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Abstract

Background: Standard autonomic testing includes a 10-min head-up tilt table test (HUTT) to
detect orthostatic hypotension (OH). Although this test can detect delayed OH (dOH) between 3
and 10 min of standing, it cannot detect late-onset dOH after 10 min of standing.

Methods: To determine whether Valsalva maneuver (VM) responses can identify patients who
would require prolonged HUTT to diagnose late-onset dOH, patients with immediate OH (iOH:
onset < 3 min; n=176), early-onset dOH (edOH: onset between 3-10 min; 7= 68), and late-onset
dOH (IdOH: onset >10 min; n= 32) were retrospectively compared to controls (CON, n= 114)
with normal HUTT and CASS (composite autonomic scoring scale) score of 0.

Results: Changes in baseline systolic blood pressure at late phase 2 (ASBPym2), heart rate at
phase 3 (AHRym3), and Valsalva ratio were lower, and pressure recovery time (PRT) at phase 4
was longer in late-onset dOH patients than in CON. Differences in PRT and AHR\/\3 remained
significant after correcting for age. A PRT = 2.14 s and AHRy3 < 15 bpm distinguished
late-onset dOH from age- and sex-matched controls. Patients with longer PRT (relative risk ratio
(RR) =2.189 [1.579-3.036]) and lower AHRy/\3 (RR = 0.897 [0.847-0.951]) were more likely to
have late-onset dOH. Patients with longer PRT (RR = 1.075 [1.012-1.133]) were more likely to
have early-onset dOH than late-onset dOH.

Conclusions: Long PRT and short AHRy,\3 can help to identify patients who require prolonged
HUTT to diagnose late-onset dOH.

Graphical Abstract

Valsalva Maneuver Screening to detect late-onset dOH

\f: -

Valgalva maneuver examples
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INTRODUCTION

Delayed orthostatic hypotension (dOH) is defined as a decrease in blood pressure that meets
the OH criteria (i.e., systolic blood pressure (SBP) of at least 20 mmHg or diastolic blood
pressure (DBP) of 10 mmHg) after 3 min of standing or at least 60° in a head-up tilt table
test (HUTT).12 The difference in the definition of orthostatic hypotension (OH) and dOH is
only the timing of the first drop in orthostatic blood pressure (BP).

The prevalence of dOH in the general population remains unclear. However, dOH makes

up for approximately 20-45% of all individuals with OH.3-10 dOH can be seen in patients
with milder forms of OH, neurodegenerative autonomic disease, or incomplete autonomic
dysfunction.*11.12 The presence of dOH has been associated with both parasympathetic and
sympathetic adrenergic impairments, although its severity is generally milder than that of
classical OH.12 Although an exaggerated orthostatic norepinephrine response is observed in
patients with dOH, it is rarely observed in classic OH, suggesting that dOH is a milder form
of autonomic dysfunction than immediate OH.2 A long-term follow-up study suggested that
54% of individuals with dOH progressed to classic OH, and 31% developed a clinically
diagnosed alpha-synucleinopathy, including Parkinson’s disease (PD), multiple systemic
atrophy (MSA), and dementia with Lewy bodies (DLB).>

The diagnosis of patients with dOH can be missed by routine autonomic testing, which

may delay treatment. In clinical practice, orthostatic vitals, if performed at all, are often
measured 1 and 3 min after standing; hence, the definition of dOH is based on a drop

in blood pressure beyond 3 min. Although standard autonomic function tests (AFTS) that
include 10 min of HUTT can detect “early”-onset dOH (onset between 3—-10 min), they

may miss patients with “late”-onset dOH (occurring =10 min of standing).13-14 Diagnosing
late-onset dOH requires a prolonged HUTT, which is not practical for all patients. Therefore,
it would be beneficial for both patients and clinicians to have a clinical tool to select patients
who are candidates for prolonged HUTT. Autonomic responses to the VM have been shown
to provide valuable information about autonomic function based on their metrics, reflecting
both sympathetic and parasympathetic functions with a lesser burden than HUTT.15-20 we
hypothesized that the VM results may provide useful information for clinicians to detect
which patients should undergo prolonged HUTT. To test this hypothesis, we performed a
retrospective comprehensive analysis and detailed assessment of the VM parameters and
HUTT results using a relatively large dataset of patients and controls.

METHODS

The data that support the findings of this study are available from the corresponding author
on reasonable request.

Study Design and Classification of the Patient Group

This study included 2,498 patients who completed AFTs in a university-affiliated hospital
between March 2016 and May 2022. The collected data included age, sex, body mass index
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(BMI), current chronic disease status (hypertension (HTN), diabetes mellitus (DM), PD,
MSA, and DLB), and medication at the time of AFTs.

Patients older than 19 years who were diagnosed with OH based on the consensus criterial
were included. OH was subcategorized as immediate OH (onset < 3 min), early-onset
dOH (onset between 3—-10 min), and late-onset dOH (onset after 10 min). Patients taking
antihypotensive medications (e.g., midodrine) before testing were excluded. Patients with
a composite autonomic scoring scale (CASS) score of 0 and a normal autonomic function
test were included in the control group (CON). Patients with normal HUTT results but
CASS scores > 0 were excluded from the analysis. This study was approved by the
Institutional Review Board (IRB) of the Korea University Anam Hospital, Seoul, Korea
(IRB n0.2021AN0591). The requirement for informed consent was waived.

Valsalva Maneuver and Definition of Parameters

VM was performed at a consistent room temperature in a quiet and dimly lit environment

by following the guidelines from the consensus statement of the European Federation of
Autonomic Societies, endorsed by the American Autonomic Society and the European
Academy of Neurology.21-25 Patients were instructed to fast for at least 2 h before the test
and avoid caffeine and smoking on the test day. Continuous BP monitoring was performed
using a finger cuff recording system (Finometer®: FMS, Amsterdam, Netherlands). Patients
were required to blow and maintain an exhale pressure of at least 40 mmHg for 15 s,

and at least three repeated reproducible measurements were recorded after a practice run.
Baseline BP and heart rate (HR) were recorded for at least 5 min before VM initiation. After
forced exhalation, patients were asked to remain calm in a supine position until their BP
returned to the baseline value. The VM results were divided into four phases (Figure 1), as
described previously.17:2122.24.26.27 | prief, phase 1 is the start of the VM (onset of strain),
and the duration reflects the increase in intrathoracic pressure. Early phase 2 reflects the
decreased venous return to the heart, which causes an eventual drop in BP and the activation
of baroreceptors in the aortic arch and carotid sinus. BP and HR start to increase and BP
returns to baseline during late phase 2 via vagal withdrawal and increased sympathetic
nervous activity. An abrupt and transient decrease in BP is observed in phase 3 due to strain
release. Lastly, phase 4 is the overshoot period, in which BP and HR return to baseline and
climb even higher due to continuous sympathetic nervous activity. This, in turn, activates the
baroreflex, and finally BP and HR return to baseline.

Valsalva metrics include parameters that assess adrenergic function, such as pressure
recovery time (PRT, s), adrenergic baroreflex sensitivity (BRSa, mmHg/s), changes from
baseline SBP, DBP, and mean BP (MBP) at late phase 2 (ASBPy/\12, ADBPy/\2, and
AMBPy\\12), and parameters that assess cardiovascular functions, such as vagal baroreflex
sensitivity (BRSv, ms/mmHg), Valsalva ratio (VR), and AHRy/p3.

PRT is the time required for the SBP to recover from the nadir SBP of phase 3 and

reach baseline levels during phase 4, and is an indicator of the severity of sympathetic
impairment.2! BRSa was defined as the decrease in SBP between the baseline and the nadir
SBP of phase 3 divided by the PRT. ABPy/\2 is the BP at the end of phase 2 — baseline

BP. BRSv was defined as the regression curve slope between the RR interval expressed
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in milliseconds and the SBP values during early phase 2 and was automatically calculated
using the Testwork 3 program (WR Medical Electronics Company, Stillwater, MN, USA).
VR was defined as the maximum HR in phase 2 divided by the lowest HR in phase 4.
AHR\/\3 is the HR difference between baseline and phase 3, reflecting the capacity to
mount a compensatory HR increase in response to the decrease in BP triggered in phase 2.

Head-up Tilt Table Test

The environmental setting was identical to that in VM.13:23.24.28 A 70° HUTT was
performed using a Finometer recording system. A finger cuff was placed on the middle
finger and a sphygmomanometer cuff was placed over the brachial artery. BP and HR were
continuously measured using the finger cuff and automatically at 1-min intervals using the
sphygmomanometer cuff. Patients were asked to rest calmly for at least 5 min in the supine
position before tilting, and baseline BP and HR were recorded during this period. The tilt
rate was approximately 5°/s and the tilt duration was at least 10 min. The test was stopped
early if the patient could not tolerate symptoms of orthostatic intolerance. The tilt was
extended for up to 30 min if the patient complained of definite orthostatic symptoms before
HUTT, without evidence of an orthostatic BP fall within 10 min of HUTT. The resting-state
BP was measured 10 min after returning the table to the supine position. Baseline SBP,
DPB, nadir SBP, DBP, time of diagnosis of dOH or OH (the time when 20 mmHg of systolic
or 10 mmHg of diastolic BP drop was first observed during the HUTT), and the degrees of
maximal SBP and DBP drop obtained from the HUTT were included in the final dataset.

Statistical Analysis

All data are expressed as mean + standard deviation unless otherwise indicated. Statistical
significance was set at P < 0.05. Shapiro—Wilk and Durbin—Watson tests were performed

to confirm the assumptions of normality and independence. Group comparisons were
performed using analysis of variance (ANOVA) or the Kruskal-Wallis test, followed by
Tukey’s or Bonferroni’s post hoc analysis. The comparison between the two groups (age-
and sex-matched) was performed using a Student’s #test or Mann—Whitney test. A chi-
square analysis was performed for categorical variables. To compare the CON and late-onset
dOH groups, patients were randomly matched in a 1:1 ratio using a propensity score
matching strategy to minimize the effects of age and sex.29:30 The frequency distribution
and cumulative frequency distribution of the time of diagnosis of late-onset dOH, early-
onset dOH, and OH were calculated. Receiver operating characteristic (ROC) curves were
calculated to differentiate the two groups based on the sensitivity and specificity of the
Valsalva metrics. Subsequently, the following comparisons with age- and sex-matched
control groups were performed: CON (reference) vs. late-onset dOH and late-onset dOH
(reference) vs. early-onset dOH. The area under the curve (AUC), standard error (SE),

95% confidence interval (95% ClI), and cutoff values were calculated. The optimum cutoff
values from the ROC curves were obtained by applying the Youden index.3! Univariable
and multivariable logistic regressions were performed to determine the association and RR
between Valsalva metrics and analysis groups (CON, late-onset dOH, and early-onset dOH).
The variables used for both ROC and logistic regression analyses were selected based on the
results of ANOVA and age- and sex-matched comparisons.
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Linear regression analysis was conducted to determine the association between the degree of
drop in BP and Valsalva metrics (PRT, ASBPy/p2, ADBPy\2, AMBPy\2, BRSa, BRSv, VR,
and AHR\y\3), and to determine the association between the time of diagnosis of dOH and
OH with Valsalva metrics. Statistical analyses were performed using SAS statistical software
package version 9.4. (SAS Institute, Cary, NC, United States).

Patient Characteristics

A total of 390 patients who met the inclusion criteria were included in the statistical analysis
(r, CON = 114, late-onset dOH = 32, early-onset dOH = 68, and immediate OH = 176)
(Figure S1). Demographic characteristics of the study groups are presented in Table 1.

The mean ages of the late-onset dOH (61.4 + 16.9), early-onset dOH (70.4 + 11.6), and
immediate OH groups (69.4 + 11.4) were higher than that of the CON group (45.0 +

17.9). Only the immediate OH group showed a predominance of women. There was no
difference in BMI between the groups. The prevalence of HTN and DM was the highest

in the immediate OH group (HTN, 42.6%; DM, 35.2%). Comorbid synucleinopathy (e.g.,
PD, MSA) was more likely to be present with early-onset dOH (20.6%) and OH (20.5%)
compared to others.

Differences in Valsalva Metrics Among the Groups

Representative images of the VM in each patient group are shown in Figure 1. Statistically
significant differences were found between the groups in terms of the Valsalva metrics
(Figures 2 and S2). The Kruskal-Wallis test and Bonferroni’s post hoc analysis revealed that
PRT, ASBPym2, VR, and AHRy\3 Were different between the early-onset dOH, late-onset
dOH, and CON groups. PRT showed a gradual increase in the order of CON < late-onset
dOH < early-onset dOH, while ASBPy»2, VR, and AHRy/\3 decreased in the order of CON
> |ate-onset dOH > early-onset OH. Although ADBPyp2, AMBPy\2, BRSa, and BRSv
differed between the early-onset dOH and CON groups, they were not statistically different
between the late-onset dOH and CON groups. Statistically significant differences between
immediate OH and CON were found in all Valsalva metrics: 20.0 + 15.4 vs. 1.7 £ 0.7

s (PRT); =36.6 £ 22.9 vs. 3.4 + 12.2 mm Hg (ASBPy/2); 7.5 £ 8.0 v5. 16.0 £ 8.2 mm
Hg/msec (BRSa); 3.1 £ 2.5 vs. 5.2 £ 2.3 msec/mm Hg (BRSv); 1.2+ 0.2 5. 1.5+ 0.2

(VR); 11.2 £ 7.9 vs. 26.1 £ 8.3 bpm (AHRy\3). Statistically significant differences were
also observed between the immediate OH and late-onset dOH groups in all Valsalva metrics:
20.0+15.4 5. 5.9+ 9.4 s (PRT); =36.6 = 22.9 vs. -9.0 £ 23.7 mm Hg (ASBPy\2); 7.5 +
8.0 vs. 13.3 £ 8.9 mm Hg/msec (BRSa); 3.1 £ 2.5 vs. 4.8 £ 3.7 msec/mm Hg (BRSv); 1.2
+0.2 15 1.3+0.2(VR); 11.2£7.9 vs. 16.5 £ 9.1 bpm (AHRy\3). However, no significant
differences were found between the immediate and early-onset dOH groups (Table S1).

Comparisons of Valsalva Metrics between the Late-Onset dOH Group and Controls (age-
and sex-matched controls)

To avoid the possible confounding effects of age and sex,32-34 15 participants from the CON
and late-onset dOH groups were randomly matched by age and sex and then compared.
Only CON and patients with late-onset dOH were compared to determine differences in

Hypertension. Author manuscript; available in PMC 2024 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Park et al.

Page 7

Valsalva metrics between these groups to help identify patients who need prolonged HUTT.
The results showed significant differences between the CON and late-onset dOH groups in
both PRT and AHRy\s3; PRT was higher in the late-onset dOH group, whereas AHRy/p3
was lower (Figures 3 and S3).

Time of Diagnosis of the Early-Onset and Late-Onset dOH Groups in HUTT

The average time of overall dOH diagnosis was 10.6 min (median, 9 min; min, 4 min; max,
30 min, 95 percentile: 26 min, 99 percentile: 30 min; Figure S4). In particular, the average
diagnosis time was 6.9 min (median: 7 min, min: 4 min, max: 10 min, 95 percentile: 10 min,
99 percentile: 10 min) for the early-onset dOH group and 18.5 min (median: 18 min, min:
11 min, max: 30 min, 95 percentile: 30 min, 99 percentile: 30 min) for the late-onset dOH

group.

Sensitivity and Specificity of Valsalva Metrics Using ROC Curves

Based on the results of the comparisons, PRT and AHR\/\3 were selected as variables

for ROC curve calculations and logistic regression. The ROC curves showed that Valsalva
metrics, including PRT and AHRy\3, helped to predict the risk of late-onset dOH when
compared to those of the CON group (reference) in all subjects (all Ps < 0.05, AUCs:
0.696 [PRT], 0.765 [AHR\/\3]) and age- and sex-matched groups (all Ps < 0.05, AUCs:
0.713 [PRT] and 0.760 [AHR\/\m3]) (Table 2). This trend was also confirmed between the
early-onset dOH and CON groups, with higher AUC, sensitivity, and specificity (Table 2).

Logistic Regression Between Groups and Valsalva Metrics

PRT and AHRy\3 remained statistically significant in both univariable and multivariable
analyses (Table 3). A higher PRT and lower AHRy/\3 increased RR in both the early- and
late-onset dOH groups than in the CON (reference). The results of the multivariable logistic
regression analysis revealed that patients with longer PRT (RR = 2.189 [1.579-3.036]) and
lower AHRyp3 (RR = 0.897 [0.847-0.951]) were more likely to have late-onset dOH. The
results were similar between the CON and early-onset dOH groups; however, RR was higher
in PRT (RR = 2.355 [1.701-3.26]) and lower in AHRy3 (RR = 0.869 [0.823-0.917]).
Moreover, only PRT remained significant in distinguishing early-onset dOH from late-onset
dOH (reference) in multivariable logistic regression (RR = 1.075 [1.012-1.133]).

Valsalva Metrics and the Time of Diagnosis of OH in HUTT

We evaluated whether the time of diagnosis of late-onset dOH, early-onset dOH, and OH
was correlated with Valsalva metrics (Figure S5). Although the correlations were extremely
weak, a significant tendency for a decrease in PRT was observed as the time of diagnosis
increased, while ABPy\2, BRSa, BRSv, VR, and AHR\,\3 increased (all Ps < 0.05).

Valsalva Metrics and the Maximal Degree of BP Drop in HUTT

We further evaluated the association between the degree of maximal BP drop during

the HUTT and Valsalva metrics in all patients and explored whether there were trends
among the CON, late-onset dOH, early-onset dOH, and immediate OH groups. The analysis
revealed that PRT, ABPym2, BRSa, BRSy, VR, and AHRy\3 Were significantly correlated
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with the maximal magnitude of both SBP and DBP drop during the HUTT (all Ps <
0.001; Figures S6 and S7). Specifically, PRT increased as the maximal degree of BP drop
increased, while ABPy/\2, BRSa, BRSv, VR, and AHR\/\43 decreased.

DISCUSSION

Our results revealed significant differences in the Valsalva metrics between CON and
patients with late-onset dOH, both in adrenergic and cardiovagal indices, particularly in

PRT and AHRy\3 (Figure 2). These differences remained significant after correcting for age
and sex (Figure 3) and expanding the analysis to ROC analysis (Table 2) and multivariable
logistic regression (Table 3). Thus, these Valsalva metrics can help identify patients who
require prolonged HUTT for dOH diagnosis; however, this novel approach has not been
suggested previously.

The present results are consistent with our previous understanding of the pathophysiological
nature of dOH, which suggests that dOH is a milder or perhaps prodromal form of
autonomic failure. Furthermore, the subclassification of patients with dOH as early- and
late-onset dOH indicates that these forms represent a spectrum of diseases, with a gradual
increase in the severity of autonomic impairment from late- and early-onset dOH to
OH.4’9_12

The results of VM are reproducible and reliable, and its usefulness has been validated in
several studies,17:18:27.35 jncluding some in dOH.%12 Gibbons and Freeman reported that the
VM characteristics of dOH were diagnosable after 10 min of HUTT.12 dOH was associated
with a smaller fall in BP during phase 2 of the VM and had a greater phase 4 overshoot
compared to OH.12 The extent of the BP change in phases 2 and 4 of the VM correlated with
the time of the BP fall (i.e., time of diagnosis). Patients with earlier BP falls on the HUTT
had more severe BP falls during phase 2 of the VM and a reduced phase 4 overshoot. In
contrast, those with later falls in BP on HUTT were less likely to demonstrate sympathetic
adrenergic abnormalities in the VM. These findings suggest that dOH may be a mild or
early manifestation of sympathetic adrenergic failure, a finding reproduced in our study.
Additionally, our data included the CON group for comparison and more Valsalva metrics
such as PRT and AHR\/ 3, which were unique findings that are probably clinically useful.

We were able to distinguish between the CON, late-onset dOH, and early-onset dOH groups
based on Valsalva metrics, specifically in terms of PRT, ASBPy/\2, VR, and AHR\/3.

The differences in PRT and AHRy/ 3 remained significant after correcting for age and

sex. ROC curve analysis confirmed that PRT and AHRy\3 could distinguish between the
late-onset dOH and CON groups (AUC: PRT = 0.696, AHR\/\3 = 0.765; specificity: PRT

= 83.3%, AHR\/\3 = 88.6%). Specificity increased when the age-matched control groups
were compared (AUC: PRT = 0.713, AHRy3 = 0.760; specificity: PRT = 86.7%, AHRy/\m3
= 93.3%). Moreover, based on the ROC curve analysis, we were able to suggest the optimal
cutoff values of PRT (2.14 s) and AHR\/\3 (15 bpm), which may be beneficial for selecting
candidates for prolonged HUTT from the VM results. The suggestion of cutoff values may
be clinically helpful in selecting patients for prolonged HUTT to detect late-onset dOH.
These values would also help interpret the HUTT results when the magnitude of BP drop is
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near the borderline to satisfy the definition of OH (i.e., SBP 20 mmHg and DPB 10 mmHg),
and/or if the drop was incidentally observed with compensatory mechanisms. In such cases,
prolonged PRT and short AHR\/\3 can be helpful to clinicians in supporting a diagnosis.

Logistic regression analysis also confirmed that PRT and AHR\3 are valuable parameters
for screening for late-onset dOH. The RR for PRT was 2.497 in the univariate analysis and
2.189 in the multivariable analysis, while the values for AHR\/\;3 were 0.878 and 0.897,
respectively. In other words, patients with late-onset dOH tended to have delayed recovery
in BP during Valsalva release and a lower compensatory HR increase at the end of the

VM strain compared to the CON group. Similar trends were confirmed by comparing the
CON and early-onset dOH groups in both univariable and multivariable logistic regression
analyses. PRT, and not AHR\,\3, helped to distinguish between late-onset and early-onset
dOH; however, our ability to differentiate between patients with late-onset dOH and CON is
of greater clinical relevance (i.e., detecting candidates for prolonged HUTT).

We also evaluated whether there were associations between the Valsalva metrics and the
HUTT results (e.g., time of OH diagnosis and magnitude of maximal BP drop during
HUTT). As previously described,12 there were statistically significant associations between
the time of OH diagnosis (Figure S5) and the magnitude of BP drop (Figures S6 and

S7), as seen with the Valsalva metrics, including PRT, ABPy\2, BRSa, BRSy, VR, and
AHR\/\3. Relatively higher correlations between the Valsalva metrics were observed with
the magnitude of the BP drop. As expected, the time of diagnosis of OH and the magnitude
of BP drop during HUTT were positively correlated with ABPy/\2, BRSa, BRSv, VR, and
AHR\/\3 and negatively correlated with PRT. In contrast, the magnitude of BP drop during
HUTT was positively correlated with PRT and negatively correlated with ABPy/\2, BRSa,
BRSv, VR, and AHRy\3. These findings are consistent with the proposition that Valsalva
responses reflect the clinical severity of autonomic manifestations. In other words, indicators
of clinical severity of OH (e.qg., earlier diagnosis of OH and a greater decrease in BP during
HUTT) were correlated with the tendency for a decrease in both adrenergic and cardiovagal
functions reflected in Valsalva metrics.

This study has several limitations. This was a retrospective analysis of existing data, with
limitations inherent to this approach. We included only participants with a CASS score of

0 in the control group to ensure that they did not have autonomic or orthostatic symptoms.
However, only 37% of the patients in the CON underwent HUTT for > 20 min. Therefore,
it is possible that some would have developed dOH if exposed to a more prolonged tilt.
However, patients with a CASS score of 0 who did not undergo prolonged HUTT were
unlikely to have typical orthostatic symptoms on clinical evaluation. For safety reasons,
antihypertensive medications were not discontinued before the AFTs. Individual plasma
volume changes are not available in the database. Although these factors may have affected
the AFT results, we believe that these are not important confounders that may have impacted
our analysis. The maximum duration of HUTT in our study was 30 min, and we may

have missed some cases of dOH. However, our results suggest that most cases are likely to
occur within 30 min (Figure S4), consistent with the observation of Gibbons and Freeman’s
study.12 Therefore, if there is no clear clinical evidence of orthostatic intolerance, HUTT
for more than 30 min may not be necessary. As expected, there was an overlap in the
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individual data points for any given VM parameter. Adequate diagnosis of dOH requires that
physicians be aware of the possibility of this problem in patients complaining of orthostatic
intolerance, but with negative orthostatic vitals and AFTs. Nevertheless, the VM results
could be helpful in the decision to prolong HUTT for over 30 min or until diagnosis.

Our results suggest that the cutoff values of PRT and AHRy\3 could distinguish the
late-onset dOH group from the CON group. PRT was also able to distinguish early-onset
dOH from late-onset dOH. Therefore, we believe that PRT and AHR\\3 can provide
clinical guidance to determine whether patients with orthostatic intolerance should undergo
prolonged HUTT for longer than 10 min. Based on the frequency distribution results of our
data, we suggest that at least 30 min HUTT is required to diagnose 99% of late-onset dOH
cases, and at least 24.6% of the patients may not be diagnosed by routine autonomic testing
that includes a 10-min HUTT. Patients with a PRT longer than 2.14 s and an AHRy3 less
than 15 bpm may benefit from prolonged HUTT. In conclusion, we demonstrated the utility
of VM in the diagnosis of dOH to assist in deciding which patients would benefit from
prolonged HUTT.

PERSPECTIVE

At present, there is no objective guidance to enable clinicians to decide which patients
should undergo prolonged HUTT. For the first time, using VM, we proposed the optimal
cutoff values of Valsalva metrics, especially in terms of PRT and AHR\/\3. We also found
that patients with late-onset dOH had blunt compensatory tachycardia in response to the
hypotensive phase of VM (lower AHR\/\3) and delayed recovery of BP after release (longer
PRT). The severity of impairment of these parameters was sequentially worse in late-onset
dOH (> 10 min), early-onset dOH (3-10 min), and immediate OH (< 3 min). These results
are consistent with the concept that dOH is the initial stage of autonomic neuropathy. These
findings will help diagnose patients with dOH who will otherwise have normal orthostatic
blood pressure measurements and negative 10 minutes of HUTT as part of autonomic
testing.
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Nonstandard Abbreviations and Acronyms

HUTT head-up tilt table test

OH orthostatic hypotension

dOH delayed orthostatic hypotension
SBP systolic blood pressure
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DBP
MBP
iOH
edOH
IdOH
ASBPyM2
ADBPy\2
AMBPy\m»
HRvm3
RR

PRT

PD

MSA
DLB
AFT

VM

HTN

DM
CASS
CON

HR

IRB
BRSa
BRSv

VR
AHRvMm3
ROC

HRVdb

diastolic blood pressure

mean blood pressure

immediate orthostatic hypotension

early onset delayed orthostatic hypotension

late onset delayed orthostatic hypotension

changes from baseline systolic blood pressure at late phase 2
changes from baseline diastolic blood pressure at late phase 2
changes from baseline mean blood pressure at late phase 2
heart rate at phase 3

relative risk ratio

pressure recovery time

Parkinson’s disease

multiple system atrophy

dementia with Lewy bodies

autonomic function test

Valsalva maneuver

hypertension

diabetes mellitus

composite autonomic scoring scale

controls

heart rate

Institutional Review Board

adrenergic baroreflex sensitivity

vagal baroreflex sensitivity

Valsalva ratio

HR difference between baseline and phase 3

Receiver operating characteristics

Heart rate variability with deep breathing
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NOVELTY AND RELEVANCE:
WHAT IS NEW?
. We discovered VM responses that can help identify late-onset dOH patients.
WHAT IS RELEVANT?

. Using VM, we found that late-onset dOH patients (>10 min of HUTT) had
blunted compensatory tachycardia in response to the hypotensive phase of
VM (lower AHRy/\m3) and delayed recovery of BP after release (longer PRT).

. The severity of impairment of these parameters was sequentially worse in
late-onset dOH (>10 min), early-onset dOH (3-10 min), and immediate OH
(<3 min).

. These results are consistent with the concept that dOH is the initial stage of

autonomic neuropathy.
CLINICAL/PATHOPHYSIOLOGICAL IMPLICATIONS?

PRT and AHR\/\3 can help diagnose patients with dOH and determine candidates for
prolonged HUTT.
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Figure 1. The representative finger blood pressure and heart rate during the Valsalva maneuver.
(A) Controls (CON), (B) late-onset delayed orthostatic hypotension (dOH, onset >10 min),

(C) early-onset dOH (onset 3—10 min), and (D) immediate orthostatic hypotension (OH)
(onset <3 min). Abbreviations: a, BRSv; b, difference between baseline and nadir systolic
blood pressure of phase 3; PRT, pressure recovery time; P1, phase 1; P2e, early phase 2; P2,
late phase 2; P3, phase 3; P4, phase 4.
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Figure 2. The comparison of Valsalva metrics in normal controls (CON) and the late-onset dOH

(IdOH), early-onset dOH (edOH), and immediate OH (iOH) groups.

(A) PRT, (B) ASBPyMm2, (C) BRSa, (D) BRSv, (E) Valsalva Ratio, (F) AHRyp3. ****, P <
0.0001; *** P < 0.001; ns, P > 0.05. Statistical analyses were performed using the Kruskal—
Wallis test with Bonferroni’s post hoc analysis. Abbreviations: bpm, beats per minute; ms,

milliseconds. The dotted horizontal lines indicate the mean values.
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Figure 3. The age- and sex-matched comparison of the Valsalva metrics in normal controls
(CON) and the late-onset dOH (IdOH) group.

(A) PRT, (B) ASBPy2, (C) BRSa, (D) BRSy, (E) Valsalva Ratio, (F) AHRy/pm3. ****,
P <0.0001; ***, P <0.001; ns, P > 0.05. Statistical analyses were performed using the

Mann-Whitney U test.
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Baseline Characteristics of Controls (CON), Patients with Delayed Orthostatic Hypotension (dOH), and

Patients with Immediate Orthostatic Hypotension (OH)

Baseline characteristics of participants

CON (n=114) (or%s%ie;ofg er:udnc))}(_:1 = (orl?;rtlé_—olr(])s?; |Cri1())(|;|1 = Immerfjniﬁt)e (?: gc;rgset <3 P-value
32) 68)
Age (years) 45+179 61.4+16.9 70.4+£11.6 69.4+114 <0.001
Sex (M: F) 62:52 18:14 41:27 52:124 <0.001
BMI (kg/m2) 235+33 228425 245+32 239432 ns
HTN (1, %) 17 (14.9) 9(28.1) 28 (41.2) 75 (42.6) <0.001
CCBs (11, %) 12 (10.5) 3(9.4) 14 (20.6) 39 (22.2) 0.038
ARBs (1, %) 11 (9.6) 5 (15.6) 17 (25) 44 (25) 0.0026
ACE:is (11, %) 1(0.9) 0 0 0 ns
Alpha-blockers (71, %) 1(0.9) 1(3.2) 1(15) 23 (13.1) 0.0003
Beta-blockers (17, %) 2(1.8) 1(3.1) 6 (8.8) 21 (11.9) 0.0156
Diuretics (n, %) 1(0.9) 1(3.1) 3(4.4) 4(2.3) ns
DM (7, %) 10 (8.8) 4(12.5) 13 (19.1) 62 (35.2) <0.001
FD. MSA{;/Snf DLE (7, 12 (10.5) 143.1) 1(20.6) 36 (20.5) 0.0203

Statistical tests were performed using the Kruskal-Wallis test. Abbreviations: M, male; F, female; HTN, hypertension; DM, diabetes mellitus; PD,
Parkinson’s disease; MSA, multiple systemic atrophy; DLB, dementia with Lewy bodies; CCBs, calcium channel blockers; ARBs, angiotensin
receptor blockers; ACEis, angiotensin-converting enzyme inhibitors; ns, non-specific.

*
No patients were taking anti-parkinsonian medications at the time of testing.
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Table 2.

The Sensitivity and Specificity Evaluation of Pressure Recovery time (PRT) and Change in Heart Rate at
Phase 3 (AHR\/\3) (results from ROC curves) for the Comparisons of the Normal Autonomic Function Test

Group (CON, reference) vs. Late-Onset dOH, and Late-Onset dOH (reference) vs. Early-Onset dOH

Valsalva metrics | AUC | SE | P-value | 95% ClI | Cutoff | Sensitivity | Specificity

CON (reference) vs. late-onset dOH

All subjects
PRT 0.696 | 0.06 | 0.0011 | 0.615-0.770 | 2.38 53.1 83.3
AHR ymz 0.765 | 0.05 | <0.0001 | 0.688-0.831 17 56.2 88.6

Age- and sex-matched controls

PRT 0.713 | 0.10 0.0381 0.520-0.863 2.14 66.7 86.7

AHR ymz 0.760 | 0.09 | 0.0035 | 0.570-0.896 15 46.7 93.3

Late-onset dOH (reference) vs. early-onset dOH

All subjects
PRT 0.896 | 0.02 | <0.0001 | 0.843-0.937 3.13 70.6 96.5
AHR ym3 0.877 | 0.03 | <0.0001 | 0.820-0.921 18 77.9 86.0

Age- and sex-matched controls

PRT 0.832 | 0.07 | <0.0001 | 0.670-0.935 2 72.2 88.9

AHR 3 0.719 | 0.09 0.0115 0.545-0.856 17 55.56 83.3

Abbreviations: AUC, area under the curve; SE, standard error; Cl, confidence interval.
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Table 3.

Univariable and Multivariable Regression Analysis for the Comparisons of Controls (CON) (reference) vs.
Late-onset dOH, CON (reference) vs. Early-onset dOH, and Late-onset dOH (reference) vs. Early-onset dOH

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Univariable logistic regression Multivariable logistic regression
Valsalva metrics RR | Lower 95% CI | Upper 95% CI | P-value RR | Lower 95% CI | Upper 95% ClI | P-value
CON (reference) vs. late-onset dOH
PRT 2.497 1.806 3.454 <0.001 | 2.189 1.579 3.036 <0.001
AHR 3 0.878 0.833 0.925 <0.001 | 0.897 0.847 0.951 <0.001
CON (reference) vs. early-onset dOH
PRT 2.716 1.966 3.752 <0.001 | 2.355 1.701 3.26 <0.001
AHR 3 0.819 0.78 0.861 <0.001 | 0.869 0.823 0.917 <0.001
Late-onset dOH (reference) vs. early-onset dOH
PRT 1.088 1.035 1.143 <0.001 | 1.075 1.012 1.133 0.006
AHR ym3 0.934 0.886 0.983 0.009 0.968 0.916 1.024 ns

Abbreviations: RR, relative risk ratio.
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