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What is known about the subject?

 ► Current haematocrit reference ranges for preterm 
infants were described prior to delayed cord clamp-
ing (DCC) becoming routine clinical practice.

 ► Newborn haematocrit increases with each gesta-
tional age (GA).

What this study adds?

 ► This study describes haematocrit reference ranges 
for preterm infants who received at least 60 s of 
DCC.

 ► There is a greater increase in haematocrit for each 
GA compared with the previously described refer-
ences in the pre-DCC population.

 ► Paired sample analysis showed that DCC increas-
es haematocrit from birth to 24 hours after birth in 
preterm infants 23–32 weeks’ GA.

AbstrACt
Objective To describe haematocrit at birth in preterm 
infants who received ≥60 s of delayed cord clamping 
(DCC).
Design Retrospective observational study.
setting A California public hospital with an American 
Academy of Pediatrics level 4 neonatal intensive care unit, 
with 3500–4000 deliveries annually.
Participants 467 preterm infants born at <35 weeks’ 
gestational age (GA) between January 2013 and December 
2018.
Primary and secondary outcome 
measures Haematocrit reference ranges for 0–4 hours 
after birth and paired haematocrit differences between 
0–4 and 4–24 hours.
Methods Haematocrits were obtained when clinically 
indicated and collected from arterial, venous and capillary 
sources. Haematocrits obtained after packed red blood 
cell transfusions were excluded. We summarised the first 
available haematocrit between 0 and 4 hours by GA strata. 
We used mixed-effects linear regression to describe the 
associations between haematocrit and predictor variables 
including GA, male sex and hours after an infant’s birth. We 
also compared paired haematocrits at 0–4 and 4–24 hours 
after birth.
results The median GA of the 467 included infants was 
33.3 weeks, birth weight was 1910 g and DCC duration 
was 60 s. The mean (95% CI) first haematocrit at 0–4 hours 
was 46.6 (45.0% to 48.1%), 51.2 (49.6% to 52.8%), 50.6 
(49.1% to 52.1%), 54.3 (52.8% to 55.8%) and 55.6 (54.6% 
to 56.6%) for infants 23–29, 30–31, 32, 33 and 34 weeks’ 
GA strata, respectively. The subanalysis of 174 infants 
with paired haematocrits at 0–4 and 4–24 hours showed 
that for each additional hour after birth, the mean (95% CI) 
haematocrit increased by 0.2 (0.1% to 0.3%), 0.2 (0.1% to 
0.4%) and 0.1 (0.0% to 0.2%) for infants in 23–29, 30–31 
and 32 weeks’ GA strata, respectively. The subanalysis 
showed no change between the paired haematocrits in the 
33 and 34 weeks’ GA strata.
Conclusions Our study describes haematocrit in 
preterm infants who received ≥60 s DCC as standard of 
care. Haematocrit during the first 0–4 hours in our study 
is higher than the previously described reference ranges 
prior to DCC becoming routine clinical practice. The 
paired second haematocrit at 4–24 hours is higher than 
haematocrit at 0–4 hours.

Preterm infants are born with lower haemato-
crit than term infants and are at a higher risk 
for blood transfusion. Studies show delayed 
cord clamping (DCC) increases placental 
transfusion and blood volume.1 2 Meta-anal-
yses of more recent studies have shown DCC, 
compared with early cord clamping (ECC), 
is associated with higher haemoglobin and 
haematocrit, higher blood pressure, fewer 
blood transfusions, reduced intraventric-
ular haemorrhage, and decreased hospital 
mortality.3 4 A very large population-based 
study showed reduced severe neurological 
injury5 in infants 22–28 weeks’ gestational age 
(GA) receiving DCC.

Hooper et al6 have rightly suggested that 
the debate on DCC duration shift away from 
a time-based approach to a physiology-based 
approach. Placental transfusion benefit, 
enhanced by infant ventilation, is the first step 
in the transfer of sufficient iron essential to 
optimal brain myelination. Term infants who 
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had their cord clamped after a mean of 172 s compared 
with a control group who had their cord clamped after 
a mean of 28 s had higher haematocrit at 48 hours, as 
well as higher ferritin and evidence of better myelin-
ation of the internal capsule and other areas of the brain 
essential to visual, motor and sensory function/integra-
tion at 4 months of age.7 Term infants randomised to 
3 min of DCC showed improved fine motor/social func-
tion, especially in boys at 4 years of age.8 A randomised 
controlled trial (RCT) showed preterm infants <33 weeks 
receiving a mean of 32 s DCC compared with a mean of 
ECC 6.6 s had better motor function at 18–22 months 
corrected age.9 In infants <27 weeks, areas of the brain 
responsible for visual motor integration and fine motor 
skills are known to be particularly vulnerable to injury, 
with resultant functional deficits noted 6.5 years later.10 
Effective spontaneous ventilation for optimal cardiopul-
monary transition in the majority of very preterm infants 
appears to occur more than a minute or two after birth; 
thus, timing is relevant to the physiology of transition. 
Increased DCC duration may be especially important in 
extremely preterm infants, where umbilical cord milking 
is less likely to be a viable alternative for placental trans-
fusion benefit.11

The WHO, Neonatal Resuscitation Program, American 
Congress of Obstetricians and Gynecologists, and other 
international societies have recommended a minimum 
duration of DCC of at least 30–60 s to improve preterm 
neonatal outcomes.12–16

Previously published haematocrit reference ranges 
based on GA and time after birth were obtained prior to 
DCC becoming standard of care.17 At our institution, DCC 
for at least 60 s has been the standard of care since 2011. 
We have previously shown that implementing a minimum 
of 60 s DCC in clinical practice increases haematocrit and 
reduces risk of blood transfusion.18 Haematocrit refer-
ence ranges for preterm infants who received DCC as 
standard of care have not been described; the goal of this 
study is to present haematocrit for preterm infants <35 
weeks’ GA who received at least 60 s DCC.

MethODs
Design
This is a single-centre, retrospective observational study.

Patient and public involvement
The study design, analysis and plans to disseminate infor-
mation from this research were done without patient 
involvement given this is a retrospective study evalu-
ating DCC and haematocrit which were performed and 
collected, respectively, as part of our standard of care.

subjects
Inborn preterm infants <35 weeks’ GA admitted to an 
American Academy of Pediatrics level 4 neonatal inten-
sive care unit (NICU) in 72 consecutive months (January 
2013–December 2018) were eligible for inclusion in the 

study. Infants were excluded if they (1) received less than 
60 s DCC or (2) had no recorded haematocrit within the 
first 24 hours after birth.

standardised delivery room and initial preterm infant care
We have established a standardised delivery room 
management protocol for all preterm infants that 
includes a minimum of 60 s of DCC since 2011.19 The 
intended minimum DCC duration was increased to 120 s 
and 180 s in 2016 and 2018, respectively; the minimum 
intended DCC duration was not performed when there 
were maternal or neonatal safety concerns. Umbilical 
cord milking is discouraged at our institution.

Data collection
Eligible infants were identified from our prospectively 
maintained NICU database containing maternal and 
infant demographics as well as neonatal outcomes. 
Haematocrits were obtained retrospectively from 
patients’ hospital electronic medical record.

haematocrit
Complete blood counts (CBCs) were obtained from 
infants when clinically indicated. Blood samples were 
obtained from venous, arterial and capillary sources. 
CBCs between 0–4 and 4–24 hours after birth were used 
for the study. Time points were chosen because CBCs 
were routinely obtained in our NICU on admission and 
on follow-up within 24 hours if indicated. Only the earliest 
haematocrit was included if more than one was recorded 
during the time intervals. CBCs from arterial, venous 
or capillary specimens were measured using Beckman 
Coulter DxH800 from 2013 to 2014 and using Sysmex 
XN-3000 from 2015 to 2018. Haematocrits either derived 
from cord blood samples or obtained after packed red 
blood cell (RBC) transfusion were excluded.

Data analysis
We used descriptive statistics to describe haematocrit at 
0–4 hours after birth for each GA stratum. We summa-
rised the first available haematocrit between 0 and 
4 hours according to GA strata: 23–29, 30–31, 32, 33 and 
34 weeks’ GA. GA categories were created to provide 
detailed haematocrit values for each GA group. Younger 
infants <32 weeks’ GA were combined into shared strata 
due to limited sample size. Regression models were used 
to describe the associations between newborn haemat-
ocrit and predictor variables including GA, male sex and 
infant age in hours at the time of haematocrit collection. 
We used multilevel mixed-effects linear regression with 
clustering around the mother to account for the presence 
of multiples (ie, twins, triplets) and clustering around 
infants with paired haematocrits at 0–4 and 4–24 hours. 
The multilevel mixed-effects linear regression models 
used restricted maximum likelihoods and unstructured 
covariance.

Each regression model was assessed for interactions 
and multicollinearity. Model residuals were assessed 
for normality, linearity and homoskedasticity. Outliers 
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Figure 1 Study subject and data selection. CBC, complete 
blood count; DCC, delayed cord clamping; pRBC, packed 
red blood cells.

Table 1 Infant and maternal demographics

Study cohort (N=467)
n (%); median (IQR)

Infant demographics

  Gestational age, weeks 33.3 (31.1–34.1)

  Birth weight, g 1910 (1450–2252)

  Delayed cord clamping, s 60 (60–120)

  1 min Apgar* 8 (7–8)

  5 min Apgar* 9 (8–9)

  Male 252 (54)

  Small for gestational age 41 (9)

  Multiples 92 (20)

  Twins 86 (18.5)

  Triplets 6 (1.5)

Maternal demographics

  Caesarean section 236 (51)

  Maternal hypertension 166 (36)

  Maternal diabetes 95 (20)

  Antenatal steroids 396 (85)

*n=466.

were evaluated by running each model with and without 
infants whose residuals were >2 SD from the mean. Statis-
tical analysis was performed using STATA V.14.

results
subjects
A total of 689 infants were born at <35 weeks’ GA during 
the study period, of whom 566 (82%) received at least 
60 s DCC. Of these 566 infants, 467 (83%) had haemat-
ocrit at 0–4 hours (figure 1) used for our primary anal-
ysis. For our paired subanalysis, a total of 174 (37%) of 
the 467 infants were included based on having had an 
additional haematocrit at 4–24 hours after birth.

Demographics
Infant and maternal demographics and NICU outcomes 
are described in table 1. The median GA was 33.3 weeks 
(range 23.3–34.9) and birth weight was 1910 g (range 
400–3241). The median DCC duration was 60 s (range 
60–900) and 36% received greater than or equal to 120 s 
DCC.

haematocrit
Haematocrits at 0–4 hours and 4–24 hours were obtained 
at a median (IQR) age of 0.9 hours (0.7–1.2) and 13 hours 
(12–19), respectively. There was no difference in DCC 
duration or age when CBC specimens were obtained 
between GA strata. Haematocrit at 0–4 hours increased 
with each GA stratum (figure 2).

Table 2 shows the associations between newborn 
haematocrit and predictor variables including GA, male 
sex and infant age at the time of haematocrit collection. 
In regression models, GA was positively associated with 

haematocrit, as demonstrated by the beta coefficient; 
haematocrit increases by at least 1.2 for each additional 
week of gestation.

In models 1 and 2, haematocrit was not associated with 
either male sex or the infant’s age in hours at the time of 
haematocrit collection.

The subanalysis of the 174 infants with paired samples 
demonstrated that haematocrits at 4–24 hours were 
higher than those at 0–4 hours, although only significant 
for infants <33 weeks’ GA (table 3).

DisCussiOn
Our single-centre study is the largest cohort of preterm 
infants receiving at least 60 s DCC as standard of care with 
haematocrits in the first 24 hours after birth. We show 
that the initial haematocrit in preterm infants receiving 
at least 60 s DCC increases with GA. At each GA the initial 
haematocrit (0–4 hours) is higher than that previously 
published in infants prior to DCC becoming routine 
clinical practice.17 Individual paired analysis at 0–4 and 
4–24 hours allowed us to illustrate a significant increase 
in the haematocrit during the first 24 hours after birth in 
those born <33 weeks’ GA.

The mean haematocrit at 0–4 hours in DCC infants in 
our study was higher for each GA stratum compared with 
those previously described by Jopling et al.17 The mean 
haematocrit of infants 28–34 weeks’ GA in our study was 
53.5, similar to the haematocrit of 53.8 described by Saigal 
et al2 in their 60 s DCC group. A Swiss RCT by Baenziger 
et al20 similarly observed a mean haematocrit of 55.56 
at 4 hours after birth in 15 infants who received 60–90 s 
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Figure 2 Initial haematocrit (0–4 hours) distribution in gestational age strata. DCC, delayed cord clamping; Hct, haematocrit.

Table 2 Two-tiered, mixed-effects regression model with clustering around the mother describing the association between 
preterm newborn Hct at 0–4 hours and predictors including gestational age, male sex and infant age in hours at the time of 
Hct collection (N=467)

Model Predictors β SE 95% CI P value

1 Gestational age, weeks 1.2 0.1 1.0 to 1.5 <0.001

Male sex 0.7 0.6 −0.6 to 1.9 0.299

2 Gestational age, weeks 1.2 0.1 1.0 to 1.5 <0.001

Age at time of 0–4 hours Hct collection, hours 0.7 0.5 −0.4 to 1.7 0.204

Hct, haematocrit.

of DCC at 408 m altitude. While Jopling et al17 showed a 
0.64% increase in haematocrit per week of GA between 
22 and 40 weeks, we observed 1.2% increase in haemato-
crit per week between 23 and 34 weeks’ GA. In our study, 
the incremental placental transfusion benefit in the first 
minute of DCC is greater for infants with higher GA 
compared with those with lower GA. Saigal et al2 showed 
that both term and preterm infants who received 5 min 
of DCC increased their blood volume by 47% and 50%, 
respectively. However, 76% of this transfusion benefit 
in term infants occurred in the first minute compared 
with 56% in preterm infants. Both our study and Saigal et 
al’s2 study suggest that for a given DCC duration, better 
cardiopulmonary transition in higher GA infants leads to 
higher placental transfusion benefit.

In our study, there is no difference in haematocrit 
between 0 and 4 hours, although 75% of our samples 
were collected within 1.2 hours after birth. Jopling et al17 
previously reported haematocrit loss of 6% in the first 
4 hours after birth in preterm infants (22–28 weeks’ GA) 
but not in infants 29–34 weeks’ GA. This discrepancy in 

the extremely preterm infants may be explained by prac-
tice changes over the last decade, including blood loss 
prevention.

In our study, within individually paired 0–4 and 
4–24 hours haematocrit, analysis showed that haema-
tocrit increased in the first day after birth. Pre-DCC 
haematocrit reference range study does not show 
increased haematocrit in the first 24 hours after birth. 
Our observed increase in haematocrit at 24 hours was not 
seen in other DCC studies.2 20 Saigal et al2 showed similar 
haematocrits obtained from DCC infants at 0.5–4 hours 
but no increase at 24 hours. Baenziger et al20 similarly 
did not observe an increase in haematocrit at 24 hours. 
The increase in the haematocrit that we observed may 
be attributable to current clinical practice, including 
increased DCC duration, less phlebotomy, judicious fluid 
management and enhanced haemodynamic stability.21 
Physiological advantages of DCC include improved 
cardiac output, renal perfusion and enhanced diuresis, 
leading to haemoconcentration.
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Table 3 Subanalysis of infants with paired Hct at 0–4 and 4–24 hours after birth showing that Hct increases over 24 hours in 
infants <33 weeks’ gestation (n=174)

GA, weeks Infants (n) Hct (n)
Hct at 0–4 hours, 
M (SD)

Hct at 4–24 hours, 
M (SD)

Difference, M 
(SD)

Adjusted*

β 95% CI P value

23–34 174 348 51.5 (8.5) 53.6 (8.6) 2.1 (5.7) 0.1 0.1 to 0.2 <0.001

Strata                 

  23–29 50 100 46.4 (6.9) 49.2 (8.1) 2.8 (6.1) 0.2 0.1 to 0.3 0.003

  30–31 28 56 50.9 (8.0) 55.1 (9.0) 4.2 (4.9) 0.2 0.1 to 0.4 <0.001

  32 30 60 50.3 (6.6) 52.7 (7.5) 2.4 (4.5) 0.1 0.0 to 0.2 0.026

  33 33 66 55.2 (8.9) 55.3 (8.7) 0.1 (6.6) 0 −0.2 to 0.2 0.980

  34 33 66 57.3 (7.8) 58.1 (7.2) 0.9 (5.2) 0 −0.1 to 0.2 0.644

*Three-tiered, multilevel, mixed-effects linear regression model adjusted for gestational age and clustered by mother and infant.
Hct, haematocrit.

Our study has several limitations. Blood samples were 
obtained from arterial, venous and capillary sources. 
It is known that capillary haematocrits are higher 
than venous haematocrits.22 23 Our single-centre study 
with 84% antenatal steroid exposure includes better 
prepared preterm infants whose cardiopulmonary phys-
iology would enhance placental transfusion benefit. We 
excluded 18% (123/689) of preterm infants who did 
not receive the intended 60 s duration of DCC due to 
maternal or neonatal indications. This selection limits 
our generalisability to all preterm infants <35 weeks’ 
GA. We also excluded an additional 15% (99/689) of 
infants primarily due to unavailable haematocrit at 0–4 
hours. We suspect most of these excluded infants were 
clinically stable and early newborn labs may not have 
been indicated or necessary; thus, they may have been 
healthier than those included in the study. Less than 37% 
(174/467) of our cohort had a second haematocrit avail-
able, which could cause selection bias. In practice, less 
stable infants are more likely to have a second recorded 
haematocrit within 24 hours. This bias is likely to under-
estimate the increase in haematocrit in the first day after 
birth and may explain the lack of significant increase in 
haematocrit in infants 33–34 weeks’ GA.

Our study could have additional utility by providing 
similar metrics and analysis for haemoglobin. Although 
haematocrit and haemoglobin are highly correlated and 
regularly used to assess anaemia, conversion between 
them is not ideal. Haematocrit is indirectly calculated 
from the product of the RBC count and mean corpus-
cular volume, whereas haemoglobin is measured spec-
trophotometrically. Two different haematology analysers 
were used during this study, which introduces interma-
chine variability into our estimates. However, these two 
analysers have been shown to exhibit good haematocrit 
agreement and high correlation (r>0.985).24 Further-
more, the results of the regression analysis are unlikely 
to be biased because the analysers were not preferentially 
used across GAs, and the same analyser presumably was 
used for paired haematocrits.

In conclusion, we present a haematocrit reference 
range for preterm infants who receive at least 60 s DCC 
as part of standard of care. There is a greater increase in 
haematocrit for each GA compared with the previously 
described references in the pre-DCC population.17 Paired 
sample analysis showed that DCC increases haematocrit 
from birth to 24 hours after birth in preterm infants 
23–32 weeks’ GA.
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