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Effects of Voluntary Intrathoracic Pressure Adjustments on Prefrontal Brain
Function and Cerebrovascular Dynamics
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Abstract

This study aimed to investigate the effects of voluntary intrathoracic pressure adjustment during the Valsalva
maneuver (VM) on changes in prefrontal brain function and cerebral blood flow dynamics using diagnostic
ultrasound and near-infrared spectroscopy (NIRS). Sixteen healthy adults performed VM by adjusting their
expiratory pressure. Their regional oxygen saturation (rSO2) and oxidized hemoglobin (HbO) levels were measured
to confirm changes in prefrontal lobe function. To confirm hemodynamic changes in cerebral blood vessels, this
study measured peak systolic velocity (PSV), heart rate (HR), vascular stiffness (STIFF), and pulse wave velocity
(PWV) in the common carotid artery before and after the VM. Results showed significant cerebrovascular
physiological changes after 30mmHg VM. In particular, PSV increased significantly following VM, whereas PWV
and STIFF significantly decreased. A similar trend was observed in 40mmHg VM to 30mmHg, but no significant
change was observed except for HR, which showed a significant decrease. Furthermore, rSO2 tended to increase
in the prefrontal region after preforming 30 and 40mmHg VM, but it did not show a significant difference. In
contrast, HbO significantly decreased after performing 30 and 40mmHg VM. This trend did not show any difference
depending on intrathoracic pressure. In conclusion, VM performance at both intrathoracic pressure levels has the
same effect on brain function, but induces difference changes in cerebrovascular vessels’ physiological function.
Thus, at 40mmHg VM, it interferes with effective vascular relaxation due to high intrathoracic pressure. However,
30mmHg VM has an effective effect on cerebrovascular function by causing a significant increase in the elasticity

of arterial blood vessels. Such VM performance can effectively improve cerebrovascular function.
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W et ¥7)5 B HEH AF 7] A7 ol F o] ol PO E late] ARg-ol Algke]
o] 3 9t} (Yi et al, 2023; Pulgar, 2015). 3149 ] T (Fisher-Hubbard et al,, 2016). 53] 40mmHg= -
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Table 1. General characteristics and resting vital signs of
participants.

Variables Total (n = 16)
Age (years) 22.75 + 2.08
Height (cm) 169.56 + 6.68
Weight (kg) 64.81 £ 10.02
SBP (mmHg) 11731 + 9.17
DBP (mmHg) 68.31 + 7.57

HR (bpm) 81.32 + 25.89

Abbreviations: DBP, diastolic blood pressure; HR, heart rate;
SBP, systolic blood pressure.
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Fig. 1. Near infra-red spectroscopy measurement and a
schematic of Valsalva maneuver system
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tlo]8 3 PRE 15% 18] POST 30% %<t 1Hz

MEY S22 ST o) % 7 ke A ke
Ao ALE-3HSlth PWV e STIFFE Al4tshr] 91e
o] 4743 BP= VM 38 5ol 27} 13] 3 &
A3 Doppler 574 Z71o] B-mode A4S WA 53}
Atk VM S8 =] Doppler?} B-mode =742 VM =
g Al BIFe] #5334 a9 24 wiel 540l

o|F A X3t (Fig. 2).

2.4. STIFF ¥ PWV

STIFF A4= (B)= CCA2 3% 27 (VCD),
e 2174 (VDD), 757] 9t (SBP), o</l &
(DBP)S o]-&3le] tha 32415 o]&3te] Altatd
(Tannuzzi et al., 2006).
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B = In (SBP/DBP)*x{VCD/(VDD— VCD)}

PWV< 5 =
A, A% £57) Bl AAE gEist Su)

el Aot s SRR GolHth PWVE A2 2e
[¢]

rir

5 7]

2 A A AREE HUlsle T8¢ 4 AR
2 85 g)ow, STIFF A5¢t @ U= (p)& A
£-3le] Axre 4= o} (Harada et al., 2002; Zieff et
al.,, 2019).

7 DBP
PWV= \/6 ><4(2><p)

p = density of blood (1.05 g/cm®)
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=% NIRS Hl°E (rSO2, HbO) 2} Doppler X<
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gauAS kel PSVe] WM 3h= 309} 40mmHg VM 8 AxT} o] %
o S7Fe BAAIRE 30mmHg VM 78 o] ol A7 fr

o] &tA ekt (Table 3). 30mmHg VM 2] 7% PRE
Bt} POSTAIA 7.27cm/s (p = .010), 40mmHg VM <]

7133tk
LE}

=
Has

do]e (PSV, RI, HR) % B-mode %<
Qe =

o
(PWV, STIFF)&= VM 59| Wsts M s}7]
277F (PRE % POST).% o] #4139
Zh wepel A5 ZpolE Flstr] sl POSTHol A
stlth EE W+ Shapiro-

3HA

At A9 520emss (p = .079)
40mmHg VMO A7+ f-2] gk

PRE#S ™ s +
Wilk testE T sted Q43S WA A48t
t}. o]u] NIRSZ =43 glo]E <l rSO22F HbO=
J2 THE81A] H8le] Wilcoxon signed rank testE < HRO| A=
&3tk t}. HR-S PREX.T} POSTel A 4.24bpm2] 2] &}7)
Ha7F YERRAL (p = .003), 30mmHg VMl A= VM
o]% HRo] 7ashe 7 gFe] velbstth 30mmHg ol A4
= POSTO A 0.42bpm 7Haabe 73 &Fo] UEbst ot
1T (p = .715). RI= VM <=

o8k 2ol = LEREA]
& 5ol fFogk ¥istE HolA t} (Table 3).
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59 7S Hst

3.3. VM ol mE MA
29l WM3l= 30mmHg<} 40mmHg
& Wk ek (Table
5 0035

3.1. VM S3H0f| = STIFF 2 PWv2| B35}
23

PWV+i= 30mmHg VM =8 o] §-2]sHAl 7+
ok PWVE S7HE5 39 A7t S7tstal g
T7F HAashs ojv]git 2 Ao Al PWVE 30mmHg AT 7154
VM2 PREE.t} POSTeA] 0.89m/s (p < .001) +2]5} VM 53] 5ol Ao 5
Al 72893, 40mmHg oA = 0.34m/s (p = .148) 7F 4). VM 5238 #5¢] Bl ell4 HbO7} VM ©]F f¢la}
= e%kth STIFF2 30mmHg VM A AasdARE p = 011, 30mmHg 2 p = .021,
frolshAl Haxstsd 40mmHg), rSO2= VM ©] % 2] 3k %ﬁ‘ﬂ} UERA]
eFkth (p = 340, 30mmHg % p = 315, 40mmHg).

O] O}X] TTs A
£

asigont §
o 4] PREXE T} POSTOl A 2.23m/s
o (p < .001). 40mmHg VMol A= 0.71 743}
frolgh Msh= UEA] 2T (p = .288) (Table 2)
Table 2. Changes in cerebral artery function between before and after VM
Outcomes Variables Mean + SD ADIFF (Mean + SD) T p
PRE 5.34 £ 0.76
PWV (m/s) -0.89 + 0.74 -4.82 <0.001*
POST 4.45 + 0.62
30mmHg
PRE 6.94 £ 2.08
STIFF -2.23 + 1.80 -4.94 <0.001*
POST 471 £ 1.37
PRE 5.06 + 1.00
P“/N -0.34 + 0.87 1.53 0.148
(m/s) POST 472 + 138
40mmHg
PRE 6.35 £ 2.78
STIFF -0.71 + 2.47 1.10 0.288
POST 5.64 £ 3.90
Abbreviations: DIFF, difference value; POST, post-test; PRE, pre-test; PWV, pulse wave velocity; SD, standard deviation; SE, standard
STIFF, stiffness; VM, Valsalva maneuver

error;



Table 3. Cerebral blood flow changes before and after VM

Outcomes Variables

Mean + SD ADIFF (Mean = SD) T P
PRE 96.88 + 15.50
PS}' 727 + 9.88 2.95 0.010*
(cm/s) POST 104.16 + 15.88
PRE 0.73 + 0.06
30mmHg RI 0.01 + 0.02 1.65 0.120
POST 0.74 + 0.06
R PRE 69.16 + 9.44
. 042 + 446 037 0.715
(bpm) POST 68.74 + 8.73
PRE 93.10 + 12.66
PSY 520 + 11.04 1.89 0.079
(em/s) POST 98.30 + 7.67
PRE 0.72 + 0.06
40mmHg RI ~0.003 £ 0.03 -0.44 0.669
POST 0.71 + 0.06
R PRE 70.80 + 8.74
N 424 + 4.86 -3.49 0.003*
(bpm) POST 66.55 + 8.02

Abbreviations: DIFF, difference value; HR, heart rate; POST, post-test; PRE, pre-test; PSV, peak systolic velocity; RI, resistance index;
SD, standard deviation; VM, Valsalva maneuver.

Table 4. Prefrontal cortex hemodynamic functions during 30mmHg and 40mmHg VM.

Outcomes Variables Mean + SD Z P
PRE 63.830 + 10.010
30mmHg 60 0.340
POST 64.703 + 8.527
rSO2
PRE 57.448 + 18.962
40mmHg 69 0.315
POST 58.047 + 18.764
PRE -0.014 + 0.053
30mmHg 20 0.011%*
POST -0.024 + 0.050
HbO
PRE -0.001 + 0.025
40mmHg 24 0.021*
POST -0.015 + 0.030

Abbreviations: HbO, oxidized hemoglobin; PRE, pre-test; POST, post-test; rSO2, regional oxygen saturation; SD, standard deviation;

VM, Valsalva maneuver.
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ghH 75l #A g Heks HAFE AS )l
o3k Wsks

HoF2At

QL
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30mmHg VM Al 93 9% 343 PSVe] 5
7F7F frelsiAl vERsTE 40mmHg VM FAj ol A= o]
23t Aol Yzl dou FolsiAE Lstth
30mmHg VM =3} ©]% PSV] #2]3t Z71= 7
A F7F T Yehds 1964 48 A7k o] A st
2 wWslel dxsh Aol T} (Pstras et al., 2016b;
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Al o] F A=E WAL A3} 4dA oA e}
v kel St o3 vEebdth o] AFelAE
VM 35AIo At "/FEE7E A4 Bk 50% o)
S7betm 7 & WSy JEbsTh (Tiecks et al.,
1995).

Tk VMOl o]et F3 e o] WskE St g
F EREETE @30 IFEE AF8] Wil E 8
AETh FHe 1HEE AL HoE] S g
ol wret Sl = VM 1 Alel A Sotek 8
ol o] AT E =olAl ok I8y VM 38
A g st Frhske A FRE 3] vA
o] =M dae] 1AL} sk ¥ b
EPdTh (Perry et al., 2014). ©]¢} fFAFSHAl VM| it

He A &5 78 Al HEH0 53 o|gho] &
SETY BAEATH (Perry et al., 2020; Sakamoto et
al., 2023). ¥ 3¢ 30mmHg VMelA % PWVE
STIFF 2.5 #23M #aslte] 3 A% ¢slol] &
#7F e th 40mmHg VMol 4= PWVEF STIFF
A BFAR ZAAE BIAT BAA Fo4d5 veERd
A& Eskdth Alth7E 40mmHg VMellA o] PWV et
STIFFS] A% =}e] Fto] 30mmHg VME T At 4 o
2 A2 3L yHEstd, gRAAE gis age
40mmHg VMX.t} 30mmHg VMellA B =& F Utk
o1& 40mmHg VMOl Al Ho} =2 §7F Ujgte] =188
AFHE Bt & 48 v &40 oa Sk w3t
2730 Z7F7F B39 o|¢hg oA HESRE HR
o} webA 40mmHg VMOl A €] Fegh ore] wiap &
I wAEYE 3 e AT 4 9ol 30mmHg
VM= 22 PWVS STIFFS] #2] g Mahrt veh
A %2 FoZ Helth

' HR- 40mmHg VMO AT VMA 5 f-e
o]7} Yl ol& ¥
Ue B3R, F7FsE 9ol ok w30 = HRe| 74
sk Ws7F Yebdth 5 30mmHg VM E.TF 40mmHg
VMOIA §73 Wit S7tell th gk wh3-o] W ehsiAl vet
S o S vk 18P R, 40mmHg VM w2417
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2ATh (Jones et al., 2016). o]
WEH VM2 28417 248 7143 A d 37 Ws
frgsts w7k A G HEd S ST
71ejstthal 4 A ATt (Henderson et al., 2002). 5HA]
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=
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< I3 AAE st folgh a3 YERA PSV
w3k §o8kA ZE71etd vlE 40mmHg VMO A= &
A3 AT el Fo8 HakE gigith ols
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7)o FEWES F ek W] 5 Bk g
T gztel] st #4S 535 40mmHg VM| &35 ¥
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