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Age-related Difference of the Vagal Reflex and Baroreceptor
Reflex under General Anesthesia with Enflurane

Jung Sub Kim, M.D.,, Yong Taek Nam, M.D. and Soon Ho Nam, M.D.

Department of Anesthesiololgy, Yonsei University College of Medicine, Seoul, Korea

Background: Baroreceptor reflex responds to the decrease in blood pressure caused by drug, dehydr-
ation, or severe bleeding. Vagal reflex caused by direct pressure on vagus nerve, the traction, or lung
inflation develops bradycardia and severe arrhythmia. Lung inflation elicits a vasodepressor reflex,
resulting in stimulation of the vagus nerve which causes a decrease in sympathetic outflow.

Methods: 75 patients who had elective surgery were divided into 3 groups according to the age, such
as group I: <15 years of age, group II: 16-64 years of age, group IIl: =65 years of age. Lung inflation
test has been performed at 20 cmH,O for 20 seconds. Baroreceptor was stimulated by lowering blood
pressure with intravenous infusions of nitroglycerin. Baroreceptor sensitivity was assessed by measuring
the decrease in blood pressure. Vagal reflex sensitivity was calculated by the subtraction of G2
(baroreceptor reflex sensitivity after introglycerin infusion) from G1 (heart rate response to lung inflation).

Results: Baroreceptor reflex induced by hypotension and vagal reflex originated from lung influe-nced
the heart rate inversely when lung inflated. Baroreceptor reflex sensitivity was highest in younger patients
and lowest in older patients when nitroglycerin infused. Vagal reflex sensitivity was highest in older
patients and lowest in younger patients.

Conclusions: Baroreceptor reflex was most sensitive in younger patients, but vagal reflex was more
sensitive in older patients. (Korean J Anesthesiol 1998; 35: 277 ~284)

Key Words: Monitoring: blood pressure; heart rate, Parasympathetic Nervous system: vagus, Reflexes:
baroreceptor.
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o2 7k LAl g FHA wlFEAHe] AF
HA u]FA7% NAE A 9e 9 At 7
&%) B4 ZAF5Y $£¢ Foll vFAFS 4
¢ ghdtely ¥ube] AQ, #H4AAH 5 A7 7A 9]
w2 | FA% WAZE dojudrh u|FA7 wASL
Yolupad dot 9 Ao ash ol AHAY
(ventricular escape)® & FPug g + 3l
o =Y 43 FEAledl Ak AHoculocardiac re-
flex)o} 22 &% Hulo w47 A7 Yo}
A4 AHE xdlsed AHA sl T 4
B3 AHE o718 5 U Aolt? =W TFA
olE &7 <k (positive end expiratory pressure)o)
U A3E E Iz A gde] ZRiAW #HAA
ol }E& w|FAA W7l £8AIE JAE) =
g 29t FAol FAHYG 5ol vt A 3F71
F&sl7l wifell o2 J# "WgAL G
wtz} A4 HEATL ofrlgeY

dytg oz gato] AdEw sha-g-a WAl 9
i At Bl =lodl olv 2% % (carotid
sinus)Z} thE W F-(aortic arch)ell EAFE VF T4
Ml(circumferential receptor)9} F-%7HQl 5=8-¥(longi-
tudinal stretch receptor)& F314 dehHH ol yH-&-¥
o248 dehte ol dete Hike o] F
S241E AFA 72 411417 (glossopharngeal nerve)
7 w3478 FAADfferent)y HHE wEp AT
(medulla)9] A8 FF(cardiovascular center)e] L&
w(nucleus tractus solitarius)2. 2 KAl Zo|c}. of
2 A dgdAste] oE -8-A AL yhg
2 ZRAAA 849 F71E ML EZN TEY,
At 9 48 2459 Fo) x2UaEE Reld®

o FIgAle] £8AH9 ug-E nFAA qiAe
dEA WtAe AutEl e FAlOl w3 g
3 gz=o] Az Qlek. aHE2 o) Et Auts b
A4g A%s sehe gopE o $oAAe AR
AE BefA S4H s Zlo] HelgHog F
23 onE 7HAA He Rolch. Glickgell os3
EEAYNA AAAAE AWt 58 vIFA
74 A 9 G EA b, B2 olF F WAE F
Aol §4% 4+ Ao Y FtEFol o

SR $5o] BAUNT Busw o 2
H Aol gleldt A7 AAZ $7H5ehEz nitro-
glycerin Foju} thE obAlell % AU HEE
A 48N BAY FAE ALeAt WA
A% HZ2AR WAE R HoHE ¢t 3)
B 2 7Y SRAYeY Y4AT Fole
Y AN ola% WAE Aol FAHg A
2 ot B YEH t%o] Aol WE o F
4HAe] Aololl g ATE Ao AT Wgelch

olol & AFoIHE nitoglycerin FAE ol4%
AHAY G WA BE w3t =AMl
A% P8 B4 U BFA B4 TR 9
oA 8A HAE W Fozd uFAR W
Ag BrbaA Sk Azel WAl o Wet
3 oAdee] WER AolE olgHA AFEA
WA wHe3 HEAA WA BeE 27 Sgsn
dobrt olg § WAzt Aol wet olx FEe
Aolg Holt A FHEEA ek

CHar 2 Wi

WG SAlell4 72419] HAEHI} &9 @A
2 "3 a3y AAage 254 1 9 253
AdEe 3y 82 759ez S oY ¥AE
€ EF FAHo "HYY sty 2k F
o AdaA gFe] gl EAEE ek 159
9 #AEL P 7 glo] 747t 2594 e
e o] 3Fes Urdeh I 154 o]} (&£
oh), I 16~644)) (4Q)), MIF: 654]0]-F(=Q)).

ddfde T4 E4F AAE(ECG: 906224,
SpaceLabs, USA)¢} ulX 53 "¢t 24 7)(noninva-
sive blood pressure monitoring system: 90651A, Space-
Labs, USA), "ju}3A A&7 (pulse oximeter: Capno-
mac Ultima™, Datex, Finland)& AX]3tglch 2.5%
thiopenthal(pentothal sodium®: 5 mg/kg)& A F3to]
0 45 & ¢ wiag Bz @ssbHA pan-
curonium bromide(Panslan®: 0.1 mg/kg)Z = |94
7 F Z13AEE delc viH e A€ N.O-O:
-enflurane 2 2. dlgo 371 gAzlk Fgto] 35
mmHg W2 §AHEF ¢l-FIF 7| (Dameca, Den-
mark)§ ZASAHEEFNS 10~203)/min, 13|
7] 10~15mlkg). AdkEe AAEL] A 1 leads &



Aok "ok 19A Wy 235N = EH
HEZE SYNR ARIY & #H3lrlo] dAste] wgt
& A%Moz agst Phoz dsHoz a4
sedvh Wubls AZVZ oY 4L EREE
BAFHo 2 AR 37 7bA 24 2] (capno-
meter: Capnomac Ultima™, Datex, Finland)& ¥ 7)1}
oJAtRbE RokPerCO:) enflurane’s & (Ferenf) & 2
Bohn BA1zA 3 AAEE AL WP &
Aseh S ES B Sgol A4 Fol o
o Ut vlaA dRER ok A 28
strbal ekd A4 s sbekAdEl nitrogly-
cerin ZHAHE Ak = g AAY
ITES Fusln ¥E £o07 I Frd(reservoir bag:
Antistatik, Rusch, Germany)ell 20 cmH,02] <t#-& 20
27 A% Aoz s # shgAgel BY
F 2ol THEE AY Aol olu] AW U3
2EFEFN LETE J)A 7] ARt

Nitroglycerin 7+tA1g 2 =] 71kA1€S &Y 3ol
103 o9 2AE F3 W Y ANt 4 A
HAEE B A G2 Fole A Ay
slgdc}. NitroglycerinMillisrol®, Nippon Kayaku, Japan)
2 09% 2] Aol 2 4e101(100 uglec) 282
(1 ugkg)e Fo4dk ¥ 22 oigolld =) 7tk A
o A9 e A= AP Azt @ off A =
HH01~09 ugkgye BFsdeh ® A @
Al etel] B Ak Wb-EA(GF} nitroglycerin 5
ofAlY] gk AR EG)E Ao Ho W
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BE(JHR)F $%7] ko] o] WL (4SBP)e
HIZ Felgich =3 #H lghAle] Alubg mpe A
GholA regA AL EGHE WA w27
MAZEGI- G1-GDE Fahslnt.

EEUL HFAN+ETFARE FAANUT BARAY
H(ANOVA) Foll t}3 ] Zub(multiple comparison)
F Pl Tukey W& Agsto] HAAslAc §9
T (p-value)o] 005 =t o EAISHH 2oz} ¢l
ot B8]

| L
D) s7kAd

HeRAE Aol wel 3709 AYFezw YF
F EE Al FUE ALERE, 39 o)A
stehd Foh 371 enflurane 55, 37189
AvteE FAUT H@7HA] =27 g4 4 F
ExollA felsAl ZAsap<0.0s) Atgbs 4
obellAl f-2atAl F7tsll o1} (p<0.05) AT} =9l
AMe Feldh XolE Kol grgkrl. ez =3
e Al T 2solA #Hrkgh A 3ol o3 2
ol YehiA] gkgth(Table 1). H7hgtol] w}E 43
718ke] 4 (12~28 mmHg)E A% dgto g A

<+ T A< ¢ 9% gk # ey
o %7 Hte] HEEE 24§28 o)
7b figlevt Aute WEREE 2Rl $od A
o]7} 91l ehp<0.05)(Table 2).

Table 1. SpO;, PerCO,, Ferenf, SBP and HR before and after Lung Inflation

I I m
Group
Before After Before After Before After

SpO: 98.7+0.1 98.5+0.2 98.610.1 98.4+0.2 98.0£0.1 97.9+0.2
PerCO; 356+0.4 352403 364+0.4 36.2-£0.2 36.2+0.3 36.2+0.2
Ferenf 12+0.2 1.24+0.1 1.2+0.2 1.2+0.1 12+0.2 1.2+£0.2
SBP 109.1+10.2 89.3+8.2* 1145+14.3 93.2.£9.6* 130.1:4+11.2 104.1+8.5*
HR 9241162 101.9+10.5" 80.6+9.0 82.5+75 72.6+10.4 69.5+6.2

*p<0.05 significant difference in the same group, Tp<0.05 significant difference in the same group

All values are expressed as mean =+ SD.

group I: <15 years of age, group II: 16~64 years of age, group HI: >65 years of age.
SpO;: oxygen saturation measured by pulse oxymeter, PrCO,: partial pressure of end tidal carbon dioxide, Ferenf: end
tidal fraction of enflurane, SBP: systolic blood pressure, HR: heart rate
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2) Nitroglycerin 7<}A1d

#H7iqt Alge] Bd ¥ @] €9 F¥71 3%
X 10% Foll nitroglycering A Fste] ZE FR}oll
A YUY ALENRE, 371 oYL Pk &
7% enflurane $%, +E714st U AUsE 5%
#}3lct. Nitroglycerin $-44] 2} FollA9 +2%7] ¥
42 7474 fAY F4EE Eckp<0.05). Nitrogly-
cerin 12 A% AL AYE ek 8
v fllen YAl sk "k 4
T Ut Ak Lo 9 AN fo% St
£ H4cHp<005). Yl #FAX]E nitroglycerin §
of A3} Fol ot w3yt glick(Table 3). Nitr-
oglycerin FojA] F&7] dgte] HERS 4 +
ol #8 Rol7t UUT Yol WEREE M F
ol A% o) RAcHp<0.05). Nitroglycerin

Table 2. Changes in Systolic Blood Pressure and Heart

FoJ 473 dobollA] {2 Xojp<005)E EE
vp Aol 491, = T2 W $%] dasgl
t}(Table 4).

3) 8 AR g ViS4 BARE

H ZhdAlRel wE At g AGHE 4ot
o4 AU A3(P<0.05) =, AU Feltk
A HAREG)E 4ofllA AL Zm 4, =
ALl o] E9] Fhol FE Hol(p<0.05)E Y
B ez Hol AFEE vro] Y dE
A A Lol MY RIZFSIIL Aol Fotg
T§F FHHAE A ¢ 7 U =¥ 0FAA
HMAZEGIE 4obllA] AY ZH3(p<0.05) 49,
xQ Eolgler] dFYE ol FAG HFAA
HAE xqellA MY RIS T Lofelld AY F

Table 4, Changes in Systolic Blood Pressure and Heart
Rate in Nitroglycerin Test

Rate in Lung Inflation Test Group 1 i m
Group I I m ASBP2  ~2024+344 —2188+254 —2564+3.51
4HR2 1076+332%  8.12+156% 4.40+1.19*
- + - + - +
A4SBP1 198+34  —212421 259+36 NTG dose 145+0207  131+012  123+0.11
4HR1 9.6+0.9* 1.910.5%

—3.1+03*

Grouping is same as shown in Table 1. *p<0.05 com-
pared between 3 groups. All values are expressed as mean
+SD. 4SBP1: changes in systolic blood pressure in lung
inflation test, 4HR1: changes in heart rate in lung infla-
tion test.

Grouping is same as shown in Table 1. *p<0.05 com-
pared between 3 groups. 1p <0.05 compared between 3
groups. All values are expressed as mean=*SD. NTG:
nitroglycerin 4 SBP2: changes in systolic blood pressure
in nitroglycerin test, JHR2: changes in heart rate in
nitroglycerin test

Table 3. SpO2, PerCO;, Ferenf, SBP and HR before and after Nitroglycerin Test

I 11 I

Group

Before After Before After Before After
Sp0: 99.01+0.1 98.6+0.2 98.51+0.1 98.5+0.2 98.1+0.1 97.8+0.2
PerCO 352105 350104 36.2+06 36.0+0.4 36605 364+0.6
Perenf 1.3+0.2 1.3x0.1 1.2+0.2 1.2+0.1 1.2+02 12402
SBP 108.1+£9.0 87.9+7.6* 115.5+15.1 93.6+11.2* 130.6 +13.0 104.9+12.5*
HR 93.5+15.2 1042+1627 81.5+10.2 89.6+8.71 73.5+124 7794128

Grouping is same as shown in Table 1. *p <0.0S significant difference in the same group. "p<0.05 significant difference

in the same group. All values are expressed as mean= SD.



Table 5. Differences of Baroreceptor and Vagal Reflex
Sensitivity according to Age

Group I II I

Gl  —0519+0241* ~0.092+0.135  0.117:+0.074
G2 —0579+02747 —0379+0.087" —0.177£0.054'
G3  0060+0327  0287+0158  0.294+0.089

Grouping is same as shown in Table 1. *p<0.05 com-
pared between 3 groups. )'p<0.05 compared between 3
groups. Tp<0,05 compared between 3 groups. All values
are expressed as mean+SD. GIl: heart rate response to
lung inflation, .G2: baroreceptor reflex sensitivity after
introglycerin infusion, G3: vagal reflex sensitivity.

24 ARG RFGT & 5 UAckTable 5).
o @

si7bebst w1247 whAbe] BALel daAE A

Fetsgol oal wIFAH $Fol AGE
& 2t ok Ee S w2 dgae)
MFEAR FAZA ATE ol WAYez gD
AL oAzt Yolibehs el STAYA HUH

»o b

2 itk i sizlehe wlFAA Y A wak of
b F3s] s gutoz 2 Aoz o

o $F7 Basol Yo E A% YsgAlel
HANEE FA6) $UdS & AFeAE = A
XM] WHE WFEAA WA 3 YA BAE B4
FUAA nitroglycerin Folol o1& Wekstzol
wr-s- e WAE W FozA 4E HFA
A BHAE 2A%DA Bk
S gt Ageld W gasglod AvsE
WA AYE Holx gkth olBe WAL A,
FEAYIAE W7 85 44 S4ea 9
W WA, B ATIAE B34 859 24
4 AZRAY PU4E FAn U7l @Feld
7ol Atk AeE BFA4R ohue 274
Aol 21 Aol wam glch BA, 5 Sl B
W BFge] ZaY Ak, Yol AskHn YA
stoll Sk oA WAL obrld ao]nw SES
A wAE AR, R AL FAF e
2 AU 7% FpAels AUF W 1
2% BFol A HAE BU AR

B4 ) 29« gHgAlsh 4 281

FAR S T AAREES i odgg
wn gloke ol FFAYY Bae] gHAE 3
)

aeht s AeRAS RS e egAl W
Ag Aol folg FABATL At & A5
&4 WAL FE FeldAE = Adel whe
W Aol ATk ooz d4eA WAZES}
Fe Zalolat ® Aol WE Au Hgpo] ek
AL ATINE H| FhkAsl Aue wee vl
A7 WAl W A YEH dbael mE
o e dgE I Yok AL B F
2 SBAYINE ARAAE A 2

)
to H

LT K
r{)ﬂ‘
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44X nitroglycerin®] Fo} F-2 nitroprusside?]
ofell 2] AHHehE whEel Hrkste el oA
PE g gk 2 e FEe "gkA
stoll disle] obF&A WA ubgal, o8] Nk
o} wFAA dbAY EE whEg Y FelolA
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ol kA AEE nY Ho FAG AES Yas
et Mo

B Aol UoJAE ® AMAY vFEAA A
AEE J4Hog Hrlshe P ol§ o] g4
sl AFol| whe} w|FAA WAL ojFA Wtz
£ Wyt ol AE Xe|E Yehis Aol )
#4 A7t o)W whes wWFAA WAS
BAE Aol JusAl EBEg AANE PN
gAT £ ATl oA Aoz HFAA @
AE Hrlske Aol shseid: A B
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A s AYAL, HAY B o] 1 FEE
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o) Autg e Lololld Z7} A, HAUolAE
B, xQlolAdE A uhge) Aoz, H Ao
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A fusgde. Lot = FFFAY Hukg u
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257t Aol FuHtel wel dAs] dAE W,
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d Fold WA Rolgxn 4FY 4 A 28
U ojm & Aaes H Al 9§ u]FA4 W
7t Al ZollA U=y YEI, Aol FAY
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AL oly:, YyHogsr AHoZE HILo] TE
EE dEEE @AM #HAY S dE A
o g 4 FeHClAE olA7tA dAFE 1
of Y& A4MG UYL ol 4 glck. F A o
2 F9 Hold dYgg & + gk = A o
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AE EE U 45y A=Y 488 £ F
Stk 10 cmH0 o]3te) & Z|EigezE HliYy
utg-o] of7|5l7] 43, 2 o]4e] & =it 4
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gE2E A" uhge) oz AP W
Yeleta AzhEolFch o] WA o] {2 FEAYI
Ay GriAE FedER 4oz AFA
HE olgd =HE My Eestd w ARl o
EE A4 HlE GEor sl Ao] st
th. E dFoAe Ht ey RelEA g
o =) Fijtell WEe v]FA A B olzt 9
shAstoll Eubd ggMl EATE ofsls]lol ol E
F Al 4ad ez A48 AR uhs F4e] =
Z 9 A "ok g4 A ol f2 w3 o
B& § F Uk €A Aol ALsE wAg
HEEL ol= HE 54 HAE AAHE”
E3 AR npA g vFAR WAE Mg
gdeid 9.’ dgHes g H AHe] w4
A 9A 94 e A9 gEE UE 5 3
£ 44 27 slojA, 444 vHL] FFH 5
ol o olE F WAE AAlse Fxst AF
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