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Continuous Hemodynamic Profiles of Healthy Adults during Valsalva Maneuver

Hye Weon Kwak', Na Hyun Kim?

'Doctoral Student; ?Assistant Professor, College of Nursing, Keimyung University, Daegu, Korea

Purpose: The purpose of this study was to evaluate the hemodynamic changes in degree and duration that occur dur-
ing Valsalva maneuver (VM). Furthermore, we wanted to investigate the patterns and mechanisms of physiological hemo-
dynamic control. Method: Thirty six healthy college students were recruited from Y university. Each participant was pro-
vided with written informed consent. Blood pressure (BP), heart rate (HR), cardiac output (CO) were continuously record-
ed using the Finometer. Result: During the phase | of VM, means of systolic and diastolic pressures were increased by
32.15% and 38.28%, respectively, compared with basal values. HR and CO were decreased by 9.91% and 13.01%, res-
pectively. Immediately after the maneuver (phase 1), systolic and diastolic pressures were decreased by 5.05% and
6.24%, respectively, compared with those obtained in the phase Il. HR and CO were elevated by 13.33% and 11.93%,
respectively, compared to the levels of earlier phases. BPs were represented with overshoot in the phase IV, and recov-
ered by baseline values about 20 sec after VM. Conclusion: These results demonstrated that hemodynamic changes
are variable in the event of VM even in healthy humans. It will be valuable to accumulate more quantitative hemodynam-
ic information in special populations such as the elderly and the patients with cardiovascular problems.
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ZEFL0]: walvh ojish, ERols

Corresponding author :

Na Hyun Kim, Assistant Professor, College of Nursing, Keimyung
University, 194 Dongsan-dong, Jung-gu, Daegu 700-712, Korea
Tel: 82-53-250-7513  Fax: 82-53-252-6614

E-mail: drkim@kmu.ac kr

En: 20099 44 289
ARHEREY 1 200949 59 30¢

AARIZ|Y 20099 49 29

& -fRksFA A8 (rheological property)¥ @2 Uj
oA BAFEE th= A3t g Hofz AlfA o &
[

i =, T’
S50 Ak 5o T 18-S ZH YIehSeo, 1999),
0|5 % 1k} Hojo} wilsh) Tl gjojo] 4V, Hat
FNGEOR o]F 24T 5 Qi AERE B, AMES
AuEe o8] UET § wREnA Sol glov], 59
Bt Al Al ks delA So) Aeld -
24 S Vel S0 AER 5] s ol
oL 0% 7le B R, TRt 3 U

M
O

e 5ol oJal} oflIsHA Fake wom(Choi, Kim, Park,
Choi, & Lee, 2004; Lee, 2004; Lee et al., 2002; Shin &



Valsalva Maneuver0i| (2 FA HoIo| X|&X HRAF Ha}

Jo, 1997), A= A| e Eeba] HAFAE-5 F3l AU 2
AF e Al "t webd R v
W AEE 2T e qlon, vidie 574 A o] 4
2 ER9FY] HakE W o qloh B3 EREe W
Shz et dojum Aol FofAH AlERE FeAgS
o HASIELR ERYE 7S SR ofsfs] ¢
A= AAREe] B o = TSk Zlo] Hasith
752 HelE 2efiohs Tt A= ¥ Valsalva ma-
neuver (VM) FA2 2715 0] &€ Wiy}, 7|3, 8,
]

TE S 22 deE Bk ope} A 5l 2tolA &
Qlolut A 917 Sl Stolle HIRSHA dofu= d/dol
H(Tiecks et al., 1995), VMO 2 213t £&174|2] Hsl= 2t
dHA ol 44A Y Y or HEET, 194= VM

A FEhre] 27k <la) Wetol AslaL AL
7 748t A7]0]1, 28HAls VMOR <18 Hulgkaaol
Zsshela] wgto] St olol gt whAky wlujo] Lpet
LR Al7jolm], SRS VM A5 FRek g s @
Sho] T3] WolA 1 A4t F718kar, 4vts et

el e
o2
o
in}

Fae] F7k2 Eoo] thl Alato] 9Py Al 3
=OoFA|H (overshoot) BHAFA Ado] UepdTHBadeer, 1984;
Liang & Liu, 2006; Porth, Bamrah, Tristani, & Smith, 1984;
Smith & Kampine, 1980).

WA o2 VML A4l A o S Uehdla—= 5
A 30)7| = AT Low, 1993), F W 2] S71= s -]
& W32 (Prabhakar, Bithal, Suri, Rath, & Dash, 2007
Zhang, Crandall, & Levine, 2009) YA|4 s dolt &7]
T2 4o % Q) oM (Porth et al., 1984; Tiecks et al.,
1995), A% - HeHF sdolut AFust 28 2
A EA Q] AH-g 2657 = FHhJoung et al., 2005; Schi—
evink, Karemaker, Hageman, & van der Werf, 1989; Th—
errien, 1990; Wendling, Sadel, Jimenez, Rosenwasser, &
Buchheit, 1994). wfebA ZEedxEe) +8 A4EAE
A = Q= VM Aol A o] diodsol gt Hugt izt
ol gasirh et VM A=l gt Az E750 ¥
35 FHA LR ofgfsh= Hle ods] AL A= Ao
HLiang & Liu, 2006).

A7 o] AT i ofw Zslolq BRels
O] HSkE IS AlRlollAl ARk 1t o= Z48EAWKChoi,
2006: Choi & Kim, 1986; Choi, Kim & Kim, 1989), 2|7+
Axols AHlE S4eitieks Aeld 220] ofd A3

69

2 B2 olgslel 243 AR/ o HuE] ¢S B
(Liang & Liu, 2006; Sun, Mazen, Rechard, & Salvatore,
1997) AFEE dido= A Woll A o] AAIRE E7959]
S A or Adud Ayte EEt skl A4
st o] ERAEe] HE &, HIPAEATE SEAR
off et FAIAQ] HEIE 2 A A Gk whEbA] &
TollH= gt o2 VM 2105104 op7|E]

rE

fr 2 ot N

.
re
filo

ol

ox

i
i)
of
1o

off &

18

N ﬁd o:
1o
N
)
ot
tlo
il
>
()
10
o
E
o

2 ol
T
o
=)
o
317
El
L
|
of
ol
L\I _11)]1
)

o
-

mo
i)

mE of
fo
o
N,
P
s
1>
4
=2
>
o
k=
D)
<
i

ek
du

o
i
x
1
o
o
r\l
of
ol
<
>
10
o
o
M
riok
N,
o|r
tlo
o
=O="

=
fr e 2 du

ol
-
jin}

3. 80f |
1) 2=

=2TT 1O

FRAEL WP B 1 49 sut Holo] ejd 44

’

7 WIS} ojujic)

2) Valsalva Maneuver
VMolgh /gt HdA 7] AR FHISS AL
24 5 Y ehEo] A Adsd AElE welthLiang



70

2. ST Chat

o] iRl Ba 23] Agke] w o] gl
WAJoll 2745F Y T8t 20-304] thetAl 36782 He
Aot AT dAES 2 ATl ArEE o FoE
Aol At EA3} H7| Gro] vYrA o tigt
S B3 A Fho] S| Aol Aateict,

Hel
e
o

o)

wr
oF. ol

3. 97 &4
1) Finometer

Finometer® PRO (Finapres Medical System, Arnhem,
Netherlands)= B354 WS S8l AAKEOR A&
S =274 4= = A oltt Finometer® PRO2] -3+ Main
unit, Frontend unit, 712} 7], calibration 3= Riva—
Rocci cuff, Reference 9*& ¢&5= Height Correction
Unit, analog Input/Output unit, 4¢+ A2 502 AL
o] qlcth.

Finometer® PRO2| 74 Y= v|352 Wyoz

74 =R 2 H3kete] Hojr),
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& gRlsl7] fjato] 2 A didAtet 5Ush A=t o
JA} 15782 & Finometer 71719} 54 28U
Aol ARgste] 23]0f AA HokS &
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At 5, 2 AAl A 302§ VME AlYElES Bto VM
S 81 Q= sete] et Ak, Aldkeeke] WskE 4
O F ZA33Lt. o|ojA VMo| it o] Tl 5 5ete] I
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Table 1. General characteristics (N=36)
Variable Classification N (%) or Mean (SD)
Age (yr) 2294
Sex Male 22 (61.1)

Female 14 (38.9)
Height (cm) <160.0 7(19.4)
161.0-170.0 8(22.2)
171.0-180.0 16 (44.5)
>181.0 5(13.9)
Weight (kg) <50.0 7(19.5)
51.0-60.0 8(22.2)
61.0-70.0 13(36.1)
>71.0 8(22.2)
BMI (kg/m?) 21.23 (2.49)
Alcohol Yes 20 (55.6)
No 16 (44.4)
Smoking Yes 3(8.3)
No 33(91.7)
Regular exercise Yes 19 (52.8)
No 17 (47.2)
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1. HAXIe| bt £

AT A= Yoe) 3 214}
I} Ak, digAre] et A% 22.944|%8
228(61.1%), AR} 147 (38.9%)°1 31}, Ht71+= A+ 175.55
cm, ©32}160.36 cm, Hat B WA 67.55 kg, 0174 52,21
kg o|ch diidRRe] Hat A AR 21,23 kg/m’ 02 U

Table 2. Hemodynamics upon resting (N=36) ek
Mean (SD)
Systolic blood pressure (mmHg) 115.35(11.55) 2. oMY Al EBRYF
Diastolic blood pressure (mmHg) 68.20 (9.21) = = o P
Heart rate (beats/min) 81.80(12.07) A=) 8 Al B Table 29 2. 2P A
Cardiac output (L/min) 5.84 (1.36) Z7] @Y Wt 115.35 mmHg, ©]$7] @2 68,20 mmHg,
Table 3. Hemodynamics during Valsalva Maneuver (N=36)
Mean (SD)
Time
SBP (mmHg) DBP (mmHg) Heart rate (beats/min) Cardiac output (L/min)
Resting 115.35 (11.55) 68.20 (9.21) 81.80(12.07) 5.84 (1.36)
During VM 152.44 (15.57)* 94.31 (13.29)** 73.69 (16.45)* 5.08 (1.34)*
1sec 126.49 (17.65)** 76.74 (16.94)* 82.51(20.10) 578 (1.77)
2sec 128.11 (17.80)** 76.37 (13.93)* 76.49 (17.46)* 5.67 (1.85)
3sec 124.83 (18.58)** 75.63 (13.59)* 76.43 (15.22)** 5.23 (1.54)*
4 sec 120.34 (18.85) 72.46 (14.27) 74.94 (14.15)** 4.96 (1.41)*
5sec 116.26 (20.26) 70.91 (14.65) 77.83(18.07) 4.83 (1.31)*
6 sec 113.37 (18.90) 68.91 (14.11) 76.71 (16.21)* 4.68 (1.47)*
7 sec 112.00 (19.06) 68.43 (14.51) 78.51(16.09) 4.60 (1.37)**
8sec 112.03 (19.25) 68.89 (14.55) 80.11(16.94) 4.71(1.38)*
9sec 115.51 (19.64) 71.17 (15.20) 80.06 (16.88) 4.77 (1.37)**
10 sec 118.52 (19.49) 73.50 (15.35) 76.47 (17.75) 4.55 (1.33)**
11 sec 118.46 (19.81) 73.74 (17.15)* 78.11 (15.59) 458 (1.31)*
12 sec 119.82(19.27) 74.62 (15.23)* 80.03 (16.17) 4.61(1.25)**
13 sec 122.82 (18.69)** 77.09 (14.50)** 80.50 (17.46) 4.57 (1.27)**
14 sec 125.06 (18.38)* 78.06 (14.71) 79.09 (17.15) 4.75 (1.56)*
15 sec 125.26 (18.04)* 78.46 (14.56)** 79.91 (22.37) 4.70 (1.62)**
16 sec 126.34 (17.43)"** 78.83 (13.91)** 79.69 (21.36) 4.86 (1.74)**
17 sec 127.80 (16.94)** 78.97 (12.94)** 77.77 (18.19) 476 (1.64)™*
18 sec 126.60 (16.32)"** 79.46 (12.56)** 78.83(16.41) 4.90 (1.85)*
19 sec 127.57 (16.37)* 79.83 (12.17)** 77.63(18.12) 4.90 (1.62)**
20 sec 130.75 (18.67)"* 81.63 (13.42)* 77.50 (17.40) 4.94 (1.59)*
21 sec 129.21 (16.01)* 81.59 (14.19)** 86.18 (30.49) 5.56 (3.71)
22 sec 131.76 (15.82)*** 81.00 (13.57)** 76.06 (17.48) 4.77 (1.45)*
23 sec 13212 (15.51)** 80.74 (13.93)** 77.59 (20.29) 491 (1.81)*
24 sec 131.15 (14.87)* 80.79 (14.03)** 7762 (17.22) 4.76 (1.48)**
25 sec 128.35 (15.34)"** 81.24 (12.55)** 83.65 (24.64) 5.02 (1.95)*
26 sec 128.29 (15.55)"** 81.35 (12.82)** 80.50 (17.67) 4.82 (1.49)*
27 sec 129.24 (15.24)"** 81.32 (12.99)** 81.24 (18.39) 4.83 (1.48)**
28 sec 130.50 (15.19)*** 82.06 (12.37)** 80.38 (17.14) 4.85 (1.49)**
29 sec 129.71 (15.40)* 82.50 (12.94)* 79.68 (17.85) 475 (1.43)*
30 sec 129.63 (16.94)*** 82.19 (12.57)** 81.55(19.81) 4.86 (1.38)**

*p<.05; *p<.01; **p<.001.

SBP: Systolic blood pressure; DBP: Diastolic blood pressure.
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e 81.803] /min, AJBFEFE 5.84 L/minZ WERTE
3. VMo]| o2 II—’—".——*. S2HE H3|
1) VWM 5 o] Egds “dir

ARk VMo w2 @w‘:‘%‘?‘% 52 Table 37 At} VM Al

2} A 5.0] 27| Ho

A 2 152.44 (15.57) mmHg= 9P AJ=
o} Wt 37.09 mmHg 463H1L(p<.001), o|$H7] E92
Bt 94.31 (13.29) mmHg= g ARtk Bt 26,11 mmHg
7} 57Fs1ItHp<.00D). Hl&E= ZH2F 32.15%%} 38.28%7t
Absat Aok, AEMsaE= 73.69 (16.45)3]/min o2 VM 4l
A ETE F4 8.113]/mino] Z438H1319.91%, p<.05), Al
2Rk 5,08 L/min® =2 QFY AJRt} Bt ¢F 0,76 L/min
7} 343 A0 2(13.01%, p<.0) S=|Ac}, 28t VM Al
2} 1-2% SHE F435] Yol spitstol VM AFHe; o5
7] FQF- oF 24.33 mmHg, ©|¢7] -2 17.94 mmHg7}t
ﬁiﬂ I Adksaes Bt 2.88)/min, HEEES Hat
.59 L/min7} 5718F3ich, VMOE QIR a2 A|45]
01 VM Al & 6-727F Bl Aol A= 9 Al @Y olst
2 gojgon VM Al oF 1027} ZHakeh Aol A= g
AlS] EYE B ETE & o] T HE= ALHHOR thA] A5t
45 UErSITE VM AR 3027 73kt Aol A9
$%7] U2 129.63 mmHg (p<.001), ©1¢7] U2 82.19
mmHg (p<.001), AE&=3-2 4.86 L/Imn (p<.00DZ °H
AlETE fofskAl Eou AEkEa= 81.553]/min & <t
g A&k frAFstA bt thFig. 1.

> rr

2) VM E& 59| &gz t3}
VM F& A$9] Bt 57| o
123.11 mmHg2} 77.06 mmHg= 1310 VM AIXJEE} Z¥z}
6.52 mmHg (p<.05), 5.13 mmHg (p<.000)7} s}7skct,
Hl&E=E 217} 5.03%9 6.24%7F #4ast 2 o= UrEP*E}
AleRE= 81,553 /minolA 92.423]/min® &7}5}4 L
(13.33%, p<.01), AEF=EekS- 4.86 L/minollA] 5.44 L/min®
Z71eFATH11.93%, p>.05). 13t VM £8 2-3% 3%
E] Feto] EHI As] Fsol7] AlRtste] 5-627F Hli= Al
HollA 7] gt 152.86 mmHg, ©|2H7] €9t 86,94 mmHg
B U AT ohE ol AAs] faste] VM TR &
oF 2027} Eli= Al OlIA QP Al Eo SJEE|GIT, At
e VM TR A$ 3435 At & Ak daste] det
o] UXE 45T AFRE QY Al 08 FEEQI,
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Fig. 1. A representative case of the hemodynamics on Valsalva
Maneuver.

AldkZeko Y\ 28 & 327} Bl A-o)A] 7.44 [L/min®
F| a0 Dotttz A4 8] Fhadte] VM F& oF 280] &
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9 Aol vlsf 2|t 32.15%, °17]
I, AR § 113 /min7} 74
L/min7} 2433 tH13.01%). ©]
Eﬁf} 7&?%% VM % 1% T erelo] Z7)ske] ARt g
olH of2|gh gElo]
e 5ol sHoR Z%‘%j ArEng £227] 9 o]
| Ul dEo] 7l wet Fddo

RS ol ks Aasky] gt = (Badeer, 1984
Bannister et al., 1980; Smith & Kampine, 1980) A%t
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Table 4. Hemodynamics after Valsalva Maneuver (N=36)
Mean (SD)
Time
SBP (mmHg) DBP (mmHg) Heart rate (beats/min) Cardiac output (L/min)
Resting 115.35 (11.55) 68.20 (9.21) 81.80 (12.07) 5.84 (1.36)
Immediately after VM 123.11 (23.75)* 77.06 (16.40)** 92.42 (18.91)* 5.44 (1.95)
1 sec 132.72 (20.16)* 78.47 (17.90)* 99.75 (15.98)* 6.83 (2.54)
2sec 14117 (22.16)** 83.83 (19.46)** 94.67 (20.87)** 6.85 (2.31)*
3sec 148.25 (26.79)"** 84.31 (17.14)y** 89.22 (16.42) 7.44 (3.01)*
4sec 151.03 (29.44)* 85.94 (16.22)** 84.94 (18.66) 6.87 (2.07)™
5sec 152.86 (29.47)"** 86.94 (16.27)** 83.17 (17.57) 6.81(1.89)*
6 sec 151.78 (28.71)** 86.94 (21.97)** 81.89 (15.38) 6.83 (2.16)*
7 sec 150.44 (31.31)** 82.25 (19.25)** 82.64 (14.58) 7.18 (2.10)
8sec 147.58 (30.67)"** 81.69 (19.59)** 79.33 (15.35) 6.77 (1.77)*
9sec 142.94 (28.57)** 78.42 (18.61)** 78.81(18.50) 6.97 (2.36)*
10 sec 138.86 (25.08)*** 75.64 (13.83)** 78.89 (14.59) 6.83 (2.06)**
20 sec 117.17 (19.65) 63.17 (14.35)** 78.39 (11.57) 6.66 (1.79)*
40 sec 117.69 (16.99) 68.25 (11.63) 75.25 (13.03)** 6.06 (1.63)
1 min 116.08 (14.01) 69.67 (10.45) 77.42 (10.49)** 593 (1.45)
2min 113.67 (13.58) 68.17 (9.59) 77.47(12.15) 5.82 (1.57)
3min 115.64 (13.76) 69.11 (10.18) 78.33 (11.62)** 5.77 (1.53)
4 min 113.81(13.78) 68.25 (9.88) 80.86 (12.28) 5.74 (1.56)
5min 115.64 (11.52) 69.06 (9.09) 79.92 (11.22) 5.89 (1.36)

*p<.05; *p<.01; **p<.001.
SBP: Systolic blood pressure, DBP: Diastolic blood pressure.
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naert, & De Deyn, 2009).

VMe] B A% 3ebAlol e Fhiste] 528 Tastu
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562 F AlelME HugiReT} Adasseo) F7s)a

HEHAIZ0] TBtElEA VM A4 At Bgto] B ol
Atal 518 1 (Badeer, 1984; Smith & Kampine, 1980)
HollA= ol Het e VM F& 5 1-225 €] defo] th
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2014 Z7getelr] upolck, et AlkS tpo 3
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o] QL Ed e 9lX) ek e V1T A5
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Valsalva Maneuver0i| (2 FA HoIo| X|&X HRAF Ha}
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