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RESEARCH ARTICLE Open Access

Use of Ballistocardiography to Monitor Cardiovascular
Hemodynamics in Preeclampsia
Odayme Quesada,1,2,*,{ Md Mobashir Hasan Shandhi,3,{ Shire Beach,4 Sean Dowling,4 Damini Tandon,4

James Heller,5 Mozziyar Etemadi,5 Shuvo Roy,4 Juan M. Gonzalez Velez,6 Omer T. Inan,3 and Liviu Klein4

Abstract
Objective: Pregnancy requires a complex physiological adaptation of the maternal cardiovascular system, which
is disrupted in women with pregnancies complicated by preeclampsia, putting them at higher risk of future car-
diovascular events. The measurement of body movements in response to cardiac ejection via ballistocardiogram
(BCG) can be used to assess cardiovascular hemodynamics noninvasively in women with preeclampsia.
Methods: Using a previously validated, modified weighing scale for assessment of cardiovascular hemodynam-
ics through measurement of BCG and electrocardiogram (ECG) signals, we collected serial measurements
throughout pregnancy and postpartum and analyzed data in 30 women with preeclampsia and 23 normoten-
sive controls. Using BCG and ECG signals, we extracted measures of cardiac output, J-wave amplitude · heart rate
( J-amp · HR). Mixed-effect models with repeated measures were used to compare J-amp · HRs between groups
at different time points in pregnancy and postpartum.
Results: In normotensive controls, the J-amp · HR was significantly lower early postpartum (E-PP) compared
with the second trimester (T2; p = 0.016) and third trimester (T3; p = 0.001). Women with preeclampsia had a sig-
nificantly lower J-amp · HR compared with normotensive controls during the first trimester (T1; p = 0.026). In the
preeclampsia group, there was a trend toward an increase in J-amp · HR from T1 to T2 and then a drop in
J-amp · HR at T3 and further drop at E-PP.
Conclusions: We observe cardiac hemodynamic changes consistent with those reported using well-validated
tools. In pregnancies complicated by preeclampsia, the maximal force of contraction is lower, suggesting
lower cardiac output and a trend in hemodynamics consistent with the hyperdynamic disease model of
preeclampsia.

Keywords: ballistocardiography; cardiovascular hemodynamics; hypertensive disorders of pregnancy;
preeclampsia; pregnancy; women

Key Messages

� What is already known about this subject? Preg-
nancy requires a complex physiological adap-
tation of the maternal cardiovascular system,

which is disrupted in women with pregnancies
complicated by preeclampsia.
� What does this study add? In pregnancies com-

plicated by preeclampsia, the maximal force of
contraction is lower, suggesting lower cardiac
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output and a trend in hemodynamics consistent
with the hyperdynamic disease model of pre-
eclampsia.
� How might this impact on clinical practice?

Using ballistocardiography, we noninvasively mea-
sured cardiac hemodynamics throughout preg-
nancy in the clinical setting similar to the time
it takes to obtain vital signs.

Introduction
Preeclampsia, which complicates up to 10% of preg-
nancies worldwide, results in a fourfold higher risk
of heart failure (HF) and a sixfold higher risk of car-
diovascular death in comparison with women with
normotensive pregnancies.1–3 Preeclampsia is charac-
terized by the development of de novo hypertension
after 20 weeks of gestation along with systemic mani-
festations.4 Pregnancy requires a complex physiological
and hemodynamic adaptation of the maternal cardio-
vascular system, which is disrupted in women with
pregnancies complicated by preeclampsia.

Cardiac ejection of blood into the aorta generates
small repetitive displacements of the center of the
mass of the body with each heartbeat yielding a ballis-
tocardiogram (BCG) signal that can be measured ex-
ternally.5 A more recent work based on mechanistic
modeling has elucidated that the BCG may originate
from blood pressure gradients in the ascending and
descending aorta.6 The movement of the center of
mass of the body (i.e., BCG) can be recorded externally
with a modified weighing scale,7 bed-mounted sen-
sors,8 and modified toilet seat.9 In our previous works
with a weighing scale-based BCG recording system,
we modified an electronic weighing scale to measure
the BCG signal,7 which consists of waves that corre-
spond to aortic valve opening and closing and rapid
ejection of blood into the aorta on echocardiography.5

The J-wave amplitude ( J-amp) on the BCG has been
correlated with relative changes in stroke volume and
thus, when multiplied by the heart rate (HR), can be
used as a surrogate for relative changes in cardiac out-
put. In healthy volunteers recovering from treadmill
exercise, the percentage change in the BCG signal
was strongly correlated with the percentage change
in cardiac output measured by Doppler echocardio-
gram.10 In our previous works in patients with HF,
we have also shown the effectiveness of the modified
weighing scale-based BCG in tracking hemodynamics
and clinical status of patients with HF.11,12 Given the

implications of preeclampsia on cardiovascular dis-
ease, particularly HF, the ability to noninvasively
monitor cardiovascular hemodynamic changes during
pregnancy and postpartum is of great value.13

This pilot study was a multidisciplinary collabora-
tive effort to prospectively examine the effectiveness
of a modified weighing scale-based BCG monitoring
system in tracking changes in intracardiac hemo-
dynamics throughout pregnancy and postpartum in
pregnancies complicated by preeclampsia in compar-
ison with normotensive pregnancies as controls. This
work provides the foundation for future studies using
a noninvasive device to detect cardiac hemodynamic
changes through signals when increased clinical sur-
veillance is needed during and after a pregnancy com-
plicated by preeclampsia.

Methods
Trial design and oversight
This observational, prospective, longitudinal cohort
study was conducted under a protocol reviewed and
approved by the University of California, San Francisco
(UCSF), and Georgia Institute of Technology Institu-
tional Review Board (IRB). All women enrolled pro-
vided written consent. Because this was a pilot study,
a trial management group and independent trial steer-
ing and data monitoring committees were not estab-
lished. Patients suitable for enrollment were recruited
and entered into an observation, prospective pilot
study, for a total of 92 pregnant women, at the Univer-
sity of California, San Francisco Mission Bay Hospital.
Data supporting our findings are available upon rea-
sonable request from the corresponding author.

Patient involvement
Patients were involved in the conduct of this research.
During the feasibility stage, the priority of the research
question, choice of outcome measures, and methods of
recruitment were informed by discussions with pa-
tients. Once the trial has been published, participants
will be informed of the results and will be sent details
of the results in a study newsletter suitable for a non-
specialist audience.

Study visit
Pregnant women were enrolled in the obstetrics clinic
or labor and delivery unit. Women with normoten-
sive pregnancies were recruited during the first trimes-
ter (T1) of pregnancy as well as a subset of women
at high risk of developing preeclampsia, including a
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history of preeclampsia in prior pregnancies, elevated
blood pressure, or hypertension in T1. A separate co-
hort of women with clinical suspicion or diagnosis of
preeclampsia were recruited during the second trimes-
ter (T2) or third trimester (T3) of pregnancy. After
enrollment, all women were followed longitudinally,
and BCG and electrocardiogram (ECG) measurements
were obtained throughout pregnancy during obstetri-
cian clinic visits, hospitalizations before and after de-
livery, and postpartum clinic visits. For a subset of
women with normotensive control pregnancies and
preeclampsia, an additional postpartum study visit
>180 days after delivery was completed. There was
no limit on the number of measurements obtained
per subject, and efforts were made to obtain measures
after enrollment at each prenatal visit and/or daily
when hospitalized. T1 was defined as 0–13 weeks’ ges-
tation, T2 as 14–26 weeks’ gestation, and T3 as 27–40
weeks’ gestation. Postpartum measurements were
divided into three groups: immediate postpartum
(I-PP) was defined as 0–6 days postpartum, early post-
partum (E-PP) as 7–180 days postpartum, and late
postpartum (L-PP) as >180 days postpartum.

For all women, BCG and simultaneous ECG mea-
surements were obtained by having the women stand
on the modified bathroom scale as still as possible for
1–2 minutes for a total of 4 recordings per visit, includ-
ing two recordings while taking deep breaths. For hos-
pitalized patients, measurements were made when
patients were hemodynamically stable and able to
stand safely on the scale. Blood pressure was taken at
the time of BCG/ECG measurements and averaged
for each individual patient. Blood pressure medications
and doses given on the day of BCG/ECG measure-
ments were recorded.

At study completion, a chart review was completed
to determine preeclampsia diagnosis based on the
2013 ACOG Task Force on Hypertension in Pregnancy
guidelines.4 Preeclampsia was defined as de novo hy-
pertension (‡140/90) during pregnancy after 20 weeks
of gestation and proteinuria (‡300 mg protein in
24-hour urine collection or ‡0.3 protein/creatinine
ratio) or, in the absence of proteinuria, presence of
thrombocytopenia (platelet count less than 100,000/lL);
impaired liver function (elevated blood levels of liver
transaminases to twice the normal concentration);
new development of renal insufficiency (elevated serum
creatinine greater than 1.1 mg/dL or doubling of
serum creatinine in the absence of other renal dis-
eases); pulmonary edema; or new-onset cerebral or

visual disturbances. Severe preeclampsia was defined
as systolic blood pressure ‡160 mmHg or diastolic
blood pressure ‡110 mmHg; hypertension requiring
antihypertensive therapy; thrombocytopenia (platelet
count less than 100,000/lL); impaired liver function
(elevated blood levels of liver transaminases to twice
the normal concentration); new development of renal
insufficiency (elevated serum creatinine greater than
1.1 mg/dL or doubling of serum creatinine in the ab-
sence of other renal diseases); pulmonary edema;
or new-onset cerebral or visual disturbances. Super-
imposed preeclampsia was defined as chronic hyper-
tension that predated pregnancy and development of
preeclampsia during pregnancy. Preeclampsia diagno-
sis was verified by a maternal–fetal medicine expert
( Juan M. Gonzalez Velez, MD, PhD). Baseline charac-
teristics and demographics were also obtained from
the medical record based on questionnaires completed
in the obstetrics clinic or hospitalization.

Hardware design
The BCG signal was measured with a modified bath-
room scale, and the ECG signal was measured with
handlebar electrodes interfaced with custom electron-
ics.7,14 Figure 1 shows a diagram of the experimental
setup and processing steps. The signals were sampled
at 1 kHz and recorded on a secure digital card in the
scale and later accessed via a laptop for further signal
processing in MATLAB (2017a).

Data processing and feature extraction
The raw BCG and ECG signals were filtered with finite
impulse response Kaiser window band-pass filters.
Cutoff frequencies for the BCG and ECG were 0.3–18
and 0.8–40 Hz, respectively. After filtering, both the
signals were truncated in time to remove movement
artifacts, and the R-wave peaks were located on the
ECG signal. Both ECG and BCG signals were then seg-
mented according to these R-wave peaks, and ensemble-
averaged ECG and BCG heartbeats were computed
from these segmented beats.7,14 The following features
were then extracted from the averaged waveforms:
J-amplitude ( J-amp) and J-amp · HR. Visit measures
were excluded if data quality was poor. J-amp, as a sur-
rogate for stroke volume, and J-amp · HR, as a surro-
gate for cardiac output, were used for further analysis.

Statistical analyses
A total of 38 women were excluded from the final anal-
ysis due to loss to follow-up, defined as women with
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only prepartum measurements (N = 15), or criteria for
the diagnosis of preeclampsia or gestational hyper-
tension not being met based on ACOG guidelines on
chart review at study completion (N = 23) (Fig. 2).

The demographics of participants between groups
of normotensive controls and preeclampsia were com-
pared using an unpaired t-test, assuming unequal var-
iances. We compared J-amp · HRs between groups of
normotensive controls and preeclampsia at different
time points during pregnancy (T1, T2, and T3) and
postpartum (I-PP, E-PP, and L-PP). For women with

multiple recordings at any of the time points, all mea-
sures were averaged to have one measurement per sub-
ject per time point.

We used mixed-effect models with repeated mea-
sures to compare J-amp · HRs between groups at
different time points in pregnancy and postpartum.
The models included a random effect for each subject
using an unstructured covariance matrix, with record-
ing time as the within-subject factor and group as the
between-subject factor. Different models were com-
pared for random effects, including random intercept,
random slope, and both random intercept and random
slope in the initial analysis. Finally, the random inter-
cept for each subject was included in the final model
based on the initial analysis. Post hoc tests were per-
formed with Bonferroni correction to determine the
difference in J-amp · HRs between the groups at each
time point during pregnancy and postpartum and
differences in J-amp · HRs between time points within
the groups. Results are expressed as mean values, 95%
confidence intervals, and p-values obtained after ad-
justments; p-values below 0.05 were considered statisti-
cally significant for all analyses. All statistical analyses
were performed using IBM SPSS 24.

Results
The preeclampsia group comprised 6 (19%) women
with preeclampsia, 18 (56%) women with severe pre-
eclampsia, and 8 (25%) women with chronic hyperten-
sion with superimposed severe preeclampsia. A total of

FIG. 1. Diagram of the experimental setup and processing steps.

FIG. 2. Flow chart of women enrolled and
included in the analysis.
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6 women recruited in the T1 developed preeclampsia.
Baseline clinical characteristics were different be-
tween normotensive controls and preeclampsia cases
(Table 1). Women with preeclampsia had significantly
higher prepregnancy body mass index (BMI) and
higher rates of in vitro fertilization (IVF). We also

found more preterm delivery rates in women with pre-
eclampsia and lower gestational age and infant weight
at delivery. Systolic and diastolic blood pressure levels
were significantly higher in the preeclampsia women
(Supplementary Table S1). Antihypertensive medica-
tions, including labetalol, nifedipine, hydralazine, and
metoprolol, were given to 73% of women with pre-
eclampsia and magnesium sulfate to 75%.

Figure 3 illustrates the serial measurement of BCG
during pregnancy and postpartum for a woman with
normotensive pregnancy and a woman with pre-
eclampsia with severe features. In the pregnancy com-
plicated by preeclampsia with severe features, the BCG
shows a lower J-amp, suggesting a decreased cardiac
output during pregnancy and postpartum in all the re-
cordings at different time points during pregnancy and
postpartum. The mean number of recordings for all
participants was 6.5 – 3.5, with a range of 2–18 record-
ings obtained for each participant. The number of
recordings per trimester and postpartum time period
is shown in Supplementary Table S2.

Using the mixed-effect model with repeated mea-
sures to compare J-amp · HRs between women with
normotensive control pregnancies and preeclampsia,
we found that only the recording time point main effect
was statistically significant ( p = 0.001), whereas group’s
main effect and the interaction effect between the two
main effects were not statistically significant ( p = 0.18
and p = 0.17, respectively). Post hoc analyses comparing
normotensive controls and women with preeclampsia
at different time points in pregnancy and postpartum
showed significantly lower J-amp · HRs in preeclamp-
sia cases compared with normotensive controls at
T1 ( p = 0.026) (Fig. 4). Post hoc analysis comparing
changes at different time points in pregnancy and

Table 1. Demographic and Clinical Characteristics
in Preeclampsia and Normotensive Control Pregnancies

Demographic and clinical
characteristics

Normotensive
controls (N = 23)

Preeclampsia
(N = 30) p

Maternal age (years) 33.5 – 2.4 34.0 – 6.6 0.7
Race/ethnicity, n (%)

White/non-Hispanic 10 (53) 12 (41) 0.8
Hispanic/Latin 4 (21) 8 (28) 0.4
Asian/Pacific Islander 5 (17) 4 (14) 0.4
Other 0 5 (17)

Marital status, n (%)
Married 17 (94) 21 (72) 0.8
Single 1 (6) 8 (28) 0.03

Education (years) 16.0 – 1.6 14.6 – 2.4 0.02
Gravida, n (%)

G1 10 (43) 13 (43) 1.0
G ‡ 2 9 (39) 9 (30) 0.5

Prepregnancy BMI (kg/m2) 22.7 – 3.9 27.3 – 5.3 0.001
Gestational diabetes, n (%) 1 (5) 7 (24) 0.06
IVF, n (%) 0 5 (17) 0.04
Multiparity, n (%) 2 (11) 6 (21) 0.3
Medication use in the third trimester, n (%)

Antihypertensivesa 0 16 (73) <0.001
Magnesium sulfate 1 (5) 22 (75) <0.001

Preterm delivery 2 (11) 16 (55) <0.001
Infant gestational age

at delivery (weeks)
39 – 2 35 – 4 <0.001

Infant weight at delivery (g) 3410.2 – 887.6 2437.0 – 811.5 <0.001
Systolic blood pressure

(mmHg)
111 – 10 128 – 12 <0.001

Diastolic blood pressure
(mmHg)

66 – 7 77 – 10 <0.001

aAntihypertensives include labetalol, nifedipine, hydralazine, and
metoprolol.

BMI, body mass index; IVF, in vitro fertilization.

FIG. 3. Ballistocardiogram signal during pregnancy for a woman with normotensive pregnancy and a
woman with preeclampsia with severe features.

Quesada, et al.; Women’s Health Report 2021, 2.1
http://online.liebertpub.com/doi/10.1089/whr.2020.0127

101



postpartum for normotensive controls showed that
the J-amp · HR was significantly lower at E-PP com-
pared with T2 ( p = 0.016), T3 ( p = 0.001), and I-PP
( p = 0.031). No statistically significant differences in
J-amp · HRs were found between time points in the
preeclampsia group. In the preeclampsia group, there
was a trend toward an increase in the J-amp · HR
from T1 to T2 and then a drop in J-amp · HR at T3
and further drop at E-PP.

Discussion
Using a modified weighing scale, we present (for the
first time) serial cardiac hemodynamic changes dur-
ing pregnancy and postpartum for women with pre-
eclampsia and normotensive controls. In normotensive
pregnancies, J-amp · HR changes in pregnancy and
postpartum are consistent with validated tools. Women
with preeclampsia had a significantly lower maximal
force of contraction ( J-amp · HR) compared with nor-

motensive pregnancies, suggesting lower cardiac out-
put. Although there were no significant changes in
the J-amp · HR during pregnancy or the postpartum
period in preeclamptic pregnancies, we observed a
trend in J-amp · HRs in women with preeclampsia
consistent with the hyperdynamic disease model of
preeclampsia.

Using this device, in the normotensive control group,
we observe changes in the J-amp · HR through the
three trimesters of pregnancy and postpartum, which
are consistent with the trends in cardiac output previ-
ously reported using validated tools such as echocardi-
ography.15–19 To accommodate to the high volume and
low resistance state of pregnancy, the maternal cardio-
vascular system increases cardiac output by 24 weeks’
gestation in normotensive pregnancies, which is con-
sistent with the pattern we observe in our study using
ballistocardiography.15–19 After delivery, the cardiac
output begins to decrease within the first hour to

FIG. 4. J-amp · HRs in pregnancy by trimester and postpartum for women with preeclampsia and
normotensive controls. Changes in J-amp · HRs (surrogate for cardiac output) in normotensive controls and
preeclampsia cases throughout pregnancy (T1, T2, and T3) and postpartum (I-PP, E-PP, and L-PP). Error bars
show the standard deviation around the mean value at each time point for each group. *p < 0.05 between
normotensive controls and preeclampsia groups. {p < 0.05 and {{p < 0.01 among different recording time
points in the normotensive control group. E-PP, early postpartum; HR, heart rate; I-PP, immediate
postpartum; J-amp, J-wave amplitude; L-PP, late postpartum; T1, first trimester; T2, second trimester; T3,
third trimester.
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reach baseline levels by two weeks postpartum.18

Similarly, we find that the T2 and T3 measures of
J-amp · HR were significantly higher than E-PP in
normotensive controls.

Women with preeclampsia had lower education
levels, higher BMI, higher use of IVF, higher use of
antihypertensive medications, and infants with lower
gestational age and weight, similar to prior studies.20–22

We observed a trend toward a lower maximal force of
contraction, suggesting lower cardiac output in women
with preeclampsia compared with normotensive con-
trols during pregnancy, which was significant in the
T1. These findings support the earlier studies, which
found lower cardiac output in severe forms of pre-
eclampsia, such as early-onset preeclampsia and in
pregnancies complicated by small-for-gestational-age
neonates, in comparison with normotensive pregnan-
cies using validated methods.22–24 Similarly, in our co-
hort, 81% of women had severe preeclampsia and 55%
preterm delivery consistent with more severe forms of
the disease. These observations lead us to hypothesize
that unlike normotensive pregnancies, where cardiac
output increases early in pregnancy to support the pla-
centa and fetus, in preeclampsia, the cardiovascular
system is unable to adapt to the hemodynamic de-
mands of pregnancy. The inability of the cardiovascu-
lar system to adapt to the early cardiovascular demands
of pregnancy has been suggested to play a role in the
pathophysiology of preeclampsia and warrants further
investigation.25 Placenta-mediated abnormalities that
increase maternal total vascular resistance are thought
to be part of the pathophysiology that contributes to
cardiovascular decompensation.26,27

Although we did not find a significant difference in
J-amp · HR measures between the pregnancy and post-
partum periods in the preeclampsia group, we did ob-
serve a trend toward an increase in J-amp · HR early in
pregnancy, between the T1 and T2, followed by a drop
that occurs in the T3.28 This trend, although not signif-
icant, is consistent with existing studies describing
a hyperdynamic disease model in preeclampsia char-
acterized by a drop in cardiac output with the develop-
ment of preeclampsia, which may be represented by the
drop in J-amp · HR observed in the T3.29,30 These ob-
servations lead us to hypothesize that this device may
be able to identify the hemodynamic changes that
occur before development of preeclampsia. It is impor-
tant to note that antihypertensive medications could
have contributed to the trend we noted in the T3
since medications commonly used to treat high blood

pressure in preeclampsia, such as beta-blockers, can de-
crease cardiac output and contractility.

This pilot work has implications for future studies
and clinical practice. In this study, we showed that
the use of this noninvasive device is feasible in the out-
patient clinic and inpatient settings similar to the time
it takes to obtain vital signs. Future studies are needed
to explore whether this device can identify hemody-
namic changes that occur before development of pre-
eclampsia, as suggested by our findings. Therefore, it
could be used to identify women who should be started
on preventive treatments such as aspirin. With ad-
vances in technology, the BCG signal can now be mea-
sured using a wearable device, which increases the
clinical applications of this technology, as was seen in
our study on HF patients.11,12,31,32

Our pilot study has strengths and limitations that are
noteworthy. This pilot was the first study to assess
cardiovascular hemodynamics noninvasively and lon-
gitudinally at numerous times points during preg-
nancy, prepartum, and postpartum in women with
preeclampsia. BCG provides information on relative
changes in cardiac output, and not absolute cardiac
output, and therefore can be used to compare changes
in BCG in participants; however, the ability to directly
compare absolute BCG values from one subject to
another is limited. Furthermore, because partici-
pants were enrolled during pregnancy, we do not
have a baseline measure, limiting our ability to re-
port the change from baseline for each participant.
Although it is convenient to capture data in less
than 2 minutes by standing on this modified weigh-
ing scale, the standing position limits our ability to
compare with data obtained using validated tools
in the recumbent position, and the measures may
be affected by orthostasis.33,34

In addition, pedal edema may dampen the amplitude
response of the signal, for example, a reduction in
J-amp, which may indicate a relative reduction in
stroke volume. However, as recording BCG with the
modified scale has shown effectiveness in tracking he-
modynamics and the clinical status in patients with
HF,11,12 we have translated the same methods in track-
ing hemodynamics in pregnancy complicated with
preeclampsia for this proof-of-concept study. Further-
more, in our pilot study, 25% of the women enrolled
with suspected preeclampsia did not meet the criteria
on chart review and therefore were not included in
the final analysis. Because this was a pilot proof-of-
concept study, we were limited by the number of
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women and particularly T1 data. Therefore, we did not
have the power to evaluate differences in hemodynamic
changes based on the severity of disease within pre-
eclampsia (i.e., preeclampsia vs. severe preeclampsia vs.
chronic hypertension with superimposed preeclamp-
sia). In addition, given the small sample size, we were
unable to control for differences in baseline character-
istics that would have affected hemodynamics, such as
BMI, which has been associated with higher cardiac
output35 and blood pressure medications used in
most women with preeclampsia.

Conclusions
We noninvasively measured cardiac hemodynamics
throughout pregnancy in the clinical setting similar to
the time it takes to obtain vital signs. We observe cardiac
hemodynamic changes consistent with prior studies using
well-validated invasive and noninvasive imaging modali-
ties. In pregnancies complicated by preeclampsia, we ob-
served that the maximal force of contraction was lower,
suggesting lower cardiac output in pregnancies compli-
cated by preeclampsia. We also observed a trend in
J-amp · HRs in women with preeclampsia consistent
with the hyperdynamic disease model. In future work,
we will also explore the use of BCG to identify hemody-
namic changes that precede development of preeclampsia.
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Abbreviations Used
BCG ¼ Ballistocardiogram
BMI ¼ body mass index
ECG ¼ electrocardiogram
E-PP ¼ early postpartum

HF ¼ heart failure
HR ¼ heart rate

I-PP ¼ immediate postpartum
IVF ¼ in vitro fertilization

J-amp ¼ J-wave amplitude
L-PP ¼ late postpartum

T1 ¼ first trimester
T2 ¼ second trimester
T3 ¼ third trimester
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