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Complications and blood transfusions in newborns are
associated with a higher milliliters per kilogram ratio of blood
extracted for laboratory studies
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Abstract

Background: Phlebotomy-associated blood loss is a clinical concern in term and pre-term newborns. Previous reports have
associated a higher volume of phlebotomy associated blood loss to a more pre-term status and to the need for blood trans-
fusions. The present study was undertaken to evaluate the amount of phlebotomy-associated blood loss and its associations.
Methods: Retrospective, observational, and analytical study conducted through a retrospective chart review. The primary
objective was to determine the association between the presence of the endpoint “any complications” and the mean phle-
botomy-associated blood loss in milliliters/kilograms (mL/kg). Blood loss was quantified using the corresponding documen-
tation sheet in the clinical record, as reported by the nursery service. Results: 176 patients were included in the present
study. Male: female ratio was 1.67:1.00. Mean gestational weeks was 34.2 with a standard deviation of 3.7 Patients meeting
the composite endpoint “any complications”had a higher mean mL/kg of phlebotomy-associated blood loss than those who
did meet it (10.93 vs. 2.91, p < 0.001). In addition, patients requiring blood transfusions had higher mL/kg of phlebotomy-as-
sociated blood loss than those who did not (21.16 vs. 4.21, p < 0.0017). Finally, more pre-term status was significantly asso-
ciated with a higher phlebotomy-associated blood loss (p < 0.001). Conclusions: The presence of any complications, more
pre-term status and need for blood transfusions was significantly associated with a higher mL/kg phlebotomy-associated
blood loss. Bigger, prospective studies controlling other variables and temporality are needed to fully grasp the clinical
consequences of a high mL/kg phlebotomy-associated blood loss.
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Las complicaciones y las transfusiones de sangre en los recién nacidos se asocian a
una mayor proporcion de mililitros por kilogramo de sangre extraida para estudios de
laboratorio

Resumen

Introduccion: La pérdida de sangre asociada a la flebotomia es una preocupacion clinica en los recién nacidos a término y
prematuros. Informes previos han asociado un mayor volumen de pérdida de sangre asociada a la flebotomia con un estado
mads prematuro y con la necesidad de transfusiones de sangre. El presente estudio se realizd para evaluar la cantidad de pérdida
de sangre asociada a la flebotomia y sus asociaciones. Métodos: Estudio retrospectivo, observacional y analitico realizado por
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medio de una revision retrospectiva de historias clinicas. El objetivo principal fue determinar la asociacion entre la presencia del
objetivo compuesto «cualquier complicacion» y la pérdida de sangre media asociada a la flebotomia en mL/kg. La pérdida de
sangre se cuantificé usando la hoja correspondiente en el expediente clinico documentada por el servicio de enfermeria. Resul-
tados: Se incluyeron 176 pacientes en el presente estudio. La relacion hombre: mujer fue de 1.67:1.00. La media de semanas
de gestacion fue de 34.2, con una desviacion estandar de 3.7 Los pacientes que cumplieron con el criterio de valoracion com-
puesto «cualquier complicacion» tuvieron una media mayor de mL/kg de pérdida de sangre asociada a la flebotomia que
aquellos que si'lo cumplieron (10.93 vs. 2.91; p < 0.007). Ademas, los pacientes que requirieron transfusiones de sangre tuvieron
una mayor pérdida de sangre asociada a la flebotomia en mL/kg que aquellos que no las requirieron (21.16 vs. 4.21; p < 0.001).
Finalmente, un mayor estado de prematuridad se asocio significativamente con una mayor pérdida de sangre asociada a la
flebotomia (p < 0.001). Conclusiones: La presencia de cualquier complicacion, un mayor estado de prematuridad y la necesi-
dad de transfusiones de sangre se asociaron significativamente con una mayor pérdida de sangre asociada a la flebotomia en
mL/kg. Se necesitan estudios prospectivos mas amplios que controlen otras variables y la temporalidad para comprender ple-

namente las consecuencias clinicas de una alta pérdida de sangre asociada a la flebotomia en mL/kg.

Palabras clave: Prematuro. Estudios de laboratorio. Extraccion de sangre. Mililitros/kilogramos. Transfusiones de sangre.

Introduction

In the pre-term newborn (PN) and term newborn (TN)
phlebotomy-associated blood loss (PABL) is a common
concern in the neonatal intensive care unit (NICU)', as
it may participate in the development of anemia'*.
Anemia is more common, severe, and prolonged in the
PN than in its term counterpart (TN) and commonly
requires at least one blood transfusion as treatment®. The
severity and duration of anemia in the PN is associated
with faster-dwindling iron deposits, a lower half-life of red
blood cells and a temporary inability to raise the circulat-
ing erythropoietin levels®. As this can lead to a need for
blood transfusion, which is not free of risks®®, a strict
vigilance of the PABL in milliliters/kilograms (mL/kg)
extracted is of the utmost importance. Some of the risks
associated to blood transfusions in PNs include hemo-
lytic transfusional reactions, alloimmunization, volume
overload, allergic reactions; iron excess, transfusion-as-
sociated infections, intraventricular hemorrhage (IVH),
necrotizing enterocolitis (NEC), bronchopulmonary dys-
plasia (BPD) and increased risk of retinopathy of pre-ma-
turity®-8. Previous guidelines have marked safe thresholds
for PABL®°. Still, previous reports have found that PABL
can vary between 16 and 65 mL/kg in the first 2 weeks
of life in PNs'''3, To the authors’ best knowledge, no
previous study has reported the PABL in PNs and TNs
in Mexico. Therefore, it is the objective of the present
study to describe the mL/kg PABL and its associations
in a group of patients from northern Mexico.

Methods

The present study has an observational, retrospec-
tive and analytical design. It was undertaken in the

NICU of a tertiary academic center in northern Mexico.
The present study was waived from being presented to
the local ethics committee (Hospital de Ginecologia y
Obstetricia de Monterrey (Hospital Ginequito [HG])
internal ethics committee) due to its retrospective and
observational nature. In addition, the present study
adhered to the tennets present in the Declaration of
Helsinki and no identifiable information from any patient
was included. PN and TN born in HG who entered the
NICU of any gender and age in 2022 and 2023 were
included. The only two exclusion criteria were an
incomplete clinical record and the transfer to another
NICU outside the study’s center. Physical and elec-
tronic clinical records of included patients were reviewed
for sociodemographic data, clinical characteristics and
PABL, which was reported as milliliters and as mL/kg.
PABL was measured daily and documented in the fluid
specifications sheet by the nursery staff, which is pres-
ent in every clinical record of the study’s center. The
total PABL for each patient in their full hospitalization
was used as the final measure. Due to the retrospective
nature of the present study, no study’s investigator was
present at the time of the PABL quantification. As the
fluid specifications sheet did not report the PABL
divided between peripheral and central catheters, the
amount provided by each is not available. As is inherent
to retrospective studies, this data recollection method
is imperfect and is prone to retrospective biases. Term
status was classified as: Term > 37 weeks of gestation
(WG), Late pre-term 34-36 WG, Moderate pre-term
32-33.6 WG, Very pre-term 28-31.6 WG, and Extreme
pre-term < 28 WG, in accordance to previous reports'.
Data were emptied into an Excel spreadsheet (Microsoft
Office Excel, Microsoft, USA) without any identifying
data. The primary objective was to determine if the
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Table 1. Descriptive statistics of the full sample

Table 1. Descriptive statistics of the full sample
(continued)

Maternal age*

31.39 (5.157)

Newborn gender* 31.40
Male 110 (62.5)
Female 66 (37.5)
Male: Female ratio 1.67:1.00
Prenatal steroid scheme*

Complete 22 (12.5)

Incomplete 30 (17.0)

None 123 (69.9)
Birth*

Labor 2(1.1)

Accidental birth 1(0.6)

Cesarean section 173 (98.3)
Primary diagnosis*

Preterm 91 (51.7)

Neonatal sepsis 65 (36.9)

Other 20 (11.3)

Gestational weeks*

OMS term classification®

34.244 (3.7564)

Term > 37 WG 58 (33.0)
Late preterm 34-36 WG 56 (31.8)
Moderate preterm 32-33.6 WG 19 (10.8)
Very preterm 28-31.6 WG 32 (18.2)
Extreme preterm < 28 WG 11 (6.3)
Birth weight* 2282.34 (928.452)
Apgar 1* 8.20 (1.293)
Apgar 5* 9.29 (.973)
Silverman 1* 0.28 (0.777)
Silverman 2* 1.64 (1.473)

Size (centimeters)*

Cephalic perimeter*

45.037 (6.3558)
31.509 (4.0888)

Need for antibiotics* 149 (84.7)
Need for antifungals* 25 (14.2)
Need for amine therapy* 19 (10.8)
Retinopathy of preterm* 8 (4.5)
Necrotizing enterocolitis® 19 (10.8)
Bronchopulmonar dysplasia* 8 (4.5)
Intraventricular hemorraghe* 8 (4.5)
Need for surgery* 21 (11.9)

Laboratory values*
Basal hemoglobin
Basal hematocrit
Last hemoglobin
Last hematocrit

16.2480 (2.61141)
47.5378 (8.62823)
14.2035 (2.99189)
41.3594 (9.76327)

(Continues)

Blood tranfusions*
Number of transfusions in all patients*

Number of transfusions only in patients
needing transfusions*

Hematocrit during transfusion*

Phlebotomy-associated blood-loss in
milliters*

Phlebotomy-associated blood-loss in
milliters/kilogram*

Any complication**

Phlebotomy-associated blood-loss in milliters/
kilogram according to preterm classification*
Term > 37 WG
Late preterm 34-36 WG
Moderate preterm 32-33.6 WG
Very preterm 28-31.6 WG
Extreme preterm < 28 WG

32 (18.2)
26 (0.623)
1.44 (0.669)

27.3875%

11.2153 (10.12978)

7.3177 (10.11590)

96 (54.5)

2.9777 (3.28885)

3.2653 (2.22132)

8.6901 (11.89036)
17.0702 (13.78024)
19.7224 (13.12802)

Blood transfusions per preterm classification®

Term > 37 WG 7(12.1)
Late preterm 34-36 WG 2 (3.6)

Moderate preterm 32-33.6 WG 2(10.5)
Very preterm 28-31.6 WG 14 (43.8)
Extreme preterm < 28 WG 7 (63.6)

*Absolute number and percentage.

*Average and standard deviation.

$Any complication includes: death, sepsis, need for surgery, need for vasoactive
drugs administration, intraventricular hemorraghe in any degree, bronchopulmonar
dysplasia or necrotizing enterocolitis.

WG: Weeks of gestation.

mL/kg PABL was different in the composite endpoint
“presence of any complication” (death, sepsis, need for
surgery, need for vasoactive drugs administration, IVH
in any degree, BPD or NEC) than in its absence.
Additional secondary objectives included the associa-
tion between pre-term staging and PABL, transfusions
and PABL, pre-term staging and complications and
transfusions and pre-term staging.

Statistical analysis

Data from the Excel spreadsheet were transposed
into the Statistical Package for the Social Sciences
(SPSS) sheet (SPSS statistics, I1BM, Addison).
Numerical variables were described with central ten-
dency and dispersion measures and categorical vari-
ables with absolute numbers and percentages. The
association between non-related categorical variables
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Table 2. Difference in phlebotomy associated blood-loss
in milliliters, milliliters/kilogram, initial hemoglobin, final
hemoglobin, initial hematocrit and final hematocrit
according first to the presence or absence of any
complications and then to need for blood transfusions

Variable Any No
complication | complication

Phlebotomy 15.2474 6.3769 < 0.001
associated
blood-loss in
milliliters*
Phlebotomy 10.9398 2.9162 < 0.001
associated
blood-loss in
milliliters/kilogram®
Basal hemoglobin* 16.0359 16.5024 0.239
Basal hematocrit* 46.8162 48.4038 0.225
Last hemoglobin* 13.1723 15.4410 < 0.001
Last hematocrit* 38.5788 44.6963 < 0.001
Variable Patients Patients not
requiring requiring
blood blood
transfusions | transfusions
Phlebotomy 24.7172 8.2149 < 0.001
associated
blood-loss in
milliliters*
Phlebotomy 21.1669 4.2186 < 0.001
associated
blood-loss in

milliliters/kilogram*

*Expressed as average.

was examined with the Chi square test. The difference
in numerical variables divided by 2 and more than 2
groups was analyzed with the Student-t and one-way
ANOVA tests, respectively. A p value lower than 0.05
was considered statistically significant.

Results

We included 176 patients in the present study. The
descriptive statistics for the full sample are depicted in
table 1. The mean of maternal age was 31.39 with a
standard deviation (SD) of 5.1 years. A slight prepon-
derance of male newborns was detected (male: female
ratio of 1.67:1.00). Most newborns included in the pres-
ent study were born through Cesarean section (98.3%)
and their primary diagnosis for entering the NICU were
pre-term in 51.7%, neonatal sepsis in 36.9% and others

in 11.4%. The mean of gestational weeks in the full
sample was 34.2 with a SD of 3.7. The most common
term classifications were term in 33.0% and late pre-
term in 31.8%. The mean PABL (mL/kg) in the full sam-
ple was 7.31 with an SD 10.11 and the presence of any
complication was detected in 96 patients (54.5%).
Additional descriptive data (Apgar, birth weight, silver-
man, size, and other clinical characteristics) can be
found extensively reported in table 1. The difference in
PABL and other numerical variables according to the
presence or absence of complications is reported in
table 2. Both milliliters and mL/kg of PABL were higher
in the any complication than in the no complication
group (mean 15.24 vs. 6.37 and 10.93 vs. 2.91, both p
< 0.001). Basal hemoglobin and hematocrit did not sig-
nificantly differ between both groups. However, the last
hemoglobin and hematocrit were lower in the any com-
plication compared to the no complications group (p <
0.001). When examining patients according to their
term classification (Table 3) moderate pre-term, very
pre-term and extreme PNs had higher mean PABL in
both milliliters and mL/kg compared to term and late
pre-term patients. Both of these differences were sta-
tistically significant (p < 0.001). The PABL examined
through patients requiring and not requiring blood
transfusions was also examined (Table 2) and those
that did require them had higher milliliters and mL/kg
PABL than those who did not (24.71 vs. 8.21 and
21.16 vs. 4.21, respectively, p < 0.001 in both cases).
On the other hand, the association between the pres-
ence of any complication and term classification is
reported in table 4. Here, a higher proportion of the
presence of any complication was seen in the groups
moderate pre-term, very pre-term and extremely pre-
term (14 [73.7%), 24 [75.0%] and 11 [100.0%), respec-
tively) compared with term and late pre-term (26 [44.8%)]
and 21 [37.5%), respectively). This difference was sta-
tistically significant (< 0.001). The association between
the need for blood transfusions and term classification
was also reviewed and is presented in table 4. The
groups very pre-term and extremely pre-term had the
highest proportion of need for blood transfusions (14
[43.8%] and 7 [63.6%)], respectively), while term, late
pre-term and moderate pre-term had lower proportions
(7 [12.1, 2 [3.6%] and 2 [10.5%], respectively) with a p
< 0.001. Finally in this section, additional results
(descriptive statistics, associations between PABL and
blood transfusions and other variables) are available in
the supplementary material (Supplementary Tables
S1-11).
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Table 3. Difference in phlebotomy associated blood-loss in milliliters and milliliters/kilogram according to term

classification

Late preterm | Moderate preterm | Very preterm | Extreme preterm “

Phlebotomy associated blood-loss in 8.9509 7.2741
milliliters*
Phlebotomy associated blood-loss in 2.9777 3.2653

milliliters/kilogram*

*Expressed as average.

Table 4. Proportion of any complication and need for
blood transfusion according to term classification

VELED Presence of any Absence of any
complication (%) | complication (%)

Term/ 26 (44.8) 32 (55.2) < 0.001
Late preterm/ 21 (37.5) 35 (62.5)

Moderate 14 (73.7) 5 (26.3)

preterm/

Very preterm/ 24 (75.0) 8 (25.0)

Extremely 11 (100.0) 0(0.0)

preterm’/

Need for blood No need for
blood

transfusion (%)

Variable

transfusion (%)

Term/ 7(12.1) 51 (87.9) < 0.001
Late preterm/ 2 (3.6) 54 (96.4)

Moderate 2(10.5) 17 (89.5)

preterm/

Very preterm/ 14 (43.8) 18 (56.3)

Extremely 7 (63.6) 4 (36.4)

preterm/

/Reported as frequencies and percentages.

Discussion

The present study reports on the PABD and its asso-
ciations in PN and TN from a cohort in northern Mexico.
To the authors’ best knowledge, no previous study
regarding this matter has been published in this region.
As previously stated, anemia is a highly relevant prob-
lem with an even higher morbidity and difficulty to
resolve in PN®. Furthermore, those requiring blood
transfusions as treatment face another set of possible
risks®-8. Therefore, optimal control of all factors increas-
ing the risk of anemia for PN and TN is of the utmost
importance. Although not extensively studied, PABL

12.3132 20.3047 14.8818 < 0.001

8.6901 17.0702 19.7224 < 0.001

has been reported by previous authors to contribute to
the risk of anemia'+'5. In PN and TN a single mL/kg of
PABL can represent 1% or higher of their total blood
volume'®. Previous guidelines and recommendations
regarding PABL vary greatly (0.8-4.0 mL/kg) and have
been reported in general or by age specific groups'®.
Key points to minimize PABL include following the safe
limits established by previous guidelines, lowering such
limits in sick or hemoglobin-deficient patients, coordi-
nating the clinical and research PABL needs to not
cross the established limits and minimize the number
and discomfort associated to PABL procedures'®. In
addition, specific subgroups of patients with certain
ethnic backgrounds, diseases or other conditions may
be underrepresented by actual guidelines and more
research on their PABL limits is needed™. In the pres-
ent study, mean PABL in mL/kg in the overall sample
(7.3) and in the term groups moderate pre-term (8.69),
very pre-term (17.07) and extreme pre-term (19.72) sur-
pass these previously stated safe limits. However, pre-
vious reports on PABL in PN in other populations
have also documented similar or higher averages'?'3.
Therefore, previously stated safe limits'® could not be
reflective of actual “real-world” clinical practices. In
addition, in the aforementioned study by Madsen et al.'
and in another study by Hack and Khodabux'é, a higher
PABL was associated with the need for blood transfu-
sions, which agrees with the findings in the present
paper. Another relevant finding in the present paper
was a higher PABL in patients experiencing any com-
plications and in more pre-term patients. Previous
reports have also documented that PABL is higher on
more pre-term patients'®, but scarce information is
available on the association between PABL and com-
plications other than anemia in PN. It must be stated
that the degree of pre-maturity, the need for blood
transfusions and the presence of complications are
also inter-associated variables as seen in the present
paper. Therefore, it is hard to ascertain if PABL has any
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causative effect on the other variables, or if it is only a
marker of the severe diseases, high risks and labora-
tory-investigative needs seen in PN. On a final note,
the authors would like to comment on the present
study’s weakness. First of all, it inherently possesses
bias associated with retrospective studies, such as
information bias, as clinical records were not originally
written by the present authors. This retrospective bias
extends to PABL, as it was quantified with a specific
sheet in the clinical record and the study’s investigators
were not present for its quantifications. In addition, the
temporal relationship between the PABL and other vari-
ables is uncertain. Larger, prospective studies con-
trolling other variables would be of great importance to
critically determine the real impact of PABL in the pos-
sible complications of PN.

Conclusions

PABL is associated with the presence of complica-
tions, more pre-term patients and the need for blood
transfusions. Larger, prospective studies with an
emphasis on other variables’ control and temporality
are needed to fully grasp the clinical implications of a
high mL/kg PABL.
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