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IMPORTANCE While population-level data suggest Rh immunoglobulin is unnecessary before
12 weeks’ gestation, clinical evidence is limited. Thus, guidelines vary, creating confusion
surrounding risks and benefits of Rh testing and treatment. As abortion care in traditional
clinical settings becomes harder to access, many people are choosing to self-manage and
need to know if ancillary blood type testing is necessary.

OBJECTIVE To determine how frequently maternal exposure to fetal red blood cells (fRBCs)
exceeds the most conservative published threshold for Rh sensitization in induced
first-trimester abortion.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, observational, prospective cohort study
using high-throughput flow cytometry to detect circulating fRBCs in paired maternal blood
samples before and after induced first-trimester abortion (medication or procedural).
Individuals undergoing induced first-trimester abortion before 12 weeks 0 days’ gestation
were included. Paired blood samples were available from 506 participants who underwent
either medical (n = 319 [63.0%]) or procedural (n = 187 [37.0%]) abortion.

EXPOSURE Induced first-trimester abortion.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of participants
with fRBC counts above the sensitization threshold (125 fRBCs/5 million total RBCs) after
induced first-trimester abortion.

RESULTS Among the 506 participants, the mean (SD) age was 27.4 (5.5) years, 313 (61.9%)
were Black, and 123 (24.3%) were White. Three of the 506 participants had elevated fRBC
counts at baseline; 1 of these patients had an elevated fRBC count following the abortion
(0.2% [95% CI, 0%-0.93%]). No other participants had elevated fRBC counts above the
sensitization threshold after induced first-trimester abortion. The median change from
baseline was 0 fRBCs, with upper 95th and 99th percentiles of 24 and 35.6 fRBCs,
respectively. Although there was a strong association between the preabortion and
postabortion fRBC counts, no other baseline characteristic was significantly associated with
postabortion fRBC count.

CONCLUSIONS AND RELEVANCE Induced first-trimester abortion is not a risk factor for Rh
sensitization, indicating that Rh testing and treatment are unnecessary before 12 weeks’
gestation. This evidence may be used to inform international guidelines for Rh
immunoglobulin administration following first-trimester induced abortion.
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R h immunoglobulin is a finite human blood product used
to prevent sensitization to the Rh antigen when pa-
tients negative for Rh are exposed to significant vol-

umes of Rh-positive blood. Prior to the discovery of Rh im-
munoglobulin, 9% to 10% of patients negative for Rh became
sensitized with each full-term pregnancy.1 The maternal Rh
sensitization rate decreased to between 1.1% and 1.6% with
adoption of routine treatment at delivery and decreased fur-
ther to approximately 0.2% with additional prophylaxis in the
third trimester in the US, Canada, the UK, Europe, Australia,
and New Zealand; however, no further reduction in inci-
dence was seen in countries that adopted Rh immunoglobu-
lin for bleeding events in early pregnancy.2 Evidence to in-
form administration following induced first-trimester abortion
is lacking. Overuse of Rh immunoglobulin by high-resource
countries in settings without proven benefit, such as early preg-
nancy, increases cost and restricts the availability of its use in
lower-resourced countries. These concerns have prompted re-
visiting these guidelines and knowledge gaps.3,4

In 2022, the World Health Organization recommended for-
going Rh testing and treatment prior to medication or proce-
dural abortion at less than 12 weeks’ gestation.5 Although many
professional guidelines have also shifted, substantial variabil-
ity remains in recommendations for Rh testing and treatment
in early pregnancy, both within and between countries.5-8

For some clinicians, first-trimester Rh testing and treatment
are deeply ingrained, and efforts to align recommendations
may be facilitated by additional clinical evidence.7-9 A 2013
Cochrane review concluded that there were “insufficient data
to evaluate the practice of anti-D administration in an unsen-
sitized Rh-negative mother after spontaneous miscarriage.”4

Clinical data using contemporary red blood cell (RBC) detec-
tion techniques to inform evidence-based practice are limited.4

Early laboratory techniques lacked the specificity and preci-
sion necessary for evaluating low levels of exposure to fetal
RBCs (fRBCs) near the threshold, as had been hypothesized at
the time to occur in the first trimester. This study aimed to fill
the knowledge gap using technologies unavailable at the time
Rh immunoglobulin was discovered.

A previous pilot cohort study of participants undergoing
procedures for spontaneous or induced abortion up to 12 weeks’
gestation estimated the threshold of fRBCs proposed to cause
sensitization in a minority of patients, and showed reliable de-
tection of fRBCs at levels well below that threshold using re-
fined flow cytometry protocols.10,11 This study tested the hy-
pothesis that fRBCs in the circulation of individuals undergoing
induced procedural or medication abortion at less than 12
weeks’ gestation are below the sensitization threshold.

Methods
Prospective Cohort
This study was approved by the institutional review board at
the University of Pennsylvania. We approached all patients un-
dergoing medication abortion at less than 12 weeks’ gestation
(Figure 1) at 4 clinical sites: University of Pennsylvania,
Philadelphia Women’s Center, Delaware County Women’s Cen-

ter, and Planned Parenthood League of Massachusetts, and
written patient consent was obtained. Subsequently, we ex-
panded eligibility criteria to include procedural abortion to im-
prove generalizability of results and respond to constraints of
the COVID-19 public health emergency. Information on race
and ethnicity was self-reported and chosen from fixed catego-
ries; American Indian or Alaska Native, Asian, Native Hawaiian
or Other Pacific Islander, and other categories were collapsed
into an “other” category due to small numbers in each.

Exclusion criteria included sickle cell disease, β-thalassemia,
hereditary persistence of fetal hemoglobin or other hemoglo-
binopathy, or being unwilling to participate in follow-up. Re-
search team members extracted blood type and Rh status from
the medical record and collected patient-reported survey data
including demographics, medical and pregnancy histories, and
bleeding history in the current pregnancy. We also recruited
6 participants to take part in a longitudinal substudy of the
natural history of fRBC clearance from maternal circulation.
These patients had blood drawn before abortion and after abor-
tion at 1, 2, 4, 8, 12, 24, 48, and 72 hours. Because variability
was not noted, no additional participants were enrolled for this
substudy. The flow cytometry protocol was refined during the
study, prior to inclusion of participants undergoing proce-
dural management. Laboratory details, including cell fixa-
tion, permeabilization, 2-color panel staining, and data acqui-
sition, are included in eMethods in Supplement 1. We also
describe the optimization of these assays for larger sample sizes
(5 million events) and adoption of the flow cytometry proto-
col for use on cryopreserved RBCs. Further, we created an ex-
ploratory 11-color flow cytometry panel for more refined gat-
ing and rare event detection and provided gating schema for
the 2-color (eFigure 1 in Supplement 1) and 11-color (eFigure 2
and eTable 1 in Supplement 1) panels.

Primary Outcome Measure
Our primary outcome was the number of participants whose
fRBC counts crossed the sensitization threshold of 125 fRBCs/5
million total RBCs.10 Secondary outcomes included differ-
ences in fRBC counts before vs after abortion care, and differ-
ences in fRBC counts by gestational age and other maternal
characteristics. For the time series substudy, we also as-
sessed the natural history of clearance of fRBCs from the
maternal circulation.

Key Points
Question Is administration of Rh immunoglobulin necessary for
individuals undergoing induced first-trimester abortion care?

Findings In this prospective study, 505/506 participants (99.8%)
undergoing induced first-trimester abortion care had
postprocedure fetal red blood cell counts below the published
threshold for Rh sensitization. Three participants exceeded the
threshold at baseline; no additional participants crossed this
threshold after induced abortion.

Meaning Rh testing or immunoglobulin administration following
induced first-trimester abortion is unnecessary.

Research Original Investigation Induced Abortion and the Risk of Rh Sensitization

1168 JAMA September 26, 2023 Volume 330, Number 12 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 03/22/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.16953?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.16953?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.16953?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953


Statistical Analysis
The proposed sample size of 500 postabortion samples was
based on a 1-sided exact binomial test. The null hypothesis was
that 1.5% or more of the postabortion population had fRBC
counts exceeding the threshold. Values exceeding 1.5% re-
flect the historical safety concerns and recommendation for
continued use of routine Rh testing. With 500 samples, the null
hypothesis would be rejected if fewer than 4 samples (<0.8%)
exceeded the threshold, yielding an exact 1-sided type I error
rate of .059. The statistical power of this test was 85.7%, as-
suming that the distribution of individuals exceeding the
threshold followed a Poisson distribution with a mean of 0.4%
(eMethods in Supplement 1). These hypothesis tests were ac-
companied by estimates of the rate of participants with fRBC
counts exceeding the threshold and a 1-sided 95% CI.1

The study design was altered based on the flow cytom-
etry assay optimization and subsequent inclusion of partici-
pants undergoing procedural abortions. Thus, we modified our
analytic plan to consider whether there were differences in
fRBC counts across 3 strata: medication abortion with the origi-
nal assay, medication abortion with the optimized assay, and
procedural abortion with the optimized assay. All partici-
pants undergoing procedural abortion were recruited after op-
timization of the flow cytometry assay. Baseline characteris-
tics of the samples were described overall and by the 3 strata.
We tested for differences in the distribution of fRBC counts af-
ter abortion between strata using an initial Kruskal-Wallis test,
followed by pairwise Wilcoxon rank-sum tests if the global test
was significant (P < .05). We also used this strategy, with sepa-
rate analyses for the original or the optimized assay, to con-

sider whether there were differences in fRBC counts before or
after abortion between sites or for participants with or with-
out prior bleeding episodes. The time series of fRBC counts was
described graphically and summarized by visit using sample
means and standard deviations.

To assess the association of postabortion fRBC count with
baseline covariates, we fit univariate negative binomial mod-
els with postabortion count as the outcome. Each model in-
cluded the 3 strata (assay by abortion type) as covariates. We
explored whether baseline covariates, specifically preabor-
tion fRBC count, maternal age, gestational age, blood type, gra-
vidity, parity, sickle cell heterozygosity, or prior bleeding epi-
sodes, were associated with postabortion fRBC counts in this
stratified model. All of the covariates, except for blood type,
sickle cell heterozygosity, and prior bleeding, were modeled
as linear terms. We used Wald tests to evaluate hypotheses re-
garding the associations. Coefficients in a negative binomial
reflect differences on a log scale; to obtain rate ratios, the co-
efficients and their confidence intervals were exponentiated.
These analyses used a 2-sided type I error rate of .05 and con-
fidence intervals were 2-sided with a 95% level. Results are re-
ported using STROBE guidelines.12 Statistical analyses were
conducted using R Version 4.2.1 with the exactci, MASS, lme4,
and lmerTest packages (The R Foundation).

Results
From July 2019 to July 2022, 644 individuals consented to re-
search participation. Evaluable preabortion and postabortion

Figure 1. Patient Recruitment in Study of First-Trimester Abortion

2114 Individuals approached for
study participation

644 Enrolled

1470 Excluded (declined)

3 Excluded (ineligible)

17 Did not provide
postabortion sample

31 Did not provide
postabortion sample

74 Excluded (unable to obtain
phlebotomy sample)

13 Excluded (unable to obtain
phlebotomy sample)

206 Medication abortion113 Medication abortion 187 Procedural abortion

223 Provided preabortion sample
in the postoptimized protocol

144 Provided preabortion sample
in the preoptimized protocol

187 Provided preabortion sample
in the postoptimized protocol

441 Medical abortion 200 Procedural abortion

Participants were approached for inclusion if they were obtaining an abortion by medication or procedure at less than 12 weeks’ gestation. The most common
reason for declining was not wanting to return for the postabortion blood draw. Thirty patients with a postabortion sample after 72 hours were included.
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phlebotomy samples were obtained from 506 participants
(78.9%) (Table 1). Across all 506 samples, no participant (0%
[95% CI, 0%-0.59%]) had newly elevated fRBC counts above the
threshold (P = .004 for the 1-sided exact binomial test). Only 1
participant (0.2% [95% CI, 0%-0.93%]) exceeded the thresh-
old of 125 fRBCs after abortion. That participant had a medica-
tion abortion, AB+ blood type, and reported prior bleeding in
this pregnancy. She was 1 of 3 participants who were tested using
the original (preoptimized) assay who exceeded the fRBC thresh-
old before the intervention (0.6% [95% CI, 0%-1.5%]). The other
2 participants had blood types O− and A+, neither had prior
bleeding in this pregnancy, and both fell below the fRBC thresh-
old after the medication abortion. The median fRBC count af-
ter abortion was 4.5/5 million cells (Figure 2).

Of 319 medication abortion participant samples, 113 (35.4%)
were analyzed using the original flow cytometry assay and 206
using the optimized assay (Figure 1). An additional 187 par-
ticipants undergoing procedural abortion were analyzed using
the optimized assay, beginning in September 2021. Using the
original assay, the median number of cells after abortion was
21.0/5 million cells (maximum, 191), with 1 of 113 above the
threshold for a rate of 0.9% (95% CI, 0%-4.1%). For the opti-
mized assay, the median number of cells was 4.0 (maximum,
58) for the medication group and 3.0 (maximum, 32) for the
procedural group; the rates above the fRBC threshold were 0%

(95% CI, 0%-1.4%) for medication abortion and 0% (95% CI,
0%-1.6%) for procedural abortion. The distribution of fRBC
counts differed significantly among the 3 strata (P < .001,
Kruskal-Wallis test), with each of the optimized assay groups
differing from the original assay medication abortion group
(P < .001 for each, Wilcoxon rank-sum test). We found no sta-
tistically significant differences in distribution between medi-
cation and procedural postabortion fRBC counts with the op-
timized assay (P = .10 Wilcoxon rank-sum test). We additionally
found no differences in preabortion and postabortion levels
between sites for the original (preabortion P = .19, postabor-
tion P = .61; Kruskal-Wallis test) or optimized (preabortion
P = .82, postabortion P = .82; Kruskal-Wallis test) assays
(eTable 3 in Supplement 1). Among the 6 individuals who un-
derwent the time series analysis, the mean fRBC count before
abortion was 5.5 fRBCs/5 million cells (95% CI, 1.9-9.0). We ob-
served only small changes in fRBC counts over time and no sys-
tematic pattern of change (eFigure 3 in Supplement 1).

The median change from preabortion to postabortion fRBC
counts was 0/5 million cells both overall and for the opti-
mized assay, and 0.5/5 million cells for the original assay. The
maximal increase was 28.5 fRBCs/5 million cells for a partici-
pant using the original assay. We found no statistically signifi-
cant differences across strata in the distribution of the change
from before vs after abortion (P = .50 Kruskal-Wallis test).

Table 1. Demographics and Clinical Characteristics of Participantsa

No. (%)

Medication abortion
Procedural abortion
(n = 187)

Original assay
(n = 113)

Optimized assay
(n = 206)

Maternal age, median (range), y 27 (19-39) 27 (18-46) 27 (18-46)

Raceb

Black 81 (72) 122 (59) 110/186 (59)

White 15 (13) 56 (27) 52/186 (28)

Other 17 (15) 28 (14) 24/186 (13)

Hispanic or Latino ethnicity 12/92 (13) 38/183 (21) 29/153 (19)

Gestational age, median (range), d 52 (30-70) (n = 111) 47.5 (32-76) 52 (36-78)

Gravidity, median (range) 3 (1-13) 3 (1-19) 4 (1-13)

Parity, median (range) 1 (0-5) (n = 92) 1 (0-8) (n = 159) 1 (0-6) (n = 153)

Blood type

O 68 (60) 111/205 (54) 91/184 (49)

A 28 (25) 56/205 (27) 56/184 (30)

B 14 (12) 30/205 (15) 32/184 (17)

AB 3 (3) 8/205 (4) 5/184 (3)

Rh negative 13 (11) 16/205 (8) 17/186 (9)

Prior bleeding in pregnancyc 27 (24) 34 (17) 34/186 (18)

Sickle cell trait 7/101 (7) 12/194 (6) 6/177 (3)

Site

Philadelphia Women’s Center 94 (83) 48 (23) 90 (48)

Penn Early Pregnancy Access Center 19 (17) 21 (10) 32 (17)

Planned Parenthood League of Massachusetts 0 61 (30) 65 (35)

Delaware County Women’s Center 0 76 (37) 0
a For full cohort and medication abortion participants separated by

preoptimization and postoptimization, see eTable 2 in Supplement 2.
b Race was collected by single-answer choice self-report. American Indian or

Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, and other were
collapsed into the category “other” due to small numbers in each.

c Prior bleeding in pregnancy was by self-report.
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Table 2 shows the association between baseline covari-
ates and postabortion fRBC counts in univariate models ad-
justed for type of abortion and assay. Among all baseline
covariates considered, only preabortion fRBC counts were
strongly associated with postabortion fRBC counts (P < .001).
An increase of 1 fRBC/5 million cells before abortion was as-
sociated with a mean increase of 1.04-fold after abortion
(95% CI, 1.03-1.05) (eFigure 4 in Supplement 1). In our cohort,
19% of participants reported bleeding prior to presenting
for abortion care, including 1 of the 3 having above-the-
threshold fRBC count at baseline. Overall, patients with prior
bleeding did not have significantly higher levels of circulat-
ing fRBCs after abortion than those without prior bleeding.
A Wilcoxon rank-sum test did not indicate differences in the
distribution of fRBCs before abortion between those with and
without prior bleeding (P = .90). Notably, there was no signifi-
cant increase in fRBC count (per 5 million cells) with gesta-
tional age (P = .14). Figure 3 shows the association between
postabortion fRBC counts and gestational age. We note that on

average, levels in the AB blood group were 1.71-fold (95% CI,
1.05-3.00) higher than in the O blood group (P = .04).

Discussion
In this prospective cohort study of 506 individuals receiving
first-trimester abortion care, no participant with fRBC counts
below the threshold prior to medication or procedural abor-
tion crossed above the threshold after treatment. This study
demonstrates that Rh sensitization in the first trimester is very
unlikely. When paired with population-based data, these find-
ings are highly reassuring2,3,5,13 that Rh testing and provision
of Rh immune globulin should not be undertaken prior to re-
ceiving induced abortion care at less than 12 weeks’ gestation.

Rh-negative pregnant individuals may become sensi-
tized and immunized through exposure to Rh-positive RBCs,
with risk of sensitization depending on the volume of expo-
sure, number of exposures, ABO compatibility, antigenic

Figure 2. Postabortion Levels of Fetal Red Blood Cell (fRBC) and Change From Preabortion Levels Stratified by Assay and Abortion Type
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The bars in the histogram show the percentage for each optimization and abortion method group. The vertical blue line shows the sensitization threshold
of 125 fRBCs/5 million cells. Only 1 participant had a postabortion level that exceeded 125 fRBCs/5 million cells.
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profile, immune status, and other factors.1,13-15 While one might
surmise that elevated fRBC counts before abortion were due

to a prior exposure, prior bleeding episodes were not found
to be associated with elevated fRBC counts. Fetal RBCs from
prior pregnancies would have been cleared from the mater-
nal circulation, given their life span of 120 days.16 The risk of
pregnancy-associated Rh sensitization is not increased by in-
duced first-trimester abortion care in this gestational age range.

In this study, postabortion fRBC counts were not corre-
lated with gestational age, gravidity, parity, prior vaginal bleed-
ing in pregnancy, or other demographic factors. The modest
increase in postabortion fRBC counts in those with AB blood
type over O (rate ratio, 1.71 [95% CI, 1.05-3.00]) merits further
study with larger numbers of individuals with AB blood. There
was substantial variation in fRBC counts between individu-
als, but baseline and postabortion fRBC counts were strongly
correlated within individuals. Furthermore, a time series analy-
sis of 6 individuals revealed limited variability within indi-
viduals and no evidence of significant fRBC count elevation
at any of the time points. These findings support the hypoth-
esis that people have different constitutive set points for fRBCs
or maternal F cells independent of pregnancy-related bleed-
ing events. This observation deserves further study in preg-
nant and nonpregnant populations.

The only randomized clinical trial of patients with spon-
taneous abortion up to 24 weeks’ gestation, while underpow-
ered, showed no sensitization in 29 patients receiving pla-
cebo, nor Rh-isoimmunization in the 6 subsequent Rh-positive
pregnancies.17 By using flow cytometry, induced abortion at
less than 12 weeks’ gestation was shown to not put pregnant
individuals at risk of sensitization.

Table 2. Common Association of Postabortion fRBC Counts With Baseline Covariates for a Model
With the Strata Defined by Abortion Type and Flow Cytometry Assay

Rate ratioa P valueb

Preabortion fRBC (per 5 million cells) 1.04 (1.03-1.05) <.001

Maternal age, y 1.02 (0.87-1.20) .81

Gestational age, wk 1.05 (0.98-1.12) .14

Gravida (No. of pregnancies) 0.97 (0.94-1.00) .08

Parity (No. of births) 1.0 (0.93-1.09) .88

Sickle cell trait

None 1 [Reference]

Unknown (n = 33) 0.81 (0.56-1.21) .29

Present (n = 25) 0.70 (0.49-1.17) .18

Blood group

O (n = 270) 1 [Reference]

A (n = 140) 1.06 (0.86-1.32) .58

B (n = 76) 1.12 (0.85-1.48) .43

AB (n = 16) 1.71 (1.05-3.00) .04

Prior bleeding

No (n = 140) 1 [Reference]

Yes (n = 95) 1.06 (0.84-1.36) .62

Bleeding postinterventionc

Spotting/none 1 [Reference]

Little 1.29 (0.74-2.23) .36

Some 1.22 (0.73-1.99) .43

Moderate 1.17 (0.72-1.83) .49

Heavy 1.26 (0.77-2.00) .33

Abbreviation: fRBC, fetal red blood cell.
a Rate ratios (95% CI) per 1-unit

increase in baseline variable or
relative to the reference group.
Results based on exponentiated
coefficients for a negative binomial
model. Values are adjusted for 3
strata (medication abortion with
original assay, medication abortion
with optimized assay, and
procedural abortion with optimized
assay).

b P values based on a Wald test.
c Bleeding after medication

self-reported by patients from
checklist of these choices.

Figure 3. Fetal Red Blood Cell (fRBC) Count After Abortion
by Gestational Age
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Preoptimization of flow cytometry assay is associated with higher detected
levels of postabortion fRBCs (P < .001), but gestational age is not (P = .14). See
Table 2 for details. To display on a log scale (y-axis), a value of 1 was added to
any participant with an fRBC level of 0/5 million cells. The solid black line at 125
fRBCs/5 million cells shows the threshold for sensitization. The orange, gray,
and blue lines show median values for each optimization and abortion method
group. The locally estimated scatterplot smoothing regression curve for the
pooled data is show in black with gray shading representing the 95% CI.
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The current hypothesis was tested in a population under-
going abortion because the predictable timing of bleeding af-
ter induced abortion affords more rigorous study, and every
participant had an intervention, whether medication or pro-
cedure. Results should be generalizable to many other bleed-
ing events in early pregnancy, including pregnancy loss, which
is treated with modalities similar to abortion. In early preg-
nancy loss, embryonic circulation is halted and thus even less
likely to result in fetomaternal hemorrhage than the popula-
tion studied herein. This study provides additional clinical
evidence in support of the longstanding international guide-
lines that forego Rh immunoglobulin in the setting of sponta-
neous or threatened miscarriage in the first trimester.3,7 Ad-
ditionally, prior bleeding was not associated with higher fRBC
counts in this study, further suggesting that patients with
threatened or spontaneous abortion are similarly unlikely to
be at risk of alloimmunization.

The highest levels of fRBCs, including all 3 patients with
fRBC counts above 125/5 million RBCs, were observed in the first-
generation flow cytometry assay. Assay optimization allowed
for more clear delineation of cell types, suggesting that even
those 3 participants may have had falsely elevated fRBC counts,
and that the current results are conservative. This is further sup-
ported by the results of the 11-color flow cytometry panel, which
detected fRBC counts in cryopreserved maternal samples at
lower rates than initially detected by the optimized 2-color as-
say performed on the same samples. The use of more antigens
in the 11-color assay allows for more rigorous fRBC classifica-
tion and removal of non-fRBCs for rare event detection.

The strengths of this study included the large sample size
with corresponding statistical power and the use of flow cy-
tometry with large event counts (5 million) to quantify the level
of maternal exposure to fRBCs. A broad demographic range of
patients was included, with real-world exposures including
prior uterine bleeding during pregnancy, all blood types, and
numerous clinical situations. Additionally, the current meth-
ods were tested to validate the chosen timeframe for post-
abortion blood draw to ensure that the peak value of circulat-
ing fRBCs was not missing, finding no evident increase in fRBC
counts at finer time intervals up to 72 hours after abortion.

This study provides evidence to inform guidelines that
deimplement Rh testing following induced abortion in the first
trimester. National and international guidelines can follow the

World Health Organization recommendation to forego Rh test-
ing and treatment at less than 12 weeks’ gestation, in support
of high-value care.5,18 Given the evolving induced abortion
policy landscape in the United States, provision of induced
abortion care must be as efficient, cost-effective, and evidence-
based as possible.

Limitations
This study had several limitations. First and most signifi-
cantly, the true threshold for Rh sensitization is unknown and
likely multifactorial. Even use of the most conservative thresh-
old is a proxy for the clinical outcome that truly matters: he-
molytic disease of the newborn resulting from alloimmuniza-
tion in a prior pregnancy. However, a prospective study to
measure this risk lacks feasibility. A best estimate was used
based on prior studies and the volume dependency of Rh im-
munoglobulin for efficacy.10,19,20 The within-person pre/post
design mitigates the concern that the chosen threshold was in-
correct because not only were nearly all fRBC counts far be-
low the threshold, but they did not change before vs after abor-
tion, irrespective of the threshold.

Second,thedevelopmentoftheflowcytometryprotocolwas
an iterative process that may continue to evolve with time and
further understanding of RBC antigens and immunobiology.

Third, patients experiencing other causes of bleeding in
the first trimester, such as ectopic pregnancy or molar preg-
nancy, were not included, thus limiting generalizability to these
clinical scenarios.

Fourth, the SARS-CoV-2 pandemic took place midway
through the study, hampering recruitment. However, this chal-
lenge was overcome by expanding the study question to in-
clude participants undergoing procedural abortion, thereby im-
proving recruitment and increasing generalizability.

Conclusions
Induced abortion in the first trimester, whether by medica-
tion or procedure, is not a risk factor for Rh sensitization. This
financial and clinical barrier to abortion care is not necessary.
This evidence should inform the alignment of international
guidelines and clinical care surrounding Rh immunoglobulin
following first-trimester induced abortion.

ARTICLE INFORMATION

Accepted for Publication: August 14, 2023.

Author Affiliations: Department of Obstetrics and
Gynecology, Penn State University College of
Medicine, Hershey, Pennsylvania (Horvath); Human
Immunology Core, Department of Pathology and
Laboratory Medicine, Perelman School of Medicine,
University of Pennsylvania, Philadelphia (Huang,
Martinez, Tsao, Zhao, Luning Prak); Pregnancy Early
Access Center (PEACE), Division of Family Planning,
Department of Obstetrics and Gynecology,
Perelman School of Medicine, University of
Pennsylvania, Philadelphia (Koelper, Schreiber);
Cleveland Clinic BioRepository, Cleveland Clinic,
Cleveland, Ohio (Zhao); Division of Family Planning,
Department of Obstetrics, Gynecology, and

Reproductive Biology, Brigham and Women’s
Hospital, Boston, Massachusetts (Goldberg);
Planned Parenthood League of Massachusetts,
Boston (Goldberg); The Women’s Centers,
Philadelphia, Pennsylvania (Hannum); Department
of Biostatistics, Epidemiology, and Informatics,
Perelman School of Medicine, University of
Pennsylvania, Philadelphia (Putt).

Author Contributions: Drs Luning Prak and
Schreiber had full access to all of the data in the
study and take responsibility for the integrity
of the data and the accuracy of the data analysis.
Drs Luning Prak and Schreiber contributed
equally.
Concept and design: Horvath, Huang, Tsao, Zhao,
Goldberg, Schreiber.

Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Horvath, Huang,
Koelper, Putt, Luning Prak, Schreiber.
Critical review of the manuscript for important
intellectual content: Horvath, Huang, Martinez,
Tsao, Zhao, Goldberg, Hannum, Putt, Luning Prak,
Schreiber.
Statistical analysis: Koelper, Putt, Luning Prak,
Schreiber.
Obtained funding: Horvath, Schreiber.
Administrative, technical, or material support:
Horvath, Huang, Martinez, Tsao, Zhao, Goldberg,
Hannum, Luning Prak.
Supervision: Horvath, Huang, Tsao, Zhao, Goldberg,
Hannum, Luning Prak, Schreiber.

Induced Abortion and the Risk of Rh Sensitization Original Investigation Research

jama.com (Reprinted) JAMA September 26, 2023 Volume 330, Number 12 1173

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 03/22/2024

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953


Conflict of Interest Disclosures: Dr Goldberg
reported serving as chair of the Society of Family
Planning Complex Family Planning Advisory Council
(2019-2020) outside the submitted work.
Dr Schreiber reported receiving contracts from
Athenium Pharmaceuticals and the National
Institutes of Health and grants from Independence
Blue Cross outside the submitted work; in addition,
Dr Schreiber had a patent (19-8815) issued for
medical management of nonviable pregnancy and
a patent (18-8692) with royalties paid. No other
disclosures were reported.

Funding/Support: This study was supported by the
Society of Family Planning Research Fund
(Generating Evidence That Contributes to
Increasing Access to Medication Abortion in the
United States grant SFPRF12-MA11; Schreiber).

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Disclaimer: The findings and conclusions
expressed in this article are those of the authors
and do not necessarily reflect the views of Planned
Parenthood Federation of America Inc, the authors’
institutions, or the Society of Family Planning
Research Fund.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We are grateful for the
substantive contributions of Tino Tran, MD, Arden
McAllister, MPH, Cecelia Tannous-Taylor, BA,
Jennifer Fortin, MPH, and Danielle Gelfand, BA, of
the Philadelphia and Delaware County Women’s
Center for their contributions to participant
recruitment, research organization, and data
management. They did not receive compensation
beyond their salary. We are grateful to the
participants for their time and contributions.

REFERENCES

1. Klein HG, Anstee DJ, eds. Mollison’s Blood
Transfusion in Clinical Medicine. 12th ed. Wiley-
Blackwell; 2014.

2. Urbaniak SJ. The scientific basis of antenatal
prophylaxis. Br J Obstet Gynaecol. 1998;105(suppl
18):11-18. doi:10.1111/j.1471-0528.1998.tb10286.x

3. Wiebe ER, Campbell M, Aiken AR, Albert A.
Can we safely stop testing for Rh status and
immunizing Rh-negative women having early
abortions? a comparison of Rh alloimmunization in
Canada and the Netherlands. Contracept X. 2019;
1:100001. doi:10.1016/j.conx.2018.100001

4. Karanth L, Jaafar SH, Kanagasabai S, Nair NS,
Barua A. Anti-D administration after spontaneous
miscarriage for preventing Rhesus
alloimmunisation. Cochrane Database Syst Rev.
2013;(3):CD009617. doi:10.1002/14651858.
CD009617.pub2

5. World Health Organization. Abortion Care
Guideline. World Health Organization; 2022.

6. Horvath S, Goyal V, Traxler S, Prager S. Society of
Family Planning committee consensus on Rh
testing in early pregnancy. Contraception. 2022;114:
1-5. doi:10.1016/j.contraception.2022.07.002

7. Sperling JD, Dahlke JD, Sutton D, Gonzalez JM,
Chauhan SP. Prevention of RhD alloimmunization:
a comparison of four national guidelines. Am J
Perinatol. 2018;35(2):110-119. doi:10.1055/s-0037-
1606609

8. Practice bulletin No. 181: prevention of Rh D
alloimmunization. Obstet Gynecol. 2017;130(2):e57-
e70. doi:10.1097/AOG.0000000000002232

9. American College of Obstetricians and
Gynecologists’ Committee on Practice
Bulletins—Gynecology. ACOG practice bulletin
No. 200: early pregnancy loss. Obstet Gynecol.
2018;132(5):e197-e207. doi:10.1097/AOG.
0000000000002899

10. Horvath S, Tsao P, Huang ZY, et al. The
concentration of fetal red blood cells in
first-trimester pregnant women undergoing uterine
aspiration is below the calculated threshold for Rh
sensitization. Contraception. 2020;102(1):1-6.
doi:10.1016/j.contraception.2020.02.011

11. Zipursky A, Pollock J, Neelands P, Chown B,
Israels LG. The transplacental passage of foetal red
blood-cells and the pathogenesis of rh

immunisation during pregnancy. Lancet. 1963;2
(7306):489-493. doi:10.1016/S0140-6736(63)
90228-9

12. von Elm E, Altman DG, Egger M, Pocock SJ,
Gøtzsche PC, Vandenbroucke JP; STROBE Initiative.
The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet.
2007;370(9596):1453-1457. doi:10.1016/S0140-6736
(07)61602-X

13. Ghesquière L, Leroy J, Deken V, et al. Anti-RH1
alloimmunization: at what maternal antibody
threshold is there a risk of severe fetal anemia?
Transfusion. 2023;63(3):629-637. doi:10.1111/trf.17264

14. Wabnitz H, Cruz-Leal Y, Lazarus AH.
Antigen-specific IgG subclass composition in
recipient mice can indicate the degree of red blood
cell alloimmunization as well as discern between
primary and secondary immunization. Transfusion.
2023;63(3):619-628. doi:10.1111/trf.17232

15. Yazer MH, Panko G, Holcomb JB, et al.
Not as “D”eadly as once thought: the risk of
D-alloimmunization and hemolytic disease of the
fetus and newborn following RhD-positive
transfusion in trauma. Hematology. 2023;28(1):
2161215. doi:10.1080/16078454.2022.2161215

16. Arias CF, Arias CF. How do red blood cells know
when to die? R Soc Open Sci. 2017;4(4):160850.
doi:10.1098/rsos.160850

17. Visscher RD, Visscher HC. Do Rh-negative
women with an early spontaneous abortion need
Rh immune prophylaxis? Am J Obstet Gynecol.
1972;113(2):158-165. doi:10.1016/0002-9378(72)
90765-X

18. D’Avena A, Agrawal S, Kizer KW, Fleisher LA,
Foster N, Berwick DM. Normalizing high-value care:
findings of the national quality task force. NEJM
Catal Innov Care Deliv. 2020;1(3).

19. Zipursky A, Pollock J, Chown B, Israels L.
Transplacental isoimmunization by fetal red blood
cells. Birth Defects. 1965;1(1).

20. Kedrion Biopharma. Rhogam package insert.
Accessed April 4, 2023. https://www.rhogam.com/
pdfs/RhoGAM%20Prescribing%20Information.pdf

Research Original Investigation Induced Abortion and the Risk of Rh Sensitization

1174 JAMA September 26, 2023 Volume 330, Number 12 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by University of Pennsylvania user on 03/22/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.16953?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953
https://dx.doi.org/10.1111/j.1471-0528.1998.tb10286.x
https://dx.doi.org/10.1016/j.conx.2018.100001
https://dx.doi.org/10.1002/14651858.CD009617.pub2
https://dx.doi.org/10.1002/14651858.CD009617.pub2
https://dx.doi.org/10.1016/j.contraception.2022.07.002
https://dx.doi.org/10.1055/s-0037-1606609
https://dx.doi.org/10.1055/s-0037-1606609
https://dx.doi.org/10.1097/AOG.0000000000002232
https://dx.doi.org/10.1097/AOG.0000000000002899
https://dx.doi.org/10.1097/AOG.0000000000002899
https://dx.doi.org/10.1016/j.contraception.2020.02.011
https://dx.doi.org/10.1016/S0140-6736(63)90228-9
https://dx.doi.org/10.1016/S0140-6736(63)90228-9
https://dx.doi.org/10.1016/S0140-6736(07)61602-X
https://dx.doi.org/10.1016/S0140-6736(07)61602-X
https://dx.doi.org/10.1111/trf.17264
https://dx.doi.org/10.1111/trf.17232
https://dx.doi.org/10.1080/16078454.2022.2161215
https://dx.doi.org/10.1098/rsos.160850
https://dx.doi.org/10.1016/0002-9378(72)90765-X
https://dx.doi.org/10.1016/0002-9378(72)90765-X
https://www.rhogam.com/pdfs/RhoGAM%20Prescribing%20Information.pdf
https://www.rhogam.com/pdfs/RhoGAM%20Prescribing%20Information.pdf
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.16953

