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Abstract
Objective-To investigate the clinical effects of

regulating umbilical cord clamping in preterm
infants.
Design-A prospective randomised study.
Setting-The Queen Mother's Hospital, Glasgow.
Subjects-36 vaginally delivered infants over 27

and under 33 weeks' gestation.
Intervention-Holding the infant 20 cm below the

introitus for 30 seconds before clamping the umbili-
cal cord ("regulated" group, 17 patients), or conven-
tional management ("random" group, 19 patients).
Main outcome measures-Initial packed cell

volume, peak serum bilirubin concentrations, red
cell transfusion requirements, and respiratory
impairment (assessed by ventilatory requirements,
arterial-alveolar oxygen tension ratio over the first
day in ventilated infants, and duration of depend-
ence on supplemental oxygen).
Results-There were statistically significant

differences between the two groups in mean initial
packed cell volume (regulated group 0 564, random
group 0.509) and median red cell transfusion
requirements (regulated group zero, random group
23 ml/kg). 13 infants from each group underwent
mechanical ventilation and showed significant
differences in mean minimum arterial-alveolar
oxygen tension ratio on the first day (regulated group
0-42, random group 0.22) and in median duration
of dependence on supplemental oxygen (regulated
group three days, random group 10 days). Dif-
ferences in final outcome measures such as duration
of supplemental oxygen dependence and red cell
transfusion requirements were mediated primarily
through arterial-alveolar oxygen tension ratio and
also packed cell volume.
Conclusions-This intervention at preterm

deliveries produces clinical and economic benefits.

Introduction
Despite historical controversy the umbilical cord is

generally clamped immediately, particularly after pre-
term delivery.' 2 There is greater awareness of the
problems of excessive placental transfusion (hyper-
bilirubinaemia,3 polycythaemia and hypervolaemia4)
than of the hazards of hypovolaemia,5 but claims of
reduced preterm mortality with delayed umbilical cord
ligation have been made for years.68 We report the
clinical effects of a 30 second delay in cord clamping,
holding the preterm infant in a position facilitating
placental transfusion.

Patients and methods
Vaginally delivered infants over 27 and below 33

weeks' gestation were randomised immediately before
delivery by means of sealed envelopes to either a
"regulated" group or a "random" group. In the
regulated group the attendant was asked to hold the
infant 20 cm below the introitus for 30 seconds before
clamping the umbilical cord. In the random group
management was at the attendant's discretion. An
observer recorded the infant's position relative to the
introitus and the interval from delivery of the buttocks

(or of the head at assisted breech delivery) to cord
clamping. Infants with haemolytic disease or with
major congenital malformations were excluded from
analysis.

Seventeen infants were enrolled in the regulated
group and 19 in the random group. Table I shows their
characteristics. All but one (regulated group) were
above the 10th centile for weight. There was a chance
excess of boys in the regulated group. All infants in the
regulated group had their cords clamped between 25
and 35 seconds after delivery; positioning 20 cm below
the introitus was possible in all but two cases. The
median interval to cord clamping in the random group
was 10 seconds, and clamping was within 20 seconds in
all but one case (25 seconds). Only one infant in the
random group was held below the introitus.

TABLE i-Characteristics ofregulated and random groups ofinfants

Regulated (n= 17) Random (n= 19)

Median gestational age (weeks)
(range) 30 (27-32) 30 (27-32)

Median birth weight (g) (range) 1500 (1010-2330) 1600 (1070-2410)
Male:female 13:4 7:12
Instrumental delivery 7 2

Outcome measures recorded included Apgar scores,
initial packed cell volume, peak serum bilirubin
concentrations recorded, red cell transfusions required
and respiratory impairment assessed by ventilatory
requirements, arterial-alveolar oxygen tension ratio9
over the first day in ventilated infants, and duration of
dependence on supplemental oxygen. Packed cell
volume was measured in the first arterial or venous
blood sample obtained, usually when establishing
arterial access. It was not logistically feasible to
standardise the sampling time; in 23 of the 36 cases this
was between 45 and 120 minutes after birth. The
distribution of sampling times in both groups was
comparable. The arterial-alveolar oxygen tension ratio
was calculated with each arterial blood gas analysis
over the first day.
Unit policy was consistent over the study period.

Infants under 30 weeks' gestation were electively
ventilated from birth. The study was terminated when
exogenous surfactant was introduced because this
influenced our respiratory outcome measures.

Statistical methods-Sample sizes of 15 to 20 in each
group were targeted to detect a reduction in median
number of transfusions from two to one per infant and
an increase in the mean of median arterial-alveolar
oxygen tension ratios on day 1 from 0 3 to 0-5 with a
power of 80% and a significance level of 5%. Where
normality for each group separately was found to be
appropriate by using probability plots a two sample t
test was used to compare the mean values of each
variable of interest between the regulated and random
groups. In cases where the assumption of equal
variances was found to be unreasonable an approxi-
mate version of the two sample t test was adopted.'0
When normality for either group was not reasonable
the corresponding test used was the Mann-Whitney,
although this assumed that the shapes of the two
underlying distributions (for regulated and random)
were identical but possibly shifted in terms of the
median. To investigate relations between sets of
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possible explanatory factors and each outcome variable
a stepwise multiple linear regression analysis was
used." At each step variables were available for
inclusion or exclusion as appropriate. Checks on the
final model included residual plots, probability plots of
residuals, and formal tests of equality of slopes for the
two groups where appropriate.

Results
There were no significant differences between the

groups in Apgar scores, admission temperature, or
blood pressure stability on the first day. Two infants in
the regulated group and three in the random group did
not develop the respiratory distress syndrome; one of
these (random group) had been ventilated electively.
Thirteen infants in each group were ventilated; table II
shows their characteristics. Table III shows overall
results, and table IV results for the 26 ventilated
infants. Mean and standard deviation of normally
distributed results are shown; otherwise median and
range are given.

Seven of 13 ventilated infants in the random group
required multiple red cell transfusions compared with
one of 13 in the regulated group (p=003; Fisher's
exact test). For those not requiring red cell transfusion
there was no difference in packed cell volume between
the groups at 1 month. Ten of 13 ventilated infants
in the random group received fractions of inspired
oxygen of 06 or more compared with two of 13 in the
regulated group (p <0 01; x2 test). Median and mini-
mum arterial-alveolar oxygen tension ratios for venti-
lated infants on the first day were significantly lower in
the random group. The difference in duration of
ventilation was not significant but median duration of

TABLE II-Characteristics of ventilated infants

Regulated (n= 13) Random (n= 13)

Median gestational age (weeks)
(range) 30 (27-31) 30 (27-32)

Median birth weight (g) (range) 1500 (1010-2020) 1600 (1070-2410)
Male:female 10:3 6:7
Instrumental delivery 4 1

TABLE III-Outcome in the two study groups

95% Confidence interval
Regulated Random for average difference in
(n= 17) (n= 19) means or medians p Value

Mean initial packed cell volume (SD) 0-564 (0-486) 0-509 (0-450) 0-023 to 0-087 0.0013*
Median peak serum bilirubin concentration

(p.mol/l) (range) 215 (163-309) 254 (93-329) -58 0 to 25-0 NSt
Median volume ofconcentrated red cells

transfused (ml/kg birth weight) (range)* 0 (0-58) 23 0 (0-120) -45-6 to -2-2 0 032t
Median supplemental oxygen time (days)

(range)§ 2 (0-7) 5 (0-55) -8-0 to 0 0 064t

*Two sample t test of equality of means of regulated and random groups.
TMann-Whitney test of equality of medians ofregulated and random groups.
INumbers of infants receiving concentrated red cells: regulated group six, random group 10.
§Numbers of infants receiving supplemental oxygen: regulated group 15, random group 18.

TABLE Iv-Outcome in ventilated infants

95% Confidence interval
Regulated Random for average difference in
(n= 13) (n= 13) means or medians p Value

Mean median arterial-alveolar oxygen
tension ratio day 1 (SD) 0-52 (0 24) 0 34 (0-21) 0 to 0-363 0.05*

Mean minimum arterial-alveolar oxygen
tension ratio day 1 (SD) 042 (024) 0-22 (0-15) 0-038 to 0-366 0-018*

Mean initial packed cell volume (SD) 0-567 (0 047) 0-512 (0-048) 0-016 to 0 093 0.007*
Median peak serum bilirubin concentration

(pmolIA) (range) 215 (163-309) 257 (143-319) -71-0 to 8-0 NSt
Median volume ofconcentrated red cells

transfused (mlkg birth weight) (range)* 0 (0-58) 50 5 (0-120) -66-98 to -0 01 0-013t
Median ventilation time (hours) (range) 22 (4-133) 74 (9-234) - 103-98 to 5 99 NSt
Median supplemental oxygen time (days)

(range) 3 (1-7) 10 (1-53) -28-01 to -1-00 0 009t

*Two sample t test of equality ofmeans of regulated and random groups.
tMann-Whitney test ofequality ofmedians of regulated and random groups.
*Numbers of infants receiving transfusions of concentrated red cells: regulated 5, random 9.

TABLE v-Stepwise regression of outcome measures against four
possible explanatory factors (birth weight, gestational age, gender, and
treatment group)

Explanatory factors
included in final model
(in order of inclusion R2*

Outcome into model) (%)

Median arterial-alveolar oxygen tension (I) Treatment group 21-6
ratio day 1

Minimum arterial-alveolar oxygen tension (1) Treatment group 15 2
ratio day 1

Initial packed cell volume (1) Treatment group 41-3
(2) Gestational age

Peak serum bilirubin concentration None
Volume ofconcentrated red cells (1) Treatment group 50 5

transfused/kg birth weight (2) Birth weight
Duration of supplemental oxygen (1) Treatment group 36 6

(2) Birth weight

*RW=Percentage of variability in outcome measure which can be accounted
for by use of linear model with combination ofexplanatory factors shown.

TABLE vi-Stepwise regression offinal outcome measures against seven
possible explanatory factors (birth weight, gestational age, gender,
treatment group, median arterial-alveolar oxygen tension ratio day 1,
minimum arterial-alveolar oxygen tension ratio day 1, and initial
packed cell volume)

Explanatory factors included in
final model (in order ofinclusion R2*

Outcome into model) (%)

Peak serum bilirubin (1) Minimum arterial-alveolar 51 2
concentration oxygen tension ratio day 1

(2) Gestational age
Number oftransfusions of (1) Minimum arterial-alveolar 71 7

concentrated red cells oxygen tension ratio day 1
(2) Birth weight
(3) Packed cell volume

Volume of concentrated red cells (1) Packed cell volume 77-6
transfused/kg birth weight (2) Minimum arterial-alveolar

oxygen tension ratio day 1
(3) Birth weight

Duration ofventilation (1) Median arterial-alveolar 63-7
oxygen tension ratio

Duration ofsupplemental (1) Median arterial-alveolar 58-9
oxygen oxygen tension ratio

(2) Birth weight
(3) Treatment group

*RW=Percentage of variability in outcome measure which can be accounted
for by use of linear model with combination ofexplanatory factors shown.

supplemental oxygen dependence was shorter for
infants in the regulated group; this reached statistical
significance for infants who had been ventilated. Three
infants in the random group developed chronic lung
disease. Maximum serum bilirubin concentrations
recorded were comparable, but one infant in the
random group received an exchange transfusion for
hyperbilirubinaemia. Hospital discharge age was
similar for the two groups. There were no neonatal
deaths. One infant in the random group later died
unexpectedly at home.
Table V shows results of stepwise multiple linear

regression analysis of outcome variables from the
ventilated infants. Primary explanatory factors con-
sidered were birth weight, gestational age, gender, and
treatment group. Treatment group was the most
important determinant of the outcome measures con-
sidered; these included three "first day" measures
which may themselves be useful predictors of sub-
sequent outcome-that is, median and minimum
arterial-alveolar oxygen tension ratios and packed cell
volume. Stepwise regression was therefore repeated
adding these to the set of possible explanatory factors,
as shown in table VI. Median arterial-alveolar oxygen
tension ratio was more important in predicting
respiratory outcome whereas minimum arterial-
alveolar oxygen tension ratio emerged as the most
important predictor for peak serum bilirubin concen-
tration and number of red cell transfusions. First day
packed cell volume also emerged as a predictor of
transfusion requirements. The effect of treatment
group on final outcome measures appears to be
mediated largely through its effect on arterial-alveolar
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oxygen tension ratio and to some extent packed cell
volume.

Discussion
Immediate umbilical cord clamping deprives neo-

nates of a significant volume of blood. Although this
has no obvious effect on healthy term infants,'2 13 it may
compromise sick and preterm patients. The significant
difference in mean packed cell volume between our
groups suggests that "regulated" cord clamping
enhanced placental transfusion. No infant developed
polycythaemia or suffered adverse effects on Apgar
scores or temperature. Our inability to standardise the
timing of the initial packed cell volume is unfortunate
as large changes in plasma volume occur in the first few
hours of life. Red cell volume would be a more
objective indicator of placental transfusion.'4 How-
ever, the significant difference in packed cell volume
between the groups remained when only those samples
obtained within the first two hours were compared and
also when only those obtained from the third hour
onwards were compared.
The immediate haemodynamic effect of interrupt-

ing blood flow to the low resistance placental circula-
tion while the umbilical arteries are pulsating is an
abrupt rise in systemic arterial pressure with possible
deleterious effects.'5 Hofmeyr et al demonstrated this
pressure surge in a term infant and postulated that it
contributes to the development of periventricular and
intraventricular haemorrhage in preterm infants. They
showed a reduction in incidence of such haemorrhages
in vaginally delivered infants of less than 35 weeks'
gestation with a one minute delay in cord clamping.'6
In our groups there was no significant difference in the
incidence of periventricular and intraventricular
haemorrhages. Two cases of posthaemorrhagic
ventricular dilatation arose, both in the random group.
The lower transfusion requirements in the regulated

group reflected milder illness with less investigational
blood loss but may also have related to a greater initial
endowment of red cells and their precursors. We have
shown that haemoglobin concentrations over 150 g/l in
the first week tend to protect infants from red cell
transfusion.'7 Clapp et al have shown that cord blood
between 25 and 31 weeks' gestation is particularly rich
in haemopoietic stem cells.'8 Thus placental trans-
fusion may be important in constitution of the preterm
infant's hone marrow.9

Associations have been shown between low packed
cell volume or red cell volume, or both, and the
respiratory distress syndrome.20-23 Although the corre-
lation between packed cell volume and red cell volurhe
in sick patients is not close,'424 the higher packed cell
volume in our regulated group probably reflected an
enhanced red cell volume. We have shown that red cell
volume predicts outcome in preterm infants.25

Several studies have suggested that delaying cord
clamping protects against the respiratory distress
syndrome,"8"32226 although others have failed to con-
firm2728 or even refuted this.29 Varying definitions both
of respiratory distress and of the terms "early" and
"delayed"' 2 1' confound comparison ofthese studies.
Although the incidence of the respiratory distress

syndrome was similar in our groups there were signifi-
cant differences in variables reflecting disease severity.
Fewer infants in the regulated group required high
inspired oxygen concentrations, their median supple-
mental oxygen dependence time was shorter, and their
first day arterial-alveolar oxygen tension ratios were
more favourable. The excess of boys in this group
makes these differences more remarkable.

Jaykka described the importance of capillary erec-
tion in lung expansion at birth."0 Maintaining the
fetoplacental circulation intact until respiration is

established allows drawing of blood from the placental
"reservoir," facilitating pulmonary capillary filling and
achieving better lung perfusion."23' We did not time
onset of respiration relative to cord clamping but many
infants in the regulated group were already crying.
This was less likely in infants in the random group, half
of whom underwent cord clamping within 10 seconds
of delivery. More effective lung perfusion and expan-
sion may have contributed to the more favourable
arterial-alveolar oxygen tension ratios in the regulated
group.
The arterial-alveolar oxygen tension ratio is a useful

prognostic indicator. Tamow-Mordi et al found the
mean arterial-alveolar oxygen tension ratio more
closely associated with death than the worst arterial-
alveolar oxygen tension ratio.32 This accords with our
finding that median arterial-alveolar oxygen tension
ratio predicts respiratory outcome better than the
minimum ratio. The former may reflect severity of
lung disease, the latter exacerbations of intrapul-
monary shunting such as occur with hypovolaemia.

In our study the minimum arterial-alveolar oxygen
tension ratio was a predictor of transfusion require-
ments and of hyperbilirubinaemia. It correlated
inversely with peak serum bilirubin concentrations
(r=0-61; p=0 001), as did the initial packed cell
volume in ventilated infants (r=0-40; p=0 044).
Improved splanchnic and hepatic perfusion may result
from enhanced blood volume. However, long (one and
five minute) delays in cord clamping progressively
increase the severity of neonatal jaundice in premature
infants.3 We found no significant difference in peak
recorded serum bilirubin concentrations between the
groups.

In summary, a 30 second delay in cord clamping
with the infant held 20 cm below the introitus gives a
higher initial packed cell volume and higher arterial-
alveolar oxygen tension ratios (implying less right to
left shunting of deoxygenated blood at cardiac or
pulmonary level) on the first day. These independent
intermediary outcome variables are both associated
with improved final outcome.

This improvement in outcome implies economic as
well as clinical benefit. For example, the reduced need
for red cell transfusions in the regulated group saved
expenditure and patient exposure to transfusion
hazards. Had exogenous surfactant been available
during the study eight of the 13 ventilated infants in the
random group would have qualified for "rescue"
treatment by entry criteria for recent multicentre
trials3334 compared with only two of the 13 ventilated
infants in the regulated group (p < 0-02; X2 test) with
obvious financial implications.

Reviews in the early 1980s called for reactivation of
research to establish the optimal positioning of the
newbom infant and the optimal time for umbilical cord
clamping at preterm deliveries.2 5 Different cord
clamping practices at vaginal delivery and at caesarean
section still need to be evaluated in terms of effect on
blood and red cell volumes and on physiological
adaptations to extrauterine life in preterm infants. This
should provide a simple, non-invasive means of reduc-
ing the costly morbidity associated with preterm birth.

We are grateful to our obstetric colleagues, the midwifery
staff, and the paediatric senior house officers and registrars at
the Queen Mother's Hospital and also to the staff of the
haematology department, Royal Hospital for Sick Children,
Glasgow, for their willing cooperation with this study. We are
also indebted to Mrs Myra Fergusson for preparing the
manuscript.
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Abstract
Objective-To compare the effects of sodium

depletion and of angiotensin I converting enzyme
inhibition on microalbuminuria in insulin dependent
diabetes.
Design-Randomised, double blind, double

dummy parallel study of normotensive diabetic
patients with persistent microalbuminuria (30-
300 mg/24 h) treated with enalapril or hydrochloro-
thiazide for one year after a three month, single blind
placebo period.
Setting-Diabetic clinic in a tertiary referral

centre.
Patients-10 diabetic patients with low micro-

albuminuria (30-99 mg/24 h) and 11 with high micro-
albuminuria (100-300 mg/24 h).
Interventions-1I subjects (six with low micro-

albuminuria, five with high microalbuminuria) were
given enalapril 20 mg plus placebo hydro-
chlorothiazide once daily and 10 (four with low
microalbuminuria, six with high microalbuminuria)
hydrochlorothiazide 25 mg plus placebo enalapril
once daily.
Main outcome measures-Monthly assessment of

urinary albumin excretion and mean arterial
pressure; plasma active renin and aldosterone con-
centrations and renal function studies at 0, 6, and 12
months.
Results-Median urinary albumin excretion

decreased from 59 (range 37-260) to 38 (14-146)
mg/24 h with enalapril and from 111 (33-282) to 109
(33-262) mg/24 h with hydrochlorothiazide (analysis
ofvariance, p=00436). During the last three months

of treatment with enalapril five patients had persist-
ent normoalbuminuria (2-3 times below 30 mg124 h),
five low microalbuminuria, and one high microalbu-
minuria; in the hydrochlorothiazide group one had
normoalbuminuria, three low microalbuminuria,
and six high microalbuminuria (X2 test=6-7; p=0 03).
Mean arterial pressure did not differ before (98 (SD
7) with enalapril v 97 (9) mm Hg with hydrochloro-
thiazide) or during treatment (88 (7) with enalapril v
90 (7) mm Hg with hydrochlorothiazide (analysis of
variance, p=05263)). Glomerular filtration rate did
not vary. The aldosterone to active renin ratio was
decreased by angiotensin I converting enzyme inhibi-
tion and increased by sodium depletion, showing
treatment efficacy.
Conclusion-Angiotensin I converting enzyme in-

hibition by enalapril effectively reduces micro-
albuminuria in normotensive diabetic patients
whereas hydrochlorothiazide is not effective.
Changes in blood pressure and activity of the renin-
angiotensin-aldosterone system may contribute to
these different effects.

Introduction
Diabetic nephropathy kills many patients with

insulin dependent diabetes.' Data on experimental
animals show that it may be the long term consequence
of glomerular haemodynamic abnormalities induced
by long term hyperglycaemia. Although systemic
blood pressure remains normal, glomerular capillary
hydraulic pressure becomes raised because of the
imbalance between vasodilatation of the vessels before
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