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ABSTRACT

Objectives: To assess the ability of the USCOM® (USCOM), using measurements of cardiac output
(CO) and systemic vascular resistance (SVR), to predict the development of pre-eclampsia (PE) and
severe PE in hypertensive pregnancies.

Study design: Prospective cohort study of women in the second or third trimester recruited at
a tertiary center in Sydney, Australia. Demographic data and hemodynamic measurements using
the USCOM were taken for all study participants at recruitment. Pregnancy outcome, including
development of PE and severe PE, was tracked. Data were analyzed using ANOVA testing, pair-
wise comparison testing, and Student’s t-testing.

Results: Recruitment included 65 normotensive controls, 34 women with chronic hypertension
(CH), 51 with gestational hypertension (GH), and 21 with PE. Significantly higher weight, body
surface area, and blood pressure measurements were found in the hypertensive, compared with
the normotensive control and pregnancies. There were no observed differences in USCOM-
measured CO, cardiac index, SVR, or systemic vascular resistance index between hypertensive
women who did versus did not develop PE or severe PE in later pregnancy. Analysis of the CH and
GH subgroups, as well as only unmedicated hypertensive women (n=24), also showed no
significant difference in hemodynamic parameters between those who did or did not develop
PE or severe PE.

Conclusions: Our group was unable to successfully predict the onset of PE or severe PE based on
hemodynamic parameters measured with the USCOM. It is possible this relates to the high
proportion of women on antihypertensive medication at recruitment.
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Introduction compensated for by a rise in cardiac output (CO),

at first due to an increase in heart rate (HR), and
subsequently due to an increase in stroke volume
(SV), related to an increase in total circulating
blood volume and a progressive increase in left ven-
tricular mass (3). CO rises until mid-pregnancy and
returns to baseline levels at term; SVR remains
reduced throughout pregnancy (4).

Pre-eclampsia (PE) is defined as the presence of de
novo hypertension after 20 weeks’ gestation, accompa-
nied by at least one of: proteinuria; evidence of end
organ dysfunction, including acute kidney injury, liver
dysfunction, neurological features (such as visual sco-
toma, hyperreflexia, or persistent headaches), or hema-
tological features; or fetal growth restriction (FGR) (1).

The disorder is considered one of the most severe
complications of pregnancy and is responsible for
500,000 fetal and neonatal, and 30,000 maternal deaths
globally per year (2).

PE is accompanied by derangements in the
expected cardiovascular adaptations to pregnancy. In
healthy women, early pregnancy involves a drop in
systolic and diastolic blood pressure (SBP/DBP) and
systemic vascular resistance (SVR). This drop is

Most commonly, PE is divided into early- and late-
onset forms, which exhibit contrasting hemodynamic
profiles. The earlier form occurs before 34 weeks and is
usually associated with an abnormally low CO and high
SVR in the first trimester, FGR, and more severe biven-
tricular systolic impairment (5). Late-onset PE, by con-
trast, is associated with high CO, low SVR, and mild
cardiac dysfunction (5-7). Twenty-five percent of
women with gestational hypertension (GH) or chronic
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hypertension (CH) will develop PE, compared to
a baseline risk of 4% of all pregnancies (8).

Previously, the measurement of CO and associated
indices was restricted to invasive measures (such as via
a Swan-Ganz catheter), or more labor- and resource-
intensive methods, such as echocardiography. The
USCOM is a novel noninvasive continuous wave 2D
Doppler method for CO measurement. It has previously
been shown that the USCOM demonstrates repeatable
results in the healthy pregnant population (9), has been
validated in the pregnant population (10-12) and has
been shown to have good agreement with other noninva-
sive measurements of peri-operative CO monitoring (13).

In some centers, the USCOM is being used to
guide hemodynamically tailored therapy in high-risk
and hypertensive pregnancies according to hyperten-
sive phenotype (14). However, it has not yet been
shown to be capable of the prospective prediction of
PE. This study therefore aimed to assess whether the
USCOM can be used to predict the development of
PE using maternal hemodynamics in hypertensive
pregnancies.

Additionally, our group attempted to predict the
development of severe PE among hypertensive and pre-
eclamptic women. Our hypothesis was that more severe
disease in later pregnancy may present with more read-
ily detectable hemodynamic changes in early preg-
nancy, and that there may be some hemodynamic
features of PE which can distinguish which patients
will progress to the severe form.

Methods
Study design

A prospective observational study was performed at
St. George Hospital, Sydney, Australia, a tertiary refer-
ral center for high-risk pregnancies. Women were
recruited through the high-risk pregnancy clinic,
the day assessment unit, and among the inpatient
population. A population of normotensive pregnant
women were recruited as controls from the hospital’s
outpatient obstetrics clinic. All women recruited were
provided information sheets, and written consent was
completed by all participants prior to participation.
Inclusion criteria were women at or above the age of
18, with singleton pregnancies, in the second or third
trimester. Exclusion criteria were women with an unde-
termined gestational age, cardiac abnormalities/condi-
tions, other chronic disease, or fetal abnormalities.
Definitions of hypertensive disorders were made with
reference to the ISSHP recommendations (1):

e CH was defined as an established diagnosis of
hypertension prior to conception, or hypertension
identified in the first 20 weeks of pregnancy with-
out a prior diagnosis.

e GH was defined as hypertension diagnosed after
20 weeks gestation, without any features of pre-
eclampsia.

e PE was defined as de novo hypertension after 20
weeks’ gestation, accompanied by proteinuria and/
or other evidence of maternal end-organ dysfunc-
tion, and/or fetal growth restriction.

e Severe PE was defined as PE with pulmonary
edema, renal failure, thrombocytopenia (platelet
count < 150 x 10°/L), thromboembolic disease,
elevated liver enzymes (AST > 40 U/L), severe
hypertension (SBP > 170 mmHg or DBP > 110
mmHg) or the development of eclampsia. It is
no longer recommended by the ISSHP to clas-
sify PE as “severe” and “non-severe” in a clinical
setting (1); however, our group chose to include
this category for research purposes only, to
determine whether severity of disease impacts
the ability of the USCOM to predict its
appearance.

Demographic data were collected on all women at
recruitment, including age, height, weight, and gesta-
tional age. Additionally, baseline hemodynamic para-
meters for all women, including HR and BP, were
collected. All participants had USCOM measurements
at recruitment.

Measurement method

The USCOM is a noninvasive ultrasonographic cardiac
output measurement modality. It is a portable, light-
weight device, which can be used at the bedside. It
employs a non-imaging Doppler probe, placed into
the sternal notch, or within the second to fifth inter-
costal spaces, and records the velocity of blood exiting
the aortic or pulmonary valves, respectively. Using the
velocity time integral (VTI) of the signal waveform and
a proprietary algorithm to estimate the cross-sectional
area of the left ventricular outflow tract (CSA) which
takes the patient’s height and sex as inputs, the
USCOM estimates the cardiac output via the equation
CO=VTI*CSA*HR.

The USCOM has two methods for adjusting the
accuracy of the velocity-time graph and exclude noise.
The automated method, called FlowTrace, automati-
cally traces the outline of the signal waveform to gen-
erate the VTIL This can also be done manually in the
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Figure 1. USCOM graphic user interface of the velocity-time signal of a patient’s blood exiting the aortic valve, with superimposed

FlowTrace (in red).

TouchPoint mode, where the user traces a graphic
representation of the signal (see Figure 1). Given that
the FlowTrace method removes the potential for
human error in measurement adjustments, it was used
for all measurements (with the exception of excluding
gross computer-generated errors).

Figure 1 gives an example of the morphology desired
in an USCOM trace. In accordance with the manufac-
turer’s instructions, Doppler traces were excluded and
re-taken if the scale did not capture the peak velocity, if
the peak of the waveform or its triangular shape was
poorly defined or blunted, if the diastolic period was
labeled or traced incorrectly, or the FlowTrace estimate
of the curve did not reflect the images on the screen.
TouchPoint mode was used only to correct gross com-
puter-generated errors (such as the computer misinter-
preting noise for signal, leading to erratic/bizarre
waveforms) and to exclude beats that were morpholo-
gically inadequate. At least two morphologically ade-
quate beats were required for a measurement to be
included. Re-measurement due to a poor trace was
deemed acceptable, in line with previous work showing
that repeated measurements on the same pregnant
woman are not significantly different (9)

For each USCOM measurement, participants were
rested for 5 min before measurement in a quiet

environment and were not allowed to interact or use
mobile phones during the resting period. Women were
requested not to consume caffeine prior to the USCOM
measurement. Pregnant participants under 20 weeks
gestation were measured supine, with a pillow under
the upper back to extend the neck (for an optimal
acoustic window), while participants over 20 weeks
gestation were measured in the left lateral position
(approximately 15-30 degrees) to avoid aortocaval
obstruction (11,15). It has previously been demon-
strated that measurements in non-pregnant partici-
pants in the left-lateral, supine, and right-lateral
positions lead to no statistically significant difference
in USCOM CO measurement or profile quality (16),
and this method has been used by our group pre-
viously (9).

It has previously been demonstrated that measure-
ments with the USCOM demonstrate good repeat-
ability in pregnancy (9), and therefore only single
measurements were taken. Due to the logistical diffi-
culty in recruiting women from multiple sources,
four operators in total performed USCOM measure-
ments. Operators were unable to be blinded, as they
also responsible for patient recruitment.
However, use of the FlowTrace automated VTI cal-
culation method was thought to mitigate potential

were
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bias. Prior to performing scans included in the study,
all operators had undertaken a training program
prescribed by the manufacturer and had performed
at least 30 measurements in accordance with the
manufacturer’s recommendations. The threshold of
30 scans was also used by our group in a previous
study. Operators collected data serially, rather than
in parallel, and therefore, we were unable to assess
inter-observer agreement.

Data analysis

Demographic data and hemodynamic indices (CO/car-
diac index (CI), SVR/SVR index (SVRI), and SV/
stroke volume index (SVI)) were analyzed using
ANOVA to compare normotensive pregnant, CH,
GH, and PE groups, with a Bonferroni-corrected
p-threshold of 0.001 to account for multiple compar-
isons. The data were analyzed with participants
grouped into both their diagnoses at recruitment and
at the conclusion of pregnancy, to account for partici-
pants who progressed into PE and into severe PE.
Similar analysis was performed only on participants
not on antihypertensive therapy.

Pair-wise comparisons using either Tukey HSD test-
ing or Student’s t-tests were used where significant
differences  were  identified = with  ANOVA.
Additionally, Student’s t-tests were performed in com-
paring hemodynamic indices between hypertensive
women who did and did not develop PE.

All statistics were performed using R in the R Studio
environment. Missing data were not imputed.

Ethics

The study was approved by the Human Research Ethics
Committee of the South-Eastern Sydney Local Health
District, NSW Health, HREC reference number 16/137.

Results

In total, 171 women were recruited- 65 normotensive
controls, 34 with CH, 51 with GH, and 21 women
with PE.

The demographic data for women recruited are pre-
sented in Table 1 and Table 2. Table 1 presents demo-
graphic data grouped into diagnoses at recruitment,
and Table 2 grouped into diagnoses at delivery.
Demographic measures include age, height, weight,
and BSA (all of which inform CO/SVR). Also included
is the proportion of women already on antihypertensive
medication (including beta-blockers) at the time of
recruitment, and which antihypertensives were being
used. Unfortunately, many women did not have their
antihypertensive management recorded in our dataset
due to data collection issues; the proportion of available
data is included. Only Table 2 includes the severe PE
group, as this group was only populated after recruit-
ment. Of note, one woman (number 86 in our dataset)
progressed from being normotensive to developing PE,

Table 1. Recruitment demographic and hemodynamic data of initial groups in mean and standard deviation, compared with ANOVA
testing. Statistically significant results are shown in red. Significant results of pair-wise comparisons shown using in-cell symbols.

Normotensive

pregnant controls CH GH PE
(n=65) (n=34) (n=51) (n=21) P-value
Age (years) 324+/- 4.1 327+/-45 328+/-54 316%/- 64 0.809
Height (cm) 1614+ /- 8.6 1614+ /- 69 1640+ /- 7.8 1646 +/-7.9 0.035
Weight (kg) 723+/-153 89.7+/- 187 93.5+ /- 24.1 824+/-14.0 <0.001
*$
BSA (kg/m?) 1.83£/-0.22 2.00+/-0.23 2.05+/-0.27 1.94+/-0.19 <0.001
$
Gestation (days) 218+ /- 54 193 +/- 48 235+/-33 243+ /- 16 0.008
SBP (mmHg) 109+/- 11 125+ /- 11 129+ /- 11 136+ /- 11 <0.001
*s#
DBP (mmHg) 69+/-9 79+/-9 81+/-10 86+/-9 <0.001
MAP (mmHg) 82+/-9 95+/-8 97+/-9 102+/-8 <0.001
*s#
HR (BPM) 82+/-12 88+/-11 83+/-14 76+ /- 11 0.205
Medicated for BP 0/65 (0 missing) 19/27 (7 missing) 11/33 (18 missing) 10/13 (8 missing)
Antihypertensive ~ Oxyprenolol - 1 6 7
agents Methyldopa - 4 1 1
Labetalol - 2 3 1
Multiple - 1x methyldopa and 1x oxyprenolol, hydralazine, ~ 1x oxyprenolol, hydralazine,

prazosin
1x methyldopa and
hydralazine

and prazosin

and prazosin
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Table 2. Recruitment demographic and hemodynamic data of final groups with one-way ANOVA testing, in mean and standard
deviation. Statistically significant results are shown in red. Significant results of pair-wise comparisons shown using in-cell symbols.

Normotensive pregnant

controls CH GH PE Severe PE
(n=64) (n=27) (n=35) (n=31) (n=14) P-value
Age (years) 324+/-42 321+/-4.2 326+/-53 325%/-59 335+/-6.2 0554
Height (cm) 1613+ /- 8.7 1620+ /- 6.9 164.0 + /- 163.4+/- 8.1 163.9 £ /- 0.096
8.1 6.6
Weight (kg) 720+ /- 15.1 89.5+/-18.1 934+ /- 87.6+/-225 88.8 £ /- <0.001
*$ 24.0 13.9
BSA (kg/m?) 1.82+/-0.22 2.00+/-0.22 2,05+ /- 1.98+/-0.26 201+ /- <0.001
$ 0.27 0.18
Gestation (days) 218+ /- 55 187 £/- 49 239+/-34  230+/- 31 239+/-17 0.014
SBP (mmHg) 108+ /- 11 126+ /- 12 127+/- 11 130+/- 10 137+/-13  <0.001
*$#@
DBP (mmHg) 68+/-9 79+/-9 79+/-10 84+/-8 85+/- 10 <0.001
*$#@
MAP (mmHg) 82+/-9 94+/-8 95+/-9 99+/-8 102+/-9 <0.001
*$#@
HR (BPM) 82+/-12 88+/- 11 82+/-10 82+/-16 78+ /- 12 0.320
Medicated for BP 0/64 (0 missing) 16/21 (6 missing) 9/24 (11 11/18 (13 missing) 4/10 (4
missing) missing)
Antihypertensive  Oxyprenolol - 1" 6 3
agents Methyldopa - 2 2 3 0
Labetalol - 1 1 3 0
Multiple - 1x methyldopa and 0 2x oxyprenolol, prazosin, and 0

prazosin,
1x methyldopa and
hydralazine

hydralazine

Table 3. Haemodynamic indices in hypertensive pregnant women who did and did not progress to PE, compared using ANOVA.

Did not develop PE

Developed PE

Developed non-severe PE

Developed severe PE

(n=62) (n=23) (n=19) (n=4) P-value

Cardiac output 7.03+/- 1.76 6.83+/- 1.72 6.69 /- 1.74 752+ /- 1.62 0.622
(L/min)

Cardiac index 340+ /- 0.87 3.29+/-0.82 3.24+ /- 0.87 3.53+/- 0.50 0.733
(L/min/m?)

Total peripheral resistance (mmHg/min/mL) 1153 +/- 323 1235+ /- 324 1256 + /- 347 1137 +/- 181 0.475

Total peripheral resistance index 2392 + /- 695 2557 £ /- 664 2593+ /- 722 2386 + /- 248 0.541
(mmHg/min/mL/m?)

Stroke volume 84+ /- 23 82+/-20 80+/-20 94+ /- 22 0.456
(mL)

Stroke volume index 41+/-1 40+ /- 10 39+/-10 44+ /-7 0.593
(mL/m?)

Table 4. Haemodynamic parameters in women initially diagnosed with CH or GH with subsequent progression to PE, compared

using ANOVA testing.

Developed PE from CH

Developed PE from GH

Did not develop PE

(n=62) (n=7) (n=16) P-value

Cardiac output 7.03+/-1.76 6.16 /- 1.76 713+ /- 1.66 0.426
(L/min)

Cardiac index 3.40+ /- 0.87 3.03+/- 0.90 341+/-0.78 0.549
(L/min/m?)

Total peripheral 1152.70 + /- 323.18 1344.04 + /- 402.15 1187.20 + /- 285.80 0.335
resistance (mmHg/min/mL)

Total peripheral 239247 £ /- 694.55 2742.10 + /- 889.53 2476.22 + /- 554.21 0.437
resistance index
(mmHg/min/mL/mz)

Stroke volume 84.36 + /- 22.60 7222+ /- 23.83 86.37 /- 17.64 0.334
(mL)

Stroke volume index 40.78 +/- 11.03 3524+/-11.24 4146 + /- 8.75 0.396

(mL/m?)
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Table 5. Haemodynamic parameters of women initially diagnosed with PE with or without subsequent
development to severe PE, compared using students’ t-tests.

Did not progress to severe PE

Progressed to severe PE

(n=11) (n=10) P-value

Cardiac output 584+ /- 1.68 6.70 £ /- 1.56 0.241
(L/min)

Cardiac index 3.05+/- 0.81 3.27+/- 0.61 0.492
(L/min/m?)

Total peripheral 1615 + /- 648 1269 + /- 298 0.149
resistance (mmHg/min/mL)

Total peripheral 2982 + /- 985 2547 + /- 426 0.224
resistance index
(mmHg/min/mL/m?)

Stroke volume 76 £ /- 22 89+ /-22 0.207
(mL)

Stroke volume index 40+/- 1 44+ /-1 0.428
(mL/m?)

Table 6. Haemodynamic parameters among untreated participants who did and did not progress to PE, compared using ANOVA

testing.
Normotensive pregnant Untreated HTN without progression to  Untreated HTN with progression to
controls PE PE
(n=65) (n=17) (n=7) P-value
Cardiac output 6.19+/- 1.74 6.27 £/- 1.60 6.96 £ /- 2.19 0.551
(L/min)
Cardiac index 343+ /- 0.99 3.03+/-0.77 3.43+/-1.05 0.309
(L/min/m?)
Total peripheral resistance 1164.20 = /- 412.82 1281.29 = /- 333.72 1287.11 = /- 431.05 0.478
(mmHg/min/mL)
Total peripheral resistance 2144.98 + /- 895.43 2685.01 £ /- 722.81 2628.82 /- 961.63 0.052
index
(mmHg/min/mL/m?)
Stroke volume 76.78 + /- 20.87 7432+ /- 19.35 80.88 + /- 24.68 0.779
(mL)
Stroke volume index 42,66 + /- 12.57 36.01+/- 10.13 39.75+/- 10.86 0.127
(mL/m?)

which is why the normotensive control population
reduced in size.

P-values in Tables 1, 2, 3, 4, and 6 reflect the results
of one-way ANOVA analysis; Table 5 is assessed
through Students’ t-tests. Where ANOVA was positive,
pair-wise comparisons were conducted and reflected in
the symbols in individual cells. Statistically significant
differences are represented by the following symbols:

e * - compared with the CH group

e §$ - compared with the GH group

e # - compared with the PE group

e @ - compared with the severe PE group

In the recruitment grouping, normotensive pregnant
women had a significantly lower weight than the CH
and GH groups, a lower BSA than the GH group, and
lower SBP, DBP, and MAP readings than all other
groups. When patients were grouped according to
their diagnosis at delivery, ANOVA testing and pair-
wise comparisons revealed that women who remained
normotensive throughout pregnancy weighted less than
CH and GH pregnancies, had a lower BSA than GH

pregnancies, and had significantly lower SBP, DBP, and
MAP readings than all other groups.

There were no significant differences identified in
age, height, or HR in the recruitment or delivery
groupings.

There was an observable but non-statistically signif-
icant difference in gestation between the groups.
Women with CH, both in the recruitment and delivery
groupings, tended to be of an earlier gestation, which is
possibly reflective of earlier referral to day assessment/
high risk pregnancy clinics. In contrast, women of the
PE and severe PE groupings tended to be of a later
gestation, which may be a consequence of the appear-
ance of PE later in pregnancy.

In those women who were diagnosed, in the initial
grouping, with either CH or GH, there were no signifi-
cant differences in hemodynamic indices in those who
progressed to PE compared with those that did not nor
were there any differences between those women who
progressed to severe or non-severe PE, as demonstrated
in Table 3. Additionally, splitting those hypertensive
women who developed PE from either CH or GH (as
in Table 4) yielded no statistically significant differences



in hemodynamic parameters. However, these subsample
sizes were small (n=7 for CH, n=16 for GH).
Additionally, there were no statistically significant differ-
ences between women with PE at recruitment who did or
did not progress to severe PE, as shown in Table 5.

Given the large proportion of women on antihyper-
tensive medication at recruitment, and that the propor-
tion of hypertensive women medicated for hypertension
rose by the time of delivery, we also assessed the cap-
ability of the USCOM to predict which non-medicated
participants would progress to PE. No significant differ-
ences between women who did and did not progress to
PE were identified, as shown in Table 6.

Discussion

Our study was unsuccessful in demonstrating utility
of the USCOM in predicting the development of PE
following a diagnosis of hypertension in pregnancy.
This was true for women with either CH or GH,
whether or not the participant was on antihyperten-
sive medication and with or without the presence of
“severe” features.

This outcome is disappointing as the USCOM
could potentially be incorporated into the evolving
body of work on screening for, and prediction of,
PE. Screening strategies which have been shown
most capable of identifying women at high risk of PE
incorporate clinical assessment (such as weight and
maternal and familial history of PE), BP, first-
trimester uterine Doppler, and maternal serum
biochemistry (including biomarkers such as preg-
nancy-associated plasma protein A). These assess-
ments have been shown to reduce the screen-positive
rate and increase the detection rate for PE compared
with legacy risk factor-based methods (14) and have
been shown effective in guiding aspirin therapy in the
ASPRE RCT (17) as well as in subsequent confirma-
tory studies (18).

No current models of screening or prediction incor-
porate hemodynamic assessment beyond noninvasive
measures such as HR and BP (19). However, there is
some evidence that abnormal early hemodynamics may
be capable of the prediction of PE. For example, on
large datasets, principal component analysis can predict
the development of, and differentiate between, hyper-
tensive phenotypes according to hemodynamic and
biochemical features in early pregnancy, such as total
peripheral resistance, endoglin levels, CO, BMI, and
MAP (20).

Further, there is evidence which suggests that tai-
lored antihypertensive therapy in PE leads to superior
patient outcomes. One prospective cohort study found
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that the risk of recurrence in women whom had pre-
viously had PE can be reduced by the correction of
deranged hemodynamic variables (such as CO or
SVR) with hemodynamic specific therapy before the
development of hypertension, relative to standard anti-
hypertensive therapy (21). Accordingly, prospective use
of hemodynamic indices in managing PE risk is used at
the University of Washington Medical Centre. Patients
at high risk of developing PE have noninvasive hemo-
dynamic assessments, their indices plotted against
reference ranges, and treatments are planned in
response to the patient’s hemodynamic profile accord-
ing to local clinical guidelines (14).

Currently, in Australia, more advanced hemody-
namic assessment is not incorporated into the treat-
ment algorithms for commencing antihypertensive
therapy in pregnancy. The Society of Obstetric
Medicine Australia and New Zealand (SOMANZ) reg-
ularly publishes guidelines on the management of
hypertension in pregnancy. The most updated guide-
line at the time of the commencement of our study was
the 2014 iteration (22), which has since been updated.
In this document, the authors recommend commen-
cing antihypertensive therapy for any woman with an
SBP 2160 mmHg and/or DBP 2110 mmHg, primarily
to reduce the risk of intracerebral hemorrhage and
eclampsia. Therapy recommended included oxypreno-
lol, labetalol, methyldopa, prazosin, hydralazine, nifedi-
pine, and clonidine, which reflects the antihypertensive
therapy being used on the women recruited in our
study.

Given that there is some suggestion in the literature
that hemodynamics can be predictive of PE, and that
therapy along these lines may be of benefit, we would
argue that the USCOM warrants further investigation
as a tool for prediction and for guiding therapy. In
particular, if it was proven useful, the USCOM would
be of great utility to clinicians given its portability and
relatively low cost.

Importantly, our study has a number of potential
confounders that would be worth addressing in future
work. Our sample size was too small (purely due to
difficulties we faced in recruitment) for adequate sub-
group analysis, which may have obscured significant
differences in hemodynamics between hypertensive
subtypes. In particular, this made it difficult to compare
hemodynamic profiles between CH and GH pregnan-
cies that did progress to PE and to compare only
untreated women.

Our study did not incorporate fetal measurements,
purely on logistical grounds. This meant that we were
unable to include an important distinguishing charac-
teristic between PE phenotypes, which may have
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informed our USCOM results. In one recent study, it
was noted that the distinction between early and late PE
was initially made on the basis of the inability of uter-
ine artery Doppler to effectively identify cases of late-
onset disease (23), which supports the argument that
late variants have different underlying vascular charac-
teristics. It has been further shown that PE with and
without FGR has very different cardiovascular profiles -
PE without FGR had a higher CO and lower SVR than
normal controls, while PE with FGR had lower CO and
higher SVR than the normal population. Importantly,
not only is this finding independent of gestation but
similar studies on cardiovascular predictors of PE have
found that while a high SVR/low CO seems to predict
early PE and vice versa, occasionally the ratio is
swapped (6). These data would suggest that the pre-
sence or absence of FGR is a key diagnostic feature, and
potentially a predictive tool that could be included in
future work.

Additionally, our group had difficulty recruiting
women with established hypertensive diagnoses
prior to being commenced on antihypertensive med-
ication. We observed a high proportion of women
with high-risk pregnancies who had been started on
antihypertensives by their primary physician. This is
likely to become increasingly common, particularly in
light of the CHIPS and CHAP studies, which suggest
better maternal outcomes without compromising
fetal outcomes with well-controlled CH and GH
(24,25). This finding is also consistent with the global
epidemiological data. One recent review in Nature
Reviews Endocrinology suggested two causes for the
decreasing burden of morbidity and mortality related
to hypertensive disorders in pregnancy in high-
income countries (HICs): one, that the incidence of
hypertensive disorders of pregnancy in HICs is fall-
ing; and two, due to the improving prenatal screen-
ing and early-intervention (26). Therefore, while in
some HICs the incidence of hypertensive disorders is
increasing - such as in the United States, where
according to one nation-wise sample of delivery
data between 1995 and 2008 the proportion of preg-
nancies meeting modern primary CH criteria has
almost doubled, and meeting modern secondary CH
criteria has tripled (27) - overall there may be
a disproportionate rise in the proportion of medi-
cated women as primary care physician awareness
and screening systems improve.

This has important implications for the utility of the
USCOM in predicting PE - for the device to be useful,
it would need to predict PE despite the presence of
antihypertensive medication in high-risk pregnancies.
Although we separately analyzed data on non-

medicated women, no significant predictive ability
was found. There are multiple potential explanations
for this. It may be reflective of the small sample size, or
that non-medicated hypertension indicates milder dis-
ease which is less likely to progress. However, it may
also indicate that broad hemodynamic assessment
using the USCOM simply lacks predictive ability.

It has been found that the USCOM is capable of
recording consistent readings between different obser-
vers in an adult and pediatric ICU setting (28,29).
Although our group has previously demonstrated the
repeatability of USCOM results in the pregnant popu-
lation by a single user, it has yet to be demonstrated
that USCOM readings are consistent between users in
this study population, which may introduce an addi-
tional source of variability. This is an important avenue
for future work because of the unclear training require-
ments for the device. The manufacturer recommends
only 30 examinations to achieve competency; the
recommendations to be found in the literature vary
from a training time of 2 weeks (10), 20 to 50 practice
examinations (15,30-33), and formal training sessions
of varying duration (34,35). Importantly, data would
suggest that novices with 30 practice examinations are
still unable to record examinations of comparable qual-
ity to an expert (>200 examinations) (35). It is possible
that more rigorous training requirements and a more
formalized system for assessing the quality of a scan,
would be of benefit in demonstrating reliability
between users.

It may be the case that the USCOM does not prove
useful as a predictor of PE. However, this does not rule
out comprehensive hemodynamic assessment for this
purpose. In addition to accounting for FGR, another
interesting avenue of research may be the potential
predictive power of trans-thoracic echo in hypertensive
pregnancies. It is known that hypertensive disorders of
pregnancy involve maladaptive cardiac changes, most
severe in PE. In one case series, women with established
PE were seen to have higher LV myocardial index,
higher relative wall thickness, lower LV global/endocar-
dial/epicardial strain and LV strain rates, and some
indication of early diastolic dysfunction (36). To our
knowledge, there has been only one study investigating
the use of TTE as a predictive tool in this setting. In
a cohort of patients with GH at recruitment, TTE
demonstrating high SVR and concentric hypertrophy
was shown to predict adverse maternal outcomes (how-
ever, the study did not isolate which adverse outcome
was predicted, which included proteinuria, placental
abruption, induced preterm delivery, and post-partum
hypertension). Similarly, while LAD, end-diastolic
volume, and left atrial maximal area were uniform at



the time of GH diagnosis, those patients who developed
complications demonstrated changes to the left atrial
minimal area and fractional area change, higher inter-
ventricular septum diameter, posterior wall diastolic
thickness, LVM/LVMIi, and were significantly more
likely to have developed concentric cardiac geometry
(37). It is possible that cardiac maladaptation to preg-
nancy identified via TTE, in addition to early preg-
nancy hemodynamic changes, may be of more benefit
in predicting PE than the USCOM.

Conclusion

Unfortunately, our data do not suggest that the
USCOM device is useful in predicting the develop-
ment of PE in hypertensive pregnancies. However,
we would argue that the USCOM remains an impor-
tant device for ongoing research, particularly given its
portability and ease of use, and may be suitable for
further work on directed therapy in hypertensive preg-
nant women with or without a high SVR state.
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