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Abstract
Background

Packed red blood cell (PRBC) transfusions are routine in neonatal care and the most common blood product
administered to sick neonates. However, their impact on leukocyte and platelet profiles in very low birth
weight (VLBW) preterm infants remains largely unexplored. This study examines leukocyte profile shifts and
platelet dynamics following leukoreduced PRBC transfusions in VLBW preterm infants, offering insights to
improve neonatal care and reduce unnecessary interventions.

Methods

The study utilized a retrospective cohort design within a single center, focusing on VLBW preterm infants
who received PRBC transfusions at a level 3 NICU between January 2014 and June 2019. Data collection
encompassed white blood cell (WBC) and platelet count measurements taken 24 hours before and up to 72
hours after PRBC transfusion. Neonates lacking complete blood count (CBC) data within the 72-hour post-
transfusion window were excluded. A subgroup analysis distinguished the outcome between the initial PRBC
transfusion and subsequent ones. The statistical significance of pre- and post-transfusion laboratory data
was determined using the Wilcoxon signed ranks test and paired T-test.

Results

A cohort of 108 VLBW preterm infants who underwent a total of 402 PRBC transfusions was included in the
analysis. The subjects exhibited a mean gestational age of 27.2 + 2.5 weeks and a mean birth weight of 913 +
264 grams. Analysis of pre- and post-transfusion data revealed no significant differences in total white
blood cell count (WBC), absolute neutrophil count (ANC), absolute monocyte count (AMC), absolute
eosinophil count, and absolute lymphocyte count. Notably, the platelet count was significantly decreased in
the post-transfusion group (p < 0.001). In a subset analysis limited to the first-time transfusions among the
108 infants, a statistically significant increase was observed in total WBC, AMC, and ANC following
transfusion.

Conclusions

The findings of this study highlight that PRBC transfusions can prompt an increase in neutrophils,
monocytes, and eosinophils, coupled with a decline in platelet counts, all within a 72-hour window post-
transfusion. Notably, these changes were predominantly discernible after the initial transfusion, with
subsequent transfusions demonstrating consistency, except for the observed platelet count reduction.
Recognizing these patterns could prove instrumental in averting undue investigations for suspected sepsis,
particularly following the initial transfusion event. However, further in-depth investigations are necessary
to uncover the underlying factors responsible for the shifts in leukocyte and platelet profiles triggered by
PRBC transfusions.

Categories: Pediatrics, Hematology
Keywords: vlbw, preterm, neonatal intensive care unit (nicu), leukoreduced, platelet, leukocyte count, packed red
blood cells ( prbc)

Introduction

Blood transfusions are a common intervention in premature infants, with more than 80% of very low birth
weight (VLBW) infants receiving at least one transfusion during their hospital stay [1,2]. Packed red blood
cells (PRBC) are the most frequently administered blood product to sick neonates. The presence of
leukocytes within PRBCs is responsible for adverse reactions linked to blood transfusion. However, many
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countries now routinely employ leukoreduction before red cell storage. Leukoreduction seeks to reduce
transfusion-related reactions by removing donor leukocytes from PRBC units through filtration while

ensuring the residual leukocyte count remains below 5.0 x 10° per each whole blood, compliant with current
Food and Drug Administration (FDA) regulations [3]. Leukocytes, also known as white blood cells (WBCs),
play a pivotal role in the body's defense against invading pathogens [4]. The origin of leukocytes commences
in the liver at approximately five weeks of gestation [5]. Apart from WBC counts, the absolute neutrophil
count (ANC), immature-to-total neutrophil ratio (I/T ratio), and platelet counts are also extensively
employed as possible indicators of infection [6].

Insights from studies involving adults propose a connection between increased morbidity and mortality in
critically ill adults after blood transfusion, which raises the possibility of heightened pro-inflammatory
immunomodulation [7]. This speculation prompts the exploration of whether changes in circulating WBCs
may follow PRBC transfusions. Several works of literature have shown that PRBC transfusions were
associated with transient leucocytosis in adult recipients [8-10]. Nonetheless, significant research gaps exist,
including the scarcity of large-scale studies addressing whether transfusions of leukoreduced red cells lead
to leukocytosis in anemic, critically ill patients in intensive care. Furthermore, studies focusing on leukocyte
and platelet profile shifts in premature neonates after leukoreduced PRBC are limited in number [11].

The awareness of post-transfusion leukocytosis can prevent unnecessary investigations and therapies fueled
by misguided suspicions of sepsis. This study aims to analyze the changes in leukocyte and platelet profile
following a transfusion of leukoreduced red blood cells in VLBW and preterm neonates.

Materials And Methods
Study cohort

This retrospective analysis focused on a cohort of VLBW and preterm neonates who received PRBC
transfusions at an urban level 3 NICU between January 2014 and May 2019. Neonates with a complete blood
count (CBC) within the 72-hour post-transfusion window following the PRBC transfusion were included in
the analysis. The study's exclusion criteria covered several factors, such as neonates transferred to another
facility post-transfusion, neonates who unfortunately passed away after the transfusion, cases with
incomplete medical chart data, and neonates who received additional transfusions between the two CBC
sample collections.

General clinical practice

Each PRBC transfusion in this study involved cytomegalovirus-negative, irradiated, and sickle cell-negative
PRBCs. Prior to storage, these PRBC units had undergone leukoreduction. Each neonate received PRBCs at a
volume ranging from 10 to 20 ml per kg, with an infusion duration spanning two to four hours. Infants
undergoing the transfusion procedure were placed on a nil per oral status. Before 2020, we routinely
checked hematocrit post-transfusion for all neonates within 72 hours. However, this practice has since been
discontinued, and we used the collected CBC data during that period to analyze our research outcomes and
gather valuable insights.

Data collection

The study utilized electronic medical records to gather pertinent neonatal demographic characteristics and
laboratory data. Demographic data encompassed gestational age (GA), birth weight (BW), and sex. The
laboratory data comprised WBC counts, ANC, absolute eosinophil count (AEC), absolute monocyte count
(AMC), absolute lymphocyte count (ALC), and platelet counts. These laboratory values were measured 24
hours before the transfusion and 24 to 72 hours after. All study-related data were collected, compiled, and
securely stored in a password-protected folder within a secure network environment to maintain
confidentiality.

Definitions

GA was determined according to the obstetrician's standard of care. Neonates born at less than 37 weeks of
gestation were classified as preterm neonates. Infants with a birth weight of less than 1500 grams were
categorized as VLBW neonates.

Statistical analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS) software, version 20 (IBM
Corp., Armonk, NY). Descriptive statistics, including mean (* standard deviation) or median (interquartile
range), were employed based on the distribution of data. Statistical significance of laboratory data before
and after transfusion was determined using appropriate tests such as the Wilcoxon signed ranks test and
paired T-test. A two-sided p-value of less than 0.05 was considered statistically significant. A subgroup
analysis was conducted to differentiate outcomes between the initial PRBC transfusion and subsequent
transfusions.
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Ethical considerations

The study protocol underwent review and approval by our institution's institutional review board.
Considering the study's retrospective design, the requirement for consent was waived.

Results
Demographic characteristics

A total of 108 VLBW and preterm infants were included in the study. The demographic characteristics of the
subjects are summarized in Table /. The infants exhibited a mean gestational age of 27.2 weeks, and their
average birth weight was 913 grams. Among them, 58 infants (54%) were male.

Demographic characteristics Values
Gestational age in weeks, Mean (xSD) 27.2 (£2.5)
Birth weight in grams, Mean (+SD) 913 (+ 264)
Sex

Male, n (%) 58 (54%)
Female, n (%) 50 (46%)

TABLE 1: Demographic characteristics of the study population (n=108)

n - number, SD - standard deviation

Laboratory parameters before and after blood transfusions

Table 2 provides a detailed overview of the changes in laboratory parameters before and after blood
transfusions across the entire cohort of 108 studied subjects, encompassing a total of 402 transfusion
encounters. The analysis revealed no statistically significant differences in the median (interquartile range)
values of various parameters before and after transfusion. Specifically, the WBC (x10%/L) showed consistent
values before and after transfusion, with medians of 17.1 (11.7-23.3) and 17.1 (12.6-22.9), respectively (p =
0.625). Similarly, no significant differences were observed in the ANC, absolute monocyte count, absolute
lymphocyte count, and absolute eosinophil count. However, the platelet count (X109/L) demonstrated a

statistically significant decrease post-transfusion, with median values dropping from 205 (128-300) to 181
(118-272) (p < 0.001).

Laboratory finding Before transfusion After transfusion P value
WBC (x1o9/|_), Median (IQR) 17.1 (11.7-23.3) 17.1 (12.6-22.9) 0.625
Absolute neutrophil count (x10%/L), Median (IQR) 7.5(4.1-11.9) 7.2 (4.5-11.8) 0.509
Absolute monocyte count (x10°/L), Median (IQR) 1.9 (1.2-3.0) 2.0 (1.2-3.1) 0.367
Absolute lymphocyte count (x10%/L), Median (IQR) 4.5(3.2-6.2) 4.6 (2.9-6.1) 0.739
Absolute eosinophils count (x10°/L), Median (IQR) 0.6 (0.2-1.1) 0.5(0.3-1.2) 0.724
Platelet count (x 10%/L), Median (IQR) 205 (128-300) 181 (118-272) <0.001

TABLE 2: Change of laboratory parameters before and after blood transfusions

This table displays changes in laboratory parameters before and after transfusions in 108 subjects (402 transfusion encounters). IQR - interquartile range

Laboratory parameters before and after first blood transfusions

Table 3 provides a focused view of the changes in laboratory parameters, specifically before and after the
first-time blood transfusions within the cohort of 108 infants, encompassing a total of 108 transfusion
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encounters. Among these infants, the analysis revealed significant changes in certain parameters. The WBC
(x109/L) exhibited a significant increase post-transfusion, rising from a median of 12.7 (7.7-21.2) before to
16.0 (9.0-24.7) after the transfusion (p = 0.002). This trend was echoed in the ANC (x109/L), which
demonstrated a significant increase from 4.7 (2.8-10.6) to 7.7 (3.2-13.3) (p = 0.004). Additionally, the
absolute monocyte count showed a significant increase post-transfusion, with median values increasing
from 1.4 (0.8-2.2) to 1.6 (1.0-2.5) (p = 0.004). There were no statistically significant differences in the mean
absolute lymphocyte count, absolute eosinophil count, or platelet count.

Laboratory finding Before transfusion After transfusion P value
WBC (x10%/L), Median (IQR) 12.7 (7.7-21.2) 16.0 (9.0-24.7) 0.002
Absolute neutrophil count (x10%/L), Median (IQR) 4.7 (2.8-10.6) 7.7 (3.2-13.3) 0.004
Absolute monocyte count (x10%/L), Median (IQR) 1.4 (0.8-2.2) 1.6 (1.0-2.5) 0.004
Absolute lymphocyte count (><109/L), Mean (+SD) 4.5 (£2.3) 4.4 (+21 0.825
Absolute eosinophils count (><109/L), Median (IQR) 0.3 (0.1-0.6) 0.3 (0.2-0.8) 0.355
Platelet count (x 10°/L), Mean (+SD) 235 (£118) 226 (£133) 0.007

TABLE 3: Change of laboratory parameters before and after first-time blood transfusions

This table illustrates changes in laboratory parameters before and after first-time blood transfusions among 108 subjects (108 transfusion encounters).

SD - standard deviation, IQR - interquartile range

Figure I presents a comprehensive visualization of the alterations in laboratory parameters before and after
the initial PRBC transfusions. The data are depicted using box and whisker plots, which provide valuable
insights into the distribution and central tendency of the measurements. The parameters of interest include
WBC, AMC, and ANC. The boxes in the plots represent the data's interquartile range (IQR), with the median
indicated by a line across the box. The key feature highlighted by this figure is the statistically significant
increase in WBC, ANC, and AMC after the first blood transfusions.
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FIGURE 1: Change of laboratory parameters before and after first-time
blood transfusions

WBC — white blood cell count, AMC — absolute monocyte count, ANC — absolute neutrophil count

Discussion

Blood transfusions play a critical role in the care of premature infants, particularly those with VLBW [12].
Despite their widespread use, there is a growing concern regarding the potential immunomodulatory effects
of transfusions, particularly with PRBCs [13,14]. Until now, only a few studies have examined the correlation
between PRBC transfusion and WBC indices in preterm and VLBW infants [15,16].
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The observed elevation in total WBC counts, neutrophils, and monocytes within 72 hours after transfusion
in this study suggests a complex interplay between transfusion and immune response. Notably, the elevation
was more pronounced after the initial transfusion, implying a primed immune response that becomes more
regulated in subsequent transfusions. This observation aligns with adult study findings suggesting a link
between transfusions and transient leukocytosis. The observed increase in WBC count following transfusion
in our study could be attributed to post-transfusion immunomodulation. Previous research has indicated a
significant rise in pro-inflammatory cytokines such as Interleukin (IL)-1p, IL-6, IL-8, tumor necrosis factor-
a, interferon-y, IL-17, and intracellular adhesion molecule-1 levels after exposure to packed RBCs [17-19].
Certain studies suggest that pre-storage leukoreduction can notably reduce the buildup of pro-inflammatory
cytokines [13,20,21]. However, leukoreduced PRBCs may still contain some pro-inflammatory mediators that
could contribute to the post-transfusion changes in WBCs [14]. It's likely that the influence of leukoreduced
PRBCs on WBC profiles is transient, which might explain why this effect is not consistently observed in
subsequent transfusions.

The observed reduction in platelet count following transfusion in our study could likely be attributed to the
phenomenon of dilution and an associated increase in platelet aggregation, as indicated by in vitro
transfusion studies [22,23]. When blood is transfused, the introduction of additional fluid volume from the
transfused blood can lead to a dilution effect, which might cause a decrease in the concentration of platelets
per unit volume of blood. This dilution effect can consequently result in a lower platelet count in the
recipient's bloodstream. Furthermore, the process of platelet aggregation, where platelets clump together,
can be triggered as a response to the changes in the blood environment during and after transfusion. This
aggregation can temporarily reduce the actual count of individual platelets while maintaining their
functionality as a collective entity. Dilutional thrombocytopenia has been documented in adults during
massive transfusions [24] and neonates during exchange transfusions [25]. It is plausible that a similar
mechanism may contribute to the observed decline in platelet count following PRBC transfusion in preterm
neonates.

However, it's worth noting that this reduction in platelet count was not observed after the initial
transfusion. This discrepancy might arise due to various factors. First, the initial transfusion might have a
different impact on platelet count than subsequent transfusions due to factors such as the recipient'’s
physiological response, dilution, and degree of platelet aggregation [24,25]. Second, the initial transfusion
might have triggered other compensatory mechanisms that counteracted the platelet count reduction.
Further research is needed to elucidate the exact mechanisms underlying these observations and better
understand the dynamics of platelet count changes following transfusion events.

Despite the valuable insights gained from this study regarding the impact of PRBC transfusions on leukocyte
and platelet profiles in premature and VLBW neonates, several limitations should be acknowledged. The
study's retrospective nature introduces potential biases stemming from reliance on electronic medical
records, potentially leading to inconsistencies or missing data. Furthermore, the study's relatively small
sample size and single-center nature could limit the generalizability of the findings across diverse neonatal
populations. The absence of a control group that did not receive PRBC transfusions hinders establishing a
direct causal relationship between transfusions and observed profile changes. The study's confined 72-hour
observation window might not capture potential longer-term effects or delayed responses. The omission of
other relevant variables, such as cytokine levels and coagulation parameters, also limits the depth of
understanding. Due to the limitation of an insufficient sample size, we were unable to stratify the results
based on the timing of post-transfusion CBC collection. In light of these limitations, future research with
larger sample sizes, prospective designs, and more comprehensive assessments is essential for a more
nuanced comprehension of the intricate interactions between PRBC transfusions and neonatal immune
responses.

Conclusions

The findings of this study underscore the potential impact of PRBC transfusions on the dynamics of key
blood cell populations. Specifically, our findings reveal an elevation in WBC, neutrophils, and monocytes
and a reduction in platelet counts within 72 hours following transfusion. Remarkably, these alterations were
most prominent following the initial transfusion, suggesting a distinctive response that tends to stabilize in
subsequent transfusions, except for the observed platelet count reduction. Recognizing these post-
transfusion patterns is crucial for appropriate clinical interpretation and decision-making, preventing
unnecessary interventions arising from misinterpreted physiological responses. While we may not
understand all mechanisms for the increase in WBC count or decreased platelet count post-transfusion, we
do know the phenomenon exists, and we should avoid labeling all neonates with leukocytosis and
thrombocytopenia in the NICU as infected. However, further in-depth investigations are necessary to
uncover the underlying factors responsible for the shifts in leukocyte and platelet profiles triggered by PRBC
transfusions.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. IRB, Brookdale Hospital
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Medical Center issued approval N/A. This retrospective chart review study was approved by the Institutional
Review Board (IRB) of Brookdale Hospital Medical Center, with informed consent waived due to the nature
of the study design and the use of de-identified data, ensuring adherence to ethical guidelines and
participant well-being. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References

1. Ohls RK: Transfusions in the preterm infant. NeoReviews. 2007, 8:377-86. 10.1542/ne0.8-9-e377
2. Bell EF, Strauss RG, Widness JA, et al.: Randomized trial of liberal versus restrictive guidelines for red blood
cell transfusion in preterm infants. Pediatrics. 2005, 115:1685-91. 10.1542/peds.2004-1884
3. Pre-storage leukocyte reduction of whole blood and blood components intended for transfusion. Guidance
for industry. Food and Drug Administration. (2012). https://www.fda.gov/regulatory-information/search-
fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-....
4. Tigner A, Ibrahim SA, Murray IV: Histology, White Blood Cell. StatPearls [Internet], Treasure Island (FL);
2022.
5. Mafra K, Nakagaki BN, Castro Oliveira HM, Rezende RM, Antunes MM, Menezes GB: The liver as a nursery
for leukocytes. ] Leukoc Biol. 2019, 106:687-93. 10.1002/JLB.MR1118-455R
6. Hornik CP, Benjamin DK, Becker KC, et al.: Use of the complete blood cell count in early-onset neonatal
sepsis. Pediatr Infect Dis J. 2012, 31:799-802. 10.1097/INF.0b013e318256905¢
7. Aiboshi ], Moore EE, Ciesla DJ, Silliman CC: Blood transfusion and the two-insult model of post-injury
multiple organ failure. Shock. 2001, 15:302-6. 10.1097/00024382-200115040-00009
8. Fenwick JC, Cameron M, Naiman SC, Wiggs BR, Tweeddale MG, Naiman SC, Haley LP: Blood transfusion as
a cause of leucocytosis in critically ill patients. Lancet. 1994, 344:855-6. 10.1016/50140-6736(94)9282.8-2.
9. Izbicki G, Rudensky B, Na'amad M, Hershko C, Huerta M, Hersch M: Transfusion-related leukocytosis in
critically ill patients. Crit Care Med. 2004, 32:439-42. 10.1097/01.CCM.0000104951.94820.A9
10.  Saleh E, Walsh TS: Leucocytosis following transfusion with leucodepleted red cells to non-bleeding
critically ill patients. ] Intensive Care Soc. 2013, 14:11-4. 10.1177/175114371301400104
11.  Frey B: Transfusion in premature infants impairs production and/or release of red blood cells, white blood
cells and platelets. | Paediatr Child Health. 2002, 38:265-7. 10.1046/j.1440-1754.2002.00745.x
12.  Meyer MP, O'Connor KL, Meyer JH: Thresholds for blood transfusion in extremely preterm infants: a review
of the latest evidence from two large clinical trials. Front Pediatr. 2022, 10:957585.
10.3389/fped.2022.957585
13.  Remy KE, Hall MW, Cholette J, et al.: Mechanisms of red blood cell transfusion-related immunomodulation .
Transfusion. 2018, 58:804-15. 10.1111/trf.14488
14.  Youssef LA, Spitalnik SL: Transfusion-related immunomodulation: a reappraisal. Curr Opin Hematol. 2017,
24:551-7. 10.1097/MOH.0000000000000376
15.  Wright IM, Skinner AM: Post-transfusion white cell count in the sick preterm neonate . ] Paediatr Child
Health. 2001, 37:44-6. 10.1046/j.1440-1754.2001.00589.x
16.  Ellefson AM, Locke RG, Zhao Y, Mackley AB, Paul DA: Increased monocytes and bands following a red blood
cell transfusion. ] Perinatol. 2016, 36:57-60. 10.1038/jp.2015.153
17.  Keir AK, McPhee AJ, Andersen CC, Stark MJ: Plasma cytokines and markers of endothelial activation
increase after packed red blood cell transfusion in the preterm infant. Pediatr Res. 2013, 73:75-9.
10.1038/pr.2012.144
18.  Dani C, Poggi C, Gozzini E, Leonardi V, Sereni A, Abbate R, Gori AM: Red blood cell transfusions can induce
proinflammatory cytokines in preterm infants. Transfusion. 2017, 57:1304-10. 10.1111/trf.14080
19. Davenport P, Sola-Visner M: Immunologic effects of red blood cell and platelet transfusions in neonates .
Curr Opin Hematol. 2022, 29:297-305. 10.1097/MOH.0000000000000736
20. Mohsen L, Youssef H, Abdelrahman H, et al.: Effect of packed red blood cell transfusion on IL-8 and SICAM-
1 in premature neonates at different postnatal ages. Pediatr Neonatol. 2019, 60:537-42.
10.1016/j.pedneo.2019.01.010
21. Locke R, Paul D, Touch S, Mackley A, Maduskuie V, Fawcett P: Cytokine load in prestorage leukoreduced
PRBC transfusions in premature infants. ] Perinatol. 2005, 25:526-30. 10.1038/sj.jp.7211340
22. Silvain ], Abtan J, Kerneis M, et al.: Impact of red blood cell transfusion on platelet aggregation and
inflammatory response in anemic coronary and noncoronary patients: the TRANSFUSION-2 study (impact
of transfusion of red blood cell on platelet activation and aggregation studied with flow cytometry use and
light transmission aggregometry). ] Am Coll Cardiol. 2014, 63:1289-96. 10.1016/j.jacc.2013.11.029
23. Silvain ], Pena A, Cayla G, et al.: Impact of red blood cell transfusion on platelet activation and aggregation
in healthy volunteers: results of the TRANSFUSION study. Eur Heart J. 2010, 31:2816-21.
10.1093/eurheartj/ehq209
24. Drews RE, Weinberger SE: Thrombocytopenic disorders in critically ill patients . Am J Respir Crit Care Med.
2000, 162:347-51. 10.1164/ajrcem.162.2.ncc3-00
25.  Wong W, Glader B: Approach to the newborn who has thrombocytopenia . Neoreviews. 2004, 1542:e444-50.
10.1542/neo.5-10-e444

2023 Balasundaram et al. Cureus 15(9): e44900. DOI 10.7759/cureus.44900 6 0of 6


https://dx.doi.org/10.1542/neo.8-9-e377?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/neo.8-9-e377?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2004-1884?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/peds.2004-1884?utm_medium=email&utm_source=transaction
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion?utm_medium=email&utm_source=transaction
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pre-storage-leukocyte-reduction-whole-blood-and-blood-components-intended-transfusion?utm_medium=email&utm_source=transaction
https://www.ncbi.nlm.nih.gov/books/NBK563148/?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/JLB.MR1118-455R?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/JLB.MR1118-455R?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0b013e318256905c?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/INF.0b013e318256905c?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00024382-200115040-00009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00024382-200115040-00009?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(94)92828-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0140-6736(94)92828-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.CCM.0000104951.94820.A9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/01.CCM.0000104951.94820.A9?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/175114371301400104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/175114371301400104?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1440-1754.2002.00745.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1440-1754.2002.00745.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2022.957585?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fped.2022.957585?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/trf.14488?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/trf.14488?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MOH.0000000000000376?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MOH.0000000000000376?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1440-1754.2001.00589.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1046/j.1440-1754.2001.00589.x?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jp.2015.153?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/jp.2015.153?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/pr.2012.144?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/pr.2012.144?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/trf.14080?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1111/trf.14080?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MOH.0000000000000736?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/MOH.0000000000000736?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pedneo.2019.01.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.pedneo.2019.01.010?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.jp.7211340?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/sj.jp.7211340?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2013.11.029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jacc.2013.11.029?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehq209?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1093/eurheartj/ehq209?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/ajrccm.162.2.ncc3-00?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1164/ajrccm.162.2.ncc3-00?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/neo.5-10-e444?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1542/neo.5-10-e444?utm_medium=email&utm_source=transaction

	Unraveling Leukocyte Profile Shifts and Platelet Dynamics Following Leukoreduced Packed Red Cell Transfusions in Very Low Birth Weight Preterm Neonates
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study cohort
	General clinical practice
	Data collection
	Definitions
	Statistical analysis
	Ethical considerations

	Results
	Demographic characteristics
	TABLE 1: Demographic characteristics of the study population (n=108)

	Laboratory parameters before and after blood transfusions
	TABLE 2: Change of laboratory parameters before and after blood transfusions

	Laboratory parameters before and after first blood transfusions
	TABLE 3: Change of laboratory parameters before and after first-time blood transfusions
	FIGURE 1: Change of laboratory parameters before and after first-time blood transfusions


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


