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Changes of plasma lipoproteins
during and after cardiopulmonary bypass

Jun Young Choi, M.D.*, Sang Ho Rhie, M.D.* Sung Ho Kim, M.D.*,
Sung Gyu Chung, M.D.*, Chang Soo Kim, M.D.*, Byung Gyun Kim, M.D.*

Among the many deleterious effects of cardiopulmonary bypass (CPB), deterioration of plasma lipo-
protein is a significant problem. Break-down of lipoprotein releases free fatty acids into the systemic
circulation which, in turn, can cause microembolism. This study, conducted on 30 patients undergoing
CPB, was designed to elucidate the changes of plasma lipoproteins during and after CPB. Blood sam-
ples were taken at pre-CPB, on-CPB 30 minutes and 60 minutes, postoperative 1st, 3rd, 7th days.
The levels of total cholesterol and triglyceride were measured and lipoprotein was subdivided into

three kinds on electrophoresis.

During CPB, the amounts of plasma total cholesterol and triglyceride decreased significantly and
were recovered to pre-CPB levels after postoperative third day. There was no significant correlation
between the duration and the severity of decrease in plasma total cholesterol and triglyceride levels.
During CPB, the fraction of VLDL decreased and that of LDL increased. After cessation of CPB, the
fraction of LDL decreased and that of HDL increased. After postoperative 1st day, the fraction of

HDL decreased and that of LDL increased.

(Korean J Thoracic Cardiovas Surg 1993;26:12-17)
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FANL o1 £ o stk Wright® 53} Clark”
2 o] A2 E AXA HAH AubAdYzpr}
AZlcka st on, Hill® 52 §EAYEE 58 Al
Ty 2R A u|A A upA A Zo] Jojt-g z:uﬂb—}.gig]_
Zapol” 5-& 713 A37| & ALgte] A ets &

o &AW alpha-lipoprotein &) ¥ AJo] dojte i:ﬂﬁ}‘,’i
t}. = Kirklin'” 5-& Aoed F Ahig E3P3 ol
Aol wiAdo] deojdo g Ao HrE FIAA o7
7FA] eted gk-g wiFlvka shdch A gk Az A
of Hal L E ubx ?‘5}71 2}3}ed heparin & A9 FA}3}E=

1 \:

d], Goodmann £ heparin®] lipoprotein lipase ¢| &%
AL F7AA Ao 8l 5 318k st
2 A7 5L Ao Ao Adue] WstE S
Fsl Fogd Aejpite] A A At vl FEE o]

S5k} gFolc.
CHAH B b

st ol st Fr-ol et w Aol 1991 74
8dHEl 1992 3¢ 17U7HA] 1FAIH 71 & AF8-3)e] 7K
AFEs WS A3 F AlF 20Kg o149 Ak 159, o
AL 159 S 291 2 &t AT o2 shqr)

Ay o] ZA R Foll A heparin 7 HY 39| s
A 2)817] f5to], At FF-FEE 7] ) 12A]7F o]
FAE T 1079 Als TR FEde] dE2ToR
shaiet.

EE vad B4 A egatedl A Alg=E A A g
o Bt wol uhel FAA LS 26~30 T Ato] & WA
Zit}. Pump &= Pfizer A}2] Stockert-Shiley pump 5 AF-8-3}
R, EE SAteA] =E 4k3}7] (Cobe AFS] VPCML,
IFCML, Bently AF2] UNIVOX A13}7])-E AH2-3tgd ).

A 23k 2= AIAE Y | pint & dERHE 1000ml
2 3)Ajsled Al 2, Yol mannitol 1gm/Kg, bi-
carbonate 1.2mEq/Kg, calcium gluconate 1 gm, dexame-
thasone 1 mg/KgE &3t

AT RS A s A A5 g5 7| A5
off cannula & 4}4)%le], 4 c2 Yz+H St. Thomas Hospi-
tal A1 A1H 11 & 20ml/kgE F¢)3to] Al A& f 3l
v 30 et} whek whE- Sqlsbod o). ek Aol Bl
el A S-S WAl

A g Ak A °ﬂ heparin & 3mg/Kg & Fo
shed a, Al 9)43lo] Eyt & heparin 3} F-22] protamine
& F9319] heparin & F3AZ T YA F5 = ALt
A, Aerdt Al F 308 60, & - A1, A3, A
7ol Ztzh At YARBsIATirt A Felste]
Aol ALg-stdch. o 2T A= TERY oFFl o]
15ccE AF 3t o] F SccE Al Tl RelalF 3, v

e 91
Heles & MK Ty 5|
2] 10ccell A3 T2 hematocrit %] ¢} ¥ &3 EE 3lEQS
o} Scc®}t heparin 0.3mge &E§3le] ZhzhE 7 Alel| AL-4
skt WA AW total cholesterol 3} triglyceride?] <
4 243 ¥ cellulose acetate % 7] %3 £ & o] &3} o
E72 el w2} A8 pre-B(=Very Low Density Lipo-
protein, VLDL), B(=Low Density Lipoprotein, LDL), a
(=High Density Lipoprotein, HDL)A| sl o2 K-2])3}3
Z7+e] &Y A& T3k
BE ZARE mean =+ standard deviation &2 F A5}
gew 7+ AJH 7 e f-2]jF xfo]7} 9li=A] & paired Stu-
dent’s t-test 2 A4 81913 A 73} o 27 Abo]ol] 2] &
zto] 7} 9l+=2]3= unpaired t-test 2 7 A3}l P valueZ}
005013t wf BAA R {7 Ao} sl= AR &
ekt

4 =

AT 3z H A2 TAHE 63 Al7HA] (33 £ 194
oo, AFL 20~66Kg(44.6 £ 13.3Kg), MEHHL 0.
77~1.75m? (1.31 +0.32m2)9) W& Bydr)

Aoes A7 62~2208(104.4 + 444 H)o] gl o
5 kA 7EE 31~156 3 (72.9 & 34.2 %)0] g}

Al g s AHA AR F A 139, ARt =)

stra 154, PAFED 93] 28, A HA F A A
F% 1E gk

o 2 A 71 042P7} 3“4°lai£rr1 AL 194
BE 624742 (39 £17.1)9 3L, A F2 44~68Kg(53.4 +
8.1Kg), #MEHAE 1.38~1.76m?(1.44 £ 30.19m2)8] ©

< ¥ 9t} (Table 1).

Table 1. Characteristics of the patients
Study group Control group
No. of patients 30 10
Male : Female 15:15 7:3
Age (yr) 33+ 18.5* 39+ 17.1
Body wt. (kg) 44.6 + 133 534+ 8.1
BSA (m?) 1.31 £0.32 1.44 £0.19
CPB time (min) 729 £34.2 -
ACC time (min) 729 +34.2 -
Type of operation
correction of CHD 12 docortication 2
valve replacement 15 bullectomy 4
CABG 2 lung resection 4

RA myxoma excision 1

* mean =+ standard deviation
ACC ;aortic cross clamping
CABG : coronary artery bypass graft
CPB : cardiopulmonary bypass
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Xelset = X Ch 5}
Al o iff BFAF W AZTEALS o A
7F gd P > 0.5
1. AZ+E 2ol T2 Total cholesterol %! Triglyceride &
of 3}

Total cholesterol 2 ] 2]4=31 ¢l 146.5 + 36.9 mg/dl o]
A AETF 308, 08 3 £F 1 Ul 27} 854 +23.0
mg/dl, 86.7 + 28 3mg/dl, 126.9 + 30.3 mg/dI & w}$ §-e]
Al 7FAsled v (P < 0.005). &53- 3o+ 149.2 + 343
mg/dl, 7= 137.9 333 mg/dli A RO IE
=l 7F A1 ko] MEhs A 253 60 - A A A A = F
1d Ao}, &% | dellA] 3 Abeolol] f-o3kA] 718l
o} (P<0.005).

Heparin 2 FoJ3} 7} gl 3] 4-S 3}17] A 2] total cho-

lesterol & A3 (146.5 + 36.9mg/dD3} o) =7 (1524 +
38.8mg/dl) Atelell ¥ xfo}z} gl b (P>0.5), A§ o] A
o423 305 A1™ 9] =A% (854 + 23.0mg/d)e} W) =7
2] heparinization & hemodilution 32} &3 %] (102.2 +
Tmg/dl) Ato]ell = {2k =po]7} el Hd (P < 0.005) (Table
2, 3).

Triglyceride = A 2]58Hd el 78.9 + 38.6 mg/dl o] A A
RS 30, 60F W #F 1ol 7 205 £ 1400
mg/dl, 21.0 + 14.4mg/dl, 46.0 + 17.6 mg/dl & »}-% §-2]3}
A AP <0.005). 4% 3o 792 +20.7
mg/dl 2 3] BEglom, &F 76+ 958 £ 33.7mg/dl 2
R B} Frhstel vt SAIA fo) 2 gladet 2 213
7ol W3} total cholesterol 3} w37}z & A 21531 60
= AlAHAA =5 1Y Aol ), =5 1A 3 Afo]e
52844 Z=7}skedH(P < 0.005).

Heparin -8 o33} o4 3148 3}7] 9 triglyceri-
de & Al& Tl 4] 78.9 + 38.6mg/dl. o 2ol A 84.3 &
42.4mg/dl1 2 F ZFZ el Fodt zpelr} gl ot A
7o AL 308 AlHe] A A (20.5 + 14.1 mg/dD2}
o) 2%2] heparinization & hemodilution §2] &3 %] (45.1
+ 17.2mg/dl) A}olell = $-2]5k o]z} gladth(P < 0.005)
(Table 2, 3).
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Table 3. Changes of the total cholesterol and triglyceride in
control group (mg/dl)

after heparin &
hemodllutlon

before heparin &
hemodllunon

152.4 +38.8
84.3+42.4

102.2 £ 27.7
451 172

Total Lholeslerol
Triglyceride

Pre-8 lipoprotein & A} £] 8o 15.0 £ 7.4 %0l 4] A
94-&4@ 308 2 600l Z}7 6.1 +59%, 5.8+ 5.8%%
2| &hA] 7Fa=sk eh(P < 0.005).
EF 1o 9.7287%, 3UE 49+ 63%E =
H FFEoR 35T, £F Tdd= 184 +£85%N%
AR} Frketd ot BAE o442 el
z+ x| zbe) Wal= ALl Al Ae¢E 308
A1A Afolollut 2] gk kA7) gl A e} (Table 4).
B-lipoprotein -2 A 2)<=3h4 46.5 + 7.0 %l 4] A 2]<=3F
F 308, 60 8o Z+7F 53.2+89%, S12+72%E %9
sA Z7ksbodth(P < 0.005). €5 1Y HE 46.3 + 6.0 %,
49.6+67%, 4717+ 71% % &4 FFo2 F4sedr)
7 A1 H 7ke] Wl A et Aol A A7t 307
A1 Arolell f-o gt 77k A AL, A )% 60+ A1 AH
EF 1 Abolo fogt Aarl g e, % 1d3% =
Z 39 Aolell f-o & F7H7F 2 A eh{P < 0.005) (Table 4).
A 9)5EHA 38.4 +6.6%N A A3t
Z 30 Fol =40.7 + 8.4% 2 W37} gludr) A 9155 60
Bl 2% 1o 7}t 434 £ 61 %, 44.0 £ 8.0%E F-9
sHA Z7)elad o (P<0.005). &% 3dell+= 354 +6.3%, 7
dell+= 339+ 65% 2 €4 FE2E FFadnt 7 A
A7ke] W3l A 943 608 A - A &3 1 YA
olsHA] Z7)aledd ) (P<0.005), % 12} 3UA)
Atolofl &= -2 3hAl FRAslsd o} (P < 0.005) (Table 4).
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Figure 1 3} Figure 2ol A B o] A 2j4=3ke] X7+ to-

tal chloesterol & triglyceride 2] ¥ 3ol = #2138} A-2H3tA
7} Pt

On CPB POD
Pre- CPB 30 mm 60 mm t 1 # 3 ¢ 7
Total cholesterol  146.5 + 36. 9 85 4+ 23, O** 86 7 £ 28.3* 126.9 + 30.3*% 149 2 i 34.3% 137.9 + 33.3
Triglyceride 78.9 £38.6 20 S5+ 14*% 21.0 £ 14.4%% 46.0 £ 17.6%% 79.2 £ 20.7% 95. 8 +33.7

* Denotes a significant difference from pru—( PB value by paired t test (p < 0.005)

1 Denoles a significant change during just previous interval (p < (.005)
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Table 4. Changes of the fraction of lipoproteins (%)

On CPB POD
Pre CPB 30 min 60 min £l $ 3 ¢ 7
Pre-beta (VLDL) 15 0+74 6 | + 5 9*§ 5.8 £58* 9.7 +8.7 149+ 6.3 184 £ 8.5
Beta (LDL) 46.5+7.0 53.2+8.9%% S1.2 +£7.2* 46.3 + 6.0% 49.6 = 6.T% 477+ 71.
Alpha (HDL) 384 + 6.6 40.7 + 6.1* 434 +6.1* 440 £8.0*% 354 £ 6.3t 339+6.5
* Denotes a significant difference from pre-CPB value by paired t test (p < 0.005)
¥ Denotes a significant change during just previous interval (p < 0.005)
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4o ARRA o E4E 278 Aot el 8 O
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2L Aupxz o 7 HE] Rukg LA A Fo] A WA Fig 1. Relationship of CPB duration and POD #1 total chol-
Wi} ) A 2)g el Foisl= heparino] lipo- esterol
protein lipase 8] ZHEAS Z71A]A Ao 2 RE 2
A Ak Eejste] R R whEgtc!. aebr 5 &
2]z ake] Firis A gl vls o A W w2
Z71slo] % 1Y Hx ol AApFoT 7hAag = POD #1 Triglyceride
- N dl
Aoz e A A, Nuitinen' 5-& A9)Eq Sk & o0
L ]
AW cholesterol #} triglyceride = oV A4 o2 29 -2 80 1 *
Aupabo 2 o BaMe A WA FEot Weixga skl o ¢ e
®
B ATl AR fel WAL FEE AW FdsAE 0 “ v .
40
ook ®] ik, & AW total chloesterol 3} triglyceride & o) 23 10 i.. o .
ol 4] ®.9] heparin ¥} 3o 5] Aol 2]k 7hA4 A =R o} A 9 ?g . *
w3kl o3} ZF A =rF A A8 ek (Table 2. 3). 0 (min)
0 50 100 150 200 250

A 2] 3he| whE = A A}7) A
SR 271 oAl £F FAAE dole g
Al A =]

le] Hrhe Barel, «‘ﬂﬁﬂr dl

1& 11 ol fE A9l

3] AHE-7kof| %915& "JI‘}'{*’% 7F eSSl De
Gasperis'"= #| #1535t 71743} w]A] 4 4 o] A w7}
off frolgk AapA 7} oleta skt
B oogFo = Aefest A7 €5 1442 total
cholesterol " triglyceride }=}2] oA 2 B2l Hghx]qt
ol &k A A = sl et (Figure 1, 2).

Al oo gh-Fell AP NA7LE A7) el TRy

CPB duration

Fig 2. Relationship of CPB duration and POD # 1 triglyceride
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A EAT WA LR o] 5T = UESE e Fr}

AW At ADNES FANFY AWAAR
apoprotein®] A, Uk, B3}=27], A7) F5H o] 5A
o mret oAl 7R FFE FEE g Ao A Al el
I H Ak ZA 1A AR} WA ARRE v 9l
o 9] AR Ao] Abe flelE AREA, B
AT FA k= FAZE glor g =2 & A eiic).

WelAd A 2& 7rell A 344 triglyceride ¢} cholesterol
o] o]Fe] == AR2o|r) 7hellA FHAH triglyceride
E 52 Euigle] VLDLY FAIRE o] FA =)
VLDL & cholesterol 2t} F & triglyceride & -2-0}3}w
21 apoprotein-2 chylomicron #} ®]sz3}c}. VLDL 2 74}
Z2o|v} FHFA 0B Puts]e] RAEh o 29} A
gralAl #rt o714 lipoprotein lipase A A7} 2H-&38ho] %
chil-g Fagte 2 ]2 wakas}t monoglyceride & HF
Eaiy=g

Frel A uhak2 RAEANA A 2 E A A 2} 2
SAE P2 Sozict FAIRY triglyceride & w}&gF
VLDL & EAEJNAA 227 Bejso] 15 =
Zboll A F-aizl= wbd, d¥= FARY triglyceride 7}
cholesteryl ester 2 o A =] 4] apoprotein = B7t 7| 3
R oz vy} LDL 2 ®ighc}. o] LDL -2 FA14H-7F A
2] cholesteryl ester 2 o] Fo]z] glom zAlele] &y
Z cholesterol &) ¢¥ 3/4 6] LDL A}l of] &3k},

LDL 9} 752 FAAAAE, a7, Z{A 2, Al
F 59 cjefst 7he] M Eel cholesterol & F-F sl 7
o} o] 2 &t | EEL 2 el LDL receptor 5 7}A| 1 &
oJA] H {32 LDLo] ¢17]ell 3ts o] receptor-mediated
endocytosis 2h= #A-& A Fp= L el ¥lc) Al 2
o] 4] LDL 26 f2l%l cholesterol 2 A Eute] gHAd =}
steroid hormone 2] A AFEAZ o] &=} o] & 4
E| cholesterol S st I 238k o)Abo g e ofo)
LDLo] AWl Exshd 1 Zxpid-2 el Al 2] 4
A ol o8 Faf Xt

LDLo] LDL receptorvt AlH 3 oj= & A= o
o} B3 7} =™ unesterified cholesterol o] & AW 2 vl-Z5]
=], o]+ HDL 2] %Hol Agkstod LCAT (lecithin : cho-
lesterol acyltransferase) 2h& & Aol 2] s =) ubAkat 4 s}
o] ester 3}3}A] =} o) A esterd}l® cholesterol 2 LDL
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o] ZA B g £AHRth o] 3 2ol 9)s) LDL o] cholesterol

S 7oAl xR guketa, oA 7he] Al EZHE chole-
sterol©] HDL-% 72 LDL & $-4hE & 7o)}

oAbt -2 Ak o AlebA S B odg-o] Ae} I
x)o] ar el Bofrt. Al ejakiel vla) Al 60 - A
Aol = VLDL 2] %3 %7} 7+43}3 LDL &) 28 =7} &
78l =d) (Table 4), ©]+= VLDL o} a2} A 9|53
3] 8 Z-o| A o] 3} (catabolize) H 4] triglyceride & WFZ&3}
i LDL 2 Wistsl=s 7l o2 ajAd = gL, o] o 2=
Aukabe] BAEPHAA EE A A A 2t ZHA E
2 Bol7bx| Zab dF el A A Az E 243 A
o2 FA =}

A 2}=3k 607 A1 A3} &5 1 AA Alolol= LDL 2 &
%7} zkasta HDL O #3827} 5718k =4 (Table
), ©]= LDL o] ZFe] A E 2 chloesterol & ubsl =3 1
2592 unesterified cholesterole] HDL 2] 3ol -3}
%]o] LCAT 9] 2H8-2 2 f-2] x| up4ts} A 3Hslo] esterd}s]
= e M3 5 gle) o] 7|7k HFHue] Aubd A
A7} A E= A7k 5 i)

TEF 14%E 39 Ale]eli= HDL 9 Z8 |7} 7hAa
3}3L LDL 2] #-3 %7} Z71ste) =l (Table 4), ©]+& cho-
lesterol o] LDL 2] &A1 482 Sof7l= o2 Al =sic)

A 9] - 3hFol] X ubAd M ALe] WEAY -G Fo]7] 2)3)A] A9
T332 F T o) odxr| & Fabsld &) qloke
Bz 3, g Absbrloh 7128 Abkshr) v} AubAd
Lol WAL T F ook Rk QAR A9)Eg
& Bz skl A b M ape] WA S kA 3] A& g 9l
uH] 2 Al A 2 ol

i N

N

A

4 =

A 2] =3le) 2) & & A total cholesterol} triglyceri-
de¥= heparin®} M 3]4 2 catecholamine?] °33F-3 A
slettietxe §olshA Zrastdoirl, a3 3Y o] Fo
A o2 sl 5E vk

A 2] 4=%ke] 7]17k3} totul chloesterol 3 triglyceride®]

7 ARl freol & A A7} gl

A 2] =3 Fotell = VLDLS] 38 %7} 3483 LDL
o] ¥-8 =7} Frbstel il 55 1A 7R o= LDL9]
8 %7} 7hAsta HDLo 8 %7} Frlslgl o, 4~
% 1Y o] Fell= HDL| #& 7} 7F4sls LDLe
28 %7} Z7hsksdch

oAby} zro] . odFe] AEE el T A ea
Zhol] wb& =gkl o] W slol] gE AFr) Eikd] o] F
217 3o 8}z wfo|c)
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