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The Experimental Study for Hemodynamic Changes
in the Heart-Lung Preparation by Autoperfusion

Sung Sae Han, M.D.", Jae Dong Lee, M.D.”, Sang Hoon Jheon, M.D.”,
Hong Nam Ahn, M.D.”, Tae Yun Oh, M.D.”, Dong Myung Huh, M.D.”,
Kyu Tae Kim, M.D.”", Tae Hoon Jung, M.D."*"

The experimental study for extracorporeal preservation of the heart-lung preparation by
autoperfusion system were performed in 10 dogs. Under intravenous pentothal endotracheal
anesthesia bilateral thoracotomies were performed. A 24F cannula connected to a plastic
reservoir bag located 100 cm above the level of the heart was introduced into the aortic arch.
Left subclavian, innominate artery, and descending aorta were ligated and divided. Both vena
cavae were ligated and divided after the bag was half filled with blood. A 24F catheter inserted
into right atrium and connected to the plastic bag in order to keep constant the preload. The
thoracic trachea was intubated and the lungs were ventilated. The heart-lung preparations were
removed en bloc and floated in a 34 C bath of Hartman solution. The preparations were
observed for from 2 hours to 8 hours, with the average of 5.2 hours. Hemodynamic and
hematologic variables were measured during preharvest and autoperfusion. The pH revealed
severe respiratory alkalosis due to very low PaC0, during autoperfusion; PaO, remained
constant for 130-140 mmHg; A-aDO, increased markedly. The static inspiratory pressure(SIP)
at late autoperfusion(6hr) increased significantly as compared with at early autoperfusion(2hr).
There was no difference between white blood cell counts from right atrium and those of left
atrium. Heart rates remained constant for 110-120/min; cardiac outputs maintained to approx-
imately 0.6L/min; mean aortic pressures, 75 mmHg; mean pulmonary arterial pressures, 15-18

mmHg; mean right atrial pressures, 9-13 mmHg; mean left atrial pressures, 12 mmHg lower than
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those of right atrium. Serum Na maintained with normal range during autoperfusion: K in-
creased significantly; Ca decreased progressively. Hemoglobulin and hematocrit decreased
significantly during autoperfusion. The study demonstrated that stable hemodynamics could be
maintained throughout the experiment and the preparation of the lung seemed to be inadequate,
especially after 3-4 hours, such as high A-aDO,, increased SIP, and scattered atelectasis and

edema in their gross appearences.
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Fig. 1. Method of heart-lung preparation by autoper-

fusion.
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Tahle 1. Autoperfused experimental group

case  AF kg FEALY [FRAL AR
min hr A al
1 14 190 4 sacrificed
2 14 150 6 sacrificed
3 14 220 8 sacrificed
4 15 180 3 VF
5 16 170 6 sacrificed
6 14.5 160 6 sacrificed
7 15.5 160 6 sacrificed
8 15 160 4 VF
9 15 170 2 pul- edema
10 14 130 7 sacrificed
mean 14.7 169 5.2
VF, Ventricular fibrillation
49 ohastg o dolxl Tl A8 Aol 4E
g A-egdot Aoz AYE FrbslyeNTable
1).

Aol AL EAAIE B o FHE 9 pHE -]
7.379l - 1417k 7.57(p< 0.05)2 Al3] AF5ahed 3
F 2474 RF64 274 7.63—7.73(p<0.0001,
0.01, 0.05)c.2 Wslslgl o} AFEe F25 «
Zdo] Algtd s &L el e} q{guusaapbp.

[+
$ore A5 25.0 mmHgel 4 B 1412kl 48] 3}
7&3}&-} 8.80190 %, o]% MF 7477421 6.2—-9.3(p

0.01, 0.05). & ‘ﬁ%‘}-o” o BEFol W 3¢
31 | Agt A AE S BoickFig. 2) 5N

a pH
mmHg @ PaCO.

oA 8 * © [
n
0 t + + ——
pre 1hr 2hr 3hr 4hr 5hr 6hr 7hr

Fig. 2. Changes in pH and PaCO, during preharvest
(pre) and autoperfusion (1-7hr).
A p<0.0001, m p<0.01, O p<0.05, compar-
ision with the preharvest values.
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Fig. 3. Changes in Pa0;, Sa0,, PvO,, and SvO, dur-
ing preharvest and autoperfusion.
O p<0.05

o SIPX10
Y ® A—aDO,
(n=1)

pre 1hr 2hr 3hr 4hr Shr ehr 7hr

Fig. 4. Changes in static inspiratory pressure(SIP)
and A-aDO, during preharvest and autoperfu-
sion.
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Table 2. Data of the blood gas analysis in the heart-lung preparation

parameter/time pre 1 2 3 4 5 6

pH 7.3710.10 7.5710.16 7.711£0.11 7.73%£0.19 7.69+0.14 7.6310.16 7.69+0.04 7.7140.00

PsCO, (mmHg) 24.91+14.2 8.81+3.9 6.4%+1.3 6.211.6 6.5+2.3 8.514.6 8.0%1.4 9.3+0.0
P20, (mmHg) 136.1146.8 144 .9427.7 142.7116. 4 132.4%51.3 141.1+20.5 144 522, 2 - 131.740.0

V0, (moHg) 77.1% 6.4 57.5+27.8 69.1+39.3 86.7+15.0 52.1%+14.7 66.3+11.0 — 64.840.0

520, (%) 97.5+ 2.5 97.7+ 2.3 99.0£0.0 9.3+4.8 99.5+0.7 9.740.6 100.0£0.0 -

Sv0, (%) — 80.31+17.8 93.542.1 79.4125.9 9%5.1+1.5 9%.3£1.2 99.51+0.7 -

A-aDO, (mmHg) - 495.0 479.0 463.0 — — 450.9 -

SIP (mmHg) 8.3+ 1.5 7.9% 1.4 8.0£1.5 8.1£2.1 8.412.6 10.6+2.8 12.0+2.4 12.0+0.0

mean+SD; SIP, Sutic inspiratory pressure
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Fig. 5. Changes in aortic pressures, cardiac output 0 - R ; ——y
and heart rate during preharvest and autoper- pre. lhr 2hr  3hr dhr Shr 6hr  Thr  Bhr
fusion. . . . .
o ) Fig. 6. Changes in right atrial, left atrial, and pulmon-
\(/)alup; 0.05, comparision with the preharvest ary arterial pressures during autoperfusion.
All the aortic pressures during autoperfusion . s w
decreased significantly (p<0.05) as compared £ frAlstgrh (Table 3). &4 Naw Al 144.9
with the preharvest value except the aops 2hr mEq/L°|] A AF1A Y] 4477 B4 132,92
value. Folg 24(p<0.01, 0.05)% ®chrt ol Foll A%t
457%e nyeh el AFE fola dake
59.5(75.5) % &}7ste AFTL HTod BATE 9ol WA K 3EA 3.9mEq/LAA BF 147
gt 245 A4 Ak (p<0.05) (Fig.5). AR 442 2r&she] 318 647k 5.07hx) $-2)%F 442 B
T A7 1472 12mmHgell 4 25 747 1322 qieh(p<0.01, 0.05). B-5-Eqkol = 25 14 ku e} 2
gebe Wahh SR, AT A BF A2 5 6ol 4 ROAT 5ol AR HPC0.05). Cad 3
9mmHgel| 4 6417 122 F-ogk Wgo] glgleh. 2181 2 9.8 mg/dldll A 3AF 247 6.92 sh3stges
AR vjol] A ok whe] $Alukgle] apAlnleln el | BDF 54 77k §olat g4 9 e (p< 0.01, 0.05). Glu-
—2mmHgd = EA vtebitel #F Wt HREA coset S HEo] At T AFFF A2 AEA
21.1,/12.9(14.6) mmHgoll 4 27.0,/12,70(16.0)7}=} kS B om AFAzl 2F 547 Afololl & R4
Hahshgl ot fofat zolw ek AFNHEGLE gre w iu}(p<o 05)(Fig.7). ¥4 4ot €784
SAlupsd Forw ol 2—4 mmHgA £ E9vHFig.6). & A5 22 13.5 mg %, 40.0 %ol dvbsh AF 1417k
ATANRE BIAE AolE LUO BREL  guf el AT 640rAA FAL HEE 95
ol A& E nhrd =l 7hx] {23 WFole] b Abe (p<0.0001). H|HFFoll= B sh3ste 43S 29
Table 3. Hemodynamic data in the heart-lung preparation
parameter/time pre 1 2 3 4 5 6 7 8
HR (/min) 155136 117433 107+30 118+26 119126 107£25 107+23 12510 12310
CO(L/min) - 0.5610.2 0.42+0.0 0.53+0.2 0.6+0.3 0.68+0.5 0.65+0.4 - —
aops (mmHg) 158.64+38.3  103.6+11.5 111.6+3L.2 101.0%11.7 101.1+9.3 102.5+6.6 103.8+3.5 110.0+0.0 107.0+0.0
aopd (mmHg) 108.6+£36.2 59.5%t12.8 60.7£7.3 61.9+7.3 59.81+6.1 56 .8£6.0 56.2+8.6 57.0x0.0 56.0£0.0
aopm (mmHg) 131.2435.8 75.5%7,5 75.9%+3.9 75.5%4.1 74.314 .4 76.214.2 74.3£3.4 75.01+0.0 75.0+0.0
rapm (mmHg) - 11.6+7.4 10.3+6.9 8.91+4.2 10.5+4.7 13.0%5.0 13.2+3 .4 11.0£0.0 11.0£0.0
lapm (mmHg) — 9.314.9 8.3+5.0 9.8+4.5 10.5+5.1 12.7£4.5 11.5x2.9 9.0+0.0 9.0+0.0
paps (mnHg) — 25.1%5.4 21.9+4.6 21.1%5.3 22.3+5.8 22.8+5.0 23.5%3.1 26.0£0.0 27.0+0.0
papd (nmHg) - 14.2+4.9 13.2+5.9 12.9+4.7 13.9+4.7 16.0£5.2 15.0£3.3 14.0£0.0  12.0%0.0
papm (mmHg) — 18.3+4 .4 16.0£5.3 14.614.6 15.6t4.8 18.0%+5.4 16.813.1 16.0%+0.0 16.0%£0.0

HR, Heart rate ; CO, Cardiac output; aops {aopd, acpm) ,

systolic (diastolic, mean) aortic presssure ; rapm, right atrial mean pressure ; lapm, lapm,

left atrial mean pressure ; paps (papd, papm), systolic (diastlic, mean) pulmonary arterial pressure
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mEg/L a Na
mEq/L @ KX10
mg/dl x Cax10
mg/dl & Glucose

pre 1hr 2hr 3;r 4hr 5hr 6hr Zhr 8hr

Changes in serum Na, K, Ca, and Glucose
during preharvest and autoperfusion.

W p<0.01, O p<0.05, comparision with the
preharvest value.

¥ p<0.05
oo 1A 7T} 442, 64 7ol 4 27t o)k A
VERA S eH(p<0.05)(Fig.8). Awtade waE P

A uet AF-Fakell A8 24(p<0.01) gl
AFEolell e HEHE
g W Tt foFg Aol g
(Fig.9)(Table 4).

il ot
1 19814 3% Stanford groupe| Al A HZo
Al o] Aol AF3E o] F Aln|o] 4 Hr) A= 3h=}2]
MEF zela faEg Al agor A3g w4 abs)
ek v FEAlE o] F5a Bz Als Bl
T23 Ao gqles A BL WA ATFAE
o Alsll & A Fske] +&ztollA| o] 4 o] o] FofA a7}

it

o

0 + . - ' + . 4

pre 1hr 2hr 3nr ahr 5hr 6hr Zhr 8hr

Fig. 8. Changes in hemoglobulin and hematocrit dur-
ing preharvest and autoperfusion.
All the values during autoperfusion decreased
markedly (p<0.0001)as compared with the pre-
harvest value, respectively.
O p<0.05, ¥ p<0.05
X10%/¢mm
07 O WBCRA
® WBCLA
1
2
20
10 4
'y
o
1] e

pre 1hr 2hr 3hr 4hr Shr 6hr 7hr - 8hr

Canges in white blood cell count at right atri-
um and left atrium during preharvest and au-
toperfusion.

All the WBCRA values during autoperfusion
decreased markedly (p<0.01)as compared with
the preharvest value.

O p<0.05

Table 4. Data of serum electrolytes, glouse, and hematology in the heart-lung preparation

Parameter/time pre 1 2 3 4 5 6 7 8

Na (mEqg/L) 144.9+7.6 136.71+9.1 135.9+8.4 132.9%7.7 134.5+9.6 135.4+11.2 135.9%13.2 138.2%0.0 139.240.0
K (mEq/L) 3.910.6 4.410.6 4.5+0.5 4.6+0.6 4.6+0.5 4.9+0.4 5.0£0.3 5.2+0.0 5.3£0.0
Ca (mg/dl) 9.8+0.4 8.913.8 6.912.2 5.7t2.3 5.612.6 5.8+2.2 7,4%+1.2 - 7.4%1.2
Glucose (mg/dl) 143.4186.7 196.1+143.8 210.41+156.6 254.7+131.3 205.61146.2 298.31104.4 268.71136.5 208.0+0.0 201.0%0.0
Hb(mg %) 13.5%t1.8 6.5+£1.9 5.8+2.3 5.6+1.9 4.511.7 4.5%t1.9 3.9t2.1 2.710.0 2.31£0.0
Het (%) 40.0£5.5 19.3%£5.6 17,0£8.0 17,0+3.1 13.615.4 14.3x5.8 11.7%£5.7 8.0x0.0 7.0£0.0
WBCRA (10°/mm?)21 .419.7 5.1+4.2 4.0+2.1 3.6L1.1 44135 3.7%1.3 4.5+34 4.710.0 1.7+0.0
WBCLA (106°/mn’) — 7.4%3.9 4.1£2.5 6.4+2.9 5.5£2.9 4.012.8 3.4%2.3 2.71£0.0 4.0£0.0
WBCRA (WBCLA), Wihte blood cell count in right(left) atrial blood
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