) 62.40 (11.84) NR NR NR NR 11.03 (2.37) 11.27 (2.62)
2015; Bora 14.4 (1.8) 14.8 (1.8) NR NR NR NR NR NR NR NR NR NR
2016; Agarwal NR NR NR NR NR NR 134 (89.8) 142.7 (87) NR NR 11 (2.4) 11.3 (2.6)
2016; Hazem NR NR NR NR NR NR NR NR NR NR 11.86 (0.71) 11.95 (0.88)
2018; Girish NR NR NR NR NR NR NR NR NR NR NR NR
2018; Azaree 15.9 (0.6) 15.8 (0.7) NR NR NR NR NR NR NR NR 10.4 (0.5) 10.6 (0.5)
2019; Zanardo NR NR 44.5(4.8) 44.9(4.2) NR NR NR NR 7.42.1) 7.1(1.8) NR NR
Egger’s Bias(p-value ) 0.469 NC NC NC 0.737 0.449

I? 95% CI

84.2% (57.3-91.5)

23.7% (0-78.7)

0.0% (0-72.9)

97.3% (95.5-98.2)

0.0% (0-67.9)

88.4% (76.1-92.9)

Cochran’s Q(p-value)

<0.001

0.270

0.608

<0.001

0.478

<0.001

PWMD IC 95%

0.40 (-0.16 t0 0.95)

0.49 (-0.55 to 1.54)"

2.87 (0.76 to 4.98)

-8.40 (-26.30 t0 9.50)°

0.33 (-0.05 t0 0.73)"

0.07(-0.29 to 0.43)°

NR: Non reported; NR: Not calculated; CI: Confidence Interval. *Mantel-Haenszel fixed effect. "Random effects Model (DerSimonian-Laird)
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Apgar scores 1 minute Apgar scores S minutes HR at 30 min HR at48 h RR at 30 min RR at 48h
Author
Milking Control Milking Control Milking Control Milking Control Milking Control Milking Control
. 8 (0.61) 7.75(0.91) 8.75(0.30) 8.75 (0.30) NR NR NR NR NR NR NR NR
2012, Erickson-Owens
NR NR NR NR 139.0 (10.0) 137.5 (8.2) 135.3 (15.0) 134.4 (10.6) 433 (6.2) 43.9 (7.9) 41.9 (6.1) 41.4 (6.6)
2013; Upadhyay
NR NR NR NR NR NR NR NR NR NR NR NR
2015; Yadav
i NR NR NR NR 14328 (8.00)  144.37(8.98)  127.43(7.66)  126.16(7.71)  47.56(10.98)  47.16(3.85) = 33.74(10.72)  32.36(3.82)
2015; Jaiswal
NR NR NR NR NR NR NR NR NR NR NR NR
2015; Bora
NR NR NR NR NR NR NR NR NR NR NR NR
2016; Agarwal
NR NR 8.73 (0.58) 8.26 (0.66) NR NR NR NR NR NR NR NR
2016; Hazem
B 5(1.78) 4.25 (1.55) 7(1.33) 7.25 (1.11) NR NR NR NR NR NR NR NR
2018; Girish
NR NR NR NR NR NR NR NR NR NR NR NR
2018; Azaree
NR NR NR NR NR NR NR NR NR NR NR NR
2019; Zanardo
EggerBias NC NC NC NC NC NC
(p-value)
12 95% CI NC 87.8% (51.1-94.2) NC NC NC NC
Q Cochran 0276 0.003 0.143 0.862 0513 0.544
(p-value)
PWMD IC 95% 0.49 (0.04 to 0.94) 0.11 (-0.31 to 0.53)* 0.11 (-1.61 to 1.84) 1.17 (-0.66 t0 3.01) 0.17 (-1.66 to 1.32) 0.83 (-0.54 t0 2.22)

HR, heart rate per minute; RR, respiratory rate per minute. PWMD: Pooled weighted mean difference; NR:

(DerSimonian-Laird).

Non reported; Not calculated; *Mantel-Haenszel fixed effect.?’Random effects Model

36



Supplementary Table 3. Categorical variables subjected to study in full-term and late preterm infants

Clinicalobservatio
Transfusion Phototherapy Oxygen at birth ) ) Hipot. Drugs Hipot. Expanders Mortality
Author n of jaundice
Milking Control Milking Control Milking Control Milking Control Milking Control Milking Control Milking Control
2012;Erickson-Owens 0/12 0/12 2/12 0/12 5/12 8/12 12/12 10/12 NR NR NR NR NR NR
2013; Upadhyay NR NR 0/100 0/100 NR NR 14/100 8/100 NR NR NR NR NR NR
2015; Yadav NR NR 4/100 4/100 NR NR NR NR NR NR NR NR NR NR
2015; Jaiswal NR NR NR NR NR NR NR NR NR NR NR NR NR NR
2015;Bora NR NR NR NR NR NR NR NR NR NR NR NR NR NR
2016; Agarwal NR NR NR NR NR NR NR NR NR NR NR NR NR NR
2016; Hazem NR NR 16/145 12/143 NR NR NR NR NR NR NR NR NR NR
2018; Girish NR NR NR NR NR NR NR NR 6/50 5/51 4/50 3/51 4/50 3/51
2018; Azaree NR NR NR NR NR NR NR NR NR NR NR NR NR NR
2019; Zanardo NR NR NR NR NR NR NR NR NR NR NR NR NR NR
EggerBias
NC 0.534 NC NC NC NC NC
(p-value )
12 95% CI NC 0.0% (0-72.9) NC NC NC NC NC
Q Cochran
NC 0.619 NC 0.005 NC NC NC
(p-value)
RR 95% CI NC 1.36 (0.74-2.50) NC 0.63 (0.07-5.26)* NC NC NC
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Supplementary figure 1: Risk of Bias Assessment
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