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Background: To investigate the patterns of blood pressure (BP) decrement during the tilt, to
compare the pattern of orthostatic hypotension (OH) and sympathetic index (SI) from the
Valsalva maneuver (VM), and to identify whether the pattern of OH can predict the severity
of autonomic failure.

Methods: From January 2015 to July 2017, 551 consecutive patients with neurogenic OH
were enrolled. All patients performed a standardized battery of autonomic tests, including
the head-up tilt (HUT) test and VM using Finometer devices for recording beat-to-beat BP.
Sls were calculated from the VM. The composite autonomic severity score (CASS) adrenergic
subscore was also obtained to evaluate the severity of sympathetic adrenergic failure.
Results: We classified OH into nine groups according to the patterns of orthostatic BP
decrement during HUT. The two most common patterns of OH were classic stable OH
(n=193) and classic OH with delayed normalization (n=102). Patients with classic stable OH
and classic OH with delayed worsening had a more severe degree of sympathetic adrenergic
failure as assessed with SI 5 and S| 4 from the VM, and a higher CASS adrenergic subscore
than patients with other patterns of OH. There were no differences of autonomic parameters
between the two delayed OH groups.

Conclusions: The different patterns of orthostatic BP decrement may reflect underlying
different pathophysiologic mechanisms causing OH. The pattern of orthostatic BP decrement
can help to predict the degree of sympathetic adrenergic autonomic failure.
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Figure 1. Representative cases showing nine different patterns of
orthostatic hypotension (OH). (A) Early OH. (B1) Classic OH with
early normalization. (B2) Classic OH with delayed normalization.
(B3) Classic stable OH. (B4) Classic progressive OH. (B5) Classic OH
with delayed worsening. (C1) Delayed stable OH. (C2) Delayed pro-
gressive OH. (D) Recurrent OH.
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Figure 3. Percentage of patients with different pattern of ortho-
static hypotension in specific diseases, such as diabetes mellitus,
multiple system atrophy, Parkinson’s disease, neurodegenerative
disease and peripheral neuropathy. (A) Intergroup comparison in
category of orthostatic hypotension. (B) Intergroup comparison
in classic orthostatic hypotension. (C) Intergroup comparison in
delayed orthostatic hypotension. DM; diabetes mellitus, MSA;
multiple system atrophy, PD; Parkinson’s disease, OH; orthostatic
hypotension. *p<0.05.
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Table 1. Comparison of subgroups of neurogenic orthostatic hypotension according to the time of the blood pressure drop

Variable Early OH (n=25) Classic OH (n=446)  Delayed OH (n=47) Recurrent OH (n=33) P-value
Age (years) 68.5£12.5 67.0+12.2 67.3+12.0 65.5£14.3 0.039°
Sex
Male 16 (64.0) 311 (69.7) 22 (46.8) 26 (78.8) 0.007°
History of medication affecting OH 54 (53.5) 591 (61.4) 96 (49.2) 59 (54.6) 0.025°
Discontinuation of medication before test 87 (84.5) 889 (91.6) 179 (91.8) 99 (90.8) 0.349°
Dizziness during tilt 2(80) 129 (28.9) 12 (25.5) 4(12.) 0.027°
Adrenergic CASS 3.28+0.61 3.33+0.79 3.28+0.85 3.09+0.84 0.319°
KOGS 6.00+6.27 7.18+4.67 5.68+4.40 7.20+3.44 0.282°
SH 2012414.74 19.66+15.25 15.81+11.17 15.42+8.65 0.366°
SI2 -0.96+5.38 -2.26+5.89 -138+6.95 0.06+6.35 0.069°
SI3 -21.20+16.73 -21.92+16.73 -17.19+12.85 -15.36+10.37 0.082°
SI4 3.08+7.93 0.13+6.61 -0.06+8.53 2.33111.32 0.195°
SI'5 9.40+4.56° 14.12+8.34° 13.13+8.03 12.48+8.60 0.004°
SIe 911+3.63% 6.04+3.18° 6.62+3.56° 7.11£4.06° 0.000°

Values are presented as number (%) or meanz+standard deviation.

OH; orthostatic hypotension, CASS; composite autonomic severity score, KOGS; Korean orthostatic grading scale, SI; sympathetic index.

*Kruskal-Wallis test.
®Chi-square test.

“‘Grouping of Dunn’s post-hoc comparison. The presence of the same character indicates no statistically significant difference. It was significant in the
Kruskal-Wallis test, but there were cases where no significant difference was found between the two groups by the Dunn'’s post-hoc comparison.

“Significant difference of analysis of variance compared with early OH.
“Significant difference of analysis of variance compared with classic OH.
“Significant difference of analysis of variance compared with delayed OH.
Significant difference of analysis of variance compared with recurrent OH.
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Table 2. Comparison of subgroups of classic orthostatic hypotension according to the recovery or worsening of the blood pressure drop

Early normalization

Delayed normalization

Stable Progressive Delayed worsening

variable (n=84) (n=102) (n=193) (n=45) (n=22) Fralue
Age (years) 69.63+9.59 68.28+13.36 655941268  64.69+12.49 67.32+9.19 0.039°
Sex
Male 62 (73.8) 83 (814) 126 (65.3) 26 (57.8) 14 (63.6) 0.014°
Hi;%‘;gﬁ;%fica“o” 160 (57.3) 149 (68.0) 216 (615) 44 (54.3) 22 (66.7) 018"
Dﬁ:;gg;gﬂ%”egre et 179 (702) 128 (65.6) 196 (66.2) 49 (69.0) 16 (61.5) 0.761"
Dizziness during tilt 15(17.9) 25 (24.5) 66 (34.2) 14 (31.1) 9 (40.9) 0.037°
Adrenergic CASS 312£087' 324082 342:071 342089 3.55:0.60° 0.017°
KOGS 6.55+5.21 7.41£431 760£480  636+4.51 5.90+3.84 0.454°
St 18.65+15.03 18.77+13.66 202941629 19.13+16.32 23181118 0.199°
si2 1054518 2454641 270+571  -273+608 -118+6.86 0.070°
SI3 -19.67+17.01 -2125+15.83 -23.04+17.80  -2164+1530 -24.36+12.59 0.136°
Sl4 215+7.08° 0.58+6.39 -070+657  -0.09+6.33 -1.82+4.94 0.006°
S5 N1£6.74 13.2648.93° 1537815 14.27+7.46 18.36+10.57° 0.00T
SI6 6.60+2.93 6174323 5724322 6524343 5.07+2.68 0.044°

Values are presented as number (%) or meanzstandard deviation.

OH; orthostatic hypotension, CASS; composite autonomic severity score, KOGS; Korean orthostatic grading scale, SI; sympathetic index.

*Kruskal-Wallis test.
®Chi-square test.

“‘Grouping of Dunn’s post-hoc comparison. The presence of the same character indicates no statistically significant difference. It was significant in the
Kruskal-Wallis test, but there were cases where no significant difference was found between the two groups by the Dunn’s post-hoc comparison.
‘Significant difference of analysis of variance compared with early normalization.

“Significant difference of analysis of variance compared with stable.
“Significant difference of analysis of variance compared with progressive.

Significant difference of analysis of variance compared with delayed worsening.
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Figure 4. Adrenergic parameters according to the subtype of classic orthostatic hypotension (OH). (A) Sympathetic index 4. (B) Sympathetic
index 5. (C) Sympathetic index 6. (D) Adrenergic CASS. CASS; composite autonomic scoring scale.

Table 3. Result of inter-subgroup comparison of delayed OH

Variable Stable (n=38) Progressive (n=9) P-value
Age (years) 66.47+12.95 70.56+5.83 0.735
Sex
Male 18 (47.4) 4 (44.4) 1.000
History of medication affecting OH 82 (50.3) 14 (43.8) 0.794°
Discontinuation of medication before test 97 (68.3) 20 (71.4) 0.918°
Dizziness during tilt 8 (21.1) 4 (44.4) 0.307
Adrenergic CASS 3.24+0.88 3.44+0.73 0.586
KOGS 5.57+4.78 6.25+1.50 0.309
NI 14.74£9.33 20.33£16.90 0.507
SI2 -1M+7.54 -2.56+3.57 0.625
SI3 -15.84+11.32 -22.89+17.67 0.199
Sl4 111£5.83 -5.00+15.07 0.229
SI5 13.55+8.58 11.33£5.10 0.759
SI6 6.43+3.48 743401 0.685

Values are presented as number (%) or meanz+standard deviation.
OH; orthostatic hypotension, CASS; composite autonomic severity score, KOGS; Korean orthostatic grading scale, SI; sympathetic index.

*Mann-Whitney U test.
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