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Summary
Objectives: The physiological changes that occur during pregnancy, including increased blood
volume and cardiac output, can affect hemodynamic control, most profoundly with positional
changes that affect venous return to the heart. By using Osteopathic Manipulative Treatment
(OMT), a body-based modality theorized to affect somatic structures related to nervous and
circulatory systems, we hypothesized that OMT acutely improves both autonomic and hemodynamic control during head-up tilt and heel raise in women at 30 weeks gestation.
Design: One hundred subjects were recruited at 30 weeks gestation.
Setting: The obstetric clinics of UNTHealth in Fort Worth, TX.
Intervention: Subjects were randomized into one of three treatment groups: OMT, placebo
ultrasound, or time control. Ninety subjects had complete data (N = 25, 31 and 34 in each group
respectively).
Main outcome measures: Blood pressure and heart rate were recorded during 5 min of head-up
tilt followed by 4 min of intermittent heel raising.
Results: No signiﬁcant differences in blood pressure, heart rate or heart rate variability were
observed between groups with tilt before or after treatment (p > 0.36), and heart rate variability was not different between treatment groups (p > 0.55). However, blood pressure increased
signiﬁcantly (p = 0.02) and heart rate decreased (p < 0.01) during heel raise after OMT compared
to placebo or time control.
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Conclusions: These data suggest that OMT can acutely improve hemodynamic control during engagement of the skeletal muscle pump and this was most likely due to improvement of
structural restrictions to venous return.
© 2013 Elsevier Ltd. All rights reserved.

Introduction
Many changes occur in the cardiovascular system of a pregnant woman. Some of these changes begin as early as the
ﬁrst trimester. There is a decrease in mean arterial pressure
and systemic vascular resistance coupled with an increase in
circulating volume, heart rate, and cardiac output, resulting in a physiologic stress to the mother.1 Although the basic
physiology of pregnancy is generally understood, the effects
of structural changes and altered autonomic function on
hemodynamic control have not been systematically studied.
Moreover, there have been no studies on the effect of Osteopathic Manipulative Treatment (OMT) on autonomic function
or hemodynamic control during pregnancy.
Stress to the human system is manifested commonly as
an increase in sympathetic activity and a shift of autonomic balance to a more sympathetic dominant state,
which could increase the risk of adverse long-term health
conditions. Similar autonomic changes, including increased
sympathetic activity, commonly occur in pregnancy. In some
patients, other factors may combine with an increased sympathetic tone, leading to pregnancy-induced hypertension2
and preeclampsia.3 In addition, enhanced maternal stress
has been linked to preterm labor.4,5 It is unknown whether
these changes in autonomic function can also manifest
as altered hemodynamic control. Limited literature suggests that hemodynamic control does change throughout the
course of pregnancy.6—11 The control of blood pressure in the
third trimester appears to be somewhat impaired in many
women as evidenced by a greater tendency for hypotension during a Valsalva maneuver after epidural block of
the sympathetic-mediated vasoconstrictor responses.6 The
hemodynamic response to standing has been studied more
extensively.7—11 Although not a prevalent problem, orthostatic hypotension during pregnancy may be a concern in
part because of these reduced compensatory responses as
well as structural limitations of venous return imparted by
the size and position of the uterus. In addition, the reﬂex
sympathetic response needed to maintain blood pressure
with orthostatic challenge may add to the overall increased
maternal stress, and lead to some of the outcomes described
above.
OMT may affect hemodynamic control in pregnancy by
two theorized mechanisms: (1) removing structural restrictions on the circulation, and (2) direct effects on the
autonomic nervous system. Improvement of pelvic mobility
and structural restrictions by OMT can theoretically impact
hemodynamic control, particularly when the skeletal muscle pump is engaged. During pregnancy, restrictions within
the pelvic girdle can be signiﬁcant due to the presence of
the large uterus during the third trimester of pregnancy. The
anterior rotation to the pelvis, combined with the ball-valve
effect of the enlarged uterus in the pelvis, can compress
lymphatic and venous vessels and impede ﬂuid return to
central circulation.12 This impedance may be exacerbated

in the presence of somatic dysfunction in the pelvis. In
addition, OMT is theorized to affect autonomic tone and control in part by altering the tone of connective tissues and
musculoskeletal structures around nerves along the spinal
column, thus reducing any pressure on the nerves themselves, and optimizing the function of the system. If indeed
OMT enhances the reﬂex responses to a stressor, then it
would be expected that hemodynamic control would be optimized and the net stress on the system would be reduced.
In this study, we hypothesized that OMT improves the hemodynamic control during an orthostatic challenge head-up
tilt when engagement of the skeletal muscle pump occurs
and improves autonomic function by enhancing heart rate
variability and decreasing resting heart rate.

Methods
Subjects
All subjects were enrolled in a larger clinical trial on OMT
and low back pain in pregnancy (the PROMOTE study).
As part of that study, they were approached for their
interest in participating in these additional measures.
One hundred volunteers (age 18—34) at the 30th week
of pregnancy were recruited for this study. The primary
exclusion criteria included: (1) self-reported history of
syncopal episodes, (2) patients deemed to be high risk
by the obstetrical care provider (including but not limited to: abruptio placenta, placenta previa, pre-eclampsia,
eclampsia, pregnancy-induced hypertension, vaginal bleeding, gestational diabetes), and (3) patients with a lower
extremity injury sprain or fracture after screening for inclusion/exclusion criteria, volunteers were accepted into the
study and provided written informed consent to participate.
The protocol was approved by the local Institutional Review
Board at the University of North Texas Health Science Center,
and is registered at www.clinicaltrials.gov (NCT00426244).
All subjects were familiarized with the procedures prior to
the experimental day.
Upon arrival to the laboratory on the experimental day, the subject was non-invasively instrumented for
measurements of heart rate (standard limb-lead electrocardiography) and beat-to-beat arterial pressure using a
Finapres plethysmographic monitor (Finapres Medical Systems, Amsterdam, Netherlands). The subject was positioned
in the left lateral recumbent position and in a slight head-up
position (10◦ head-up tilt) on a circular-frame bed (Stryker
Corporation, Kalamazoo, Michigan) that allows for tilting
to speciﬁc angles. After a period of 20 min of quiet rest,
baseline data were collected. These included baseline heart
rate, blood pressure, and assessment of heart rate variability as determined from a 5 min period of continuous heart
rate measurement during quiet uncontrolled breathing. All
measures were recorded on a computerized data acquisition
system (WINDAQ® , Akron, OH) for analysis.
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After the baseline period, the patient was tilted to 60◦
head-up tilt for 5 min followed by 4 min of intermittent calf
muscle tension (heel raises) in a cadence of 2 s up and 3 s
down. The heel raise was performed such that the heel
rose to approximately 1 in. of the base of the bed. Following the heel raises, the subject recovered for an additional
5 min The 5 min period of tilting was adequate to obtain a
clear steady-state period and obtain sufﬁcient data to estimate heart rate variability measures. Likewise, the 4 min
period of heel raising allowed for steady-state measures to
be obtained for all variables and was tolerable for all subjects. No adverse reactions were experienced during any of
the procedures.
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Statistical analyses
Baseline data prior to the ﬁrst physiologic interventions
along with pretreatment responses to the head-up tilt and
heel raise interventions were compared across treatment
groups and time (pre-post treatment) with a two-way analysis of variance (ANOVA). For signiﬁcant main effects, a
group × time interaction effect was performed post hoc to
determine speciﬁc differences. For the tilt and heel raise
response data, a change variable was estimated to use for
illustration in the ﬁgures. An (lower case Greek alpha) level
of 0.05 was set for signiﬁcance.

Results
Treatments
Baseline data comparisons
Subjects were randomized into one of three treatment
groups: OMT, placebo ultrasound (PLAC), or time control
(TC). Each OMT group participant received a 20—30 min
standardized set of hands-on treatments to her head, neck,
abdominal diaphragm, back, pelvis, sacrum, and pelvic
diaphragm. Techniques used included soft tissue, articulatory, myofascial release, and muscle energy. The techniques
are commonly taught at Osteopathic medical schools, and
are described in detail at http://www.hsc.unt.edu/Sites/
OsteopathicManipulativeMedicine/index.cfm?pageName=
Research Placebo ultrasound group participants received a
20 min sub-therapeutic ultrasound systematically administered over the same major body regions as addressed by the
OMT. Both the OMT and PLAC treatments were performed
with the subjects fully clothed. Subjects in the time control
group received no treatment, but instead had 20 min of
quiet time between measurements.

Complete data sets were obtained in 90 subjects (25 OMT,
31 placebo and 34 time control). The difference in group
size is an effect of the random agreement of subjects to
participate. The loss of 10 subjects from the total enrolled
100 subjects was due to technical issues that arose with
the instrumentation, and thus prevented the acquisition of
complete data sets. The demographic distribution of the
subjects within each group is summarized in Table 1. CONSORT diagram showing subject ﬂow through the study is
Fig. 1.
There were no signiﬁcant differences in baseline blood
pressure, heart rate or indices of heart rate variability
between any groups as shown in Table 2 (p > 0.05). In
addition, no signiﬁcant differences between the pre- and
post-treatment baseline periods were observed for any of
the groups (p > 0.05).

Measurements

Tilt stimulus (treatment effects)

Arterial pressure was measured non-invasively (photoplethysmography), by use of a Finometer monitor placed
around the middle ﬁnger. Heart rate variability was
estimated using both time-domain (SDNN) and frequencydomain (power spectra) measures by obtaining beat-to-beat
values of R—R interval which were recorded digitally into a
data acquisition system (WINDAQ® , Akron, OH). The data
were then linearly interpolated and re-sampled at 2 Hz
to create an equidistant time series for spectral analysis.
The time series was detrended with a 3rd order polynomial ﬁt and divided into 256 point epochs. Each epoch was
Hanning-window ﬁltered and Fast Fourier transforms were
implemented to generate autospectra for each variable.
These data analyses sequence conform to the recommendations of the international consensus panel for the assessment
of cardiovascular variability.13 High frequency (HF) power
of RR interval (0.2—0.4 Hz), similar to normal respiratory
rhythm, was used as an index of parasympathetic control
as supported by a number of studies in dogs and humans14
utilizing parasympathetic blockade and nerve stimulation.
The ratio of low to high frequency power of R—R interval is
widely recognized to be an index of the balance between
the sympathetic and parasympathetic systems and was used
for this purpose.15,16

The responses to head up tilt before and after treatment are summarized in Fig. 2. Illustrated in this ﬁgure
are the group mean changes from baseline to steady-state
of the head-up tilt position for mean arterial pressure
(MAP) and heart rate (HR). Small increases in MAP
were observed during tilt for all conditions pre- and posttreatment (p < 0.05), but no signiﬁcant differences between
treatment groups, within treatment groups or pre-post
treatment were observed (p > 0.05). Similarly, heart rate was
increased signiﬁcantly during all tilt conditions (p < 0.01),
but no differences between treatment groups or between
pre- to post-treatment (p > 0.05) were observed. The heart
rate variability responses were not signiﬁcantly difference
between groups for either the initial response to tilt or
between pre-post treatment responses to tilt as seen in
Fig. 3 (p > 0.05). There were no group versus treatment time
(pre-post) signiﬁcant interactions (p > 0.05) (Fig. 4).

Heel raise condition (treatment effects)
The change in the responses from the tilt steady-state to the
heel raise steady-state is shown for all treatment groups
both pre- and post-treatment in Fig. 3. During heel raise
(combined with tilt), MAP increased slightly (1—8 mmHg

Hemodynamic control after OMT in pregnancy
Table 1
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Demographic table.

N
Race
Black/African American
White
Other
Ethnicity
Hispanic/Latino
Non-Hispanic/non-Latino
Primigravida
Multigravida
Median BMI
Mean BMI
Median age
Mean age

OMT (%)

US (%)

SC (%)

30

34

36

9 (34.6)
13 (50)
4 (15.4)

11 (39.3)
15 (53.6)
2 (7.1)

8 (29.6)
15 (55.6)
4 (14.8)

9 (30.0)
21 (70.0)
7 (26.9)
19 (73.1)
28.38
29.74
22.29
22.53

8 (23.5)
26 (76.5)
8 (27.6)
21 (72.4)
31.28
32.18
24.22
23.73

14 (41.2)
20 (58.8)
10 (31.3)
22 (66.8)
31.82
32.96
22.00
23.14

Enrollment

Assessed for eligibility
(n = 204)
Excluded (n = 104)
Refused to participate
(n = 104)

Analysis

Follow up

Allocation

Randomized (n = 100)

Figure 1

Allocated to OMT group
(n = 30)
Received allocated
intervention (n = 30)

Allocated to Placebo
ultrasound
(n = 34)
Received allocated
intervention (n = 34)

Allocated to time control
(n = 36)
Received allocated
intervention (n = 36)

Lost to follow up
(n = 0)

Lost to follow up
(n = 0)

Lost to follow up
(n = 0)

Discontinued intervention
(n = 0)

Discontinued intervention
(n = 0)

Discontinued intervention
(n = 0)

Analyzed (n = 25)

Analyzed (n = 31)

Analyzed (n = 34)

Excluded from analysis
(n = 5) due to technical
issues leading to incomplete
data sets

Excluded from analysis
(n = 3) due to technical issues

Excluded from analysis
(n = 2) due to technical issues

leading to incomplete data
sets

leading to incomplete data
sets

CONSORT diagram showing the ﬂow of participants through each stage of the study.
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Table 2

Baseline data for each group.

Heart rate (b/min)
Blood pressure (mmHg)
Heart rate variability indices
SDNN (ms)
HF power (ms2 /Hz)
LF power (ms2 /Hz)

Time control

Sham

OMT

82 ± 3
117 ± 4/72 ± 3

78 ± 3
123 ± 5/69 + 3

83 ± 2
116 ± 3/74 ± 2

124 ± 17
32 ± 9
168 ± 35

116 ± 13
44 ± 10
202 ± 50

112 ± 22
41 ± 8
237 ± 44

No signiﬁcant difference among groups was found for baseline heart rate, blood pressure or indices of heart rate variability (p > 0.05).

among groups) and this was associated with a modest
decrease in HR (3—10 bpm) in all groups. No signiﬁcant
difference was observed from pre- to post-treatment for
either the time control or placebo groups (p > 0.05). However, a main effect for treatment time was observed for
both the change in MAP and HR (p < 0.05), and a signiﬁcant
group versus treatment time interaction was observed that
demonstrated a signiﬁcantly greater increase in MAP and
decrease in HR during the OMT treatment condition when
compared to time control and placebo (p < 0.05). Finally, no
signiﬁcant differences in the heart rate variability responses
were observed between groups or between the pre-post differences between groups as shown in Fig. 5 (p > 0.05).

Discussion
This study is the ﬁrst to address the effects of osteopathic manipulative treatment (OMT) on the autonomic and

hemodynamic control in healthy women in their third
trimester of pregnancy. The primary ﬁnding was that OMT
can improve the hemodynamic response associated with
engagement of the skeletal muscle pump via heel raising
and this was associated with an increased MAP and associated decreased heart rate during the heel raise maneuver.
There was no effect of OMT on basal measures of heart rate
variability or on the response to head-up tilt alone; thus
it appears that the OMT beneﬁt observed during heel raising was due to improvement in the support of venous return
during the heel raising maneuver. These ﬁndings suggest that
OMT directed to relieve structural restrictions can provide
enhanced hemodynamic regulation as discussed below, and
this appears to be independent of any changes in autonomic
control of heart rate.
Pregnancy is accompanied by signiﬁcant changes in the
hemodynamic state of a woman, autonomic balance and
function, and the ability to respond to physiological and
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Placebo
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Figure 2 The effect of tilt (as change from baseline to
steady-state of head-up tilt) for mean arterial pressure (MAP)
and heart rate (HR) are illustrated for pre-treatment (open
bars) and post-treatment (solid bars) for each treatment group.
No signiﬁcant mean effects for group or pre-post treatment
and there was not a signiﬁcant group-treatment interaction
observed (p > 0.05).

Placebo

OMT

Figure 3 The effect of heel raising (as change from steadystate tilt to steady-state of heel raising) for mean arterial
pressure (MAP) and heart rate (HR) are illustrated before
(open bars) and after (solid bars) treatment for each treatment
group. A signiﬁcant group-treatment interaction was observed
for both MAP (p < 0.01) and HR (p < 0.05) and these differences were speciﬁc to the pre-post treatment responses with
OMT.
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Figure 4 The effect of tilt (as change from baseline to steadystate of head-up tilt) for time-domain (SDNN) and frequency
domain (HF power and LF power) heart rate variability measures are illustrated. Data are illustrated for pre-treatment
(open bars) and post-treatment (solid bars) for each treatment group. No signiﬁcant mean effects for group or pre-post
treatment and there was not a signiﬁcant group-treatment
interaction observed (p > 0.05).

anatomical stressors. The normal changes in hemodynamic
and autonomic function are signiﬁcant alone in pregnancy,
and complications of maladaptive cardiovascular control are
a serious problem when it occurs in pregnant women and
may create a further risk for the patient.17—20 Hemodynamic
changes accompanying pregnancy include an impairment of
neural control of blood pressure as evidenced by reduced
pressor responses to Valsalva’s maneuver and exercise.6,21—24
The changes in heart rate variability suggest that pregnancy is accompanied by a generalized blunting of vagal
control as evidenced by reduced time-domain measures
reduced high frequency power of the power spectrum of
heart rate.22,25,26 Collectively, these data suggest that both
autonomic and hemodynamic control may be blunted in
pregnancy, and thereby may represent a condition in which
a pregnant woman may not respond as effectively to physiological stressors. In this study, we address potential beneﬁts
of OMT on hemodynamic and autonomic regulation during
the third trimester of pregnancy in the setting of an orthostatic stress.

Effects on the response to tilt
A consistent response to the 60◦ head-up tilt position was
adequate support of arterial pressure and a modest increase

40
20
0

Time Control

Placebo

OMT

Figure 5 The effect of heel raising (as change from steadystate tilt to steady-state of heel raising) for time-domain
(SDNN) and frequency domain (HF power and LF power)
heart rate variability measures are illustrated. Data are illustrated for pre-treatment (open bars) and post-treatment (solid
bars) for each treatment group. No signiﬁcant mean effects for
group or pre-post treatment and there was not a signiﬁcant
group-treatment interaction observed (p > 0.05).

in heart rate, albeit with considerable variability among
patients. Nevertheless, these data demonstrate good hemodynamic support independent of the treatment groups, as
the normal response to tilt often involves a modest decrease
in arterial pressure. This is likely due in part to the typical increase in cardiac output and expanded blood volume
which accompanies pregnancy.27—29 It has been shown that
the response to tilt in earlier states of pregnancy can be
associated with a modest blunting of the responses, and
syncopal symptoms were reported to be increased particularly in the second trimester of pregnancy.7,30 This appears
to be due in part to a reduction in cardiac output.7,9
Perhaps more importantly is a reduction in the reﬂex autonomic responses leading to compensatory tachycardia and
vasoconstriction.7,11 The heart rate responses also tend to
be reduced during an orthostatic challenge,11,30,31 however,
other studies suggest that the heart rate response can be
unchanged or somewhat enhanced.6,9,10,32 So the responses
appear to be variable in healthy women. In addition, there
is limited data to suggest that in mid- to late pregnancy
the catecholamine response to orthostasis is reduced.11,33
In this study a modest head-up tilt of 60◦ was used for 5 min
and there were no signiﬁcant differences in the response to
tilt with any of the treatment conditions. The lack of the
OMT effect suggests that there was not a direct effect of
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OMT on the normal hemodynamic effects of gravity associated with the upright position or on the basal autonomic
state and its control. We have recently shown that certain
OMT techniques can enhance vagal control of heart rate.34
In this study the lack of direct effect on autonomic function
was also observed as the baseline indices of heart rate variability were unchanged after OMT. These ﬁndings suggest
that either there was no direct effect, or that the process
of moving from the treatment room into the experimental
room reversed any subtle changes in autonomic balance that
may have accompanied the immediate OMT treatment.

Effects on the response to heel raising
There have been no studies on the effectiveness of the muscle pump in regulating venous return in pregnancy. This
study was the ﬁrst to assess the effectiveness of OMT on
the heel raising effects on hemodynamic regulation in the
third trimester of pregnancy, and the most signiﬁcant ﬁnding in this study was an improvement in the blood pressure
response to heel raising. The normal response to engagement of the skeletal muscle pump is an increase in venous
return which in turn results in increased cardiac output and
blood pressure.35—37 This was observed in each of the pretreatment conditions; however, after treatment, only the
OMT produced an alteration in this response. The OMT lead
to an enhanced blood pressure increase during the heel raising maneuver which was accompanied by a reduction in
heart rate. The response was associated with an enhanced
systolic blood pressure response as well; this suggests that
cardiac output was improved rather than the vasoconstrictor response, and that this was mediated by a substantial
increase in stroke volume. This is also consistent with an
enhanced venous return. Therefore, it follows that the primary improvement was mediated by an improvement in the
venous return during the heel raising maneuver and that
the decreased heart rate was secondary to the improved
arterial pressure support during the heel raising maneuver.
The latter would be expected due to a baroreﬂex-mediated
response to the improved blood pressure maintenance during the heel raising.
Application of osteopathic reasoning supports OMT
enhancement of venous return. During pregnancy, the
weight and size of the uterus compresses on venous and
lymphatic vessels, especially in the pelvis, creating a ballvalve effect, which increases the pooling of blood in the
lower extremities. OMT is theorized to improve peripheral
circulation by treating the fascial planes through which the
blood vessels travel. These fascial planes also surround the
muscles, and when there is dysfunction in a region of the
body, the fascia becomes strained. This strain may be very
small, but signiﬁcant enough to impede blood ﬂow in blood
vessels, particularly in low-pressure vessels, and therefore
contribute to restricted venous drainage and tissue congestion, resulting in greater pooling. Releasing this fascial strain
can increase venous return to central circulation.38
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it does not address the duration of any beneﬁts relating
to these effects. Further research is needed to evaluate
the potential beneﬁts on pregnancy-related hemodynamic
conditions such as lower leg edema, varicose veins, and
hemorrhoids. The duration of effect and frequency of
treatment required to elicit signiﬁcant reduction in these
pregnancy-related conditions is needed. This study was part
of a larger clinical trial of patient outcomes that involved
9 weeks of OMT on a weekly or biweekly basis. Report of
these ﬁndings is forthcoming and may provide some further insight into the longer-term beneﬁts of OMT during
pregnancy.
The data in this study did not demonstrate a positive
effect on autonomic regulation. The assessment of autonomic function involved indirect measures and thus may not
have provided the sensitivity to determine a clear effect
on autonomic function. However, the primary ﬁnding was
an effect on blood pressure and heart rate associated with
the heel raise maneuver which suggests that cardiovascular
stress is diminished due to enhanced hemodynamic control
after OMT.

Clinical signiﬁcance and conclusion
The hemodynamic effects of OMT described in this paper
may have signiﬁcant clinical implications for pregnant
women. There is growing evidence that dysfunction of
maternal venous hemodynamics is part of the pathophysiology of preeclampsia. The effects of abnormal
cardiovascular adaptation to pregnancy including decreased
venous capacitance39 and distensibility40 and a decreased
cardiac output41 may be blunted by OMT during pregnancy.
As noted above, decreased lower extremity blood pooling could impact the incidence or severity of common
complaints in pregnancy such as lower extremity edema,
varicose veins, and hemorrhoids. Few medications or procedures are approved to effectively treat these conditions in
pregnancy due to potential risk to the fetus. OMT is a safe,
non-pharmacologic intervention that may provide unique
beneﬁts. Additionally, if venous return and blood pressure
control are enhanced, pregnant women may experience less
cardiovascular stress during many daily activities. Less cardiovascular stress would be expected to lead to a reduced
overall sympathetic tone, and therefore also reduced incidence of associated potential complications of increased
sympathetic activity. Any intervention which can positively
impact the incidence of pregnancy complications is of great
importance to healthcare. If efﬁcacious in decreasing pregnancy complications, OMT could be advocated as a low
cost, low-tech adjunctive treatment for decreasing pregnancy complications in places where high technology and
high cost interventions are unavailable.

Strengths and limitations
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