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ABSTRACT

Background: Cerebral hypoperfusion before syncope has been shown in patients with chronic orthostatic intolerance (OI) 
without tachycardia, but it is unknown if an initial decrease of cerebral blood flow velocity (CBFv) could be related to the va-
sovagal response (VVR) to head-up tilt test (HUTT). Objective: The objective of the study was to compare cardiovascular, 
cerebrovascular, and autonomic variables during HUTT in OI patients with or without a VVR. Methods: We included 74 subjects 
(58% female, mean age 33 ± 12 years) who underwent a 30-min HUTT and were divided into three groups: OI with VVR 
positive (VVR+), OI without VVR negative (VVR−), and asymptomatic healthy subjects with negative HUTT (control group). 
Cardiovascular, cerebrovascular, and autonomic variables were assessed beat-to-beat during HUTT with a Task Force monitor 
and a trans-cranial Doppler. Mean values were evaluated at baseline and throughout the first 10 min of tilting. Results: Car-
diovascular variables were similar in the three groups. Systolic, diastolic, and mean CBFv were similar in VVR+ and VVR−, but 
both groups had lower CBFv than the control group. Systolic and diastolic CBFv decreased from baseline since min 1 in VVR+ 
and VVR− and since min 5 in the control group. The mean CBFv had a significant decrease since min 1 compared to baseline 
in all groups. Spectral indices of heart rate and blood pressure variability showed a similar autonomic response to HUTT in all 
groups. Conclusion: Patients with chronic OI without tachycardia have early postural cerebral hypoperfusion, regardless of the 
VVR during HUTT. (REV INVEST CLIN. 2021;73(6):388-98)
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INTRODUCTION

Chronic orthostatic intolerance (OI), a heterogeneous 
entity associated with the alteration of adaptive 
mechanisms during the orthostatic challenge, is man-
ifested by the instability of blood pressure (BP) and 
heart rate (HR) when adopting the upright position. 
OI is characterized by symptoms such as dizziness, 
weakness, nausea, headache, palpitations, sweating, 
presyncope, or syncope, which are improved or re-
solved by lying down1,2. In most patients with OI, the 
disorder is mild and improves over time, but some of 
them have more severe symptoms that could be dis-
abling3,4. 

OI involves a sympathetic dysfunction because the 
autonomic nervous system regulation fails to maintain 
an adequate increase in HR, cardiac contractility, and 
peripheral vasoconstriction. Therefore, during upright 
posture, the gravitational pooling of blood in the low-
er body induces an excessive BP fall with a decrease 
of cardiac output (CO) and cerebral perfusion3-5.

Head-up tilt test (HUTT) permits to identify different 
types of OI according to hemodynamic cardiovascular, 
cerebrovascular, and autonomic responses1. Accord-
ing to an international consensus statement6, pos-
tural tachycardia syndrome (POTS) is characterized 
by a sustained HR increment ≥ 30 beats/min within 
10 min of standing or head-up tilt in the absence of 
orthostatic hypotension. The standing HR for all sub-
jects is often ≥ 120 beats/min. This condition is dif-
ferent from the classical reflex syncope in which there 
is a relatively sudden change in autonomic nervous 
system activity leading to a fall in BP, HR, and cerebral 
perfusion. Chronic OI without tachycardia is a distinct 
entity that shares many features with POTS without 
the excess upright tachycardia, with milder dysauto-
nomia7.

Orthostatic cerebral hypoperfusion syndrome (OCHOs) 
was defined as symptomatic reduction in the cerebral 
blood flow velocity (CBFv) during the first 10 min of 
HUTT, without significant changes in HR, BP, and re-
spiratory pattern8. Cerebral hypoperfusion has been 
observed during HUTT in adult patients with OI leading 
to reflex syncope9.

Syncope is the transient loss of consciousness and 
postural tone secondary to cardiovascular collapse 

and generalized cerebral hypoperfusion due to sym-
pathetic efferent activity withdrawal1,10,11. Although 
the autonomic nervous system dysregulation pre-
cedes syncope in patients with OI, fainting is infre-
quently observed during HUTT3,12,13.

Continuous BP recordings during an orthostatic chal-
lenge allow dividing the sequence of hemodynamic 
events leading to vasovagal response (VVR) (presyn-
cope/syncope) into four phases14. Phase 1, early sta-
bilization of CO and mean blood pressure (mBP), is 
almost complete within 2-3 min after tilting, due to 
an increase of HR and/or systemic vascular resistance 
(SVR) resulting from increased efferent sympathetic 
activity. Phase 2 is characterized by circulatory insta-
bility with increased BP variability with or without a 
progressive fall in SVR, CO, or both. After a variable 
time-interval, Phase 3, manifested by terminal hypo-
tension and syncope, may occur. This phase is not 
necessarily observed in all patients with OI. Cerebral 
hypoperfusion (e.g., dizziness, confusion, blurred vi-
sion, and presyncope/syncope) always occurs when 
the cerebral autoregulation fails to compensate for 
the BP fall9,14. However, during Phase 2, early cerebral 
hypoperfusion has been observed in some patients 
with OI, independently of BP, HR, and respiratory 
changes8.

To the best of our knowledge, it has not been deter-
mined if the early cerebral hypoperfusion observed in 
some patients with chronic OI without tachycardia is 
related to the final circulatory collapse (VVR) leading 
to reflex syncope. Therefore, the purpose of this 
study was to compare cardiovascular, cerebrovascu-
lar, and autonomic variables during the first 10 min 
of tilting in chronic OI patients with or without a VVR 
(presyncope/syncope with hypotension, with or with-
out bradycardia)15. We hypothesized that those with 
a VVR have a greater cerebral hypoperfusion and 
higher sympathetic activity during Phase 2 compared 
to those without VVR.

METHODS

Subjects

Participants were selected from the database of the 
Department of Cardiovascular Dysautonomia at the 
National Institute of Cardiology in Mexico (Instituto 
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Nacional de Cardiología Ignacio Chávez). The data-
base comprises 370 subjects who underwent a drug-
free HUTT. All were screened with a medical history 
and 12-lead electrocardiogram to exclude those with 
cardiac, neurologic, or metabolic causes of syncope. 
We selected 49 patients with suspected OI and or-
thostatic symptoms during HUTT, similar to the 
symptoms they had for at least 1 year before the 
study (Fig. 1). All of them had a previous history of 
symptoms during standing (lightheadedness, palpita-
tions, tiredness, weakness, diminished concentration, 
tremulousness, nausea, visual changes, discomfort in 
head or neck, throbbing of the head, anxiety, chest 
discomfort, dyspnea, presyncope, or syncope), re-
lieved by lying down. Patients with POTS, orthostatic 
hypotension, orthostatic hypertension, and HUTT 
without symptoms were excluded from the study. 
Subjects unable to complete at least 10 min of HUTT 
for any reason (including syncope), with evidence of 
hyperventilation (postural hyperpnea), or with arti-
facts during HUTT were eliminated. Patients were 
categorized in two groups: (1) with a VVR positive 

(VVR+, n = 24), and (2) without VVR negative (VVR−, 
n = 25). The VVR in VVR+ occurred at 19.3 ± 7.0 min 
after tilting, with Type 1 (mixed response, i.e., hypo-
tension with bradycardia) observed in 13 (54%) pa-
tients and Type 3 (vasodepressor response, i.e., hy-
potension only) in 11 (46%) patients15.

Twenty-five asymptomatic healthy subjects (recruit-
ed in a previous study from a sample of volunteer 
medical students and hospital staff) with negative 
HUTT16 served as a control group. All subjects gave 
their informed consent for inclusion before participat-
ing in the study. The study was conducted in accor-
dance with the Declaration of Helsinki, and the pro-
tocol was approved by the Research and Ethics 
Committee of the National Cardiology Institute Igna-
cio Chávez (protocol number 18-1052).

HUTT protocol

All subjects were instructed to discontinue caffeine, 
alcohol, and tobacco use, and medications with 

Figure 1. Flow chart of patients’ selection.
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cardiovascular/autonomic effects 48 h before the 
study, and the daily intakes of water and salt were 
not restrained. All tilt tests were performed between 
8:00 am and 10:00 am after an overnight fast. After 
30 min of supine resting, baseline characteristics were 
assessed during the last 5 min in the supine position. 
Thereafter, subjects were tilted to a 70° upright posi-
tion. HUTT was interrupted when a VVR was elicited 
with a fall in systolic BP (sBP) below 80 mmHg, or 
after 30 min of tilting.

BP was recorded continuously using finger arterial 
plethysmography, and periodically calibrated to bra-
chial artery pressure with an oscillometer in the con-
tralateral arm (Task Force Monitor, TFM: CNSystems, 
Graz, Austria)17. Hemodynamic variables were deter-
mined with thoracic bioimpedance cardiography. The 
variables of interest were obtained on a beat-to-beat 
basis: mean HR, mBP, sBP, diastolic BP (dBP), stroke 
index (SI), cardiac index (CI), and total peripheral 
resistance index (TPRI). The autonomic modulation 
was obtained by estimation of the power spectral 
density of HR and dBP variability with an autoregres-
sive method. Artifacts and ectopic activity were 
eliminated. The absolute powers in the low-frequen-
cy band (0.04-0.15 Hz) and high-frequency band 
(0.15-0.4 Hz) were calculated in normalized units18. 
Indexes within the low-frequency band are indicators 
of sympathetic efferent traffic to the heart (LF), or 
the peripheral arteries (LFdBP), while the high-fre-
quency index (HF) represents parasympathetic traf-
fic to the heart. The ratio LF/HF, considered as an 
indicator of sympathovagal, was also obtained.

The CBFv was continuously measured throughout the 
HUTT with a transcranial Doppler ultrasound (EZ-
Dop; DWL, Electronics, Sipplingen, Germany). Through 
a temporal bone window, the left middle cerebral ar-
tery was insonated with a 2 MHz probe. Beat-to-beat 
measurements were obtained of the following vari-
ables: systolic CBFv (sCBFv), diastolic CBFv (dCBFv), 
mean CBFv (mCBFv), and cerebrovascular resistance 
(CVR). The CVR was defined as mBP/mCBF. The ce-
rebral blood flow category was determined by the 
mCBFv velocity according to Novak19.

All variables were averaged within the following time 
intervals: last 5 min of supine resting (baseline), 1st 
min after tilting (min 1), from min 2 to 6 after tilting 
(min 5), and from min 6 to 11 after tilting (min 10).

Statistical analysis

A Kolmogorov–Smirnov test was applied to all con-
tinuous variables to verify if they had a normal distri-
bution; only two variables required a logarithmic 
transformation. Results are presented as mean and 
standard deviation or as mean and 95% confidence 
intervals. Categorical variables are shown as absolute 
frequency and percentage. Age and body mass index 
was compared between groups by one-way ANOVA. 
All other continuous variables were compared with 
ANOVA for repeated measures to make comparisons 
between the three groups (controls, VVR+, and VVR−) 
and within the four periods of time measurements 
(baseline, 1, 5, and 10 min of tilt). The p-values of the 
post hoc analyses were adjusted by the Bonferroni 
method. p ≤ 0.05 was considered statistically signifi-
cant. All the analyses were performed with the pro-
gram SPSS version 21.0 (IBM Statistics, Armonk N.Y).

RESULTS

The three studied groups had similar age and body 
mass index, with fewer women in the control group 
(Table 1).

Cardiovascular hemodynamics

Figure 2 shows the mean values of BP and HR. At 
baseline, sBP was lower in the VVR+ group (108.6 ± 
11.8 mmHg) compared to the control group (117.4 
± 11.3 mmHg), p = 0.032. On tilting, sBP, dBP, mBP, 
and HR increased in all groups and remained higher 
than baseline. At 10 min of tilting, VVR+ patients had 
lower sBP, dBP, and mBP compared to the other two 
groups. 

At baseline, CI, SI, and TPRI were similar in all groups 
(Fig. 3). After tilting, SI decreased, and TPRI increased 
in all groups, while the CI decreased after 5 min of tilt 
only in the control and VVR-groups.

Cerebrovascular hemodynamics

Since baseline and throughout the tilting, sCBFv and 
dCBFv were lower in VVR− and VVR+ than in the con-
trol group (Fig. 4). As for mCBFv during baseline, it 
was lower only in VVR+ compared to control. Since 
min 1 of tilting, mCBFv was lower than control in both 
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VVR− and VVR+. Conversely, at baseline CVR was 
similar in groups, and after tilting, it increased in all 
groups, being higher in VVR− and VVR+ compared to 
the control group.

Table 1 shows the percentage of change in mCBFv 
during the tilt test as compared to baseline in each 
group. The mCBFv dropped from baseline in VVR− and 
VVR + since min 1 of tilting, while in the control 
groups, the fall started later at min 5. Compared to 
controls, VVR+ had a greater drop in mCBFv since the 
min 1 of tilting, while the decrease in the VVR− group 
was greater only at the min 5 of tilting. The fall of 
mCBFv throughout the tilt was similar in VVR− and 
VVR+ patients.

The cerebral blood flow response to tilt was evalu-
ated according to the OCHOs severity scale. The re-
sponse in the control group was normal in 12 (48%) 
and mild to severe in 13 (53%) subjects. In the VVR−, 
the response was normal in only 4 (16%) and mild to 
severe in 21 (84%) patients, while the VVR+ had only 
2 (8%) patients with normal response and 15 (92%) 
patients with mild to severe OCHOs, (p = 0.002).

Autonomic variables

Figure 5 shows that all autonomic variables were sim-
ilar between groups during the tilt test. LF increased, 
and HF decreased since min 5 in the VVR+ group, and 

since min 10 in the three groups. The LF/HF increased 
versus baseline values since min 5 of tilting in all 
groups. LFdBP increased compared to baseline values 
at min 10 in the three groups. 

DISCUSSION

The main findings of the present study are the follow-
ing: (i) in patients with chronic OI without tachycardia, 
there are important changes in the cerebral hemody-
namics consisting of significant reduction of CBFv 
observed since the baseline in supine position, which 
remained lower than in healthy controls during the 
first 10 min of HUTT; and (ii) this cerebral hypoperfu-
sion is independent of the VVR observed during the 
tilt test in some patients with chronic OI. These find-
ings agree with those reported by Novak et al. (2018), 
who described a distinct form of OI without tachycar-
dia in patients with hypocapnic cerebral hypoperfu-
sion during HUTT20. 

Our study included patients with OI without tachycar-
dia, one form of chronic OI not widely recognized, 
which has clinical and pathophysiological features 
similar to POTS7. Reduced CBFv with orthostasis pre-
cedes hypocapnic hyperpnea and sympathetic activa-
tion in POTS patients during orthostatic challenge21. 
It has been shown than in young, normocapnic POTS 
subjects, CBFv drops by 19.5% compared with only 

Table 1. Patient’s characteristics and percentage of change of mean cerebral blood flow velocity (mCBFv) evaluated during 
HUTT. Results are reported as mean ± standard deviation or absolute value (percentage)

Variables Groups 

Control
(n = 25)

VVR (−)
(n = 25)

VVR (+)
(n = 24)

Age (years) 33 ± 11 33 ± 14 31 ± 12

Women, n (%) 8 (32%) 18 (72%)& 17 (70.8%)&

Body Mass Index (kg/m2) 25.5 ± 3 23.9 ± 4 24.3 ± 4

Percentage of mCBFv change from baseline

1 min −4.4 ± 5.2 −11.2 ± 9.9* −13.4 ± 14.7*,&

5 min −11.3 ± 8.7* −22.0 ± 17.2*,& −21.7 ± 14.9*,&

10 min −16.5 ± 11.2* −25.1 ± 13.5* −31.2 ± 19.1*,&

*p < 0.05 versus baseline (within same group).
&p < 0.05 versus control.
VVR (−): Vasovagal response negative.
VVR (+): Vasovagal response positive.



393

J.A. González-Hermosillo, et al.: CEREBRAL HYPOPERFUSION DURING HUTT

10.3% in healthy controls during HUTT. A decrease 
in the perfusion of the brain may explain the symp-
toms of lightheadedness, dizziness, and mental con-
fusion that are common in POTS patients. Our group22 
and others23 have observed that increased oscillations 
in arterial pressure were evident in POTS patients dur-
ing tilt and appeared to synchronize with increased 
oscillations in CBFv, which could be related to ineffi-
cient autoregulation and increased sympathetic activ-
ity. Nevertheless, the sympathetic-mediated cerebral 

vasoconstriction is controversial: while some studies 
have found little sympathetic vascular control in the 
brain24, others have found a large sympathetic contri-
bution to cerebral blood flow regulation in humans 
and mammals25.

Bondar et al. stated that a sympathetic-mediated ce-
rebral vasoconstriction could shift the autoregulatory 
curve to the right26. Thus, autoregulation would be 
efficient at high BP but inefficient at lower BP. If this 

Figure 2. Hemodynamic variables measured during the orthostatic challenge in the studied groups (Control, VVR−: vasovagal 
response negative; and VVR+: vasovagal response positive). sBP: systolic blood pressure; dBP: diastolic blood pressure; mBP: 
mean blood pressure; HR: heart rate. These values are reported as mean with 95% confidence intervals.
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occurred, the decrease in BP seen in POTS subjects 
during tilt would not be autoregulated, and CBFV 
would decrease with the decrease in mBP. Ocon et 
al.23 reported that normocapnic patients with POTS 
have decreased upright cerebral blood flow and cere-
bral autoregulation during an orthostatic challenge. 
We believe that the postural reduction in CBFv could 
be attributed, at least in part, to cerebral vasocon-
striction related to an increase in the baroreflex-in-
duced sympathetic outflow to the cerebral circulation. 
However, in this study, sympathetic nerve function 
was assessed using only spectral measures of both 
HR and BP variability’s, which did not show higher 
sympathetic activity during the orthostatic challenge 
in subjects with OI without tachycardia as compared 
to healthy controls. Moreover, we failed to show that 

those with a VVR had greater cerebral hypoperfusion 
and higher sympathetic activity during Phase 2 of 
HUTT, compared to those without VVR. 

The cerebral hypoperfusion in our patients with 
chronic OI without tachycardia could not be explained 
by an exaggerated initial central hypovolemia21, since 
they did not show an important fall in SI (i.e., central 
hypovolemia). Nevertheless, the group of patients 
with VVR (VVR+) exhibited lower sBP at baseline, and 
significantly lower sBP, dBP, and mBP at 10 min of 
tilting, which may represent an impaired peripheral 
vasoconstriction.

OCHOs are a condition associated with orthostatic 
hypoperfusion. Patients with OCHOs have stable 

Figure 3. Hemodynamic variables measured during the orthostatic challenge in the studied groups (Control, VVR−: vasovagal 
response negative; and VVR+: vasovagal response positive). CI: cardiac index; SI: stroke index; TPRI: total peripheral resistance 
index. These values are reported as mean with 95% confidence intervals. 
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orthostatic BP, HR, and respiratory pattern (normo-
capnia), and they still have reduced orthostatic 
CBFv8. The reduction of CBFv was enough to induce 
symptoms of cerebral hypoperfusion in 25% of our 
young patients with OI without tachycardia, similar 
to that reported previously by Novak et al.8,27 in 
older patients with OCHO without orthostatic hypo-
tension (20%), and by Ocon et al. in POTS (19.5%)23. 
Our study suggests that OI without tachycardia is 
also associated with cerebral hypoperfusion and 

vasoconstriction. POTS and OI without tachycardia 
have similar OI symptoms, comparable orthostatic 
decline in CBFv, and are of similar age and gender20.

An autoimmune basis for POTS has been described28. 
These observations have led investigators to seek for 
autoantibodies that might play a role in the pathogen-
esis of OI. Vernino et al. found ganglionic-receptor-
binding antibodies in 7% of patients with POTS and 
none in healthy controls29. Adrenergic antibodies (α1, 

Figure 4. Changes in cerebrovascular variables of each group according to the responses during the orthostatic challenge. 
(Control, VVR−: vasovagal response negative; and VVR+: vasovagal response positive). sCBFv: systolic cerebral blood flow veloc-
ity; dCBFv: diastolic cerebral blood flow velocity; mCBFv: mean cerebral blood flow velocity; CVR: cerebrovascular resistance. 
These values are reported as mean with 95% confidence intervals.
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β1, and β2) have been also found in patients with OI 
syndromes which would lead to a hyperadrenergic state 
and play a role in these disorders pathophysiology30. 
Fedorowski et al.31 demonstrated that serum from 
subjects with POTS contains autoantibodies, some 
with a direct stimulatory effect on adrenergic recep-
tors. A majority also exerted an allosterically mediated 
positive modulatory effect upon β1AR and a negative 
modulatory effect on α1AR activity, which may explain 
different constellations of symptoms in POTS.

The study has some limitations; it was retrospective 
where the diagnostic criteria were applied to already 
acquired data. Therefore, gender distribution in the 
control group was different than in the vasovagal 
positive and negative groups, as there were only 32% 
women compared to 67% and 61% in both OI groups. 
It is well known that orthostatic tolerance is greater 
in men than in women32, which makes difficult to 
recruit young asymptomatic healthy women for the 
control group. Further studies are required to show 

Figure 5. Changes in autonomic variables of each group according to the responses during the orthostatic challenge. (Control, 
VVR−: vasovagal response negative; and VVR+: vasovagal response positive). LF: low-frequency of heart rate fluctuations in 
normalized units; LFdBP: low-frequency of diastolic blood pressure fluctuations in normalized units; HF: high-frequency of heart 
rate fluctuations in normalized units. These values are reported as mean with 95% confidence intervals.
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whether early cerebral hypoperfusion during ortho-
stasis is more prevalent in women.

Hypocapnia is well known to affect CBFv. In this study, 
we attempted to control for this factor by only using 
OI patients and control subjects who did not exhibit 
altered respiratory patterns during tilt. Moreover, elu-
cidating the involvement of hypocapnia in the cerebral 
blood flow autoregulation of OI patients was beyond 
the scope of the present work. Although the assess-
ment of the autonomic regulation was based on spec-
tral indexes of HR and BP variability’s according to the 
international recommendations18, such indirect meth-
od may be less sensitive than direct methods (such 
as microneurography) to elucidate the mechanisms of 
autonomic regulation in response to tilt33. The cere-
bral blood flow was assessed indirectly using CBFv. 
Transcranial Doppler measures CBFv instead of blood 
flow34.

OI represents an important health problem and re-
mains poorly understood. The main significance of 
these results is the insight that they provide into the 
events occurring during orthostatic stress, particu-
larly on the changes in CBFv in the period leading up 
to presyncope/syncope. 

The symptoms in patients with chronic OI without 
tachycardia may be explained by early postural cere-
bral hypoperfusion without orthostatic hypotension. 
Its mechanism is unknown but seems to be due to 
sympathetic activation alone or combined with hypo-
capnia. OCHOs are independent of the VVR mani-
fested in some patients by syncope/presyncope. The 
time lag between the onset of the VVR and the pre-
monitory symptoms excludes the hypothesis that 
the VVR is dependent on abnormal cerebral hemody-
namics.

In conclusion, chronic OI mechanisms are poorly un-
derstood. Many patients with OI without tachycardia 
remain undiagnosed by the tilt test if the CBFv are not 
measured. Patients with chronic OI without tachycar-
dia have early postural cerebral hypoperfusion. This 
early postural cerebral hypoperfusion is not related to 
the final hypotensive response. Then, the question 
arises whether POTS, OI with VVR+ and VVR− repre-
sent different diagnostic entities, or they represent a 
spectrum of the same disorder of OI. Identification 
and treatment of these patients are important, with 

interventions that could improve their cerebral hemo-
dynamics, and the treatment focused on improving 
symptoms during orthostasis and not only to prevent 
syncope.
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