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Objectives: To explore the level of neonatal care on cumulative phlebotomy loss (cPL) and red cell transfusions in extremely low birthweight [ELBW; birthweight (BW) <1,000 g] infants, up to 40 weeks post-conceptual age (PCA). The secondary objective was to determine the associations between cPL and number of transfusions and between transfusions and hospital outcomes.



Methods: A prospective, comparative, observational study was conducted in two level IV and two level III neonatal intensive care units (NICUs) in Thailand. Daily cPL volume and number of blood tests were recorded. Descriptive data are reported as frequency and percentage for categorical variables and median [25th percentile (P25), 75th percentile (P75)] for continuous data according to the data distribution. A p-value <0.05 was considered statistically significant.



Results: 210 ELBW infants were included; 99 and 111 were admitted to level IV and level III NICUs, respectively. Birth weight of level IV infants was lower 780.0 [660.0, 875.0] vs. 865.0 [723.0, 930.0] g; p < 0.001]. Initial group hematocrits were similar (43.1% vs. 44.0%, p = 0.47). cPL for each infant was 28.1 [16.5, 46.4] ml. Level IV infants had more tests (n = 89 [54, 195] vs. 59 [37, 88], p < 0.001). Counterintuitively, there was a lower cPL trend in level IV infants, but this was insignificant (19.6 [12.3, 52.3] vs. 28.9 [19.3, 45.3] ml; p = 0.06). The number of transfusions in both NICUs was similar 4 [2, 6], with a strong correlation between cPL and number of transfusions (r = 0.79, p < 0.001). Transfusions were significantly associated with bronchopulmonary dysplasia [BPD; adjusted RR (95% CI): 2.6 (1.2, 5.3), p = 0.01].



Conclusions: Level IV NICUs conducted more blood tests in ELBW infants without a difference in cPL, and number of transfusions. Cumulative PL correlated with number of transfusions and was associated with BPD risk. Minimizing cPL by point-of-care tests and restrictive transfusion criteria, may reduce need for transfusion.
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Introduction

Extremely low birthweight (ELBW) infants (birthweight <1,000 g) are at-risk for anemia from incomplete erythropoiesis, short red cell life span, and low erythropoietin levels (1, 2). In addition, maternal complications such as antepartum hemorrhage may lead to a lower red cell mass. Severe anemia results in decreased tissue oxygen delivery that is associated with adverse outcomes such as impaired brain development (3) and necrotizing enterocolitis (NEC) (4, 5). Although the association of anemia with certain complications in preterm infants such as intraventricular hemorrhage (IVH) (6), apnea (7), increased cardiac workload (8), and poor growth (9) has been described, current evidence does not support the association of low hemoglobin concentrations in ELBW infants and long-term outcomes (7, 10, 11).

In the presence of significant anemia, physicians tend to administer red cell transfusions to improve oxygen delivery and physiological stability (12–14). Studies report that the rate of at least one red cell transfusion in ELBW infants is greater than 90% (11, 15). Red cell transfusions expose infants to pro-inflammatory cytokines and free iron which may result in transfusion-related adverse events such as retinopathy of prematurity (ROP), bronchopulmonary dysplasia (BPD), NEC, impaired neurodevelopmental outcomes, and mortality (15–23). Therefore, several postnatal strategies have been adopted to improve red cell volume through delayed umbilical cord clamping, early use of recombinant erythropoietin, tolerance of low hemoglobin levels, and prevention of further blood loss (15, 24). Although restrictive hemoglobin thresholds lead to a lower number of transfusions and donor exposure, the overall impact on clinical outcomes such as brain injury, NEC, BPD, or ROP, have been inconsequential (25). Attention has now been devoted to minimize the severity of anemia in this vulnerable population by decreasing the number of blood tests that reduce phlebotomy loss (PL) and the use of non-invasive monitoring (26).

ELBW infants are prone to significant PL due to their size and illness that requires intensive monitoring and medical care. Respiratory and hemodynamic instability in ELBW infants results in repetitive blood testing to facilitate supportive care during early postnatal life, particularly in infants who are critically ill. Unsurprisingly, this becomes a major source of blood loss over time.

There is no universal guidance for red cell transfusion in neonates. Transfusion protocols are mostly institution-based and are not uniform. They are mostly influenced by postnatal age, degree of illness, level of respiratory support (15, 27–29), and individual patients’ physiologic status (8, 30, 31). It is uncertain whether the level of intensive care and having written protocols affect the amount of PL or transfusion practice. Level IV neonatal intensive care units (NICUs) that provide broad subspecialist care, in a highly academic environment, may generate more blood work for meticulous monitoring than level III NICUs.

Our primary objective was to explore whether the level of neonatal care impacts cumulative phlebotomy loss (cPL) and number of red cell transfusions in ELBW infants up to 40 weeks post-conceptual age (PCA). The secondary objective was to determine the associations between cPL and number of transfusions, and between transfusions and hospital outcomes.



Material and methods

This was a multicenter, comparative, prospective cohort study. ELBW infants (birthweight <1,000 g) who were admitted between February 1st, 2020 to April 30th, 2021, were enrolled in four NICUs in Thailand. The institutions included: Siriraj Hospital (Si) and Ramathibodi (RM) Hospital located in Bangkok in the center of Thailand which provide level IV neonatal care, and two other level III centers at Chonburi (CB) Hospital in the East of Thailand and Buddhachinnaraj (BC) Hospital in the North. The definitions of the levels of tertiary and quaternary care align with both the former and more recent American Academy of Pediatrics guidelines (32, 33). All NICU admissions are overseen solely by neonatologists. Relevant clinical parameters, volume of each phlebotomy loss, types of blood work, and red cell transfusions were collected daily from admission until 40 completed weeks postconceptional age or discharge from hospital, whichever came first. The study protocol was approved by the local institutional ethics committee of each study center. Patient recruitment was commenced following each institutional IRB approval (Si and RM from February 1st, 2020 and April 1st, 2020, respectively, CB from November1st, 2020, and BC from June 1st, 2020) until April 30th, 2021. The study size was a convenient, prospective sample over the study period. All data were collected anonymously in the case record form using only coded study numbers to identify individual participants during data collection.

Inclusion criteria comprised: (1) birthweight less than 1,000 g; (2) admission to the study centers within 72 h of life; and (3) parental written consent. Infants requiring unusual blood investigations or had fetal anemia requiring antenatal therapy, hydrops fetalis, surgical conditions that involved early surgery, lethal congenital anomalies, and critical congenital heart diseases were excluded. None of the study sites use erythropoietin for the prevention of anemia or for neuroprotection. Clinical practices in all 4 centers are similar and include umbilical vessel catheterization and insertion of peripheral arterial and central lines. Decisions to perform blood work, type of investigations, and red cell transfusions were at the discretion of attending physicians’ and local policy in each center. Transcutaneous blood gas and end-tidal carbon dioxide monitoring are selectively employed only at Si. There is no national guidance regarding types and frequency of blood work in ELBW infants in Thailand. Generally, a complete blood count, blood glucose, blood gas analysis and blood culture is sampled upon NICU admission. Blood chemistry is customarily performed on the second day of life. Thyroid function tests are done on days 3, 14 and 28 following birth and a screen for metabolic bone disease (serum alkaline phosphatase, phosphate, and calcium levels), is performed at 4 weeks of life. Additional blood work is dependent on an infant's respiratory and hemodynamic status and physicians’ discretion. Both level IV NICUs have institutional protocols for blood transfusion, unlike the level III units, and analyze blood gas and biochemistry specimens with point-of-care devices (i-STAT 1 Analyzer, Abbott Point of Care Inc., Illinois, USA Both level III NICUs (CB and BC) utilize their respective hospital laboratory services for all blood analyses. Supplementary Table S1 shows the hemoglobin (g/dl) threshold for red cell transfusion relative to the level of hospital care and respiratory support.


Definitions

Hospital outcomes were evaluated in each study center by each local coinvestigator. Diagnosis of bronchopulmonary dysplasia (BPD) during the study period was based on the NICHD 2018 definition; radiographic confirmation of persistent parenchymal lung disease plus either room air or fractional inspired oxygen at various flow rates through nasal cannula to maintain arterial oxygen saturation in the 90%–95% range for ≥3 consecutive days, at 36 weeks post-conceptual age (34). NEC was diagnosed clinically by the attending staff with radiological confirmation. Standardized screening protocols for ROP and IVH by cranial ultrasonography were followed in the study centers.

Volume of PL was recorded uniformly in all the units during the study period. Blood volume drawn for arterial and venous samples were recorded and volume requirements for specific tests were dependent on local NICU policy. We estimated the blood volume for capillary samples as 0.005 ml/drop (35) and 0.02 ml/drop via direct venous puncture using a straight needle with the hub removed, and a drop-by-drop collection technique (36). Capillary tube volumes for blood gas analysis were estimated at 0.14 ml according to the manufacturer's catalogue (37). Blood was collected from arterial lines using two syringes. The dilute content of the first syringe was returned after a blood sample was obtained for analysis. Blood collections for a bundle of investigations were recorded as a single collection. Volume of blood transfusion was calculated using the infant's weight on the day of transfusion and typically 15 ml/kg was administered.



Statistical analysis

Descriptive data are presented as frequency and percentage for categorical variables and median [25th percentile (P25), 75th percentile (P75)] for continuous data according to the data distribution. Missing values for each variable were excluded in the analysis. Variables were compared using chi-square or Fisher-exact test for categorical variables, and Mann-Whitney U test for continuous variables with non-normal distribution. Correlation between cPL and number of transfusions was calculated using Pearson correlation coefficient. The association between red cell transfusion and major morbidities was explored using risk ratio, with 95% confidence interval (CI) adjusted for study centers and other potential confounders. All statistical analyses were performed using SPSS Statistics version 18.0 (SPSS, Inc., Chicago, IL, USA) and Stata software version 14. A p-value <0.05 was considered statistically significant.




Results

During the study period, 210 ELBW infants were enrolled. Ninety-nine and 111infants were admitted to the level IV and level III NICUs, respectively. Table 1 outlines maternal and infants’ demographic characteristics. Generally, there were no significant differences in maternal characteristics. Infants admitted to the level IV NICUs were significantly smaller (median [P25, P75] birthweight was 780.0 [660.0, 875.0] vs. 865.0 [723.0, 930.0] g; p < 0.001] and comprised a higher proportion of twins [34 (34.3%) vs. 13 (11.7%); p < 0.001] than those in the level III NICUs. Despite having significantly lower 5-minute Apgar scores (7 [5, 8] vs. 8 [6, 9], p = 0.01), infants in the level IV NICUs were less likely to receive mechanical ventilation compared to the level III NICUs [56 (56.6%) vs. 96 (86.5%); p < 0.001]. The initial hematocrit was similar between the groups (43.1% vs. 44.0%, p = 0.47). None of the infants underwent major surgical procedures or had cardiac surgery performed.


TABLE 1 Maternal and infant demographic characteristics.
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Figure 1 shows the distribution of cPL per infant over time. Median PL [P25, P75] within 40 weeks PCA for each infant was 28.1 [16.5, 46.4] ml. Cumulative PL occurred mainly during the first 4 weeks of life and was 13.1 [7.9, 19.2], 5.8 [2.0, 8.8], 3.2 [2.0, 6.8], and 3.0 [1.2, 4.9] ml for each infant from the first until the fourth week of life, respectively. Table 2 shows the cPL from admission until 40 weeks PCA and Figure 2 indicates the types of blood work conducted for each postnatal week. Level IV NICUs had more blood tests than the level III NICUs (89 [54, 195] vs. 59 [37, 88], p < 0.001). Blood glucose, blood gas, and chemistry were the three most common types of blood tests performed. Generally, infants in the level IV NICUs had a higher number of tests than the level III NICUs, particularly for blood glucose, blood gas, chemistry, and coagulation, that were statistically significant. The type of blood test that incurred the highest cPL was blood chemistry (9.0 [6.0, 16.0] ml), complete blood count (CBC; 4.5 [2.5, 7.5] ml), and blood gas analysis (3.5 [1.0, 6.6] ml), respectively. Hence, there was a trend toward lower cPL in the level IV NICUs compared to the level III NICUs, but this was statistically insignificant (19.6 [12.3, 52.3] vs. 28.9 [19.3, 45.3] ml; p = 0.06).
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FIGURE 1
Distribution of cumulative phlebotomy loss in extremely low birthweight infants from birth until 40 weeks postconceptional age (N = 210).



TABLE 2 Cumulative phlebotomy loss per infant and transfusions from birth until 40 weeks postconceptional age.
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FIGURE 2
Frequency and types of blood tests in extremely low birthweight infants from birth until 40 weeks postconceptional age (N = 210). CBC, complete blood count; POC glucose, point-of-care glucose.


One-hundred and eighty-one infants (86.2%) received at least 1 transfusion and of these, 110 infants (60.8%) received a transfusion during the first week of life. The median [P25, P75] number of transfusions was 4 [2, 6] times for each infant which was similar between the level IV and level III NICUs. Of the 364 transfusions in the level IV NICUs, 285 (78.3%) were guided by the hematocrit level. For the remaining 79 transfusions, 42 (53.2%) were administered during mechanical ventilation and 20 (25.3%) during non-invasive ventilation. Total transfusion volume and postnatal age of the first transfusion was similar between the groups. Notably, the median volume of transfusion within the first 2 weeks was 30 [15, 55] ml/kg which was 50% of the total transfused volume within the 40 weeks PCA. Figure 3 shows the hematocrit level before each transfusion over time across the level IV and level III NICUs. The hematocrit before transfusion in the level IV NICUs was significantly lower compared to the level III NICUs.


[image: Figure 3]
FIGURE 3
Comparisons of hematocrit level between level IV and level III NICUs before red cell transfusion in extremely low birthweight infants from birth until 40 weeks postconceptional age (n = 181).


Figure 4 shows a strong positive correlation between the cPL and number of transfusions (r = 0.79, p < 0.001). Table 3 outlines factors associated with the number of transfusions within the 40-week time period. After adjustment for confounding covariates and study sites, lower gestational age, birthweight, initial hematocrit, and less cPL were significantly associated with lower number of transfusions. Supplementary Table S2 presents maternal and infant demographic characteristics of ELBW infants who received and did not receive blood transfusion. Table 4 shows the association between blood transfusion and hospital outcomes. After adjusting for study centers and mechanical ventilation, blood transfusion was significantly associated with bronchopulmonary dysplasia [adjusted RR (95% CI): 2.6 (1.2, 5.3), p = 0.01]. The rates of NEC [adjusted RR (95% CI): 1.3 (0.4, 4.4), p = 0.68], IVH [adjusted RR (95% CI): 1.6 (0.8, 2.9), p = 0.16], ROP [adjusted RR (95% CI): 1.7 (0.8, 3.6), p = 0.15], and death [adjusted RR (95% CI): 0.8 (0.3, 2.0), p = 0.57] were statistically insignificant.
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FIGURE 4
Correlation between cumulative phlebotomy loss and number of red cell transfusions in extremely low birthweight infants from birth until 40 weeks postconceptional age (N = 210).



TABLE 3 Factors associated with number of transfusions in extremely preterm infants until 40 weeks postconceptional age (n = 181).
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TABLE 4 Association between received blood transfusion and hospital morbidity.
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Discussion

Red cell transfusions improve oxygen delivery in sick neonates. However, there are substantial risks that result in short- and long-term morbidities and mortality (12, 15, 22). ELBW infants by virtue of their prematurity have physiological anemia. This state can be accentuated in sick preterm infants by chronic blood loss due to frequent phlebotomy, to ensure proper supportive care (38). The median cPL within the 40 weeks PCA of our cohort was 28.1[16.5, 46.4] ml, in which 13.1 [7.9, 19.2] ml (43%) and 5.8 [2.0, 8.8] ml (15.2%) occurred during the first and the second week of life. This estimated cPL aligns with the study by Counsilman et al. (24.2 [15.8, 30.3] ml/kg) (39) but is relatively low when compared to a median of 40 ml/kg during the first 2 weeks of life in the study by Hellstrom et al. (38) and 83 [70, 97] ml during the first 10 weeks of life in the study by Puia-Dumitrescu et al. (40) Although the time period and unit of estimation (ml or ml/kg) were different between the studies, in our cohort with a median [P25, P75] birthweight of 820.0 [703.8, 910.0] g, the cPL was lower. Notably, our median birthweight and cPL was comparable to the study by Counsilman et al. (835 [689, 1,086] g) (39), while the median birthweight was higher in the studies conducted by Hellstrom et al. [mean (SD) 797 (21.5) g] and Puia-Dumitrescu et al. (median 665 [587, 822] g), which reported higher cPL. Therefore, the variation in cPL could be partly related to ELBW and the need for more blood tests during the neonatal hospital stay. Nevertheless, it is also arguable that the estimation of cPL, particularly from capillary sampling, affects the volumes reported. Hellstrom et al. estimated PL from volumes required for each analysis (38). while Counsilman et al. estimated PL from routine requirements for each analysis (0.0625 ml/drop) (39). We prospectively estimated each PL from the actual amount of the sample collected and the volume of each drop from capillary or venous samples to get the closest estimation.

The lower cPL was even more pronounced in our level IV NICUs (median [P25, P75]; 19.6 [12.3, 52.3] ml) compared to other studies. Blood glucose, blood gas analysis and blood chemistry were the three most common tests performed, and the latter accounted for the highest cPL per infant. One-half of blood glucose tests were assayed from capillary samples which minimized overdraw volume compared to arterial and venous samples, which supports the benefit of point-of-care glucose testing in clinical practice (41). Although there is limited evidence for the use of non-invasive monitoring to minimize the needs for transfusion (42), Counsilman et al. (39) reported relatively small cPL in ELBW infants with the use of a bundled protocol based on in-line point-of-care monitoring, and strict blood volume collection. We support the strategy of non-invasive, transcutaneous blood gas and end-tidal carbon-dioxide monitoring to minimize routine blood tests in order to decrease cPL and need for transfusion.

As expected, level IV NICU infants had a significantly higher number of common tests (blood glucose, blood gas, and chemistry) than those in the level III NICUs (Table 2). This may be influenced by the academic environment which encourages close monitoring and more intensive investigation, while the level III NICUs tend to perform blood tests using physician discretion and infants’ clinical status. Nevertheless, cPL in the level IV NICUs group was lower, but statistically insignificant, than the level III NICUs (median and IQR was 19.6 [12.3, 52.3] vs.28.9 [19.3, 45.3] ml, respectively; p = 0.06). We attribute this finding to the use of point-of-care tests for blood chemistry and blood gas analysis in both level IV NICUs, which led to minimum cPL (43). Of note, arterial and venous sample volumes tend to be overdrawn compared to point-of-care tests, to avoid unexpected errors during analysis (44). Since majority of the cPL (58.3%) and transfusions (50%) occurred during the first 2 weeks of life, we scrutinized this period more closely. The number of tests from arterial sampling during the first 2 weeks of life was similar (23 [11, 55.5] vs. 20 [14, 26.3] for level IV and level III NICUs, respectively; p = 0.18) but level IV NICUs had significantly more venous (17 [12, 25] vs. 23 [17, 29]; p < 0.001) and capillary samples drawn (14 [10, 20.5] vs. 7 [5, 11]; p < 0.001) than the level III NICUs. This aligns with our findings of higher number of tests but similar volume between the two groups for the respective route of blood sampling.

Eighty-six percent of infants in our cohort received at least 1 red cell transfusion which was less than over 90% reported in other studies (11, 15, 39). Although there was no written protocol in the level III NICUs, their preferred practice for blood testing is restrictive. The institutional guidelines in both level IV NICUs are relatively similar with restrictive strategies for testing based on postnatal age and level of respiratory support. Overall adherence with the transfusion protocol in the level IV NICUs group was 78.3% which is relatively low compared to the 3.5% protocol violation rate in the transfusion of prematures (TOP) trial (11). Reasons for protocol deviations in our study were due to concerns of high cPL during the first week of life and intention to increase oxygen delivery during acute sickness such as sepsis or impending cardiac failure, frequent apnea, and pre-operatively. The average number of transfusions was 4 [2, 6] which also less than the mean (standard deviation) of 5.4 (4.8) in the preterm erythropoietin neuroprotection (PENUT) and the TOP trials (11, 15). Our median hematocrit levels before transfusion closely aligned with the protocol of the ETTNO trial (10). Hematocrit prior to transfusion subsequently decreased with advancing postnatal age from the median of 32.9% during the first week of life to 31.7%, 29.7%, 28% in the subsequent 2–4 weeks of life. Although infants in the level IV NICUs were generally transfused at a lower hematocrit than the level III NICUs (Figure 3), the number of transfusions and transfusion volume was similar between the groups (Table 2). Therefore, a restrictive transfusion threshold alone did not decrease the number or volume of transfusion in ELBW infants (45). Previous studies have inconsistently shown an association between cPL and need for transfusion (38, 41). We found a strong correlation between cPL and number of transfusions (r = 0.79, p < 0.001) (Figure 3). Therefore, we encourage the additional strategies of non-invasive monitoring, avoidance of unnecessary routine blood tests, and application of the microtechnique point-of-care testing to minimize cPL and reduce transfusions in ELBW.

Transfusion-related immunomodulation results from exposure to free-radical and pro-inflammatory cytokines following red cell transfusion in particularly vulnerable infants (16) and may cause NEC (46), BPD (38, 47), severe IVH (48, 49), ROP (17, 18), or death (23, 50). We found transfusions in our cohort was only associated with BPD which concurs with the study by Hellstrom et al. (38) and Bolat et al. (51). Although we adjusted for potential confounding factors, the association between transfusion and BPD remained significant. In a recent metanalysis of 21 studies, Tang et al. postulated several reasons in support of the association between BPD and red cell transfusions (52). These include increased hyperoxic exposure through adult hemoglobin, inflammatory mediators in transfused blood that may enhance free radical formation, infection, and fibrosis, iron overload that stimulates oxidative stress secondary to immature iron metabolism and an inadequate antioxidant defense mechanism especially in ELBW infants and cytokine-induced lung inflammation that may result in transfusion related acute lung injury (19, 53–57).

Variations in neonatal care are common in clinical practice (58). Since there is no uniform guideline on what blood tests should be performed in ELBW infants, between-center variation is inevitable and depends on institutional guidance or resides on the personal discretion of individual healthcare providers based on each patient's clinical condition. Our study raises awareness of iatrogenic blood loss which led to need for transfusions and the association of transfusion with BPD. Based on our findings of the higher number of tests conducted in level IV NICUs, we propose striking a balance between maintaining quality of care in ELBW infants while minimizing risks associated with transfusions, using noninvasive monitoring, point-of-care testing, and avoidance of routine and unnecessary blood work.

Several strengths and limitations of our study merit consideration. Our prospective study explored the impact of the level of neonatal care on cPL and number of transfusions. Neonatologists in all of the participating centers provide standardized care for ELBW infants that align with international guidelines, thereby affording validity and both internal and external generalizability of our results. Previous studies comprised relatively small sample sizes and were retrospective (38–40) which led to challenges in PL volume estimation. Each collection in our study involved various amounts of blood dependent on the route of sampling, volume requirement for each test, and avoidance of overdrawn volumes to reduce re-collection. Moreover, multiple tests were bundled into a single collection to decrease unnecessary testing. The prospective design facilitated a correct estimate of blood volume compared to previous retrospective studies. However, we realize that our volumes may be underestimated because we did not include small amounts of blood that may have been directly lost from the venous needle puncture site or absorbed into gauze during the collection or minimal unintentional overdraws. Nevertheless, the magnitude of cPL should be cautiously interpreted by level III and level IV NICUs in which blood tests may be solely performed using point-of-care devices rather than combined laboratory services as outlined in our protocol.



Conclusion

Level IV NICUs conducted more blood tests in ELBW infants than the level III NICUs but there was no difference in cPL, as well as the number and volume of administered transfusions. Cumulative PL correlated with the number of transfusions and was associated with the risk for BPD. Strategies to minimize cPL by microtechnique point-of-care testing, noninvasive monitoring methods and restrictive transfusion criteria could potentially reduce the need for transfusion in ELBW infants.
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