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Purpose: Researchers report associations between packed red blood cell (PRBC) transfusions and morbid outcomes in preterm
infants. Published standards are lacking for giving PRBC transfusions to preterm infants in the neonatal intensive care unit (NICU).
This study examined standard practices reported by nurses across the United States (US) for administering PRBC transfusions to
preterms to identify variation in practice which may contribute to the relationship of PRBC transfusions and morbidity.

Design and Methods: A 23-item questionnaire developed using REDCap based on literature and nursing experience of experts on
the procedure of administering PRBC transfusions to preterm infants was distributed via social media and email to NICU nurses across
the US.

Results: A total of 757 responses received and 518 completed responses were analyzed from level IV (48%) and level III (49%)
NICU nurses in 47/50 US states. Most (94%) report PRBCs are ordered for anemia. Most (74%) report NICU policies do not specify
warming PRBC transfusions prior to infusing; 10% (n = 53) specifically indicate they warm PRBC transfusions. Only 2% report using
a blood warmer device. NICU nurses in the US (66%) reported feedings are altered during the PRBC transfusion. A 97% of nurses
reported their NICU employs a specific physiologic assessment policy during PRBC transfusions. The two most common infusion sites
used are (99%) peripheral 1V as preferred and an umbilical venous catheter (74.5%) as next best option.

Conclusion: This study reveals inconsistencies in PRBC transfusion practices in US NICUs. Vast inconsistencies were shown in
warming transfusions and in feeding practices surrounding PRBC transfusions. Future research should examine these variations in
PRBC transfusion practices for any contributions to the relationship of PRBC transfusions and morbidity in preterm infants.
A standard guideline should be developed based on the research evidence to guide nurses in administering preterm PRBC
transfusions.
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Introduction

Due to an immature circulatory system, liver function, and to frequent, yet necessary laboratory testing, preterm infants
often experience anemia while hospitalized in the neonatal intensive care unit (NICU).! As a result, preterm infants may
receive repeated blood transfusions with packed red blood cells (PRBCs) over their hospitalization.” Recent evidence
suggests PRBC transfusions may be associated with neonatal morbidity and mortality, mainly the devastating gastro-
intestinal (GI) complication, Necrotizing Enterocolitis (NEC). After decades of research, an exact causal pathway has yet
to be determined.®* Some potential variables contributing to the association between NEC and a blood transfusion are the
degree of anemia present in the preterm infant prior to the transfusion,’ the overall stress of the PRBC transfusion® on the
preterm infant, and/or the involvement of feeding practices around the time of a PRBC transfusion.”®
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Central hypothermia in preterm infants has been noted during and after PRBC transfusions in studies’ Thermal
instability in preterm infants may intensify the stress experience of the blood transfusion. Due to this stress, ischemia of
the GI tract may result from transfusing a preterm with PRBCs that have not been pre-warmed, leading to cold stress and
slow gut motility, which may interfere with feedings given before, during and/or after the PRBC transfusion. This
cascade of events may contribute to the association between PRBC transfusions and increased morbidity such as NEC.
Common practice around these variables is not known and we can find no published standards for administering PRBC
transfusions to preterm infants related to warming blood, feeding practices, assessment of the infant and best site for
infusion. Therefore, our aim is to examine common practices used in neonatal intensive care units (NICUs) across the
United States (US) by nurses to administer a PRBC transfusion to a preterm infant when ordered/needed. We know that
lack of standards can result in inconsistent practices, and may potentially contribute to infant morbidity and mortality'°.

Design and Methods

To identify practice variation around PRBC transfusions from NICU nurses, the profession that carries out the actual
procedure, our team developed a 23-item survey in Research Electronic Data Capture'' (REDCap) to use with
a descriptive survey study design. This survey research study was approved by the University of South Carolina
(UofSC) Institutional Review Board (IRB) and all survey respondents completed an informed consent for participation.

Survey Questions

The team developed the survey questions based on our team’s neonatal clinical experience and a literature review on this
subject.'” Content validity for the questions was assessed by a nurse scientist with clinical background as both a neonatal
nurse and practitioner with over 10 years as a neonatal researcher, a board-certified neonatal nurse practitioner, and
another academic researcher with specific expertise in internet surveys. The questions included yes/no, select all that
apply, and short open narrative responses to provide specific detail for analysis. Questions were asked related to warming
of blood, feeding practices, site of infusion, and physiological assessment. The questions/answers related to physiological
assessment were stratified based on gestational age (GA) of the intended preterm infant, using 23-27 weeks GA and 28—
32 weeks GA. Participants could access and complete the survey in 10-15 minutes using an internet connection.

Sample

The population for the national survey included any nurse or nurse practitioner currently working in a NICU in the US.
Because nurses perform the PRBC transfusion, they are the best respondents to provide firsthand insight on the processes
and protocols. No personal identifying information was collected during the survey. However, the survey included
demographic information such as age, years of nursing and NICU experience, education level, and location of the NICU
where the nursing respondents worked to provide a rich description of the sample.

Survey Distribution

We employed a variety of recruitment methods including social media and an email blast from Academy of Neonatal
Nursing (ANN), a professional neonatal nurses’ organization. Studies have shown that social media has great potential to
enhance research recruitment methods.'* The research team members promoted the survey through social media accounts
(Facebook and Twitter). Interference from bot infiltration on survey responses via social media was prevented using
reCAPTCHA, duplicate text questions to match the responses, and text fields.'* Three weeks after the survey was first
promoted on social media and upon approval from the ANN leadership, an email and survey link was sent by ANN to
each ANN member once using the ANN member list which was obtained with grant funding.

To increase the response rate, we offered a $50 US dollar gift card, as an incentive, with one random drawing each
week for four weeks for participants that provided their personal email. Winners were selected using a random number
generator with completed survey identification (ID) numbers. The survey was active for 4 weeks duration during
November 2020. We exported the results from REDCap into Microsoft Excel for analysis using descriptive statistics
(average, standard deviation [SD], range) for continuous variables and frequencies and percentages for categorical data.
Two members of the team independently analyzed the narrative and short answer responses for themes, then discussed
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and agreed upon consistencies and inconsistencies in the standard practice of transfusing PRBCs to preterm infants in
NICUs across the US.

Results

Over the 3 weeks of promotion on social media, we received 687 survey responses. An additional 70 responses were
received from the ANN email for a total of 757 survey responses. Of the surveys submitted, 518 had complete responses
and were analyzed. One limitation to the low email return through ANN’s email distribution is the possibility that many
of the respondents had already completed the survey through the social media. The overall response rate for this survey
was 518/757, or 68%. There were no duplicates of the survey as the study team had employed technology blocks to
ensure the survey was only allowed to be taken once. There was a total of 236 incomplete survey responses which were
not analyzed.

Demographic Data

Of the 518 complete and analyzed responses, all responses included the NICU level of care where the respondent
practiced: 48% (n = 249) level IV NICUs, 49% (n = 257) level III NICUs, and 2% (n = 12) level II NICUs. There were
no responses from nurses working in a level I NICU. The mean age of nursing respondents was 32 years old (range = 21—
66 years; standard deviation (SD)= 9.5) with 7 years of NICU nursing experience on average (range = 1-43 years, SD
=9). Table 1 depicts the nursing respondent demographics. The nursing respondents worked across the US with 47 of the
50 states represented. The educational degrees obtained by the nursing respondents ranged from Associate 7% (n = 35),
Bachelors 81% (n = 424), Masters 10% (n = 53), and Doctoral Degrees 1% (n = 5). There were some respondents, 1%
(n = 4), that chose “prefer not to answer” for their educational degree. See Table 1 for respondent demographic table.

Clinical Indicators

We asked about the clinical indicators used to determine if a preterm infant should be treated with a PRBC transfusion.
The participants selected all answers that applied from the following options: 1) apnea/bradycardia, 2) low hematocrit
(HCT), 3) abnormal vital signs, 4) hypotension, 5) hypovolemia, and 6) other. Of the clinical indicators for a PRBC
transfusion in preterm infants, participants reported low HCT most frequently 96% (n = 501) followed equally by
hypovolemia and apnea/bradycardia at 63% (n = 330). There were no “other” indicators provided in the survey that were
inseparable from the options provided by the research team.

Warming of PRBCs
The majority 74% (n = 386) of participants reported they do not warm PRBC transfusions and only 10% (n = 53) of

participants specifically indicated they warm PRBC transfusions. However, only 2% (n = 11) reported using a blood
warmer device to warm PRBCs. Other warming processes reported included 1) allowed the PRBCs to “sit out”, 2) “warm
by ambient air”, or 3) “using my own body heat.”

Feeding Protocols

Most nursing respondents, 66% (n = 343) reported they alter feedings, in some way, during a PRBC transfusion. When
asked how the feedings were altered, 41% (n = 212) of nurses indicated that feedings were discontinued for preterm

Table 1 Demographics of Nursing Respondents

Demographic n= Mean SD Min Max
Age in years 521 32.08 9.48 21.00 66.00
Nursing experience in years 521 8.32 9.00 1.00 43.00
Years as a NICU nurse 521 7.39 8.39 1.00 42.50

Abbreviations: n, total number of observations or population size; SD, standard deviation; min, minimum; max, maximum.
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infants before the PRBC transfusion. Because our team did not ask how much time prior to the transfusion, we assume
timing of stopping feeds may vary prior to the PRBC transfusion. Most nursing respondents, 57% (n = 300), indicated the
infants are made nothing by mouth, or NPO during the transfusion. One important finding in the open-ended questions
was related to how practice may vary within the same NICU in relationship to feeding orders and PRBC transfusions.
Multiple nursing respondents stated, “Feed orders depend on which doctor or practitioner is giving the orders.” The
nursing respondents explained PRBC transfusion practices within their NICU can also vary based on GA of the preterm
infant, varying thresholds of vital signs and laboratory values, and clinical presentation.

Physiological Assessment of Preterm Infants

Nursing responses indicated most NICUs have protocols which specify consistency in the physiologic assessment of
preterm infants during PRBC transfusions, regardless of GA. Nurses report that preterm infants are routinely assessed
every 2—4 hours when not receiving PRBC transfusions. However, 97% (n = 505) of participants indicate their NICU
employs a specific assessment policy during a PRBC transfusion, as in the frequency of the variable assessments (heart
rate, respiratory rate, temperature, blood pressure) and an hourly (at a minimum) visualization of the infusion site.

Transfusion Access

Because the site where the transfusion is infused may affect an infant’s body temperature, there was a question about site
of transfusion. Sites included: 1) peripheral intravenously (PIV), 2) peripherally inserted central catheter (PICC), 3)
umbilical arterial catheter (UAC), 4) umbilical venous catheter (UVC), 5) broviac/central venous line, and 5) do not
know. Almost all (99%, n = 515) of nursing respondents indicated that a PIV was the preferred administration site for
PRBC transfusions. If this was not possible, the next most preferred site was UVC (74.5%, n = 388). Some nursing
respondents (25%, n = 130) indicated that UACs are used for PRBC transfusions.

Discussion
These survey results indicate that PRBC transfusion practices vary in NICUs across the US, especially related to the
warming or not of PRBC transfusions and if preterm infants are fed around the time of a transfusion. It is interesting to
note survey answers specifying that when nurses do want to warm blood, they may warm the blood with alternative
means, as opposed to using a commercial blood warmer. Nurses sometimes use “workarounds” to accomplish tasks to
achieve the desired outcome, even when knowing this is not evidence-based or best practice.'>'® Using non evidence-
based interventions such as using “your own body heat” to warm a syringe of blood to infuse into a preterm infant may
be practical, but not necessarily the most appropriate in a unit that strives to prevent infection. Workarounds may
potentially place the preterm at greater risk and affirms the need for clinical trials to evaluate interventions used in
nursing care. Hulse et al report an in vitro study to evaluate infusing warmed blood products using an inline warmer on
preterm infants, delivering blood at near physiologic temperatures compared to cold stored blood with an patient
temperature of 21.5 £ 0.1°C."” Our team currently has a randomized clinical trial (NCT05170633) ongoing to evaluate
warming PRBC transfusion versus standard care on the incidence of hypothermia during the blood transfusion in 140
preterm infants, funded by The Gerber Foundation.'®

Our survey data reveal variation in feeding practices around administering PRBC transfusions. However, from these
data, it is not clear if NICU protocols specify that preterm infants are completely NPO or if clinicians may reduce feeding
volumes around the time of PRBC transfusion. Respondents indicated their NICU protocols often do not alter feedings
before, during, or after PRBC transfusions; however, some indicated they “do not know” how feedings were altered. It is
not clear whether feedings are given at reduced volume or stopped altogether and if the timing of feedings is altered.
Feeding practices and PRBC transfusions are variables targeted in ongoing research studies for preterm infants and the
incidence of feeding intolerance, NEC, and prolonged hospitalization. Currently, there is a large trial underway in the
United Kingdom, “Withholding Enteral Feeds Around Packed Red Cell Transfusions (WHEAT) trial”.'” This multi-
center randomized pilot study is using previously collected data to determine whether withholding enteral feedings
before, during, and after PRBC transfusions decreases the incidence of NEC." In addition to this important study,
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prospective trials should be conducted to evaluate timing and volume of feedings in relationship to blood transfusions
with NEC and other acute morbidity investigated as outcomes in preterm infants.

There was variation in access sites used for PRBC transfusions. Standards dictate that PRBC transfusions may be
infused through UACs; however, a UAC is not the preferred route as there is an increased risk of thrombosis.”® Nurses
also reported using PICCs as a means for PRBC transfusions, but this transfusion method has an associated risk of
hemolysis due to the small-bore catheter.”' If thermal stability of a lower GA preterm infant is a priority and cold stored
PRBCs are to be infused to the infant, a site that is not central to the infant’s circulation would optimize thermal stability,
which eliminates UVCs and UACs.

We found no published studies exploring associations of body temperature, PRBC transfusions, feedings, and NEC in
the preterm infant in a recent literature review.'? Independent of direct breast feeding, general practice for oral and
enteral feedings includes warming prior to administration to a preterm infant.**?® If feedings stored in a refrigerator are
warmed prior to being given to a preterm infant, it is unclear as to why cold stored PRBC infusions are not warmed prior
to infusing to the same GA infant. Studies are needed to ensure that PRBC transfusions are given to preterm infants using
the best evidence-based procedures. In this way, we can optimize health for our most vulnerable patients and reduce
preterm morbidity and mortality.

Conclusion

The purpose of this survey was to examine standard practices used for PRBC transfusions for preterm infants in NICUs across
the US. The research team aimed to understand current practices from the nursing perspective. By examining current PRBC
transfusion practices, we can inform future research and expose variations in practice that may affect preterm health outcomes.
The results of this survey research study demonstrate variation in practice which demands more research is conducted to
evaluate thermal stability, feeding practices and site of access when transfusing a preterm infant with PRBCs.
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