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A Comparison of Strategies for Managing the Umbilical Cord at Birth in
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Objective To evaluate the rates of practice, and the associations between different cord management strategies
at birth (delayed cord clamping [DCC], umbilical cord milking [UCM], and early cord clamping [ECC]) and mortality
or major morbidity, rates of blood transfusion, and peak serum bilirubin in a large national cohort of very preterm
infants.
Study design We retrospectively studied preterm infants <33 weeks of gestation admitted to the Canadian
Neonatal Network between January 2015 and December 2017. Patients who received ECC (<30 seconds),
UCM, or DCC (³30 seconds) were compared. Multiple generalized linear/quantile logistic regression models
were used.
Results Of 12 749 admitted infants, 9729 were included; 4916 (50.5%) received ECC, 394 (4.1%) UCM, and 4419
(45.4%) DCC. After adjustment for potential confounders identified between groups in univariate analyses, the odds
of mortality or major morbidity were higher in the ECC group when compared with UCM group (aOR, 1.18; 95% CI,
1.03-1.35). Mortality and intraventricular hemorrhage were associated with ECC as compared with DCC (aOR, 1.6
[95%CI, 1.22-2.1] and aOR, 1.29 [95%CI, 1.19-1.41], respectively). The odds of severe intraventricular hemorrhage
were higher with UCM compared with DCC (aOR, 1.38; 95% CI, 1.05-1.81). Rates of blood transfusion were higher
with ECC compared with UCMand DCC (aOR, 1.67 [95%CI, 1.31-2.14] and aOR, 1.68 [95%CI, 1.35-2.09], respec-
tively), although peak serum bilirubin levels were not significantly different.
Conclusions Both DCC and UCM were associated with better short-term outcomes than ECC; however, the
odds of severe intraventricular hemorrhage were higher with UCM compared with DCC. (J Pediatr 2020;225:58-64).
T
he approach to umbilical cord management of preterm infants at birth has shifted from routine immediate clamping to
delayed cord clamping (DCC) and umbilical cordmilking (UCM) to enable placental transfusion to the infants at birth.1

Early cord clamping (ECC) has been practiced for decades, but deprives the newborn infant of the multiple merits of
placental transfusion. ECC does not stand on a physiologic basis, but rather a perceived need for early resuscitation and/or
as a perceived part of the activemanagement of labor.2-5 Professional organizations such as the International Liaison Committee
on Resuscitation, Neonatal Resuscitation Program, and American College of Obstetricians and Gynecologists have recommen-
ded DCC for 30-60 seconds for most preterm infants.6-8 This recommendation has been reinforced by a recent meta-analysis
showing decreased mortality and numbers of blood transfusions in preterm infants receiving DCC as opposed to ECC.9 How-
ever, there are situations when DCC is contraindicated (eg, interrupted placental circulation) and others when the evidence for
its use is still lacking (eg, nonvigorous infants requiring resuscitation). In such situations, ECC may still be practiced.6-8
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small clinical trials that have comparedUCMwithDCC inpre-
term infants have shown that short-term outcomes for both
techniques were similar, except for a higher incidence of intra-
ventricular hemorrhage (IVH) in the DCC group.14-17

The latter finding contradicts the most recent clinical trial,
which was stopped because of a significant increase in severe
IVH associated with UCM in extremely preterm infants.18

Our objective for this study was to examine the associa-
tions between different cord management strategies and
mortality or major morbidity, rates of blood transfusions,
and peak serum bilirubin levels in very preterm infants.
Methods

We carried out a retrospective cohort study of very preterm
infants (<33 weeks of gestation) admitted to neonatal inten-
sive care units (NICUs) participating in the Canadian
Neonatal Network (CNN) database between January 2015
and December 2017. Preterm infants who received ECC
(<30 seconds), UCM, or DCC (³30 seconds) were identified.
Infants with a palliative care plan, those with major congen-
ital anomalies, and those missing cord clamping data were
excluded.

We examined maternal, perinatal, and neonatal data
including antenatal, delivery, resuscitation, postnatal course,
and short-term outcomes for eligible infants who received
ECC, UCM, or DCC at birth. Gestational age was defined
as the best estimate based on obstetric history, obstetric ex-
amination, and first prenatal ultrasound examination.
Maternal baseline characteristics included maternal diabetes
and hypertension/preeclampsia. Perinatal baseline character-
istics included maternal receipt of steroids and magnesium
sulfate, singleton pregnancy, prolonged rupture of mem-
branes, sex, gestational age at delivery, and outborn vs inborn
status. Short-term clinical outcomes included birth weight,
Apgar score, intubation, surfactant use, admission tempera-
ture, inotrope use within 48 hours, Scores for Neonatal Acute
Physiology, peak serum bilirubin level, blood transfusion,
ventilation, IVH, bronchopulmonary dysplasia (BPD), severe
retinopathy of prematurity, patent ductus arteriosus, late-
onset sepsis, necrotizing enterocolitis (NEC), and mortality.
Grades of IVH were defined as per Papile et al.19 Severe IVH
was defined as IVH grade ³3. BPD was defined as any respi-
ratory support at 36 weeks’ corrected age or at the time of
transfer to another medical facility if that occurred before
36 weeks’ corrected age.20 Severe retinopathy of prematurity
was defined as stage ³3 according to the International Classi-
fication or requiring treatment.21 NECwas defined according
to Bell criteria, and those with stage ³2 were included in this
study.22 Mortality was defined as any death before discharge
from the NICU; and major morbidity included BPD, severe
IVH, NEC, severe retinopathy of prematurity, or late-onset
sepsis.

Data on individual infants were collected as part of the
ongoing CNN data collection system including 30 partici-
pating NICUs. At all affiliated sites, demographics and
outcome data were collected from patient charts by trained
research assistants using a computerized data entry program
according to standardized outcome definitions.23 In the dig-
ital standardized form, the time period from birth until cord
clamping (in seconds) was recorded for infants. ECC was
defined as clamping the cord at <30 seconds and DCC was
defined as clamping the cord at ³30 seconds. Cord milking
was defined as milking of the cord 3-5 times from placenta
toward the baby at a rate of 5-10 cm/second and reported
as “yes” or “no” without a specifying how many times or
how long the umbilical cord segment was milked. Data
were collected on each infant until death or discharge from
the NICU and transmitted electronically to the CNN coordi-
nating center, where they were stored. The CNN database has
been reported to have very high reproducibility and internal
consistency.24

For the CNN database, data collection was approved by
each institution’s research ethics board or institutional qual-
ity improvement committee, as appropriate. The retrospec-
tive secondary analysis using data from the database for
this study was approved by the Research Ethics Board at
the IWK Health Centre in Halifax and the CNN Executive
Committee.
Statistical Analyses
Descriptive statistics were used to describe the study popula-
tion. Maternal and infant characteristics were compared
among the 3 cord management strategy groups using the
c2 test for categorical variables and the F-test or Kruskal-
Wallis test, as appropriate, for continuous variables. Pairwise
comparisons of the characteristics between the strategy
groups were further conducted using the c2 test for categor-
ical variables and the Student t test or Wilcoxon rank-sum
test, as appropriate, for continuous variables. Trends in the
usage rates of the 3 cord management strategies over study
years were examined using the Cochran-Armitage trend
test. We examined group differences in the outcomes in uni-
variate analysis using the c2 test for categorical outcomes and
the Student t test or Wilcoxon rank-sum test, as appropriate,
for continuous ones. To further determine associations be-
tween the outcomes and the cord management strategy
groups, we applied multiple logistic regression models for bi-
nary outcomes and linear regression or quantile regression
models for normally distributed or heavily skewed contin-
uous outcomes, respectively. The generalized estimating
equation was used for the multiple regression analyses to ac-
count for the clustering of patients within each site. Potential
confounders, identified in the univariate analysis and
adjusted for in the regression models, included gestational
age, small for gestational age, cesarean delivery, prolonged
rupture of membranes >24 hours, antenatal magnesium sul-
phate use, antenatal steroid use, and maternal hypertension.
Data management and statistical analyses were performed
using SAS 9.4 (SAS institute Inc, Cary, North Carolina). A
2-sided P value of <.05 was used to specify statistical signifi-
cance without adjustment for multiple comparisons.
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Results

Of 12 749 patients admitted to the CNN during the 3-year
study period, 9729 infants were included in the study. A total
of 4916 (50.5%) received ECC, 394 (4.1%) received UCM,
and 4419 (45.4%) received DCC (Figure 1). Significant
increases occurred in the rates of DCC and UCM practiced
over the study years (P < .001), with almost one-half of
patients receiving DCC in 2017 (Figure 2; available at
www.jpeds.com).

On univariate analyses, significant differences were seen
between the 3 study groups in gestational age, small for gesta-
tional age, use of antenatal steroids and magnesium sulfate,
maternal hypertension, prolonged rupture of membranes,
and cesarean deliveries (Table I). The clinical outcomes
during hospital stay for infants in each of the 3 groups are
shown in Table II. After adjustment for potential
confounders identified by univariate analyses, mortality
was higher in the ECC group compared with the DCC
group (aOR, 1.60; 95% CI, 1.22-2.10), and mortality or
major morbidity was higher in the ECC group compared
with the UCM group (aOR, 1.18; 95% CI, 1.03-1.35)
(Table III).

Further comparison of the outcomes between groups after
adjustment for confounding variables revealed the following.

ECC vs UCM
Infants who received ECC had higher odds of Apgar scores of
<4 at 5 minutes (aOR, 1.53; 95% CI, 1.04-2.24) and intuba-
tion at birth (aOR, 1.62; 95% CI, 1.27-2.07); had lower
admission temperatures (adjusted difference in mean
�0.07�C; 95% CI, �0.11 to �0.02); and had higher odds of
receiving blood transfusions (aOR, 1.67; 95% CI, 1.31-
2.14) (Table III).

ECC vs DCC
Infants who received ECC had significantly lower birth
weight (adjusted difference in mean of �16 grams; 95% CI,
�24, to �8 grams); and higher odds of Apgar scores <4 at
5 minutes (aOR, 2.30; 95% CI, 1.73-3.06), Scores for
Infants admitted to CNN 
(Jan 2015-Dec 2017) 

n = 12 749

Included 
n = 9729 

Excluded (n = 3020)
- Major congenital anomalies or 

moribund at birth: n = 553    
- Missing cord clamping data: n = 2467

Received UCM
n = 394 

Received DCC
n = 4419 

Received ECC
n = 4916

-

Figure 1. Study flow chart.
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Neonatal Acute Physiology scores >20 (aOR, 1.80; 95% CI,
1.42-2.28), surfactant use (aOR, 1.40; 95% CI, 1.26-1.57),
inotropic support in the first 48 hours (aOR, 2.07; 95% CI,
1.58-2.70), blood transfusion (aOR, 1.68; 95% CI, 1.35-
2.09), IVH (aOR, 1.29; 95% CI, 1.19-1.41), severe IVH
(aOR, 1.33; 95% CI, 1.13-1.56), late-onset sepsis (aOR,
1.33; 95% CI, 1.20-1.48), patent ductus arteriosus (aOR,
1.14; 95% CI, 1.01-1.27), and mortality (aOR, 1.6; 95% CI,
1.22-2.10) (Table III).

UCM vs DCC
Infants receiving UCM had higher odds of intubation at birth
(aOR, 1.43; 95% CI, 1.07-1.91), surfactant use (aOR, 1.26;
95% CI, 1.04-1.53), Scores for Neonatal Acute Physiology
scores on admission >20 (aOR, 1.49; 95% CI, 1.10-2.02),
and severe IVH (aOR, 1.38; 95% CI, 1.05-1.81) than those
who received DCC. However, infants who received UCM
had higher admission temperature than those who received
DCC (adjusted difference in mean 0.05�C; 95% CI, 0.01-
0.09�C).
There were no associated increases in peak bilirubin levels

in the DCC or UCM when compared with the ECC group. In
addition, neither of the placental transfusion practices was
associated with increased morbidity compared with ECC
(Table III).
A subgroup analysis was performed for the extremely pre-

term infants (<28 weeks of gestation). Of these, 1633 infants
received ECC, 152 received UCM, and 1052 received DCC.
Comparison of the 3 cord management strategy groups re-
vealed similar results to those reported for the overall cohort
(Table IV; available at www.jpeds.com).
Discussion

In this large national cohort study, we identified higher odds
of the composite outcome of mortality or major morbidity
associated with ECC when compared with UCM. We also
found higher odds of mortality, IVH, and sepsis for ECC
compared with DCC. Higher numbers of blood transfusions
were associated with those who received ECC as compared
with UCM and DCC. The benefits of UCM and DCC were
not associated with significant increases in peak serum bili-
rubin. Severe IVH was associated with ECC and UCM as
compared with DCC. The practices of DCC and UCM
increased over the study period.
In a previous study from the CNN, Lodha et al reported a

decreased risk for the composite outcome of severe neurolog-
ical injury or mortality in extremely low gestational age neo-
nates who received DCC compared with those who received
ECC.25 However, that study was restricted to preterm infants
<28 weeks of gestation, and its population was mostly born
before the full implementation of DCC as the standard of
care following the latest International Liaison Committee
on Resuscitation and Neonatal Resuscitation Program guide-
lines.6,7 In our study, despite increased rates of placental
transfusion practices in Canadian NICUs over the 3-year
El-Naggar et al
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Table I. Comparison of baseline characteristics

Characteristics ECC (n = 4916) UCM (n = 394) DCC (n = 4419) P value (ECC vs UCM) P value (ECC vs DCC) P value (UCM vs DCC)

Maternal diabetes 14.8 14.9 15.6 .97 .31 .72
Maternal hypertension 18.8 21.9 20.8 .14 .01 .62
Preeclampsia 12.7 16.5 13.7 .03 .18 .12
Singleton 69.9 71.8 71.1 .42 .19 .77
Antenatal steroids 87.6 94.9 93.4 <.01 <.01 .25
Magnesium sulfate 45.6 58.4 46.7 <.01 .3 <.01
PROM >24 hours 22.9 23.4 25.3 .82 <.01 .40
Cesarean delivery 67.9 67.5 55.5 .88 <.01 <.01
Gestational age in weeks 29 (27-31) 29 (26-31) 30 (28-31) .01 <.01 <.01
Gestational age <28 weeks 33.2 38.6 23.8 .03 <.01 <.01
Male 54.9 52.4 55.1 .34 .81 .30
Small for gestational age 11.0 13.0 9.9 .23 .07 .05
Outborn 12.8 2.8 5.0 <.01 <.01 .05

PROM, prolonged rupture of membranes.
Values are percent or median (IQR).
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study period, 44% of infants still received ECC in 2017.
Despite the proven benefits of DCC, the compliance with
DCC still represents an area for improvement but is consis-
tent with reported literature.26-28 The uncertainty about the
value of DCC for infants with perinatal depression, who do
not breathe at birth, may have led to a high degree of
noncompliance and a preference for ECC. This finding was
clearly demonstrated in the largest randomized controlled
study conducted to date, where nonadherence to DCC
reached 26%.26 A survey from the US reported DCC was
practiced in 73% of preterm vaginal births.27 In the
Netherlands, DCC was reported in 54% of preterm
deliveries and only 19% in cesarean deliveries.28 Other factors
that may have contributed to the high use of ECC include
Table II. Clinical outcomes during hospital stay for preterm

Outcomes ECC (n = 4916) UCM (n = 39

Birth weight, grams 1267 (464) 1207 � 445
Apgar score at 1 min 5 (2-7) 6 (3-8)
Apgar score <4 at 5 min 8.7 (423/4863) 4.3 (17/394)
Intubation at birth 30.4 (1490/4894) 23.6 (93/394)
Chest compression 3.05 (150/4916) 2.54 (10/394)
Epinephrine 2.47 (121/4894) 0.25 (1/394)
Surfactant use 47.8 (2350/4916) 46.4 (183/394
Admission temperature, �C 36.6 � 0.78 36.7 � 0.61
Inotropic support in first 48 hours 8.6 (423/4916) 6.1 (24/394)
SNAP II score >20 18 (874/4858) 16.2 (64/394)
Peak bilirubin level, mmol/dL 156.4 � 46.0 154.5 � 42.8
Blood transfusion 36.6 (1798/4916) 31.5 (124/394
No. of transfusions (for those who received) 3 (1-6) 3 (2-6)
Necrotizing enterocolitis 4.0 (197/4914) 4.3 (17/394)
Mechanical ventilation 53.8 (2647/4916) 47 (185/394)
BPD 28.9 (1306/4522) 26.2 (96/367)
IVH 31.7 (1309/4131) 33.5 (111/331
Severe IVH 8.5 (350/4131) 8.8 (29/331)
Late-onset sepsis 12.5 (616/4916) 12.4 (49/394)
Severe ROP 10.9 (252/2306) 11 (22/200)
PDA 31.97 (1560/4879) 29.01 (114/39
Mortality 7.93 (390/4916) 7.36 (29/394)
Mortality or major morbidity 40.6 (1998/4916) 37.3 (147/394

PDA, patent ductus arteriosus; ROP, retinopathy of prematurity; SNAP, Scores for Neonatal Acute Ph
Values are mean � SD, median (IQR), or percent (N/n).
*P value.

A Comparison of Strategies for Managing the Umbilical Cord at B
contraindications for DCC and resistance to, or slow adop-
tion of, change.
In our study, the rate of the composite outcome of mortal-

ity or major morbidity was higher in the ECC compared with
the UCM group. Previous systematic reviews of randomized
controlled trials have suggested that UCM could decrease the
risk of all grades IVH, BPD, and NEC, among other benefits,
in comparison with ECC.10-12 We found significantly higher
mortality in the ECC group vs the DCC group, supporting
the results of the latest systematic review, which included
2834 infants from 18 trials.9 We also found that DCC was
associated with better stabilization of preterm infants after
birth; and reduction of morbidities such as all grades IVH, se-
vere IVH, late-onset sepsis, patent ductus arteriosus, and the
infants <33 weeks of gestation

4) DCC (n = 4419) ECC vs UCM* ECC vs DCC* UCM vs DCC*

1371 � 440 .01 <.01 <.01
7 (5-8) <.01 <.01 <.01
3.2 (139/4404) <.01 <.01 .21
14.1 (621/4413) <.01 <.01 <.01
2.1 (93/4419) .57 <.01 .57
0.23 (10/4413) <.01 <.01 .91

) 34 (1503/4419) .6 <.01 <.01
36.7 � 0.70 <.01 <.01 .79
3.4 (151/4419) .08 <.01 <.01
10.5 (463/4395) .38 <.01 <.01
161.8 � 45.4 .41 <.01 <.01

) 21.7 (957/4419) .04 <.01 <.01
2 (1-4) .78 <.01 .005
3.3 (144/4418) .77 .054 .26
37.4 (1652/4419) <.01 <.01 <.01
25 (1058/4241) .27 <.01 .61

) 25 (867/3478) .49 <.01 <.01
5.4 (188/3478) .85 <.01 .01
7.5 (330/4419) .96 <.01 <.01
7.3 (129/1773) .96 <.01 .06

3) 22.25 (980/4404) .22 <.01 <.01
3.48 (154/4419) .68 <.01 <.01

) 32.6 (1439/4419) .19 <.01 .06

ysiology.
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Table III. Clinical outcomes during hospital stay for preterm infants <33 weeks of gestation after adjustment

Outcomes ECC vs UCM ECC vs DCC UCM vs DCC

Apgar score <4 at 5 min 1.53 (1.04 to 2.24) 2.30 (1.73 to 3.06) 1.51 (0.93 to 2.45)
Intubation at birth 1.62 (1.27 to 2.07) 2.32 (1.8 to 2.98) 1.43 (1.07 to 1.91)
Surfactant use 1.11 (0.96 to 1.29) 1.40 (1.26 to 1.57) 1.26 (1.04 to 1.53)
Inotropic support in first 48 hours 1.25 (0.76 to 2.06) 2.07 (1.58 to 2.70) 1.65 (0.88 to 3.09)
SNAP II score >20 1.20 (0.90 to 1.60) 1.80 (1.42 to 2.28) 1.49 (1.10 to 2.02)
Blood transfusion 1.67 (1.31 to 2.14) 1.68 (1.35 to 2.09) 1.01 (0.71 to 1.42)
Necrotizing enterocolitis 0.94 (0.69 to 1.29) 0.94 (0.70 to 1.27) 1.00 (0.69 to 1.44)
Mechanical ventilation 1.31 (1.08 to 1.60) 1.53 (1.26 to 1.85) 1.16 (0.94 to 1.44)
Bronchopulmonary dysplasia 1.09 (0.88 to 1.35) 1.04 (0.89 to 1.21) 0.95 (0.76 to 1.19)
IVH 1.14 (0.91 to 1.41) 1.29 (1.19 to 1.41) 1.14 (0.94 to 1.37)
Severe IVH 0.96 (0.74 to 1.26) 1.33 (1.13 to 1.56) 1.38 (1.05 to 1.81)
Late-onset sepsis 1.07 (0.79 to 1.43) 1.33 (1.20 to 1.48) 1.25 (0.92 to 1.69)
Severe ROP 1.04 (0.76 to 1.43) 1.31 (1.00 to 1.72) 1.26 (0.87 to 1.81)
Patent ductus arteriosus 1.42 (1.04 to 1.96) 1.14 (1.01 to 1.27) 0.80 (0.60 to 1.07)
Mortality 1.20 (0.72 to 2.01) 1.60 (1.22 to 2.1) 1.33 (0.80 to 2.21)
Mortality or major morbidity 1.18 (1.03 to 1.35) 1.15 (0.97 to 1.37) 0.98 (0.83 to 1.16)
Adjusted difference in mean/median (95% CI)
Birth weight, grams �13 (�37 to 11) �16 (–24 to –8) �3 (�27 to 22)
Admission temperature, �C �0.07 (–0.11 to –0.02) �0.02 (�0.06 to 0.01) 0.05 (0.01 to 0.09)
Peak bilirubin level, mmol/dL 1.4 (�4.0 to 6.8) 0.2 (�1.7 to 2.0) �1.2 (�5.8 to 3.4)
No. of blood transfusions* 0.62 (�0.08 to 1.32) 0.62 (0.40 to 0.84) 0 (�0.75 to 0.75)

Values are aOR and 95% CI and were obtained based on the multiple logistic regression model with a generalized estimating equation approach to account for the clustering of patients within each
site.
Variables adjusted for gestational age, small for gestational age, cesarean delivery, prolonged rupture of membrane >24 hours, magnesium sulfate (MgSO4), antenatal steroid use, and maternal
hypertension.
Difference in mean/median were estimated based on linear/quantile regression with a generalized estimating equation approach.
*Difference in median.
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need for blood transfusions. These findings were still demon-
strated in the subgroup analysis of the extremely preterm in-
fants <28 weeks of gestation. Some of these findings, such as
higher Apgar scores, less need for blood transfusion, and
lower NEC and IVH rates, have been reported previ-
ously.9,12,29 In our study, DCC was not associated with a sig-
nificant increase in peak serum bilirubin levels or decrease in
admission temperature when compared with ECC. In addi-
tion, no single morbidity was more frequent in the DCC
group. Our data support the results of the largest randomized
controlled trial to date that found less mortality and less
blood transfusion without an increase in the rates of photo-
therapy in the DCC group compared with the ECC.26

An important result of our study was that UCM, compared
with DCC, was significantly associated with higher rates of
severe IVH. This finding was also noticed in the subgroup
of preterm infants <28 weeks of gestation without a corre-
sponding increase in the acuity score on admission. Katheria
et al, in a randomized controlled trial comparing UCM with
DCC, reported a higher incidence of severe IVH (22%) in a
subgroup of 93 preterm infants <28 weeks of gestation who
received UCM as compared with only 4% in 89 infants
who received DCC (P < .0007). Their study was stopped
because of this concern.18 The authors attributed the
increased severe IVH in the extremely preterm infants to
their lack of cerebral autoregulation and the possible inflam-
matory role of the possible associated chorioamnionitis. In
newborn lambs, Blank et al noted UCM caused large fluctu-
ations in mean carotid artery pressure and blood flow
without an effect on pulmonary blood flow.13 Previous
62
studies that did not find a difference in IVH rates between in-
fants receiving UCM and DCC were underpowered and
included small numbers of preterm infants <28 weeks of
gestation.14-16 Studies that examined DCC and UCM as a
combined intervention vs either ECC or DCC alone did
not show an increase in the rates of IVH.30-32

Placental transfusion practices seem to be associated with
better outcomes when compared with ECC, with DCC re-
maining the practice of choice whenever feasible. This
outcome was shown before to be related to improved physi-
ological transition of the cardio-pulmonary systems at birth,
not just to the added blood volume.2-5 Although our data did
not show an increase in IVH associated with UCM in com-
parison with ECC, the association of severe IVH with UCM
when compared with DCC is worrisome. The question of
whether UCM would be preferable to ECC, especially in sit-
uations where DCC is contraindicated, remains unanswered
and needs further research.
The strengths of our study include its large population of

very preterm infants (9729 infants), a national cohort with
good generalizability, and comparison of the 3 prevailing
strategies for managing the cord at birth in preterm infants.
Limitations include the study’s retrospective nature, which
did not allow us to investigate the indications for receiving
each intervention. Despite our efforts to adjust for potential
confounders, infants who received ECC or UCM could have
been sicker at birth than those who received DCC. There were
missing data regarding cord clamping in the database and we
could not address the different durations of DCC. Because
the reasons for practicing ECC, DCC, or UCM in individual
El-Naggar et al
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infants were not collected, residual confounding may thus be
a factor. We have not done any adjustment for multiple com-
parisons. Finally, because of the small size of the UCM group,
there was the potential for type I error.

In conclusion, placental transfusion practices for preterm
infants <33 weeks of gestation, whether by DCC or UCM,
increased over years in Canadian NICUs. Nevertheless,
44% of infants still received ECC in 2017. Both DCC and
UCM were associated with better short-term outcomes
than ECC; however, the odds of severe IVH were significantly
higher with UCM vs DCC. We suggest that, when DCC is
feasible, UCM is a less desirable intervention than DCC for
very preterm infants. n
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Williams M. Immediate compared with delayed cord clamping in the
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Tuberous Sclerosis: From Phenotype to Genotype

Hurwitz S, Irwin B. White Spots in Tuberous Sclerosis. J Pediatr 1970;77:587-94.

Much was already understood in 1970 about tuberous sclerosis, including many of its classical phenotypic char-
acteristics with skin, central nervous system, eye, heart, kidney, lung, and bone findings. Neurocutaneous stig-

mata of adenoma sebaceum, shagreen patches, periungual and gingival fibromas, and hypopigmented macules were
described at the time. Hurwitz and Braverman detailed the cutaneous findings in 23 patients with tuberous sclerosis
and compared pigmentary lesions in these children with those found in 55 children with neurologic disorders exclu-
sive of tuberous sclerosis, and 100 neurologically typical children. The majority of children with tuberous sclerosis in
their sample (78%) had hypopigmented macules, a finding in only one of the children in the comparator groups.
There was considerable variability in the size and shape of the lesions in this sample compared with the classic
lance-ovate shape similar to the leaf of the mountain ash tree described by Fitzpatrick et al in 1968, with additional
description of confetti lesions, which are now recognized in the diagnostic criteria.1,2

Fifty years ago, there was appropriate emphasis on the clinical diagnosis of tuberous sclerosis and other neurocuta-
neous disorders. Clinical diagnosis of tuberous sclerosis using major and minor criteria remains an important tool,
particularly when attempting to make rapid treatment decisions in a patient presenting with new-onset infantile
spasms with neurocutaneous features. The increasing accuracy and availability of genetic testing has changed diag-
nostic practices for tuberous sclerosis. Importantly, the 2012 update in the diagnostic criteria for tuberous sclerosis
complex includes genetic criteria, with identification of either a TSC1 or TSC2 pathogenic mutation sufficient to
make a definitive diagnosis of tuberous sclerosis.2 As genetic testing continues to evolve, the yield of these analyses
continues to increase. Sanger sequencing enabled the detection of point mutations in coding regions and intron
and exon boundaries of TSC1 and TSC2, with a diagnostic yield of 75%-90% when combined with deletion and dupli-
cation analysis.3 Next-generation sequencing TSC1 and TSC2 panels have even further increased the ability to identify
pathogenic variants.3 As genetic testing continues to expand in both availability and affordability, there will likely be
further emphasis on early genetic diagnosis and genetic confirmation of clinical diagnosis. However, there is no sub-
stitute for evaluation and recognition of clinical features to guide further diagnostics.

Amanda G. Sandoval Karamian, MD
Division of Child Neurology

Lucile Packard Children’s Hospital
Palo Alto, California
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Figure 2. Trends in the rates of umbilical cord management
strategies during study years.

Table IV. Clinical outcomes during hospital stay for preterm infants <28 weeks of gestation

Outcomes ECC vs UCM ECC vs DCC UCM vs DCC

Apgar score <4 at 5 min 2.11 (1.33 to 3.33) 2.04 (1.50 to 2.76) 0.97 (0.55 to 1.71)
Intubation at birth 1.67 (1.20 to 2.32) 2.00 (1.62 to 2.48) 1.20 (0.80 to 1.79)
Surfactant use 1.41 (0.98 to 2.03) 1.42 (1.18 to 1.72) 1.01 (0.67 to 1.53)
Inotropic support in first 48 hours 0.94 (0.64 to 1.38) 1.83 (1.39 to 2.40) 1.95 (1.17 to 3.26)
SNAP II score>20 1.06 (0.70 to 1.60) 1.43 (1.13 to 1.80) 1.35 (0.81 to 2.24)
Blood transfusion 1.97 (1.41 to 2.76) 1.56 (1.15 to 2.11) 0.79 (0.49 to 1.29)
Necrotizing enterocolitis 0.97 (0.64 to 1.47) 1.09 (0.76 to 1.56) 1.12 (0.70 to 1.81)
Mechanical ventilation 1.09 (0.79 to 1.50) 1.37 (0.99 to 1.90) 1.26 (0.81 to 1.96)
Bronchopulmonary dysplasia 1.08 (0.70 to 1.65) 1.03 (0.87 to 1.23) 0.96 (0.61 to 1.50)
IVH 1.16 (0.76 to 1.79) 1.20 (1.06 to 1.35) 1.03 (0.68 to 1.55)
Severe IVH 0.83 (0.57 to 1.21) 1.28 (1.01 to 1.61) 1.55 (1.07 to 2.23)
Late-onset sepsis 1.08 (0.76 to 1.54) 1.34 (1.16 to 1.55) 1.24 (0.85 to 1.81)
Severe ROP 1.10 (0.75 to 1.61) 1.33 (0.98 to 1.79) 1.21 (0.79 to 1.86)
Patent ductus arteriosus 1.37 (0.86 to 2.17) 1.12 (0.98 to 1.27) 0.82 (0.55 to 1.22)
Mortality 1.06 (0.64 to 1.74) 1.39 (1.07 to 1.82) 1.32 (0.81 to 2.14)
Mortality or major morbidity 1.80 (1.16 to 2.80) 1.10 (0.87 to 1.39) 0.61 (0.37 to 1.01)
Adjusted difference in mean/median (95% CI)
Birth weight, grams �4 (�23 to 15) �18 (–28 to –8) �15 (�32 to 2)
Admission temperature, �C �0.03 (�0.16 to 0.09) �0.10 (–0.15 to –0.04) �0.06 (�0.17 to 0.05)
Peak bilirubin level, mmol/dL 3.3 (�1.2 to 7.8) 1.5 (�1.7 to 4.7) �1.8 (�6.0 to 2.5)
No. of blood transfusions* 1 (0.34 to 1.66) 1 (0.66 to 1.34) 0 (– 0.71 to 0.71)

ROP, retinopathy of prematurity; SNAP, Scores for Neonatal Acute Physiology.
Values are aOR (95% CI) and were obtained based on the multiple logistic regression model with generalized estimating equation approach to account for the clustering of patients within each site.
Variables adjusted for gestational age, small for gestational age, cesarean delivery, prolonged rupture of membrane >24 hours, magnesium sulfate (MgSO4), antenatal steroid, and maternal hy-
pertension (associated with the exposure group in the univariate analysis).
Difference in mean/median were estimated based on linear/quantile regression with a generalized estimating equation approach.
*Difference in median.
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Health Centre, Halifax, Nova Scotia; Francois Audibert, MD,
Hôpital Sainte-Justine, Montr�eal, Qu�ebec; Khalid Aziz,
MBBS, MA, Med, Royal Alexandra Hospital, Edmonton, Al-
berta; Marilyn Ballantyne, RN, PhD, Holland Bloorview Kids
Rehabilitation Hospital, Toronto, Ontario; Jon Barrett, MD,
Sunnybrook Health Sciences Center, Sunnybrook Research
Institute, Toronto, Ontario, Canada; Marc Beltempo, MD,
McGill University Health Centre, Montr�eal, Qu�ebec; Anick
Berard, PhD, Universit�e de Montr�eal, Montr�eal, Qu�ebec;
Valerie Bertelle, MD, Centre Hospitalier Universitaire de
Sherbrooke, Sherbrooke, Qu�ebec; Lucie Blais, PhD, Uni-
versit�e de Montr�eal, Montr�eal, Qu�ebec; Alan Bocking, MD,
Mount Sinai Hospital, Toronto, Ontario; Jason Burrows,
MD, Surrey Memorial Hospital, Surrey, British Columbia;
Kimberly Butt, MD, Dr. Everett Chalmers Hospital, Freder-
icton, New Brunswick; Roderick Canning, MD, Moncton
Hospital, Moncton, New Brunswick; George Carson, MD,
Regina General Hospital, Regina, Saskatchewan; Nils Chail-
let, PhD, Universit�e Laval, Qu�ebec City, Qu�ebec, Canada;
Sue Chandra, MD, Royal Alexandra Hospital, Edmonton, Al-
berta; Paige Church, MD, Sunnybrook Health Sciences
Centre, Toronto, Ontario; Kevin Coughlin, MD, London,
Ontario; Dianne Creighton, PhD, Alberta Children’s Hospi-
tal, Calgary, Alberta; Orlando Da Silva, MD, MSc, London
Health Sciences Centre, London, Ontario; Thierry Daboval,
MD, Children’s Hospital of Eastern Ontario, Ottawa, On-
tario; Leanne Dahlgren, MD, Children’s & Women’s Health
Centre of BC, Vancouver, British Columbia; Sibasis Daspal,
MD, Royal University Hospital, Saskatoon, Saskatchewan;
Cecilia de Cabo, MD, University of Manitoba, Winnepeg,
Manitoba; Akhil Deshpandey, MBBS, MRCPI, Janeway Chil-
dren’s Health and Rehabilitation Centre, St. John’s,
Newfoundland; Kimberly Dow, MD, Kingston General Hos-
pital, Kingston, Ontario; Christine Drolet, MD, Centre Hos-
pitalier Universitaire de Qu�ebec, Sainte Foy, Qu�ebec; Michael
Dunn, MD, Sunnybrook Health Sciences Centre, Toronto,
Ontario; Salhab el Helou, MD, Hamilton Health Sciences
Centre, Hamilton, Ontario; Darine El-Chaar, MD, Chil-
dren’s Hospital of Eastern Ontario, Ottawa, Ontario; Carlos
Fajardo, MD, Alberta Children’s Hospital, Calgary, Alberta;
Jonathan Foster, Canadian Premature Babies Foundation,
Toronto, Ontario, Canada; Robert Gagnon, MD, McGill
University Health Centre, Montr�eal, Qu�ebec; Rob Gratton,
MD, London Health Sciences Centre, London, Ontario;
Victor Han, MD, University of Western Ontario, London,
Ontario; Adele Harrison, MD, MBChB, Victoria General
Hospital, Victoria, British Columbia; Shabih Hasan, MD,
University of Calgary, Calgary, Alberta; Michael Helewa,
MD, St. Boniface General Hospital, Winnipeg, Manitoba;

Matthew Hicks, MD, PhD, University of Alberta, Edmonton,
Alberta; KS Joseph, MD, PhD, University of British
Columbia, Vancouver, British Columbia; Andrzej Kajetano-
wicz, MD, Cape Breton Regional Hospital, Sydney, Nova
Scotia; Zarin Kalapesi, MD, Regina General Hospital, Regina,
Saskatchewan; May Khairy, MD, McGill University, Mon-
tr�eal, Qu�ebec; Thierry Lacaze-Masmonteil, MD, Alberta
Health Services and the Cumming School of Medicine, Uni-
versity of Calgary, Calgary, Alberta; Kyong-Soon Lee, MD,
MSc, Hospital for Sick Children, Toronto, Ontario; Brigitte
Lemyre, MD, Children’s Hospital of Eastern Ontario and
Ottawa General Hospital, Ottawa, Ontario; Abhay Lodha,
MD, Foothills Medical Centre, Calgary, Alberta; Deepak
Louis, MD, University of Manitoba, Winnipeg, Manitoba;
Thuy Mai Luu, MD, MSc, University of Montr�eal, Montr�eal,
Qu�ebec; Linh Ly, MD, Hospital for Sick Children, Toronto,
Ontario; Annette Majnemer, PhD, MSc McGill University,
Montr�eal, Qu�ebec; Hala Makary, MD, Dr. Everett Chalmers
Hospital, Fredericton, New Brunswick; Isabelle Marc, MD,
Universit�e Laval, Qu�ebec City, Qu�ebec; Edith Masse, MD,
Centre Hospitalier Universitaire de Sherbrooke, Sherbrooke,
Qu�ebec; Sarah D McDonald, MD, MSc, McMaster Univer-
sity, Hamilton, Ontario; Doug McMillan, MD, IWK Health
Centre, Halifax, Nova Scotia; Nir Melamed, MD, Sunny-
brook Health Sciences Centre, Toronto, Ontario; Amy Met-
calfe, PhD, Foothills Medical Centre, University of Calgary,
Calgary, Alberta; Diane Moddemann, MD, Med, University
of Manitoba, Winnepeg, Manitoba; Luis Monterrosa, MD,
Saint John Regional Hospital, Saint John, New Brunswick;
Michelle Morais, MD, Hamilton Health Sciences Centre,
Hamilton, Ontario; Amit Mukerji, MD, Hamilton Health
Sciences Centre, Hamilton, Ontario; William Mundle, MD,
Windsor Regional Hospital, Windsor, Ontario; Lynn Mur-
phy,MD,MonctonHospital, Moncton, New Brunswick; Kel-
lie Murphy, MD, Mount Sinai Hospital, Toronto, Ontario;
Anne-Monique Nuyt, MD, Hôpital Sainte-Justine, Montr�eal,
Qu�ebec; Chuks Nwaesei, MD, Windsor Regional Hospital,
Windsor, Ontario; Karel O’Brien, MD, Mount Sinai Hospi-
tal, Toronto, Ontario; Martin Offringa, MD, Hospital for
Sick Children, Toronto, Ontario; Cecil Ojah, MBBS, Saint
John Regional Hospital, Saint John, New Brunswick; Annie
Ouellet, MD, Centre Hospitalier Universitaire de Sher-
brooke, Sherbrooke, Qu�ebec; Jean-Charles Pasquier, MD,
PhD, Universit�e de Sherbrooke, Sherbrooke, Qu�ebec; Petros
Pechlivanoglou, PhD, The Hospital for Sick Children, Tor-
onto, Ontario, Canada; Ermelinda Pelausa, MD, Jewish Gen-
eral Hospital, Montr�eal, Qu�ebec; Bruno Piedboeuf, MD,
Universit�e Laval, Qu�ebec City, Qu�ebec; Elodie Portales-
Casamar, PhD, BC Children’s Hospital, Vancouver, Ontario;
Shahirose Premji, PhD, University of Calgary, Calgary, Al-
berta; Pramod Puligandla, MD, MSc, McGill University,
Montr�eal, Qu�ebec; Eleanor Pullenayegum, PhD, Hospital
for Sick Children, Toronto, Ontario; Amber Reichert, MD,
Glenrose Rehabilitation Hospital, Edmonton, Alberta; Kate
Robson, Canadian Premature Babies Foundation, Toronto,
Ontario, Canada; Carol Schneider, MD, Winnipeg Health
Sciences Centre, Winnipeg, Manitoba; Mary Seshia,
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MBChB, Winnipeg Health Sciences Centre, Winnipeg,
Manitoba; Vibhuti Shah, MD, MSc, Mount Sinai Hospital,
Toronto, Ontario; Rebecca Sherlock, MD, Surrey Memo-
rial Hospital, Surrey, British Columbia; Sandesh Shiva-
nanda, MD, MSc, University of British Columbia,
Vancouver, British Columbia; Nalini Singhal, MD, Alberta
Children’s Hospital, Calgary, Alberta; Erik Skarsgard, MD,
BC Children’s Hospital, Vancouver, British Columbia;
Amanda Skoll, MD, BC Women’s Hospital and Health
Center, Vancouver, British Columbia; Graeme Smith,
MD, Kingston General Hospital, Kingston, Ontario;
Anne Synnes, MDCM, MHSC, University of British
Columbia, Vancouver, British Columbia; Katherine
Th�eriault, MD, Centre Hospitalier Universitaire de
Qu�ebec, Sainte Foy, Qu�ebec; Joseph Ting, MD, BC

Women’s Hospital and Health Centre, Vancouver, British
Columbia; Suzanne Tough, PhD, University of Calgary,
Calgary, Alberta; Jennifer Toye, MD, Royal Alexandra
Hospital, Edmonton, Alberta; Jagdeep Ubhi, MD, Royal
Columbian Hospital, New Westminster, British Columbia;
Michael Vincer, MD, IWK Health Centre, Halifax, Nova
Scotia; Wendy Whittle, MD, PhD, Mount Sinai Hospital,
Toronto, Ontario; Hilary Whyte, MD, Hospital for Sick
Children, Toronto, Ontario; Doug Wilson, MD, Foothills
Medical Centre, Calgary, Alberta; Stephen Wood, MD,
Foothills Medical Centre, Calgary, Alberta; Philip Ye,
MSc, Mount Sinai Hospital, Toronto, Ontario; Wendy
Yee, MD, Foothills Medical Centre, Calgary, Alberta; Jill
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