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Orthostatic intolerance (OI) is a series of clinical symptoms

that develop during long-term standing in the upright

position, with clinical manifestations of frequent, recurrent,

or persistent dizziness, fatigue, and heart palpitations with

or without syncope. These symptoms are relieved after

changing to the supine posture [1]. OI includes vasovagal

syncope (VVS), postural tachycardia syndrome, and auto-

nomic nervous dysfunction [2]. The pathogenesis underly-

ing the vasovagal response (VVR) is not well-defined, but

is considered to involve changes in the autonomic system

and vascular dysfunction [2, 3].

The notion of OI co-morbidity and its importance in

chronic fatigue syndrome has gained increasing attention

[4, 5]. Recent studies have suggested that the blood

coagulation system is activated during orthostatic stress

[6, 7]. Induction of VVR leads to changes in blood

coagulation factors indicating a hypercoagulable state [8].

Similar changes in the coagulation system have been

reported in co-morbid diseases, such as asthma [4], chronic

fatigue syndrome [5], and migraine [9]. Significantly, these

changes suggest the co-morbidity of OI and coagulation

abnormalities.

Here, we review the latest findings of changes in

orthostatic hypercoagulability in individuals with a positive

orthostatic test result and those with OI, along with the

possible mechanisms.

Hemodynamic Response and Coagulation Changes
with Orthostatic Tests

Because it is non-invasive and reversible, the lower body

negative pressure (LBNP) test has been used for decades to

simulate orthostatic stress and the effect of blood loss in

humans. LBNP is usually applied in the supine position

with negative pressure on the lower regions of the body.

Briefly, the protocol includes the application of distinct

levels of sub-atmospheric pressure to the lower extremities,

which results in pressure gradients during which the blood

is forced to flow from the upper parts of the body into the

legs and effectively decreases the central blood volume in a

pattern similar to acute hemorrhage. Therefore, LBNP

provides an alternative test for inducing orthostatic stress

and for testing autonomic function. Moreover, LBNP is

effective for inducing reversible reflexive hemodynamic

responses, such as activation of the renin-angiotensin-

aldosterone system (RAAS), the sympathetic nervous

system, and hypothalamic-pituitary hormones [10].

The head-up tilt test (HUT) is frequently used to test for

orthostatic challenge and diagnose neurally-mediated syn-

cope [1]. Humoral and hemodynamic changes induced by

the HUT and LBNP have been widely reported. With the

HUT, 12%–20% of the blood is transferred from the upper

body to the lower extremities, which results in increased

venous volume. As well, ventricular preload and cardiac

output and subsequent arterial pressure are decreased, and

the baroreceptor reflex is activated, which leads to
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suppression of the parasympathetic nervous system and

activation of the sympathetic nervous system. The heart

rate increases, and peripheral vasoconstriction compensates

to increase the cardiac output. Healthy individuals demon-

strate a slightly increased heart rate, slightly lower systolic

blood pressure, increased diastolic blood pressure, and

unchanged mean arterial pressure during the early phase of

standing still.

Taneja et al. (2007) first studied the regional blood flow

and blood volume changes in 10 healthy individuals

undergoing graded LBNP and 8 undergoing HUT to

understand the difference in circulatory responses to these

tests [11]. The LBNP and HUT showed similar hemody-

namics and coagulation change patterns for blood flow,

peripheral resistance, and blood volume in different parts

of the body during upright posture. For instance, LBNP at

- 40 mmHg reduced cardiac output by * 25%, similar to

that with passive HUT. Moreover, combining those two

stressors intensified the stress responses, eventually leading

to cerebral underperfusion and a presyncopal situation

[11, 12]. Table 1 lists the properties of LBNP and HUT as

tools to induce orthostatic challenge.

Van Helmond et al. (2015) and Zaar et al. (2009) added

some details to the coagulation and hormonal changes

occurring during LBNP [13, 14]: coagulation was accel-

erated, with decreased prothrombin time (PT) and activated

partial thromboplastin time (APTT), while platelet count,

hemoglobin level, hematocrit, and red blood cell count

increased significantly. Epinephrine and norepinephrine

levels are both elevated, with the norepinephrine level

greatly increased. However, changes in fibrinolysis values

during orthostatic tests differ between studies. Crnošija

et al. (2017) studied changes during HUT, especially

hormonal changes [15]. Their study provided further

evidence of increasing norepinephrine levels and found

that the dopamine level remained unchanged during HUT.

Therefore, both HUT and LBNP lead to significant changes

in the coagulation system and some major hormones, and

both can be used as orthostatic challenge tests. However,

the HUT appears to induce a relatively modest change in

platelet count and sympathetic nervous activity (Table 2).

Updated Information on the Hypercoagulable
State in Orthostatic Stress

Coagulation changes during standing have been studied for

decades (Table 3). Persson et al. (1996) first found that

standing results in a pooling of blood with a subsequent

increase in orthostatic pressure in the lower extremities

[16]. However, virtually no data are available on the effect

of standing still on the coagulation cascade. Masoud et al.

(2008) [6] first proposed that standing still significantly

activates the coagulation system and named it orthostatic

hypercoagulability. These authors found that orthostatic

stress causes a significant plasma shift ([ 12%) and raises

the transmural pressure in the lower extremities, thereby

activating the endothelial system, which might be related to

Table 1 Comparison of LBNP and HUT as tools to induce orthostatic challenge.

Items HUT LBNP

Lower body pooling Yes - 40 mmHg

Heart rate increase similar at 70� - 50 mmHg

Systolic pressure ; ;

Diastolic pressure : ;

Gravity-induced Yes No

Arterial resistance : :

Thoracic, pelvic, leg blood volumes : :

Visceral blood volume : ;

Transmural pressure gradient From the heart to lower

body

Throughout lower body subjected to

suction

Hydrostatic pressure gradient between thorax and abdomen or main

arteries

Yes No

Endothelial activation Release activator Release activator

Shear stress : :

Hormonal changes NO:

H2S;

NO:

H2S;

Epinephrine : ::

:, increase; ;, decrease; HUT, head-up tilt test; LBNP, lower limb negative pressure test; NO, nitric oxide; H2S, hydrogen sulfide.
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the coagulation factor changes in activation of the coag-

ulation system during standing. The authors recruited 18

healthy volunteers who remained at rest in the supine

position, then stood at different time intervals. The

hemodynamics and plasma fibrinogen level, factors V

(FV) and VIII (FVIII) activity, prothrombin fragments 1

and 2 (F1 ? 2), endothelial activation-related factors, and

the protein C global pathway were measured on resting

supine after 15, 30, and 60 min of standing still. Blood

pressure and heart rate were stable at different times during

standing, but with 30 min of standing, plasma volume

decreased and plasma fibrinogen level, FV and FVIII,

F1 ? 2, tissue factor (TF), and von Willebrand factor

(vWF) activity significantly increased. However, the func-

tion of the protein C pathway greatly decreased. These

findings provide robust evidence of orthostatic hypercoag-

ulability. Furthermore, the TF antigen level significantly

increased after 15 min of standing and decreased gradually

after 60 min, which suggests that the coagulation cascade

is significantly activated after standing still. Two years

later, in a new trial, the authors recruited 12 healthy young

individuals for two separate visits [17]. Hematocrit, total

plasma protein level, coagulation profile, endothelial

activation-related factors, and the protein C global pathway

were studied in the resting supine position and after 15 and

30 min of standing still. This procedure was repeated after

at least a month in the same individuals after intravenous

administration of 1.5 L of 0.9% saline. Upon 30 min of

standing still with and without fluid loading, the TF level

and vWF increased. Also, protein C global activity

significantly decreased during 15 and 30 min of stationary

standing with and without fluid loading. Thus, intravenous

prophylactic rehydration with normal saline results in

hemodilution of all coagulation parameters but does not

prevent the orthostatic hypercoagulability induced by

prolonged standing still [17]. Therefore, the hypercoagu-

lability state of the blood is not completely attributable to

hemoconcentration. Both endothelial-activated coagulation

and haemoconcentration could be responsible for this

physiological phenomenon.

Both orthostatic stress and the period after terminating

the stress have been associated with coagulation changes.

In 7 healthy males, Cvirn et al. (2012) [7] combined 70�
HUT for 4 min with graded LBNP from - 15 to - 45

mmHg. The men remained supine for 20 min, and

presyncope was induced in all of them. Coagulation

responses and plasma mass density (for volume changes)

Table 2 Coagulation changes during HUT and LBNP.

Items HUT LBNP

PT ; ;

APTT ; ;

Platelet count – :

Hemoglobin : :

Hematocrit : :

Red blood cell count : :

Plasma volume : ;

Norepinephrine : ::

Fibrinolysis ? ?/–*

FVIII : :

vWF : :

?, positive reaction; –, no significant change; :, increase; ;, decrease.

HUT, head-up tilt test; LBNP, lower limb negative pressure test; PT,

prothrombin time; APTT, activated partial thromboplastin time; vWF,

von Willebrand factor; FVIII, blood coagulation factor VIII.

*Different results reported.

Table 3 Data from orthostatic hypercoagulability studies.

Participants Number of participants

(F/M)

Orthostatic provoca-

tion tests

Timing Hypercoagulability References

H 18 (9/9) Standing test 0, 15, 30, and 60 min Y Masoud et al. 2008

[6]

H 11 (5/6) Standing test 0, 15 and 30 min Y Masoud et al. 2010

[17]

H 7 (0/7) HUT plus graded

LBNP

0, 2, 4, 6, 8, 10, 12, 14, 16, 18, and

36 min

Y Cvirn et al. 2012 [7]

H 21 (7/14) LBNP 0, 3, 21, and 26 min Y Kraemer et al. 2010

[8]

US & OI 178 (97/81) HUT 3 min Y Hamrefors et al.

2017 [18]

IS & H 44 (19/25) STST 0, and 6 min Y Cvirn et al. 2017[19]

H, healthy individuals; US, unexplained syncope; IS, patients with a history of ischemic stroke; F, female; M, male; HUT, head-up tilt test;

LBNP, lower limb negative pressure test; STST, sit-to-stand test.
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were measured before, during, and 20 min after applying

orthostatic stress. The increase in blood cell count,

prothrombin level, and endogenous thrombin potential

during standing still was associated with hemoconcentra-

tion. The authors reported a significant increase in values

for markers of endothelial activation (TF and tissue

plasminogen activator) and thrombin generation (F1 ? 2,

prothrombin F1 ? 2, and thrombin-antithrombin complex

[TAT]) beyond hemoconcentration. The values for

endothelial activation markers returned to the initial supine

values, but those for F1 ? 2 and TAT remained elevated at

20 min after the orthostatic stress. These findings indicated

an increased coagulability during recovery for as long as

20 min, which might have greater clinical significance than

the short-term procoagulant changes that occur during

standing. The authors concluded that orthostatic hyperco-

agulability lasts up to 20 min in individuals with a positive

response for presyncope. In addition, some hormone

changes were found. The initial elevated levels of cate-

cholamine at 2–3 min post-stress were still high, which

suggested its role in the elevated F1 ? 2 and TAT levels,

at least in the initial stage of recovery from presyncope.

Hormonal changes during orthostatic posture are not

surprising because the neuroendocrine system is involved

in the pathogenesis of OI [2, 3]. The findings of Cvirn et al.

(2012) led us to investigate the association between

coagulation and humoral changes during orthostatic pos-

ture. To understand the humoral changes and possible

mechanisms for the coagulation changes in OI patients,

Grasser et al. (2009) [12] studied the hemodynamic and

neurohormonal changes in 16 healthy individuals induced

by a similar combination of 70� HUT for 5 min and graded

LBNP from - 20 to - 80 mmHg. The participants

remained supine for 20 min, and presyncope was induced

in 6 of them. The peripheral resistance index, plasma

volume, plasma levels of norepinephrine and epinephrine,

plasma renin activity, and cortisol were measured 1 min

before HUT and 1 min after presyncope, immediately after

reaching the supine position. All hormones collected in the

study showed considerable elevation in values when

presyncope was reached. For instance, the plasma level

of norepinephrine increased by * 50% and epinephrine

level[ fivefold. Plasma renin activity doubled, while the

total plasma cortisol level increased by about half. The

cortisol level significantly increased, although this effect

may be due to the combination of HUT and LBNP, since it

was not as modest as with HUT alone. However, we can

still conclude that changes of clearly different magnitudes

of the RAAS and the sympathetic nervous system emerge

in presyncope induced by orthostatic challenges. We

suggest that elevated norepinephrine, epinephrine, plasma

renin, and cortisol levels are associated with blood

hypercoagulability during standing. These findings provide

further evidence that humoral factors may play a key role

in OI pathogenesis.

The stress response has been reported to be non-specific

and leads to net hypercoagulability. Previous studies have

shown elevated plasma vWF and FVIII during orthostatic

tests [6, 17]. The specific connection between the VVR and

activation of vWF and FVIII needs to be studied system-

atically. Kraemer et al. (2010) [8] tested LBNP from - 30

to - 90 mmHg in 21 individuals and the VVR in 16,

measuring the plasma content of vWF-antigen (vWF:Ag),

vWF-ristocetin-cofactor (vWF:RiCo) and FVIII activity, as

well as the blood catecholamine level at several stress

levels. The first blood sample was collected at the

experiment onset. LBNP was then set to - 30 mm Hg

and the pressure was reduced by 10 mm Hg every 3 min

until - 90 mm Hg was reached. After 5 min, once all

circulation parameters returned to normal, the fourth blood

sample was taken. Only the group with VVR testing

showed a significant increase in plasma vWF:Ag content

and FVIII and vWF:RiCo activity. The level of epinephrine

was elevated in all participants, but VVR did not develop

in 5 who experienced all stress levels, nor were there any

changes in clotting factor levels. Thus, the VVR may

significantly activate the coagulation system by releasing

vWF and FVIII via mechanisms independent of sympa-

thetic activation. Unlike the other studies discussed above,

this study related orthostatic stress to coagulation system

abnormalities, leading to the co-morbidity hypothesis.

To test the hypothesis that passive orthostasis during

HUT evokes pro-coagulatory changes and that these

changes differ according to the HUT diagnosis, Hamrefors

et al. (2017) [18] used HUT with 178 consecutive patients

with syncope and found early changes in coagulation

biomarkers. The examination was based on a specially-

designed HUT protocol that included supine rest for

15 min and 70� HUT with optional nitroglycerine provo-

cation after 20 min of passive HUT. Blood samples were

collected during resting in the supine position and after

3 min of 70� HUT. The levels of plasma fibrinogen,

vWF:Ag (vWF:GP1bA), and FVIII activity and APTT with

and without activated protein C were determined. Partic-

ipants were classified by age (cutoff at 65 years), sex, and

diagnosis. After 3 min of HUT, vWF:Ag activity increased

in all patients regardless of age. Moreover, patients with

VVS showed less of an increase in vWF:Ag activity. This

study confirmed the existence of orthostatic hypercoagu-

lability in OI patients and supported the hypothesis that

VVS is associated with less of an increase in vWF:Ag

activity during HUT than in other types of OI. Therefore,

measuring coagulation factors might help in the clinical

differential diagnosis, medical diagnosis, and management

of cardiovascular disease.
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Cvirn et al. (2017) [19] presented additional evidence

from measuring coagulation factors. The authors used the

sit-to-stand test in 44 individuals: 22 after ischemic stroke

and 22 healthy controls. Blood samples were collected at

baseline and after standing in the upright position for

6 min. PT, APTT, plasma FVIII activity, and other markers

of endothelial activation and thrombin generation were

measured. In both groups, PT and APTT were significantly

shortened and thrombin generation was significantly

increased to approximately the same extent during standing

compared with baseline. These data consistently demon-

strated that orthostatic challenge is associated with activa-

tion of the coagulation system. However, effects of

orthostatic challenge on FVIII were still not evident. In

addition, the level of antidiuretic hormone, a synergistic

component of the hypothalamic-pituitary-adrenal axis, is

elevated by an orthostatic challenge, and this might induce

orthostatic hypercoagulability.

Possible Mechanisms for Coagulation
Abnormalities Triggered by OI

Several mechanisms are involved in OI-triggered coagula-

tion changes (Fig. 1). The shear pressure-induced hemo-

dynamic abnormalities in the circulatory system trigger the

start of the entire process, followed by the stimulation of

neurohumoral factors that mediate the sympathetic nervous

system and the RAAS, thereby triggering the coagulation

cascade. Local regulation by endothelial cells, platelets,

and Weibel-Palade bodies also plays a key role.

Standing initially generates orthostatic pressure, which

acts as shear stress promoting local regulation and systemic

changes, thereby activating the coagulation cascade.

Endothelial cells and platelets play a central role in the

local regulation of vascular tone during orthostatic chal-

lenge. The shear stress of blood flow acts on endothelium

and platelets, upregulating TF synthase and the release of

vWF, for excessive coagulation activation. Weibel-Palade

bodies are also modulated by static shear stress, followed

by the release of endothelial vWF [20]. Nitric oxide (NO)

released by endothelium is involved in orthostatic hyper-

coagulability [21, 22]. Vascular endothelium might regu-

late wall tension by releasing various vasoactive substances

such as NO and be involved in amplifying the shear stress

effect. The molecules vWF, TF, NO, and other endothelial

activators are then released into the circulation and induce

a hypercoagulable state [6], followed by an increase in the

tissue plasminogen activator level [21].

In addition, orthostatic pressure promotes activation of

the sympathetic nervous system via b2-adrenergic recep-

tors and the plasma level of antidiuretic hormone via the

V2 endothelial receptor, which leads to vWF release. b2-

adrenergic receptors are activated by catecholamine via the

sympathetic nervous system. The RAAS is also promoted

during standing, which activates the coagulation and

fibrinolysis pathways by predominantly increasing the TF

and plasminogen activator inhibitor 1 plasma levels [6].

Adrenocorticotropic hormone (ACTH) and cortisol are also

involved in this process, indicating a fully-engaged

hypothalamic–adrenal stress axis. Because ACTH activa-

tion leads to the production of adrenocortical hormones, the

hypercoagulable state may be associated with hypercorti-

solemia [12]. Given that these hormones play important

roles in regulating the coagulation system, they may be

major contributors to blood hypercoagulability. However,

although sex steroid hormones are known to affect

endothelial function, they appear to have a limited effect

on the endothelial response to orthostatic stress [22].

Further studies are needed to determine whether sex affects

susceptibility to OI.

Clinical Implications of Co-morbidity of OI
and Coagulation Abnormalities

Experiments suggest that orthostatic stress and syncope

lead to hypercoagulability. Kraemer et al. (2010) correlated

specifically orthostatic stress and the coagulation system

abnormalities demonstrated by elevated vWF and FVIII

activity, and Cvirn et al. (2017) found that orthostatic

challenge does not affect FVIII activity in healthy indi-

viduals. Furthermore, Hamrefors et al. (2017) supported

the idea that VVS was associated with less of an increase in

vWF:Ag than with other types of OI. In short, vWF and

FVIII may play critical roles in OI onset and OI may co-

morbid with coagulation abnormalities involving vWF.

vWF is a blood glycoprotein involved in hemostasis. It is

deficient or defective in von Willebrand disease and is

involved in many other diseases, including thrombotic

thrombocytopenic purpura, Heyde’s syndrome, and possi-

bly hemolytic-uremic syndrome [23]. Therefore, clinical

observations may feature co-morbidity of OI and coagu-

lation abnormalities.

A full understanding of the coagulation state is essential

to prevent thrombosis in patients with OI. Although

intravenous prophylactic rehydration with normal saline

results in hemodilution of all coagulation markers, it has a

limited effect in preventing orthostatic hypercoagulability

and reducing the risk of VVS [17]. Accordingly, the

current concept of fluid intake as a prophylactic interven-

tion or sympatholytic drugs for patients with relapse does

not seem sufficiently effective [1]. Considering the changes

in the coagulation system in OI patients, hypercoagulabil-

ity-targeting interventions, such as low-molecular-weight

heparin, merit further investigation.
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Furthermore, glucocorticoids have a significant effect on

retaining sodium and fluid and may help patients with

unexplained syncope [24]. However, plasma cortisol and

vWF levels are positively correlated [25]. Thus, glucocor-

ticoids may increase the burden of blood hypercoagulabil-

ity. As discussed above, vWF and FVIII may play

important roles in OI onset. The use of beta-blockers

reduces activation of the FVIII–vWF complex in plasma,

which may be a mechanism for improving the prognosis of

patients with syncope [26].

Moreover, even 1 year after a stroke, patients show

autonomic dysfunction during orthostatic challenge [19].

However, Li et al. (2016) found that vWF independently

predicts all-cause mortality for patients with minor stroke

or transient ischemic attack [27]. Thus, in OI, vWF may

play a role in the poor prognosis of these patients. The

dysfunctional autonomic changes associated with minor

stroke or transient ischemic attack may be a novel research

direction to help with selecting the thrombolytic interven-

tion and improving the selection of OI patients for

additional follow-up [28].

Conclusions

Abnormal coagulation is an important component of OI.

Recent studies have reported that orthostatic stress acti-

vates the coagulation system and leads to hypercoagula-

bility. During standing, increased pressure is generated in

the lower extremities and activates local regulation includ-

ing an increase in platelet count and Weibel-Palade bodies,

activation of the endothelial response, and activation of

Fig. 1 Changes in the coagulation system during orthostatic stress.

After standing, increased pressure is generated in the lower extrem-

ities, and this activates local and systemic regulation. The ellipses

represent the small molecules involved. Upward arrows represent

increased levels. ACTH, adrenocorticotropic hormone; vWF, von

Willebrand factor; TF, tissue factor; tPA, tissue plasminogen

activator; PAI-1, plasminogen activator inhibitor-1; NO, nitric oxide.
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systemic regulation including the RAAS and the sympa-

thetic nervous system.

This perspective illustrates that patients with OI show

abnormal coagulation in terms of vWF and FVIII during

the orthostatic state that leads to hypercoagulability, which

is absent in healthy individuals. Therefore, clinical obser-

vations may feature co-morbidity of OI and coagulation

abnormalities. Further studies of the mechanisms of this

comorbidity may provide a significant breakthrough in the

pathogenesis of OI and its clinical significance.
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