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Abstract

Background: Hemolytic disease of the fetus and newborn (HDFN) can cause severe prenatal and postnatal outcomes. Themain objective
of this study is to characterize the clinical impact of HDFN on pregnant women and their newborns. Methods: A retrospective cohort
study was performed on de-identified data extracted from Maccabi Healthcare Services (MHS), a large nationwide health organization.
The cohort included women and newborns diagnosed with HDFN between January 1998 and December 2021. Cohort characteristics and
outcomes are described. Results: Over the 24-year study period, the incidence rate of HDFN among pregnant women remained stable,
while the incidence rate among newborns declined. Severe HDFN was diagnosed in 22 (30.1%) of 73 HDFN-affected pregnancies.
Among 450 HDFN newborns, one-third were diagnosed with anemia or jaundice, and 5 cases of kernicterus were observed. Conclusions:
Severe prenatal and postnatal outcomes were observed in cases of HDFN. Further studies are needed to evaluate treatment regimens and
to assess the association between treatment management and both short- and long-term outcomes.
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1. Introduction
Hemolytic disease of the fetus and newborn (HDFN)

occurs when maternal immunoglobulin G (IgG) alloanti-
bodies cross the placenta and bind to fetal red blood cells
(RBC) carrying the corresponding antigen, thereby leading
to RBC destruction and anemia in the fetus or newborn [1].
The clinical presentation of HDFN ranges from mild ane-
mia to severe cases that may result in fetal demise, hydrops,
preterm labor induction, or the need for intrauterine trans-
fusion (IUT) [1,2].

The epidemiology of HDFN is poorly characterized
in the medical literature. The global HDFN incidence has
been estimated at 27.6 per 10,000 live births, whereas in de-
veloped countries it is reduced to 2.5 per 10,000 live births,
likely reflecting higher-quality perinatal and neonatal care
[3]. Similarly, in the United States (US), the estimated in-
cidence was 0.3–8 HDFN cases per 10,000 live births per
year [4].

In Israel, current antenatal screening recommenda-
tions state that blood typing and a Coombs test should be
performed at the first prenatal visit [5]. These practices are
consistent with guidelines in England and the US [6,7]. Af-
ter the initial screening, Israeli guidelines recommend that
Rh-negative women undergo antibody testing at week 26–

28 weeks to determine the need for anti-D prophylaxis. A
300-µg dose of anti-D should be administered at 28 weeks,
and refusal of treatment should be documented in the med-
ical record. An additional dose of anti-D should be given
within 72 hours after birth. In some cases, a 600-µg dose
of anti-D is indicated [5].

There is no approved drug therapy for the treatment
of HDFN. The standard of care for pregnancies at risk of
severe fetal anemia includes monitoring middle cerebral
artery peak systolic velocity (MCA-PSV) by Doppler ul-
trasound to detect fetal anemia, followed by IUTs once fe-
tal anemia is confirmed by cordocentesis. Intravenous im-
munoglobulin G (IVIG) or plasmapheresis may be admin-
istered in selected pregnancies to delay the onset of fetal
anemia and reduce the need for IUT [8].

Neonatal complications of HDFN include severe hy-
perbilirubinemia, neonatal jaundice, kernicterus, thrombo-
cytopenia, iron overload, and cholestasis [9,10]. Close
monitoring for abnormal laboratory parameters in neonates
is recommended to allow early detection of late anemia and
other complications [11]. Long-term consequences of ker-
nicterusmay include auditory dysfunction and development
disorders [12].
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The main objective of this study was to better under-
stand the clinical impact of non-ABO HDFN on pregnant
women, fetuses and newborns. Secondary objectives in-
cluded: (1) the evaluation of the incidence and trends of
HDFN in Israel, (2) assessing the frequency and outcomes
of severe HDFN, and (3) describing treatment patterns and
complications of HDFN among affected pregnant women,
fetuses, and newborns.

2. Materials and Methods
2.1 Data Sources and Extraction

De-identified data from all pregnancies and births be-
tween January 1998 and December 2021 were extracted
from the Maccabi Healthcare Services (MHS) database.
MHS is a nationwide health plan (payer-provider) and cov-
ers more than one quarter of the population in Israel. The
MHS database contains longitudinal data on a stable popu-
lation of >2.6 million individuals since 1993, with an an-
nual disengagement rate <1%. Data are automatically col-
lected and include comprehensive laboratory results from
a single central laboratory, full pharmacy prescription and
purchase records, and extensive demographic information
for each patient. MHS uses the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) coding system, as well as MHS-developed codes
that provide more granular diagnostic information beyond
the ICD-9-CM. Medications are coded according to the Is-
raeli system, with translations to the anatomical therapeu-
tic chemical (ATC) coding system when available. Pro-
cedures are coded using Current Procedural Terminology
(CPT) codes. Socioeconomic status (SES) is described by
a 1–10 scale, with higher values indicating higher SES,
based on neighborhood-level residence data [13,14]. The
scale was originally developed by the Israel Central Bureau
of Statistics using national census data and augmented by
POINTS location profiling Ltd with aggregated data. De-
tails on delivery and birth were extracted from hospitaliza-
tion discharge summaries. Treatments administered exclu-
sively in the hospital were not fully captured in the MHS
database. Diagnostic codes for HDFN complications are
detailed in Supplementary Table 1.

2.2 Study Population
The study population consisted of two main comple-

mentary cohorts, identified through an antenatal or post-
natal non-ABO HDFN diagnosis codes during the period
1998–2021. The ICD-9 diagnosis codes used are described
in Supplementary Table 2. Women diagnosed with HDFN
during pregnancy were included in the pregnancy cohort.
Women with multiple HDFN pregnancies were included
once for each affected pregnancy. The newborn cohort in-
cluded offspring from these pregnancies, as well as children
diagnosed with HDFN during their first year of life.

Severe HDFNwas defined as the occurrence of at least
one of the following during pregnancy: IUT, fetal hydrops,

preterm labor induction, or intrauterine death [1]. Fetal hy-
drops was identified based on ICD-9 codes in the Electronic
Health Record (EHR) (Supplementary Table 1), and IUT
was identified using procedure codes. HDFN diagnosed at
24 weeks of gestation or later was classified as late-onset
HDFN.

2.3 Alloantibody-Confirmed Cohort
Sensitivity analyses were conducted on subgroups of

the pregnancy and newborn cohorts in which the HDFN
diagnosis was confirmed by a maternal positive alloanti-
body test. Alloantibody data have been available in the
MHS database since 2005. Women with an HDFN diag-
nosis during pregnancy who had an antibody titer of ≥1:8
during or prior to the current pregnancy were included in
the alloantibody-confirmed pregnancy cohort.

Children born from these pregnancies were included
in the alloantibody-confirmed newborn cohort, as were
children diagnosed with HDFN during their first year of
life whose mothers had an antibody titer of ≥1:8 before or
within 1 month after the child’s birth.

2.4 Statistical Analysis
HDFN incidence rates were calculated as the total

number of diagnosed cases divided by the corresponding
total number of MHS members (pregnant women or new-
borns). Gamma regression models were used to assess inci-
dence trends over time. Descriptive statistics are presented
asmean± standard deviation (SD) ormedian and interquar-
tile range (IQR) for continuous variables, depending on data
distribution, and as frequencies and percentage for categor-
ical variables. Statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). A
two-sided p-value of<0.05 was considered statistically sig-
nificant.

3. Results
The incidence of HDFN during pregnancy in Israel re-

mained stable, ranging between 0.4–1 per 10,000 pregnan-
cies for most of the study period. The incidence of HDFN
diagnosed in newborns was higher compared to the inci-
dence of HDFN diagnosed during pregnancy and declined
from 1.8 per 10,000 newborns (95% confidence interval
[CI]: 0.9–3.4) in 1998 to 1.1 per 10,000 newborns (95%
CI: 0.4–2.5) in 2021 (p < 0.001, Fig. 1).

A total of 76 pregnancies with an HDFN diagnosis
were identified in 70 women (6 women had 2 HDFN preg-
nancies). Medical information regarding pregnancy course
and outcomes was available for 73 pregnancies (96%). Al-
loantibodies were confirmed in 27 women during or before
28 pregnancies (1 women had 2 HDFN pregnancies), rep-
resenting 38.4% of all HDFN pregnancies (Fig. 2).

During the 24-year study period, 395 additional new-
borns were diagnosed with HDFN postnatally; these cases
were not identified during pregnancy because their mothers
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Fig. 1. Incidence rate of HDFN diagnosed during pregnancy and in newborns. p-value of Gamma regression for trend over time;
error bars represent the 95% CI. CI, confidence interval; HDFN, hemolytic disease of the fetus and newborn.

were not diagnosed during pregnancy (72%) or were not in-
cluded in the MHS database. Out of the 57 newborns born
to mothers diagnosed with HDFN, 55 were found in the
MHS database and included in the HDFN newborn cohort.
Therefore, a total of 450 HDFN newborns were identified
and confirmed during their first year of life. Among these,
66 (14.7%) were confirmed to have HDFN during their first
year of life based on maternal alloimmunization (Fig. 2).

3.1 Pregnancy and Prenatal Outcomes of HDFN

The mean maternal age of 73 women diagnosed with
HDFN at the time of diagnosis was 31.4 ± 5.8 years. The
frequency of comorbidities was low, including diabetes
(2.7%), cardiovascular disease (4.1%), and hypertension
(6.8%). The majority of women (54.8%) had never smoked
(Supplementary Table 3).

The mean gravidity at which HDFN was diagnosed
among the 73 pregnancies was 3.4 ± 1.8, with diagno-
sis most commonly occurring during the fourth pregnancy
(41.1%). HDFN was diagnosed at a mean gestational age
(GA) of 23.4± 9.3 weeks. Late onset HDFN, defined as di-
agnosis after 24 weeks of gestation, occurred in 38 (52.1%)
pregnancies. 3 pregnancies were treated with IVIG, 2 re-
quired at least 1 IUT following IVIG. 12 additional preg-
nancies not treated with IVIG required at least 1 IUT. Hy-
drops was diagnosed in 8 pregnancies (Table 1). Of the 73
pregnancies with a diagnosis of HDFN, 22 were classified

as severe: 14 cases were treated with IUT, 8 were diagnosed
with fetal hydrops, 6 were delivered preterm, and 1 resulted
in an intrauterine death. The average GA at diagnosis of se-
vere HDFN was 24.5 ± 8.0 weeks (Table 1). The majority
of severe HDFN cases (14, 63.6%) in pregnancy required
at least one IUT.

Among the alloantibody-confirmed cohort (N = 28),
the mean gravidity at HDFN diagnosis was 4.1 ± 1.5, and
the majority of cases (60.7%) were late-onset HDFN. 11 of
these pregnancies were classified as severe, and 9 (32.1%)
required at least 1 IUT. 2 of the pregnancies were treated
with IVIG, both of which requires at least 1 IUT. Hydrops
was diagnosed in 2 pregnancies. No cases of intrauterine
death were reported.

Among the 73 pregnancies with HDFN, 57 (78.1%)
resulted in live births, 9 in miscarriages, and 7 had unknown
outcomes. Of the 57 live births, 19 (33%) were preterm,
of which 6 were induced. The majority of these were late
preterm (68.4%). Overall, themean birthweight was 2964.2
± 710.9 grams (Table 1). Miscarriages included 1 intrauter-
ine death at 28 weeks, 6 induced terminations at a mean GA
of 15.8± 7.2 weeks, and 2 spontaneous miscarriages at GA
19.4 (±3.7 weeks).

Pregnancy outcomes in 22 severe HDFN pregnancies
included 16 (72.7%) live births, of which 13 (81.3%) were
preterm. Among the preterm births, 3 were very preterm
(28–32weeks of gestation), 1 wasmoderate preterm (32–34
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Fig. 2. Cohort description.

weeks of gestation), and 9 were late preterm (34–37 weeks
of gestation). Of the remaining 6 cases of severe HDFN,
5 were induced miscarriages and 1 was an intrauterine fe-
tal death (IUFD). Among the 7 preterm deliveries in the
severe HDFN alloantibody-confirmed pregnancies, 5 were
induced labors (Table 1). Characteristics and outcomes of
early- and late-onset HDFN pregnancies are presented in
Supplementary Tables 4,5.

Among the 28 alloantibody-confirmed pregnancies,
24 (85.7%) resulted in live births, 2 were induced abortions
(1 at 20.7 weeks gestation and 1 at unknown GA), 1 was
a spontaneous miscarriage at 7.1 weeks of gestation, and 1
had an unknown outcome. Of the 24 live births, 15 (62.5%)
were preterm, most of which were late preterm (73.3%),
with a mean birthweight of 2750.9± 687.5 grams (Table 1).

The pregnancy cohort included 3 women, each with
2 HDFN pregnancies during the study period. Pregnancy
characteristics and outcomes for both pregnancies are pre-
sented in Supplementary Table 6. 1 woman delivered in
both pregnancies, 1 woman delivered in the first pregnancy
and had an induced miscarriage in the second pregnancy,
and 1 woman spontaneously miscarried in the first preg-
nancy and delivered very preterm in the second. No cases
of hydrops or IUFD were reported.

3.2 Postnatal Outcomes of HDFN Newborns
The median age at postnatal diagnosis among the 395

newborns was 2.7 weeks (IQR 0.7–5.7). The majority
(58.2%) of all 450 HDFN newborns, including 55 born
from HDFN pregnancies, were male.
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Table 1. Pregnancy characteristics and outcomes of prenatally diagnosed HDFN.

Parameter
Pregnancy cohort Alloantibody confirmed pregnancy cohort

Total (N = 73) Severe (N = 22) Total (N = 28) Severe (N = 11)

Pregnancy characteristics
GA at HDFN diagnosis (Mean ± SD) 23.4 ± 9.3 24.5 ± 8.0 23.9 ± 9.5 24.5 ± 6.6
Gravidity (Mean ± SD) 3.4 ± 1.8 4.1 ± 1.9 4.1 ± 1.5 4.7 ± 1.6
Pregnancy number category at diagnosis (N [%])

1 12 (16.4) 2 (9.1) 1 (3.6) 0
2 9 (12.3) 2 (9.1) 1 (3.6) 0
3 12 (16.4) 2 (9.1) 8 (28.6) 2 (18.2)
4+ 30 (41.1) 12 (54.5) 17 (60.7) 9 (81.8)
Unknown 10 (13.7) 4 (18.2) 1 (9.1) 0

Twins (N [%]) 2 (2.7) 0 0 0
Late onset HDFN at 24 GA or later (N [%]) 38 (52.1) 12 (54.5) 17 (60.7) 6 (54.5)
Any IVIG (N [%]) 3 (4.1) 2 (9.1) 2 (7.1) 2 (18.2)
Any IUT (N [%]) 14 (19.2) 14 (63.6) 9 (32.1) 9 (81.8)
Hydrops (N [%]) 8 (11.0) 8 (36.4) 2 (7.1) 2 (18.2)
Pregnancy Outcomes
Outcome (N [%])

Live birth 57 (78.1) 16 (72.7) 24 (85.7) 9 (81.8)
Miscarriage 9 (12.3) 6 (27.3) 3 (10.7) 2 (18.2)
Unknown 7 (9.6) 0 1 (3.6) 0

GA at delivery (Mean ± SD) 37.6 ± 3.1 34.9 ± 3.2 36.2 ± 2.8 34.9 ± 2.9
GA at miscarriage (Mean ± SD) 18.2 ± 7.0 19.9 ± 6.9 13.9 ± 9.6 20.7
Birthweight (g [Mean ± SD]) 2964.2 ± 710.9 2464.8 ± 560.5 2750.9 ± 687.5 2702.3 ± 747.8
Type of miscarriage (N [%] among miscarriages)

IUFD 1 (11.1) 1 (16.7) 0 0
Spontaneous 2 (22.2) 0 1 (33.3) 0
Induced 6 (66.7) 5 (83.3) 2 (66.7) 2 (100.0)

Induced preterm labor (N [%] among preterm births) 6 (31.6) 6 (46.2) 5 (33.3) 5 (71.4)
Preterm labor (N [%]) 19 (33.3) 13 (81.3) 15 (62.5) 7 (77.8)
Preterm Category (N [%] among miscarriages)

Extreme preterm (<28 GA) 0 0 0 0
Very preterm (28–31+6 GA) 3 (15.8) 3 (23.1) 2 (13.3) 2 (28.6)
Moderate preterm (32–33+6 GA) 3 (15.8) 1 (7.7) 2 (13.3) 0
Late preterm (34–36+6 GA) 13 (68.4) 9 (69.2) 11 (73.3) 5 (71.4)

GA, gestational age; IVIG, intravenous immunoglobulin G; IUFD, intrauterine fetal death; IUT, intrauterine transfusion; SD, standard
deviation; N, number of samples.

Anemia and jaundice were the most common com-
plications of HDFN during the first year of life, each oc-
curring in more than 30% of the full newborn cohort.
12% of the newborns (n = 54) had developmental disor-
ders at the one-year follow-up. Other complications in-
cluded edema (5.1%), auditory dysfunction (3.3%), blood
disorders (2.7%) and kernicterus (1.1%) as shown in Ta-
ble 2. Among the alloantibody-confirmed newborns, ane-
mia was diagnosed in 63.6% and jaundice in 27.3%; ker-
nicterus was observed in 4 newborns (6.1%), edema in
4.5%, and developmental disorders in 3.0%. Almost one-
third of alloantibody-confirmed newborns underwent blood
transfusions (31.8%) and 10.6% received phototherapy.

Of the 450 newborns, 29% had complete blood count
(CBC) results at 2–3 months of age and 37% had results at
10–12 months of age. Among the alloantibody-confirmed
newborns, CBC data were available for 40% up to 1 month
of age as well as in 10–12 month. Laboratory test re-
sults were similar between the full newborn cohort and the
alloantibody-confirmed cohort (Supplementary Tables
7,8). Mean hemoglobin and hematocrit values were low
during the first 3 months of life; however, both increased to
normal levels by one year of age (Supplementary Fig. 1).

4. Discussion
This study covered a 24-year timeframe which al-

lowed the identification of long-term trends in HDFN.
Based on MHS data, prenatal HDFN diagnosis has re-
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Table 2. Complications reported in newborns diagnosed postnatally with HDFN.

Complication
Newborn cohort (N = 450) Alloantibody confirmed newborn cohort (N = 66)

N (%) Age at diagnosis
(months)/Median [IQR]

N (%) Age at diagnosis
(months)/Median [IQR]

Anemia 158 (35.1) 1.2 [0.6–1.9] 42 (63.6) 0.8 [0.5–1.6]
Auditory dysfunction/deafness 15 (3.3) 3.3 [0.0–6.8] 0 NA
Development disorder 54 (12.0) 6.3 [4.2–9.3] 2 (3.0) 3.6 [2.9–4.2]
Edema 23 (5.1) 7.3 [3.5–9.2] 3 (4.5) 9.4 [8.2–9.9]
Jaundice 154 (34.2) 0.3 [0.1–1.0] 18 (27.3) 0.5 [0.2–0.9]
Kernicterus 5 (1.1) 0.2 [0.2–0.3] 4 (6.1) 0.3 [0.2–0.3]
Movement disorder 1 (0.2) 7.3 (NA) 0 NA
Oculomotor impairments 4 (0.9) 5.2 [2.5–9.3] 0 NA
Blood disorder (acidosis, calcemia) 12 (2.7) 1.5 [0.7–2.2] 0 NA
Other blood disorder (transient neonatal
neutropenia)

13 (2.9) 2.7 [0.2–4.7] 1 (1.5) 0.2 [0.2–0.2]

IQR, interquartile range; NA, not applicable; IQR not applicable for categories with n = 1.

mained stable in Israel, whereas postnatal HDFN diagno-
sis has declined from 1.8 to 1.1 per 10,000 newborns since
1998. These results present a lower incidence compared to
a Canadian single-center from 2010 to 2017, which reported
an HDFN incidence rate of 6 per 10,000 newborns, and a
national US study from 1996 to 2010, which found an in-
cidence rate of 4 to 10 per 10,000 newborns [15,16]. Con-
sistent with our findings, the US study reported a decline
in HDFN incidence attributed to reduced alloimmunization
rates over time [16].

4.1 HDFN Pregnancies

During the study period, 76 women were diagnosed
with HDFN during pregnancy, compared to 395 newborns
diagnosed during their first year of life. This discrep-
ancy may indicate insufficient screening and surveillance
in pregnancies at risk. Timely perinatal diagnosis of HDFN
is essential to initiate optimal management and thus reduce
the risk of hydrops fetalis or fetal death [17]. A European
study showed that when IVIGwas initiated before 13 weeks
of gestation, the onset of fetal anemia was delayed, and ane-
mia was less likely to occur prior to 20 weeks of gestation
[8]. The finding that the majority of patients in the present
study received a postnatal diagnosis of HDFNmay help ex-
plain the rates of severe cases observed.

Severe HDFN was defined as the occurrence of at
least one of the following during pregnancy: IUT, fetal hy-
drops, preterm labor induction, or intrauterine death. In our
study, more than one quarter (28.8%) of all HDFN pregnan-
cies and nearly 40% of alloantibody-confirmed pregnan-
cies were classified as severe. Hydrops occurred in 7.1%
of alloantibody-confirmed cases, a rate comparable to the
7.3% reported in a recent systematic review [18]. IVIG was
administered in 7.1% of alloantibody-confirmed cases, and
both individuals required at least 1 IUT. In addition, the
only cases of very preterm delivery, which increases the
risk of neonatal complications, occurred in severe HDFN

pregnancies [19]. Most miscarriages were induced during
the first trimester, which may indicate that the fetuses were
in critical condition. A 10-year observational study from
Finland reported 3.8% IUFD and 82% live births among
women treated with IUTs for HDFN, comparable to the
findings in the present study [20].

4.2 HDFN Newborns

One third of all newborns in our study were diagnosed
with anemia (mean age <2 months) and/or jaundice (mean
age <1 month). The requirement for transfusion was sub-
stantially higher than that previously reported by Yu et al.
[16] (0.5%–1%). This finding may reflect a more severe
disease phenotype in this Israeli cohort, although the higher
transfusion rate found could also be associated with other
factors, such as differences in healthcare delivery and reim-
bursement structures. While abnormally low hemoglobin
and hematocrit values were observed in the first months
of life in HDFN newborns, laboratory results normalized
for most newborns within one year. This outcome was
expected, as any residual maternal alloantibodies and the
residual effects of IUTs typically dissipate by age one.

Kernicterus, a severe complication of hyperbilirubine-
mia, causing chronic neurologic impairments, including
hearing loss, visual abnormalities, dental abnormalities,
and involuntary movements, was reported in 5 (over 1%)
newborns, 4 of whom had alloantibody-confirmed HDFN.
These complications occurred at rates comparable to or
higher than those previously reported, indicating a more se-
vere patient cohort in this database [17,21].

Over 10% of newborns were reported to have a de-
velopmental disorder; however, among the alloantibody-
confirmed HDFN cases, the rate was reduced to 3%. Lin-
denburg and colleagues [21] previously reported moderate
and severe developmental delay in 14.4% and 3.1%, re-
spectively, of a severe population exposed to IUT. Given
the lack of prenatal data available for this newborn cohort
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(severity in pregnancy, incidence of hydrops) it is difficult
to identify clear factors contributing to the high incidence
observed in this study. However, these data reiterate the im-
portance of continued investigation into risk factors for de-
velopmental disorders to ensure early identification and the
implementation of prenatal interventions, which may im-
prove short- and long-term outcomes. Measures that allow
early detection of severe fetal anemia prior to development
of fetal hydrops, as well as medical interventions that can
postpone onset of severe fetal anemia, may prove to be ben-
eficial for improving both neonatal and longer-term devel-
opmental outcomes.

The reason for the decrease in neonatal index cases,
despite no change in prenatal diagnosis rates, is unknown.
One possible explanation is that improved and earlier man-
agement of high-risk pregnancies has contributed to fewer
HDFN events among neonates.

The main strength of this study is the longitudinal
follow-up over a large database covering a quarter of Is-
rael’s population for more than 20 years. This database in-
cludes comprehensive medical information recorded con-
tinuously, including treatments, diagnoses, laboratory re-
sults, and procedures for all members. In addition, Israel
has a high birth rate, with a stable total fertility rate of 3
children per woman during the study period [22]. As the
risk of HDFN rises with each pregnancy, this high birth
rate allowed the capture of more HDFN cases, as well as
more severe cases than expected in countries with lower
birth rates [4]. Lastly, this study included sensitivity anal-
yses on alloantibody-confirmed cases, which validated the
study findings.

4.3 Limitations
Several limitations should be noted. First, as a ret-

rospective observational study, not all clinical and demo-
graphic information was fully captured in the database.
Missing data included information needed to match the
pregnant women with the child from the same pregnancy.
As a result, the study cohorts did not capture all HDFN
cases, and the approach involved two initial sets of cohorts.
Second, alloantibody test results were not recorded in the
MHS database until 2005, therefore the inclusion of HDFN
cases in the main cohort of this study was based solely on
diagnoses captured in the database. Third, HDFN manage-
ment and treatment administered in inpatient settings are
not always reported back to MHS (a community-based or-
ganization), and thereforemay not captured in this database.
As a result, treatment rates may be underestimated in this
report. Therefore, this study cannot provide evidence of as-
sociations between HDFN management during pregnancy
with perinatal outcomes. Further studies including larger
cohorts of HDFN pregnancies are needed to assess fetal and
neonatal outcomes following specific HDFN treatment pro-
tocols.

5. Conclusions
Although the incidence of HDFN diagnoses in Is-

rael declined between 1998 and 2021, we observed cases
with severe outcomes, including pregnancy termination,
hydrops, preterm labor, anemia, jaundice, and kernicterus.
Routine maternal blood testing for alloantibodies during
early gestation can enable early diagnosis and management
of HDFN pregnancies at risk for development of fetal ane-
mia. Further studies are needed to understand and evalu-
ate current treatment regimens for HDFN and to assess the
association between perinatal management and both short-
and long-term outcomes.
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