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Effect of Preoperative Renin-Angiotensin System Antagonists on the Difference between Radial and Femoral
Arterial Pressure after Cardiopulmonary Bypass in Patients Undergoing Valvular Heart Surgery

Dae Hee Kim, M.D.l, Young Lan Kwak, M.D.2’3'4, Jong Hwa Lee, M.D.2’3’4, Jae Kwang Shim, M.D.2’3’4, Jae Ho Cha, M.D.z, and Sou
Ouk Bang, MD.>?

1Department of Anesthesiology and Pain Medicine, Gil Medical Center, Gachon University of Medicine and Science, Incheon;
*Department  of Anesthesiology and Pain Medicine and *Anesthesia and Pain Research Institute, *Yonsei Cardiorascular Research
Institute, Yonsei University College of Medicine, Seoul, Korea

Background: Femoral to radial arterial pressure gradient (AP) often develops after cardiopulmonary bypass (CPB) where radial
artery pressure (RAP) does not reflect the actual perfusion pressure. Renin-angiotensin system antagonists (RAS-A) are increasingly
prescribed preoperatively which causes vasodilation and vascular remodeling. We evaluated the effect of RAS-A medication on
AP after CPB in patients undergoing valvular heart surgery.

Methods: Eighty-five patients scheduled for elective valvular heart surgery for regurgitant lesions were divided into two groups:
33).
variables including RAP, femoral arterial pressure (FAP), body temperature, and hematocrit were recorded at after induction of

the RAS-A group, in which patients were on RAS-A preoperatively (n = 52) and the control group (n = Hemodynamic
anesthesia, pre-and post-CPB and sternum closure.

Results: After CPB, systolic AP was significantly greater in the RAS-A group than in the control group. Nine (27%) and
36 (69%) patients after CPB, and 6 (18%) and 23 (44%) patients after sternum closure developed systolic AP more than 10
mmHg, in the control and RAS-A group, respectively, which were statistically significant. Body temperature, hematocrit and
systemic vascular resistance index were not different between groups.

Conclusions: Preoperative treatment with RAS-A resulted in clinically significant AP after cardiopulmonary bypass in about
70% of patients undergoing valvular heart surgery. Concomitant monitoring of FAP with RAP might be helpful to prevent
inadequate vasopressor therapy guided by inaccurate RAP after CPB in this subset of patients. (Korean J Anesthesiol 2007;

53: 199 ~205)
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Renin-angiotensin system (RAS)ell 2}8-3}+= LSRN
3} § 47 8} A (angiotensin-converting enzyme inhibitor, ACE-I)

9} QA 2 el A=8-x|- 7 g Al (angiotensin  receptor antagonist,

ARAE BAFES fubsle angiotensin 119 ZHE-S |
sto] Wxdyolst a3 9l AAMIHE A& A (remodeling)
she AHge uEbiie, A n¥Eshat ARA A EkAE
de] Agsa Yot HIedle {"Lﬁﬂ)ﬁ“ﬂ ApZ ol A
c 3
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e AR
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o] I A4 (distensibility)s ZF7HA
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A ols3tat BHE APol| A3 u]H 5 vk A7l

. olell & AFellAe deElsRAe s deass Ay
e 3AEelA & A RAS AFAS Hgo] Al
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20054 3€HE] 2006 9¥7HA & =
Ho g Add 5*‘3}—?’“—"— Al k=

ol b o 2 dasEs Al e &
AES Z oo Eo3t IAELS Ao g 4% A RAS
A S 283 AT RAS-AT: n = 52)TF RAS ZAEAS
g9 e PATNET: n = B2 o] ATE
AgPslodct. o] AFolA] AL RAS-Z3HAE ACEIZA]

imidapril, ramipril, captopril, cilazapril, lisinoprilZ} ARAZA]
candesartan, losartan, valsartan, irbesartan, eprosartan mesylate

ol

) = g =3
a

Al Aok
morphine 0.05 mgkgs TFE}2™ digoxin ¥ o|%AlE
A BE s g Y oA HYAUE Fof W
gt FEd 24 :?_— 1.88 inch 20 gauge®| teflon 7}EE]
(BD Angiocath Plus™, Becton Dickinson Korea Ltd, A&,
) E sl AFY3E ¥ 150 em Zole] low vo-
lume, high pressure tube (Pressure Tubing with M/F connec-
tor, Edwards Lifesciences LLC, Irvine, USA)E FL3l 2719

3-way stopcocksE ©]83}o] transducer (TruWave Disposable

A2 FEAd 22 1A Ao
Hlo

Pressure Transducer, Edwards Lifesciences LLC, Irvine, USA)
o dAZs et SEFF5 A A28l natural frequency

200

= 205 + 4.1 Hzo|9 3, damping coefficiency= 0.38 =
0.080]9ck. % WAAME Fall =HEHIlElE] (Swan-Ganz

CCOmbo CCO/SV02®, Edwards Lifesciences LLC, USA)E 4t
gttt AAEE 5709 leads £ ¥ lead T B Vs
AgH ez Ak nHFEE fl@] midazolam 2-3
mg, sufentanil 1.5-3.0ug/kg, rocuronium 50 mgs A

713 AlREgith ukH A 0.5-1.5
ug/kg/h)@}  vecuronium 2-3ug/kg/min A|EZF B Or-air-
sevoflurane (0.4-0.8 vol%) FULE P om, FuE oA
i}%iﬂe;o] 30-35 mmHgZ HFASHEE 7]AIZ7]s+9 )
" F-5E ¥ 20 cm, 18 gauge®] T4 WM7LEIE] (Central Ve-
nous Catheterization Set ARROW' Arrow international, Inc.,
Reading, USA)E |5 ol 4FQ1stiom, 180 cm Zo]2
low volume, high pressure tube (Pressure Tubing with M/F

sufentanil

Table 1. Patients’ Characteristics

Control RAS-A P value
(n = 33) (n = 52)

Age (yr) 55+ 12 55+ 12 0938
Sex (M/F) 13/20 22/30 0.790
Body surface area (mz) 1.6 £ 0.2 1.6 £ 02 0.590
Combined disease

Diabetes mellitus 2 3 1.0

Hypertension 4 13 0.175
Preoperative medication

Calcium channel blockers 6 7 0.556

Beta blockers 4 11 0.386

Nitrate 0 1 1.0

ACE-I 0 37

ARA 0 16

ACE-T and ARA 0 1
Procedure

MVR 17 19 0.173

AVR 6 21 0.032

DVR or redo-operation 10 12 0.459
Use of vasopressor after CPB 15 21 0.594
Use of milrinone after CPB 10 15 0.842
CPB time (min) 141 + 66 154 + 54 0366
ACC time (min) 102 £ 54 116 £+ 50 0.271
Warming time (min) 29 + 17 27 + 16 0.583
LVEF (%) 61 = 11 62 £ 11 0928

Values are mean + SD or number of patients. RAS-A: patients treated
with renin-angiotensin system antagonist before surgery, ACE-I:
angiotensin converting enzyme-inhibitor, ARA: angiotensin receptor
antagonist, MVR: mitral valve replacement, AVR: aortic valve
replacement, DVR: dual valve replacement, CPB: cardiopulmonary
bypass, ACC: aortic cross clamp, LVEF: left ventricular ejection
fraction.
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., Chicago, IL, USA)&

s 00solieh. kA $E ¥ ddebAA} ARHE . gEad w94
WSS 2 7|EH), FF AN &, A+ £33 % ]o} gt F & 7‘} Z747k2] v+ independent t-test,
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At sh e oY AWEDE A & EA
S5 o] gsle] Algdelolon, ALt T HE AAL % 859 3AE e rE AFE AR or, e
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06014 BHHFEA FAFE 2024 LimminoZ §A3tch AEE Table 13} 2}l A, AW, AW 3, RAS ZgHA
Aelrel Fo A7) e ostat HHOZ g or, = AL v A 58 Fw g eubAsin A4S E
zﬂﬂ L 1°C/1089] £EE MY 257} 36°CE 9A ¥ T T 7l 7}017} ATk RAS-AollA] ot 3}
5 ek HEEWe 50-80 mmHgo 2 AL & A v 3A9 vlgo] dZzTel vl =3k 7
Table 2. Pressure Gradient between Radial and Femoral Arterial Pressure
Group T1 T2 T3 T4
Rad SBP Control 126 £ 25 118 + 21 100 + 14 113 £ 16
(mmHg) RAS-A 110 £ 19* 110 = 14 94 + 13 111 £ 15
Fem SBP Control 127 £ 23 120 + 19 105 = 12 116 = 14
(mmHg) RAS-A 110 £ 17* 111 £ 13* 108 = 12 120 = 16
ASBP Control 1 +£15 2+9 5+ 11 3+ 10
(mmHg) RAS-A 2438 1+38 13+ 1% 10 + 1%
Rad MBP Control 76 £ 12 72 £ 12 71 £ 10 82 + 13
(mmHg) RAS-A 74 + 12 74 £ 12 66 + 11* 76 £ 11*
Fem MBP Control 77 £ 11 74 £ 12 74 £ 9 84 + 13
(mmHg) RAS-A 76 + 12 76 £ 12 70 + 11* 78 £ 11*
AMBP Control + 7 2+3 3+3 2 +2
(mmHg) RAS-A 2+ 4 244 4 244
Rad DBP Control 49 £ 10 46 £ 11 56 £ 9 67 + 13
(mmHg) RAS-A 55 + 11* 55 £ 12* 50 + 11* 59 + 11*
Fem DBP Control 48 £ 12 47 £ 12 58 + 10 68 + 13
(mmHg) RAS-A 55 £ 12* 56 + 12* 51 + 11* 59 + 10*
ADBP Control 0+5 0+2 1 +£2 1+£2
(mmHg) RAS-A 1+4 0+3 1 +£3 0*5

Values are mean

+ SD. RAS-A: patients treated with renin-angiotensin system antagonist before surgery, Rad: radial artery, Fem: femoral artery,

SBP: systolic blood pressure, A: pressure gradient between femoral artery pressure and radial artery pressure, MBP: mean blood pressure, DBP:
diastolic blood pressure, T1: after induction of anesthesia, T2: after sternotomy, T3: after cardiopulmonary bypass, T4: after sternal closure. *P

< 0.05 compared with control group,
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"P < 005 compared with values at T2 in each group.
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Table 3. Patients Developed Pressure Gradient between Radial and
Femoral Arterial Pressure

Control RAS-A

(M = 33) M = 52) P-value

Tl ASBP > 10 mmHg (n) 9 (27%) 7 (13%) 0.252
AMBP > 5 mmHg (n) 6 (18%) 8 (15%) 1.000

T2 ASBP > 10 mmHg (n) 7 (21%) 6 (12%) 0.355
AMBP > 5 mmHg (n) 8 (24%) 7 (13%) 0.252

T3 ASBP > 10 mmHg (n) 9 (27%) 36 (69%)*  0.000

23 (44%) 0253
23 (44%)*  0.011
11 21%)  0.147

AMBP > 5 mmHg (n) 10 (30%)
T4 ASBP > 10 mmHg (n) 6 (18%)
AMBP > 5 mmHg (n) 3 (9%)

Values are number of patients. RAS-A: patients treated with renin-
angiotensin system antagonist before surgery, A: pressure gradient
between femoral artery pressure and radial artery pressure, SBP:
systolic blood pressure, MBP: mean blood pressure, T1: after induction
of anesthesia, T2: after sternotomy, T3: after cardiopulmonary bypass,
T4: after sternal closure. *P < 0.05 compared with control group.

T Zholl Aejsdt 9 s
7t gldek Aleleg F owadgy
A% o (milrinone A 9]), FEEJTHAE ALY D=
z T2 153, RAS-ATONA 2102 S F 7ol Aol
7t itk A2 FHEZAZE milrinonette] AEE A=
tl Tk AHIE Abol= $lATH(Table 1).

7t A7 e Zs st tEE ke AsEW uhH
T ¥ RASATIA FH7eFs J 4 7| dE s
bl tiztol] wlste] foslAl Ukon, F37]vE
ZAN Fol= RAS-ATONA RostAl Yokl A9
T 7o %7 0*5“%‘?% E]s ko] Kol
oAk ALlEst A FEHIAPE 7 TollA FAE
dlel=et 3 RAS-A-T’-OH/H 2ol vlste] G-olaiA
Bz uetat H ek Aot Mol
Zhol7b gld ot A3t 85 ¥ RAS-ATlA &

gt HTFAPE AQlegt A Foll By 7 7
oJgk Zpo]7h $lgith(Table 2).
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Table 4. Changes in Hemodynamic Variables
Group T1 T2 T3 T4
HR (beats/min) Control 66 = 12 72 + 14 82 11 88 + 14
RAS-A 67 + 15 73 + 15 83 + 17 85 + 14
MPAP (mmHg) Control 195 19+5 17 = 4 18 £ 3
RAS-A 25 + 6% 26 + 7% 20 + 5% 21 + 5%
CVP (mmHg) Control 9+3 7+ 4 85 9+3
RAS-A 10 + 4 10 + 4* 8§ 3 9 +3
PCWP (mmHg) Control 13 +£5 12 £5 11 £+ 4 13 £3
RAS-A 17 + 5* 18 + 6* 13 + 4* 15 + 4*
Sv0O;, (%) Control 79 + 4 83 + 8 78 £ 9 74 £ 9
RAS-A 79 £ 6 81 £ 9 76 £ 9 78 + 8
CI (L/min/mz) Control 35+ 1.0 33 £ 09 36 £ 1.0 32 £ 0.7
RAS-A 31 £ 1.0 2.8 £ 0.7% 32 £ 0.8 30 + 0.8
Rad SVRI Control 1,648 = 755 1,673 = 719 1,577 £ 637 1,967 = 652
(dyne - sec/cmS . mz) RAS-A 1,865 = 770 2,004 + 845 1,591 £ 611 1,939 + 792
Fem SVRI Control 1,698 = 559 1,728 = 740 1,657 = 644 2,022 + 681
(dyne - sec/cmS . mz) RAS-A 1,906 = 806 2,009 + 776 1,696 = 644 1,987 = 820
Hct (%) Control 33 + 4 32 + 4 26 £ 4 27 £ 3
RAS-A 315 30 £ 6 25 + 4 27 + 4
Temp. (°C) Control 36.7 £ 0.4 36.1 + 0.6 362 + 0.3 364 + 04
RAS-A 36.6 £ 0.3 359 £ 0.8 363 £ 0.5 364 £ 04

Values are mean *+ SD. RAS-A: patients treated with renin-angiotensin system antagonist before surgery, HR: heart rate, MPAP:
mean pulmonary artery pressure, CVP: central venous pressure, PCWP: pulmonary capillary wedge pressure, SvO,: mixed venous
oxygen saturation, CI: cardiac index, Rad: radial artery, Fem: femoral artery, SVRI: systemic vascular resistance index, Hct:
hematocrit, Temp.: rectal temperature, T1: after induction of anesthesia, T2: after sternotomy, T3: after cardiopulmonary bypass, T4:

after sternal closure. *P < 0.05 compared with control group.
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tl, RAS ZgA] olefdt azte} WxHolt airl A 2ot T

3t T Ak #HE egEWe vEy 4 "4 A 7 dv AEFEAE, AL, ATFAT 59 WgEol
I FHAA RAS AFAE E&8 A 6dA ALjedt & AT 71+ ¢ A " HellA z=A=o] F+ 7+ Aol
AP7} HIAZA 07 Z7tEE o] ulbelgicka Azt 7b S om, APol|l Qg wHvka gHA AAAEE
th B odFollA RAS-ATOlA ol 2 2T vl €3 vpo] BZF 7 ZF Kolrt §lodv] wioll Y] €%
sto] Ae=st ¥ AAERAG ] Zol7t PAW Z& RAS Zpol7h B Aol 9| 9 S wH T EA
oA sl sHigte] =9 AR dele] e AoE A7t et EAEE 7 o el BERIEFFEAY AL HE
], stHoZE AP M7l w3 RAS ZeAlS] Gt = Aol7t sl ot, AL HEAJFEHAY FFS VT
A Faado] o3k Ak ol Ae HodFe A 3lA] Xg Aolrh. auy SRR WEIARTEAY A
olgtar AJzZkgte}. i} RAS ZHArl Fuiel e %] RAS ZAE £83F SAollA gor, & AF 2
Ae Qg LFFUE uk ol A FwlolA] JEeRtE 77} RAS ZAGAl B8l wlE dolskn} Fo] gl +
Aol7] wiFoll B Ao ZAxtel #HE Ao A= dokte Ae 1HE o FRIJFEAY AES RAS-AT
< Ul A7t desicha A7t xRk B oA At ol el nlAgdH AP WMAMIEE e3l¥ FLATE W
Zte 94 gule Fesida Azl v E Qs 2 Fo g g ud F gvka B AREE Aeed F
EA78AY AAE w3 QA Al RAS AAZE Hst o] 7 Fulgke] xolE WFA X3 He & F dod,
FA wig Fede A& A kP o2 <l RAS ol B o7t AL & e FHE 7 gk
AGAE 543 Aol nHARE F Ee v T €3 o7l Wit ®E B AT 3H Yuldd Fo3F d¥S
34 &(vasodilatory shock)] ¥HAY ®WIE7} o} o]d 3t n| 22 = gkevka Az

ALE ol A= phenylephrine B=+= norepinephrine¥} 742 AF-&4 AZA o7 Jutdsl A g JutrsS A3 Hk= 3}
A A&t dHFEHAol oIk whsAle] FhA F|of Azl € A RAS Z3A| H&o] Ao+3t &+ o5
o] wpz F "k Aol o go] AE Aot B Esstel] mX e S AHE A7 RAS-ATOA tz
53 AATES A% e 3hAtell A RAS A9 H&3 ol vlste] Alejegt AF FHI|AP7E ou| A o,
HHE AR So wA gl AL 2 el o)g Ao r o e Kol B A HlE I 9fn|
o] A7} ¥l Z57F @ol HaE el B ol Fol|Ajg} GA Bk, Aol Fer g og BAS A
7ol o3t 3AFollA Ht HEE S AgEE &F 71905 A o o] A EelA ALt Aol vl of
Fuigte]l Alejed ¥ AA FATULT Z Ho]E Hol EeWd-g Abdsle] ax-sulstat A sl Aol &
T HIE7F 70%0 ek, tebred A vk 34 F o3t Alejegte A4 9 DxPATEHA Y A4S I3
RAS ZgAE Fof i gldd 3ol Ae]edt Aol cdl Ego] Hehka A7kt

e Eld-s AFlsle] #Est= Zlo] AQds3ts EHe

H o g HF =t 1. Stern DH, Gerson JI, Allen FB, Parker FB: Can we trust the direct
o] A% & Zulcle] Aol7}t 5 mmHg ©]4 HAW A< radial artery pressure immediately following cardiopulmonary
HE7} RAS 232 B 88 A SoA E7e shglont bypass? Anesthesiology 1985; 62: 557-61.
EAMoZ ofu gl F 7+ Aol 9glid] o] RASA 2. Mohr R, Lavee J, Goor‘DA: Inac.curacy of radial artc.ery pressure
’ measurement after cardiac operation. J Thorac Cardiovasc Surg
TollA F Fmgke o]gkr|qk Abol7} A ¢k Wit 1987; 94: 286-90.
ol A Zrh HFsHGS ol Fuistel] o3 HAE = 3. Pauca AL, Hudspeth AS, Wallenhaupt SL, Tucker WY, Kon ND,
HHo] wa® RAS ZAFPALE o]y Zulel Hot: 4327 Mills SA, et al: Radial artery to aorta pressure difference after
Zulolke]] o] 2 o8kS m Ak o] Azl kS m) (;z)scc;;t;nzzi\tion of cardiopulmonary bypass. Anesthesiology 1989;
He A= AOZ}QL]_’ZQ) olel A Al & o A 4. Pauca AL, Wallenhaupt SL, Kon ND: Reliability of the radial
teme 7] ol £t arterial pressure during anesthesia. Is wrist compression a possible
£ diagnostic test? Chest 1994; 105: 69-75.

g 4 )

HZulel gl A A ulek 5. Baba T, Goto T, Yoshitake A, Shibata Y: Radial artery diameter
H] decreases with increased femoral to radial arterial pressure
%

gradient during cardiopulmonary bypass. Anesth Analg 1997; 85:
252-8.
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