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Abstract
Initial orthostatic hypotension is common in children. Isometric handgrip increases arterial
pressure, central blood volume, cardiac output and total peripheral resistance. We show that in 14
subjects with initial orthostatic hypotension, isometric handgrip coupled with standing abolished
symptoms of initial orthostatic hypotension and minimized decreases in BP and CO with standing.
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Active standing can induce large transient decreases in blood pressure (BP) and cardiac
output (CO) within 15 seconds in healthy subjects, termed “Initial Orthostatic Hypotension”,
due to rapid translocation of blood from the thorax to dependent body parts before normal
neurovascular compensation occurs (2). Physical counter-maneuvers (leg crossing, gluteal
clenching) can increase BP and arterial resistance after orthostatic intolerance has occurred
(3). If performed too late, they may not prevent loss of postural tone and consciousness.
Isometric handgrip evokes the exercise pressor reflex (EPR) that raises BP by increasing
CO. We hypothesized that isometric handgrip preformed prior to and during standing, could
increase CO; prevent hypotension and symptoms of OI with standing.

METHODS
We studied 14 subjects (7 males, 7 females; 15-22 yr (median=17), weight 65 ± 12 kg,
height 175 ± 11 cm and BMI 21 ± 4 kg/m2) with initial orthostatic hypotension, dizziness
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upon standing, without systemic disease, vasovagal faint, or chronic orthostatic intolerance.
Initial orthostatic hypotension was defined as a transient decrease in systolic BP exceeding
40 mmHg, or a decrease in diastolic BP exceeding 20 mmHg, that occurred within 15
seconds of standing, with cerebral hypoperfusion, dizziness, neurocognitive loss, pallor,
headache and nausea. Informed consent was obtained.

BP, HR, and CO were continuously monitored with finger arterial plethysmography
(Finometer, FMS, Amsterdam, Netherlands). Subjects remained supine for 15 min and then
stood for 5 min while monitoring BP, HR, and CO. After 5 min, subjects returned to supine
for 15 min recovery. Subjects then performed a maximum isometric contraction with their
non-dominant arm for 1 min using a hand dynamometer (Lafayette Instruments, IN). After
an additional 15 min, subjects performed maximum HG for 30 seconds, then stood for 5 min
while isometric handgrip continued. Subjects returned to the supine position after 5 min of
standing.

Mean arterial pressure (MAP) = (1/3 * systolic BP) + (2/3 * diastolic BP). Total peripheral
resistance (TPR) = MAP/CO. Data were compared between supine, stand, and stand plus
isometric handgrip. MAP, CO, TPR and HR were analyzed using ANOVA for repeated
measures with Bonferroni post-test for multiple comparisons if findings were significant. All
values are mean ± SE. Statistical significance was set at P<0.05.

RESULTS
All subjects completed the protocol and none fainted. Supine values were: MAP 82 ± 7
mmHg, CO 3.7 ± 1.2 L/min, HR 68 ± 14 beats/min and TPR 25 ± 11 Woods units (mmHg/
L/min). All subjects reported OI symptoms during standing, including dizziness,
lightheadedness, nausea, diminished postural tone, heat, and palpitations.

Figure 1 shows a representative response of standing; MAP decreased 70%, HR increased
64%, CO decreased by 14%, and TPR increased 88%. With isometric handgrip, MAP
decreased 12 %, HR increased 68 %, CO increased 80%, and TPR decreased by 60%
compared with baseline values.

For all subjects with stand alone, MAP decreased 42 ± 10 % (P<0.01), HR increased 62 ± 18
% (P<0.01), TPR was unchanged 17 ± 21 % (P =0.6 5) and CO decreased 33 ± 17 % (P
<0.05). Standing with isometric handgrip (Figure 2) resulted in MAP decrease of 31 ± 9 %
(P<0.01), HR increased 33 ± 17 % (P<0.01), TPR decreased 30 ± 15 % (P<0.01) and CO
decreased 2 ± 14 % (P<0.05).

This shows standing plus isometric handgrip significantly (P<0.05) attenuated the decline in
MAP and CO and decreased TPR. HR was not different. In all subjects, symptoms with
standing were absent when combined with isometric handgrip.

Figure 3 (available at www.jpeds.com) shows during stand alone, MAP decreased by 35 ± 3
mmHg, CO decreased 2.0 ± .5 L/min and TPR increased by 4 ± 7 Woods unit during
standing. During stand HR increased 40 bpm. The decrease in CO was greatly reduced
during stand plus isometric handgrip associated with a reduced fall in MAP. TPR decreased
during stand plus isometric handgrip.

DISCUSSION
Initial orthostatic hypotension is not classic orthostatic hypotension (OH). OH is persistent
hypotension within 3 minutes of standing (7). Initial orthostatic hypotension occurs
immediately, transiently and lasts <1 minute. Although OH occurs with autonomic failure,
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initial orthostatic hypotension is seen in healthy young subjects with autonomic competence
(6). BP in OH decreases steadily but not abruptly and in initial orthostatic hypotension it
decreases abruptly, reaching a nadir within 15 seconds as noted in all our subjects.

Subjects with initial orthostatic hypotension experience cerebral and retinal hypoperfusion
(blackout), loss of postural tone and evanescent loss of consciousness. Unlike syncope,
middle cerebral artery velocity is usually maintained (12). These presyncopal findings are
short-lived and recovery occurs while subjects remain upright. In vasovagal syncope,
fainting typically results from protracted standing associated with severe, persistent
hypotension and often bradycardia. Dehydration, skeletal muscle pump dysfunction (4),
decreased venous hydrostatic pressure (5), and drugs or conditions that inhibit sympathetic
capabilities can exacerbate initial orthostatic hypotension.

Standing rapidly displaces ~700 ml of blood (8) from the chest to dependent venous vascular
beds. Initial orthostatic hypotension is caused by a delay in the neurovascular response to
this translocation (1,5). In the young, this occurs within seconds, before effective
neurovascular compensation occurs, resulting in pooling, decreased venous return,
decreased CO, and hypotension.

Isometric handgrip evokes the EPR causing vagal withdrawal, sympathetic activation, and
increased HR, BP and CO without changing TPR. The addition of EPR as isometric
handgrip before standing prevents hypotension through cardiac and peripheral vascular
sympathetic stimulation, thereby stabilizing CO and abolishing postural symptoms.

All subjects previously reported symptoms of initial orthostatic hypotension and
experienced symptoms during standing with an average decrease of 35 mmHg MAP.
Decreases in BP reflect systemic vasodilation caused by volume dependent activation of
cardiopulmonary baroreflexes (10). However, we did not observe increased vasodilation
previously (2) and present data showed a 17 % increase in TPR. In our subjects, standing
caused venous return reductions as previously reported (7).

We showed that with standing plus isometric handgrip, the hypotension and low CO with
active standing are attenuated. Others have shown that initiation of the EPR is dependent
upon force of contraction (11), thus maximum HG was used to evoke the ERP. Although
EPR causes sympathetic activation and parasympathetic withdrawal (9), BP seldom
increases because baroreflexes prevent this. Standing plus isometric handgrip “pre-
activates” the EPR; this with the baroreflex unloading of orthostasis potentiates EPR's
effects resulting in more rapid neurovascular compensation.

There were some important limitations. Standing most accurately duplicates daily symptoms
of orthostasis under experimental conditions, compared with the use of a tilt-table. Standing
however, may affect data collected during the first few seconds due to positional changes,
patient movement and muscle pump activation.

We studied young healthy subjects, thus our findings may not be applicable to all age groups
and those with underlying diseases. We will continue to recruit subjects for this study as the
number of study subjects in this work is 14 and increased enrollment should strengthen our
findings.

Our data have immediate practical applications for children with initial orthostatic
hypotension; fist clenching, before and during standing suppresses hemodynamic changes
caused by standing and reduces symptoms associated with initial orthostatic hypotension in
the young.
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List of Abbreviations

EPR Exercise Pressor Reflex

MAP Mean Arterial Pressure

CO Cardiac Output

TPR Total Peripheral Resistance

OI Orthostatic intolerance
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Figure 1.
Effects of HG on standing in a representative subject. MAP, HR, CO, TPR from subject
undergoing the orthostatic stress of standing (left). MAP, HR, CO, TPR from same subject
undergoing orthostatic stress of standing after initiating the 80% maximum HG maneuver
(right). MAP increases from baseline with handgrip and the decrease in MAP is somewhat
reduced. Changes in CO, HR and TPR are blunted during stand + HG compared with stand
alone.
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Figure 2.
Percent change of MAP, HR, TRP and CO averaged over all subjects. Stand alone is in
black, stand + HG is in grey. HG blunts the decrease in MAP, eliminates the decrease in CO
and reverses the change in TPR such that TPR increases on average with stand alone, but
decreases on average after HG.
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Figure 3.
Absolute values of MAP, CO, (top) and TPR, HR (bottom) during stand (black) and during
stand+HG (gray) averaged over all subjects. HG blunts the decrease in MAP, eliminates the
decrease in CO and reverses the change in TPR such that TPR increases on average with
stand alone, but decreases on average after HG. Note that baseline MAP, CO and HR are
increased for stand + HG due to the effects of HG on supine hemodynamics.
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