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Comparison of Pulsatile and Non-Pulsatile Extracorporeal Circulation
on the Pattern of Coronary Artery Blood Flow

Ho Sung Son, M.D.*, Yong Hu Fang, M.D.**, Znuke Hwang, M.D.*, Byoung Ju Min, M.D.*
Jong Ho Cho, M.D.*, Sung Min Park, M.D.*, Sung Ho Lee, M.D.*,
Kwang Taik Kim, M.D.*, Kyung Sun, M.D.*

Background: In sudden cardiac arrest, the effective maintenance of coronary artery blood flow is of paramount
importance for myocardial preservation as well as cardiac recovery and patient survival. The purpose of this study
was to directly compare the effects of pulsatile and non-pulsatile circulation to coronary artery flow and myocardial
preservation in cardiac arrest condition. Material and Method: A cardiopulmonary bypass circuit was constructed in
a ventricular fibrillation model using fourteen Yorkshire swine weighing 25~35 kg each. The animals were ran-
domly assigned to group | (n=7, non-pulsatile centrifugal pump) or group Il (n=7, pulsatile T-PLS pump). Extra-
corporeal circulation was maintained for two hours at a pump flow of 2 Limin. The left anterior descending
coronary artery flow was measured with an ultrasonic coronary artery flow measurement system at baseline (before
bypass) and at every 20 minutes after bypass. Serologic parameters were collected simultaneously at baseline, 1
hour, and 2 hours after bypass in the coronary sinus venous blood. The Mann-Whitney U test of STATISTICA 6.0
was used to determine intergroup significances using a p value of <0.05. Result: The resistance index of the
coronary artery was lower in group Il and the difference was significant at 40 min, 80 min, 100 min and 120 min
(p<0.05). The mean velocity of the coronary artery was higher in group |l throughout the study, and the
difference was significant from 20 min after starting the pump (p<0.05). The coronary artery blood flow was
higher in group I throughout the study, and the difference was significant from 40 min to 120 min (p<0.05)
except at 80 min. Serologic parameters showed no differences between the groups at 1 hour and 2 hours after
bypass in the coronary sinus blood. Conclusion: In cardiac arrest condition, pulsatile extracorporeal circulation
provides more blood flow, higher flow velocity and less resistance to coronary artery than non-pulsatile circulation.

(Korean J Thorac Cardiovasc Surg 2005;38:101-109)
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Fig. 1. Measurement of the coronary artery blood flow using the ultrasonic flow-meter (Quanti/OR™) at the mid- LAD. LAD=Left

anterior descending coronary artery.
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Table 1. Diameter of the left anterior descending coronary ar-

tery at the mid-level (mean=S.D)
Group 1 Group 11
Baseline 2.0+02 mm 2.1£0.3 mm
Pump start 20 min 1.9+0.3 mm 1.7£0.2 mm
Pump start 40 min 2.0+0.3 mm 1.94+0.3 mm
Pump start 60 min 2.1+0.4 mm 1.9+0.4 mm
Pump start 80 min 23+0.4 mm 1.74+0.2 mm*
Pump start 100 min 2.0+0.2 mm 1.7+0.3 mm
Pump start 120 min 1.8+0.3 mm 1.7+0.3 mm

*p<0.05 (group 1 vs. group II). Group I=Nonpulsatile pump
group; Group II=Pulsatile pump group.

6. SAHH Aai

7} BAAEe] F 7wl STATISTICA EA|ZZ
#(Version 6.0)2] Mann-Whitney U testZ o839 11 E-7|
A FTEE pakel 005 o8] A= 33

e o
L7z X|E

w¥AE 7 T Zell ZAol7k SR 30.6+2.8 ke,
2F; 30.4+3.7 k).

2. @98 X|E

4ol B2 75 A9 AMEFE 5 T 2ol Aol 8
Akl 85.0+10.33]/min, 23 85.4i11.794/m1n). ol
HZ F5 A FF b2 A2TolA oJu] JA ko

(1 79.3+11.8 mmHg, 23; 67.4+7.8 mmHg, p<0.05), &
o B 7F ol 08 DA 24 ol F 7

7ol Hol7t ARk

3. BASY DHSUXY NY, YASN X+ Y
EL

1) ZAE 0 T GEsE Ko =l A (Diameter of the LAD):
A s e o] A7 712Xl A = Ko7t gloich =
TE& Fol2 F F Zholl o]z} gllot, 80%-llA All
a5 234104 mm, A2T; 17102 mme.E 9u] Qe 2o
2 B9ch(p<0.05) (Table 1, Fig. 2).
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Fig. 2. Diameter of the left anterior descending coronary artery

at the mid-level. *p<0.05 (group | vs. group Il). Group I=
Nonpuisatile pump group; Group ll=Pulsatile pump group.

2) HAMEWM XXX Q] X EHA| 5 (Resistance Index
of the LAD): A|3A52k Auks Z7lol whep AR E
TEEYE AYArEA GAEEAY ] A S Ao

Fho

o

of &3 22 AL o] i A

(peak mode systolic velocity —
minimal mode diastolic velocity)
RI=

(peak mode systolic velocity)

e AAsYA L AYAre 71EXG gZ A
T ¥ 208, 60FlA = Xol7t it 22t HE 5
F 407 80 o] FollAE FAHLE [t XolF B
AHp<0.05). L3 APAFE AutFoz T FTE 3
A dRah g d dRTedA 9A FAEA
o, HjebEA HFdolAe HE 75 HEd 5 F
7t 9Bl Aol Zrbeke W, HEH WFTAAE
HE 75 AR F5 371 3] Ao] Yghrk(Table
2, Fig. 3).

3) HASY [NHXI B HF SZ(Mean Velo-
city of the LAD): SAFZ 75 A 7|&A e F+ & 7+
of Zpol7t giglot, L F5 FHE T F T2l EA
Hog fo3 zolE el ekp<0.05). 3t A 13-
AMAE HBL 5 F 0L7HA QAHeE F7HHT
6053} 80X+ ZA&ste S Hol F thr] A7to]
Aol whel Frbshe e Uik o Al 23
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Table 2. Resistance Index of the left anterior descending coro-

Ao EgtollM e e EFSY

Table 3. Mean velocity of the left anterior descending coronary

nary artery at the mid-level (mean+S.D.) artery flow at the mid-level (mean+S.D.)
Group 1 Group 1I Group 1 Group 1I
Baseline 0.61£0.2 0.7+0.1 Baseline 8.2+2.4 cmys 9.7x47 cmfs
Pump start 20 min 0.8+0.1 0.7+0.1 Pump start 20 min 10.3+6.0 cm/s 153+£2.8 cm/s*
Pump start 40 min 09+0.1 0.6+0.3*% Pump start 40 min 8.0%£3.2 cm/s 12.7£2.9 cmyfs*
Pump start 60 min 0.9+0.1 0.6+0.3 Pump start 60 min 78+3.1 emfs  18.0£6.3 cm/s*
Pump start 80 min 09+0.1 0.6+0.3* Pump start 80 min 7.3+3.2 cm/s 19.1£7.6 cm/s*
Pump start 100 min 09+0.1 0.6 +0.2* Pump start 100 min 95+3.2 cm/s 244192 cm/s*
Pump start 120 min 09+0.1 0.6+0.2* Pump start 120 min 11.7£3.6 cm/s 22.1£3.7 cm/s*

*p<0.05 (group I vs. group II). Group I=Nonpulsatile pump
group; Group II=Pulsatile pump group.
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Fig. 3. Resistance Index of the left anterior descending coro-
nary artery at the mid-level. *p <0.05 (group | vs. group Il).

Group I=Nonpulsatiie pump group; Group Il=Pulsatile pump
group.

e g ehie, 27t Ex
byt (Table 3, Fig. 4).

4) ZiMEd MG R|Q & F2FBlood Flow of the
LAD): ¥} HZ 75 4 7124, $Z 75 F 2083} 80
BollAE 7 2ol Aoloh gigieh. et BE PE +

i, 604, 10042, L8l 120804 F kel o3t
zpolE EYrkp<0.05). g™ A-sgA dipde
A 1-7"01]4}— HE FF A F5 Foll ikl Fv)
%}M 744 Y RS AR v, A 27l e 12

AR A U

* 95 %l:o] dxe]l MRS 7 9 ey
Z]_g] g 22 ulael] & of Hubgog Al 23] AT

*p<0.05 (group I vs. group II). Group I=Nonpulsatile pump
group; Group II=Pulsatile pump group.

407 —+ Grouwp!
35 - —a— Group 1l *

304
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Pump time (min)

Fig. 4. Mean velocity of the left anterior descending coronary

artery flow at the mid-level. *p<0.05 (group 1 vs. group II).

Group I|=Nonpulsatile pump group; Group II=Pulsatie pump
group.

Ko} ok 158 s=k =4 245 9dck(Table 4, Fig. 5).

4. BAE M= (Coronary sinus)2| N ZA}

A A =9l creatinine phosphokinase (CK), trponin I,
lactate 9] ZhS HE T 3 A 7bo] Azt wel Zv)
S AL Mol F 2 ol BAMLE 98 ol
T S ek(Table 5).
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Table 4. Blood flow of the left anterior descending coronary

Table 5. Change of creatinine phosphokinase, troponin | and

artery at the mid-level (mean+=S.D.) lactate in coronary sinus blood (mean+S8.D.)
Group 1 Group II Group I Group 1I
Baseline 17.7+3.1 ml/min  18.6£5.9 ml/min CK (ng/mL) Baseline 224891+ 1512.1 2649.7X:572.7
Pump start 20 min  16.94+4.4 ml/min  23.6%10.5 ml/min 1 hr 24919+1642.1 2345.0+1571.8
Pump start 40 min  154+3.3 ml/min = 22.6+4.7 ml/min* 2 hr 3564.6-2326.2 3503.6+£2279.9
Pump start 60 min  16.9+5.6 ml/min  28.7%+5.2 ml/min* Toponin I Baseline 1.1+1.0 13£1.1
Pump start 80 min  19.7+£8.4 ml/min  25.6+3.7 ml/min (ng/mL) 1 hr 1.6+0.9 1.5+09
Pump start 100 min 19.0+7.6 ml/min  29.7+5.8 ml/min* 2 hr 2.8+20 27+17
Pump start 120 min 18.01+52 ml/min  28.3 4.6 ml/min* Lactate (mg/dL) Baseline 19.0+10.9 28.1=11.0
1 hr 89.8 20.6 108.7+36.6
*p<0.05 (group I vs. group II). Group I=Nonpulsatile pump 2 hr 109.0+24.3 130.7+36.1
group; Group II=Pulsatile pump group.
CK=Creatinine phosphokinase; Group I=Nonpulsatile pump

407 o Group | *

354 —a— Group |l * *

30 *
254
20 4
15+
10

Coronary flow (ml/min)

5-

0 T T T T T T 1
Baseline 20 40 60 80 100 120

Pump time (min)
Fig. 5. Blood flow of the left anterior descending coronary ar-

tery at the mid-level. *p<0.05 (group | vs. group Il}. Group
I=Nonpuisatile pump group; Group lI=Pulsatile pump group.
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group; Group II=Pulsatile pump group.
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SAeHe8l. whebd, ABTF2AA ) A geld p
Foh ul A FEYIE AgelEE AT AL
g1 Qorh, AAA Fx7 Saeha FUAL W 5
ol whdarso] Aol FAY ol Ae ATAES
71 gARe ARsol $heho,17,18]
NEREEEECENEEERERE R PR
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=
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=
of felstn, Holia Fele] AFul= AL F&ALta

Frbeledet.

HEA W57 NSy QREC wagRqYel 4
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