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Introduction: Intrauterine transfusion is the treatment for fetal anemia resulting
from maternal alloimmunization, infections (parvovirus B19 and cytomegalovirus),
single demise of a monochorionic twin, chorioangioma, and other rare
conditions. Fetal analgesia is mandatory to reduce movement and pain
perception during the procedure. This study aims to evaluate perinatal outcomes
for such procedures, following the routine use of fetal analgesia in our
clinical practice.
Materials and methods: Retrospective analysis of cases from 2009 to 2022,
including all confirmed fetal anemia with fetal blood sampling. After fetal
analgesia, Rh-negative concentrated red blood cells were transfused, with
ultrasonographic follow-up 24 h and 1 week later. In case of suspected brain
lesion, magnetic resonance imaging was performed. Elective delivery was
considered in case of persistent anemia after 34 weeks. Post-natal follow-up
and comprehensive obstetric and perinatal outcomes data were collected.
Results: Altogether 59 anemic fetuses were included, with 34 (57.6%) being
hydropic. The causes of anemia were maternal alloimmunization (22, 37.3%),
infections (13, 22%), monochorionicity (10, 16.9%), rare conditions (9, 15.3%), and
two chorioangiomas (3.4%). The median gestational age at the procedure was
25.2 weeks (18–32 weeks), with no related preterm premature rupture of
membranes (<48 h), or side effects from fetal analgesia. Gestational age at
delivery was 33 weeks (26–41 weeks), with survival rate of 90%. There were four
fetal demises, two termination of pregnancies, and eight neonatal deaths due to
persistent severe anemia after preterm delivery. The main contributors to adverse
outcome were the type of anemia, and the management with a preterm delivery.
Conclusion: Intrauterine transfusion of red blood cells under analgesia is safe,
with low incidence of obstetric complication.
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Introduction

Fetal anemia was the initial focus of investigation for perinatologists, following Liley

demonstration of a correlation between bilirubin concentration in amniotic fluid and

disease severity (1). Various methods for intrauterine transfusion (IUT) have been utilized

(2) and in recent years the procedure has become standard practice in fetal therapy

centers worldwide. Donor blood is injected into the umbilical vein, either on the placental
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side or at the intrahepatic insertion, the latter being our preferred

approach to reducing bleeding risk after needle removal (3). Fetal

analgesia is essential to minimize movement and pain perception

during the procedure (4). The aim of our study was to assess

perinatal outcomes in pregnancies undergoing IUT following the

routine use of fetal analgesia in our center.
TABLE 1 Characteristics of the population.

Characteristic 59 cases
Maternal age (years, range) 33 (21–45)

Nullipara, n (%) 25 (42.3)

ART, n (%) 4 (6.8)

Previous procedure for PD, n (%) 13 (22)

Poor obstetrical history, n (%)a 8 (13.5)
Methods

A retrospective analysis was conducted on consecutive IUT

cases performed at Fetal Therapy Unit “U Nicolini” of Buzzi

Children’s Hospital in Milan, Italy, from 2009 to 2022, treating

fetal anemia from 18 to 34 weeks of gestation. All cases

underwent ultrasonographic (US) evaluation with Doppler

velocimetry on middle cerebral artery (MCA) to assess peak

systolic velocity (PVS), indicating high risk for anemia if values

exceeded 1.5 multiple of median (MoM) from reference charts (5).

Other indicators of anemia severity, such as hydrops and signs of

cardiac overload, were also considered. Maternal Rhesus antibodies

and infections were tested to determine if fetal anemia originated

from maternal alloimmunization or infections such as parvovirus

B19 (P-B19) and cytomegalovirus (CMV), which were always

confirmed on amniotic fluid and fetal blood. Cases of single survivors

after intrauterine death (IUD) of a monochorionic (MC) twin,

chorioangioma (CA), and any other rare diseases were also included.

After establishing fetal analgesia with fentanyl, intramuscular

mivacurium was used to decrease fetal movements. All medications

were dosed on estimated fetal weight (6). Fetal blood sampling

(FBS) and intrauterine red blood cell (RBC) transfusion were done

with a 18 G needle under high resolution US guidance from the

umbilical vein; either at the intrahepatic portion or placenta (6).

The amount of Rh-negative concentrated RBCs needed for

transfusion was calculated based on fetal hematocrit to achieve a

fetal hemoglobin level of 14 g/dl (7). The procedure concluded after

confirming anemia correction with subsequent blood sampling,

usually followed by an MCA-PVS measurement and a 24-h post-

procedure ultrasound evaluation to determine discharge and follow-

up timing. Repeat IUTs were performed if recurrent anemia was

suspected, while magnetic resonance imaging (MRI) was indicated

for suspected brain lesions. Elective delivery was an option for early

anemia recurrence, or after 34 weeks of gestation. Data on

obstetrical complication, such as preterm premature rupture of

membrane (pPROM), fetal demise, miscarriage, termination of

pregnancy, and preterm delivery (PD), and on perinatal outcome,

such as gestational age (GA) at delivery, birthweight, neonatal death

(NND), and acquired brain lesions, were collected.

The ethical committee approved the retrospective study

(n 612/2023), and informed consent for the use of their data was

obtained from all patients.

Hydrops at diagnosis 34 (57.6)

FGR 8 (13.5)

Cardiac overloadb 37 (62.7)

ART, assisted reproduction technology; PD, prenatal diagnosis; FGR, fetal growth

restriction.
aPrevious fetal or neonatal death.
bPresence of moderate or severe tricuspid valve insufficiency or cardiomegaly.
Statistical analysis

Continuous variables are presented as mean ± SD or range, while

categorical variables are expressed as numbers and percentages.
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The Kruskal–Wallis test compared multiple continuous variables,

while chi-square and Fisher’s exact tests compared categorical

variables (p < 0.05 was considered significant). SPSS Statistics v28.0

performed the analysis.
Results

During the study period, 59 cases were included. Maternal

characteristics are summarized in Table 1. The primary cause of

fetal anemia was maternal alloimmunization (22, 37.3%),

followed by infections, such as cytomegalovirus and parvovirus

B19 (13, 22%), single demise in MC pregnancies (10, 16.9%),

rare conditions (9, 15.3%), and two cases of chorioangioma (3.4%).

The intrahepatic portion of the umbilical vein was the preferred

insertion site for the needle in 53 cases (89.8%), with a median GA

at first procedure of 25.2 weeks (18–32 weeks). A total of 97 IUTs

were performed, with a range of one to five per pregnancy.

No complications were reported after fetal analgesia,

which effectively reduced fetal movements within 2 min

of administration.

Complication analysis based on the indication for IUT is

detailed in Table 2.

No cases of pPROM occurred within 48 h following the

procedure. However, delivery before 32 weeks occurred in 17

cases (30%), with seven in the alloimmunization group, where

preterm delivery was considered due to ongoing management.

Four fetal demises (7%) occurred within 48 h following the

procedure, along with two terminations of pregnancies (TOP) for

acquired brain injury, and five neonatal deaths (8%) due to

persistent severe anemia, resulting in a 90% survival rate (see

Table 3 for case descriptions).
Discussion

Our study contributes to assessing the performance of our

center in IUT procedures, an audit suggested for any fetal

therapy center (8). It confirms the safety of IUT with a moderate

risk of fetal (7%) and neonatal (8%) demise and a consistent risk

of preterm delivery before 32 weeks (30%). The strength of our
frontiersin.org
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TABLE 2 Comparison of the outcomes between causes of anemia.

Total
(n = 59)

Alloimmunization
(n = 21)

Infections
(n = 16)

Single MC demise
(n = 10)

Rare anemias
(n = 10)

CA (n = 2) p

GA at procedure (weeks),
median (range)

25.2 (18–32) 27.2 (18–32) 23.3 (20–29) 23.0 (18–27) 26.1 (20–29) 27.4 (25–29) .001

N of IUT (range n/case) 97 (1–5) 47 (1–5) 20 (1–3) 10 (1) 18 (1–5) 2 (1) NS

IUD <48 h, n (%) 4 (7) 0 (0) 2 (12) 1 (10) 1 (10) 0 (0) NS

TOP, n (%) 2 (3) 0 (0) 0 (0) 2 (20) 0 (0) 0 (0) NS

pPROM <48 h, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) NS

PD <32 weeks, n (%) 17 (30) 7 (33) 2 (12) 3 (30) 4 (40) 2 (100) .001

GA at delivery (weeks, range) 33.0 (26–41) 31.9 (26–37) 36.5 (31–41) 32.9 (28–41) 30.8 (29–37) 28 (26–30) .001

Livebirth 53 (90) 21 (100) 14 (87) 7 (70) 9 (90) 2 (100) .001

Birthweight (g, range) 2,227 (700–4,100) 2,038 (700–2,800) 2,490 (1,300–3,700) 2,409 (1,800–4,100) 2,085 (1,000–3,200) 1,350 (900–1,800) NS

NND 5 (8) 2 (9) 0 (0) 0 (0) 2 (20) 1 (50) .001

TABLE 3 Description of cases with fetal and neonatal demise.

Case Cause of
anemia

GA Cause of death

1 IUD Single survivor 23 TTTS

2 IUD Parvovirus B19 21 Intrahepatic hemorrhage for severe thrombocytopenia

3 IUD CMV 21 Bleeding from the puncture site for severe thrombocytopenia

4 IUD Hemochromatosis 20 Bleeding from the puncture site for severe thrombocytopenia

5 TOP Single survivor 28 Brain injury

6 TOP Single survivor 20 Brain injury

7 NND Alloimmune 29 Delivery 1 day after first IUT, technical limitation for a second procedure, severe anemia at birth

8 NND Alloimmune 26 Delivery for PPROM and labor after one IUT, severe anemia at birth, birthweight 700 g

9 NND Rare anemia 33 Delivery after one IUT, personal limitation of the patient to return for a second procedure, severe anemia at birth unresponsive to
treatment, birthweight 1,865 g

10 NND Rare anemia 29 Delivery for persistence of fetal anemia after two IUTs, severe anemia at birth unresponsive to treatment, birthweight 1,600 g

11 NND Chorioangioma 26 Delivery for persistence of anemia and unsuccessful treatment of chorioangioma, severe anemia at birth, birthweight 900 g

TTTS, twin–twin transfusion syndrome.
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study lies in the comparative analysis of IUT indications, including

conditions underreported in the literature.

In cases of alloimmune anemia, no fetal demises occurred

following the procedure, with only two neonatal deaths due to

severe anemia at birth alongside with prematurity, resulting in a

91% survival rate, consistent with literature findings (9), with an

89% survival rate reported.

For infections, fetal demise occurred due to disease-related

complications, resulting in an 86% survival rate, similar to other

reports (10, 11).

In single survived monochorionic twins, although it has been

described that IUT might not prevent adverse neurological

outcomes (12, 13), a rescue transfusion was considered to

increase survival chances.

For other conditions, due to the small number of cases and the

rarity of etiology, it is difficult to perform an analysis on the single

variable, even though the persistence of untreatable anemia after

birth was the common cause of neonatal deaths.

What is remarkable in the alloimmunization group is the high

percentage of premature delivery (7/21, 33%), mostly as a

consequence of medical indication by operators unable to

perform another IUT in the referral hospital. For many pregnant

women living far from our center in our country, it has been

difficult to come back while at advanced GA. This is an issue
Frontiers in Pain Research 03
whose solution has been investigated also for other fetal

interventions, especially in large countries with a low density of

fetal therapy centers (14).

The same problem causes a lack of a long-term neurological

follow-up, which is the main limitation of our study.

For rare anemias, the introduction in clinical practice of whole

exome sequencing, which was not routinely available at the time of

the study period, might help in defining the diagnosis (15), and

assessing the correct treatment.

As already reported (16), the introduction of fetal analgesia, the

transfusion performed in the intrahepatic portion of the umbilical

vein, and the centralization of cases, help achieve better outcomes.

Transfusions performed before the onset of a hydrops by operators

with a specific expertise (a minimum number of annual procedures

of 10, which is the mean of procedures performed at our center) are

related to better outcomes.

Fetal analgesia has been validated as a support for in utero

therapy procedures. It is necessary both to reduce fetal

movements, thereby shortening the procedure time and making

it easier, and to diminish the perception of pain, which has been

reported by various sources to be present from 25 weeks of

gestation (6). Research on fetal physiology has determined that

nociceptive components of the stress response are present by

19 weeks of gestation, while the perception of pain does not
frontiersin.org
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significantly develop until 24–30 weeks of gestation (6). Although

further studies are needed to confirm fetal pain perception and

determine the gestational age at which it occurs, it seems

appropriate to use fetal analgesia in its various available forms

starting from 20 weeks. No significant side effects have been

described that would contraindicate its use.

In the largest series described by a single center (16), fetal

paralysis was negatively associated with procedure complications,

and no side effects were described with fetal analgesia.

Intrauterine transfusion is considered a procedure where there

is no need for fetal analgesia when performed at the placental

insertion of the umbilical vein. Our routine practice is to prefer

the intrahepatic portion of the umbilical vein as the injection

point to reduce procedure complications (3), so our standard of

care for IUT always includes fetal analgesia.
Conclusion

Intrauterine transfusion of blood products is a safe procedure,

with low incidence of obstetric complication. Higher survival rates

and better post-natal outcomes were observed in immune anemic

fetuses compared with other medical conditions.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by “Vittore Buzzi” Children’s Hospital, Milan, Italy

(n 612/2023). The patients provided written informed consent

to participate in this study.
Frontiers in Pain Research 04
Author contributions

ML: Conceptualization, Data curation, Methodology, Software,

Supervision, Writing – original draft, Writing – review & editing.

DC: Formal Analysis, Investigation, Methodology, Software,

Writing – review & editing. CB: Data curation, Software, Writing

– review & editing. SF: Investigation, Writing – review & editing.

AL: Data curation, Investigation, Writing – review & editing. FC:

Investigation, Writing – review & editing. VS: Funding

acquisition, Writing – review & editing. GL: Funding acquisition,

Investigation, Writing – review & editing.
Funding

The authors declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The authors declared that they were an editorial board member

of Frontiers, at the time of submission. This had no impact on the

peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Liley AW. Intrauterine transfusion. Ann Ostet Ginecol Med Perinat. (1971) 92
(9):539–42.

2. Donepudi R, Jouannic JM, Maisonneuve E, Sananes N, Muller C, Sánchez-Durán
MA, et al. Fetal anemia: determinants and perinatal outcomes according to the
method of intrauterine blood transfusion. Fetal Diagn Ther. (2024) 51(1):76–84.
doi: 10.1159/000534523

3. Nicolini U, Nicolaidis P, Fisk NM, Tannirandorn Y, Rodeck CH. Fetal blood
sampling from the intrahepatic vein: analysis of safety and clinical experience with
214 procedures. Obstet Gynecol. (1990) 76(1):47–53.

4. Society for Maternal-Fetal Medicine (SMFM), Society of Family Planning (SFP),
Norton ME, Cassidy A, Ralston SJ, Chatterjee D, et al. Society for maternal-fetal
medicine consult series #59: the use of analgesia and anesthesia for maternal-fetal
procedures. Am J Obstet Gynecol. (2021) 225(6): B2–8. doi: 10.1016/j.ajog.2021.08.031

5. Mari G, Deter RL, Carpenter RL, Rahman F, Zimmerman R, Moise KJ Jr, et al.
Noninvasive diagnosis by Doppler ultrasonography of fetal anemia due to maternal
red-cell alloimmunization. Collaborative group for Doppler assessment of the blood
velocity in anemic fetuses. N Engl J Med. (2000) 342(1):9–14. doi: 10.1056/
NEJM200001063420102
6. Chatterjee D, Arendt KW, Moldenhauer JS, Olutoye OA, Parikh JM, Tran KM,
et al. Anesthesia for maternal-fetal interventions: a consensus statement from the
American Society of Anesthesiologists Committees on Obstetric and Pediatric
Anesthesiology and the North American Fetal Therapy Network. Anesth Analg.
(2021) 132(4):1164–73. doi: 10.1213/ANE.0000000000005177

7. Nicolaides KH, Clewell WH, Rodeck CH. Measurement of human fetoplacental
blood volume in erythroblastosis fetalis. Am J Obstet Gynecol. (1987) 157(1):50–3.
doi: 10.1016/S0002-9378(87)80344-7

8. Moldenhauer JS, Johnson A, Van Mieghem T. International Society for Prenatal
Diagnosis 2022 DEBATE: there should be formal accreditation and ongoing quality
assurance/review for units offering fetal therapy that includes public reporting of
outcomes. Prenat Diagn. (2023) 43(4):411–20. doi: 10.1002/pd.6286

9. Prescott B, Jackson DE. Effective management of foetal anaemia in Rh(D)
alloimmunised pregnant women with intrauterine transfusion: a systematic review.
Hematol Transfus Cell Ther. (2023) 46(3):S2531-1379(23)02553-1. doi: 10.1016/j.
htct.2023.07.013

10. Berezowsky A, Hochberg A, Regev N, Weisz B, Lipitz S, Yinon Y. Intrauterine
blood transfusion for parvo B19-induced fetal anemia: neuroimaging findings and
frontiersin.org

https://doi.org/10.1159/000534523
https://doi.org/10.1016/j.ajog.2021.08.031
https://doi.org/10.1056/NEJM200001063420102
https://doi.org/10.1056/NEJM200001063420102
https://doi.org/10.1213/ANE.0000000000005177
https://doi.org/10.1016/S0002-9378(87)80344-7
https://doi.org/10.1002/pd.6286
https://doi.org/10.1016/j.htct.2023.07.013
https://doi.org/10.1016/j.htct.2023.07.013
https://doi.org/10.3389/fpain.2024.1405465
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/


Lanna et al. 10.3389/fpain.2024.1405465
long-term neurological outcomes. Fetal Diagn Ther. (2023) 50(3):206–14. doi: 10.
1159/000530993

11. Kosian P, Hellmund A, Geipel A, Bald R, Geist OM, Böckenhoff P, et al.
Intrauterine transfusion in 103 fetuses with severe anemia caused by parvovirus
infection. A multicenter retrospective study. Arch Gynecol Obstet. (2023) 308
(1):117–25. doi: 10.1007/s00404-022-06712-z

12. Tedjawirja VN, van Klink JM, Haak MC, Klumper FJ, Middeldorp JM, Miller JL,
et al. Questionable benefit of intrauterine transfusion following single fetal death in
monochorionic twin pregnancy. Ultrasound Obstet Gynecol. (2022) 59(6):824–5.
doi: 10.1002/uog.24876

13. Lanna MM, Consonni D, Faiola S, Izzo G, Scelsa B, Cetin I, et al. Incidence of
cerebral injury in monochorionic twin survivors after spontaneous single demise:
Frontiers in Pain Research 05
long-term outcome of a large cohort. Fetal Diagn Ther. (2020) 47(1):66–73. doi: 10.
1159/000500774

14. Baschat AA, Blackwell SB, Chatterjee D, Cummings JJ, Emery SP, Hirose S, et al.
Care levels for fetal therapy centers. Obstet Gynecol. (2022) 139(6):1027–42. doi: 10.
1097/AOG.0000000000004793

15. Al-Mulla A, Austin F, Helou M. Utility of whole exome sequencing in the early
diagnosis of atypical Diamond-Blackfan anemia. J Pediatr Hematol Oncol. (2023) 45
(3):159–61. doi: 10.1097/MPH.0000000000002616

16. Zwiers C, Lindenburg ITM, Klumper FJ, de Haas M, Oepkes D, Van Kamp IL.
Complications of intrauterine intravascular blood transfusion: lessons learned after
1,678 procedures. Ultrasound Obstet Gynecol. (2017) 50(2):180–6. doi: 10.1002/uog.
17319
frontiersin.org

https://doi.org/10.1159/000530993
https://doi.org/10.1159/000530993
https://doi.org/10.1007/s00404-022-06712-z
https://doi.org/10.1002/uog.24876
https://doi.org/10.1159/000500774
https://doi.org/10.1159/000500774
https://doi.org/10.1097/AOG.0000000000004793
https://doi.org/10.1097/AOG.0000000000004793
https://doi.org/10.1097/MPH.0000000000002616
https://doi.org/10.1002/uog.17319
https://doi.org/10.1002/uog.17319
https://doi.org/10.3389/fpain.2024.1405465
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Intrauterine transfusion under fetal analgesia: the evaluation of perinatal outcomes
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


