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The Effect of Low Dose Nitroglycerin on Hemodynamics and Local Liver
Perfusion Following an Occlusion and Reperfusion of the Hepatic
Artery and Portal Vein in Experimental Dogs

Yoon Jeong Choi, M.D., Young Ho Jang, M.D., Se Ho Yang, M.D.
Jin Mo Kim, M.D., Jae Kyu Cheun, M.D., Heui Koo Yoo, M.D.*
Weon Hyun Cho, M.D." , and Dong Seok Cheun, m.D.}

Department of Anesthesiology, School of Medicine, Keimyung University, Daegu, Korea,

. *Department of Anesthesiology, College of Medicine, Hanyang University, Seoul, Korea,
Department of General Surgery, School of Medicine, Keimyung University, Daegu, Korea and
i Department of Clinical Pathology, School of Medicine, Keimyung University, Daegu, Korea

Background: To reduce massive blood loss during a hepatectomy, many anesthesiologists have used
the technique of low central venous pressure maintenance by administration of low dose nitroglycerin
(NTG) and/or intravenous fluid reduction. However, so far there have been no studies about local liver
perfusion (LLP) changes after hepatic artery (HA) or portal vein (PV) reperfusion in patients receiving
nitroglycerin administration. In this study, the changes in hemodynamics and LLP following HA and
PV reperfusion along with low dose (2ug/kg/min) NTG administration in dogs were observed.

Methods: A total of 20 mongrel dogs were divided into four groups; HA occlusion and reperfusion
group (H, n = 5), NTG administration group during the reperfusion on H (H-NTG, n = 5), PV occlusion
and reperfusion group (P, n = 5), NTG administration group during the reperfusion on P (P-NTG, n =
5). After femoral and pulmonary arterial catheterization, a midline abdominal incision was made. HA
and PV were exposed to clamp and declamp. A thermal diffusion microprobe was inserted in the liver
parenchyme to measure LLP.

Results: The PV blood flow was not changed after HA occlusion, but HA blood flow increased after
PV occlusion. The LLP decreased after HA and PV occlusion. The LLP recovered to the baseline level
in group H-NTG after HA reperfusion, but the LLP was more increased compared to the baseline level
in group H. In group P, the LLP did not recover after PV reperfusion, but the LLP in group P-NTG
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In conclusion, it was observed that the LLP recovered to the baseline level by administration

of NTG after PV reperfusion. However, the LLP did not increase after HA reperfusion by administration

317
of low dose NTG.
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Conclusions:
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recovered to the baseline level after PV reperfusion.
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Fig. 1. Schematic drawing of the experimental preparation.
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AAgnAy B TEUE-FTAEMD W AR Ael upsA R "ede}, 7o) Fa A
(dynes -secom ) T gy 0 as pmw ass sU8 Wz 2gsgen

AAE AAs] AJF A7 £ 5, 10, 15 I 208

ooy ANAE AU FUE AFNA B F A7 ARG SAe] W=t vl wellet.
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W o8 e 5 A7 FHAgsglen, 4t H-NTGT# P-NTGT-ollA 9] NTG Foie ZHew

@3l o3t 4 7+ 23 WdF FAE AEFHeE Y F9Y ARFY FAlOl 2ugkg/min®] EFoE

Z471o ARkl A FE5 3 187 %Y HEE  dF AFsider RE AYA ARXE 73 o

Tte] xR E AA A H¥ ¥ P Z2F Wl dEsle] NTGO A&
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Table 1A. Hemodynamic Changes with or without Administration of Low Dose Nitroglycerin after Hepatic Artery Oc-
clusion and Reperfusion in Dogs

Time after HA occlusion (min) Time after HA reperfusion (min)
Baseline
5 10 5 10 15 20
HR H 1458 £202 1435+17.6 1425+157 141.8+140 1455+175 1445+17.0 144.0+154

H-NTG 1356+228 1356+209 1340+199 1340+154 1320+118 1308+11.5 129.8+94

SBP H 123.0+188 1295+142 1275+165 1235+146 1195+135 1203+185 123.0£20.6
H-NTG 126.8+115 133.6+204 121.6+195 1142+147 1074 £11.3* 103.6 +£8.7* 99.8 £ 11.8*

MAP H 80.5 £47.0 86.1 £48.8 83.7+47.8 82.5 +46.7 79.5+45.0 79.3 £45.6 81.2 £46.8
H-NTG 948 £6.2 98.0 £12.0 91.7+9.2 859+9.4 82.3 £7.8% 80.5 + 6.5* 80.1 £7.8*

DBP H 89.5 £ 14.7 96.8 £ 6.7 933+9.5 93.0 +4.8 89.3 £6.1 88.5+9.5 90.8 £9.4
H-NTG  788+6.0 80.2+8.7 76.8+5.0 71.8+7.3 69.8£6.5 69.0 £ 5.8* 702 £ 6.0

CVP H 43+1.0 48+1.0 40+038 43£05 43£05 45+06 43+05
H-NTG 40+1.0 44+09 42+0.8 42 +0.8 42+0.8 38+04 3.6+0.5
PAP H 13.8 £2.0 135+24 128 £1.9 13.0+£1.8 135+2.1 13.3+£22 13.0+ 1.8

H-NTG  14.8£438 15455 154+53 144 +55 14653 140+52 14.6 £ 4.8

PAW PH 8.0x23 83+1.7 78+22 78 +2.1 83+21 78+1.7 78+1.7
H-NTG 8.6+t34 84127 9.0+22 7.8 £3.6 7.6+34 72+34 7.8+29

Values are mean * SD. H: hepatic artery occlusion and reperfusion group, H-NTG: nitroglycerin administration group
on H, HA: hepatic artery, HR: heart rate (beats/min), SBP: systolic blood pressure (mmHg), MAP: mean arterial pressure
(mmHg), DBP: diastolic blood pressure (mmHg), CVP: central venous pressure (mmHg), PAP: pulmonary artery pressure
(mmHg), PAWP: pulmonary artery wedge pressure (mmHg). *: P < 0.05 compared to the baseline.
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Table 1B. Hemodynamic Changes with or without Administration of Low Dose Nitroglycerin after Hepatic Artery Oc-

clusion and Reperfusion in Dogs (Continued)

Time after HA occlusion (min)

Baseline
5 10
CO H 24+0.6 24+04 22+0.3
H-NTG 24+03 24+04 24+02
SV H 17.0£5.8 169 +3.3 157 £2.4
H-NTG 184 £4.1 18.0+3.6 182 £3.0
SVR H 3326 + 769 3453 £ 218 3672 £ 640
H-NTG 3017 +408 3151 £450 2926 + 291

Time after HA reperfusion (min)

5 10 15 20
24+03 21+02 24105 22+05
2407 23+03 23105 25+07

17.0 £4.0 14826 16.8 £4.5 152 £4.6
179157 179 +£3.2 17.6 £ 4.1 19.6 £5.6
3371 + 466 3586 £ 172 3218 + 265 3698 + 449
2888 £ 608 2706 * 391 2739 £ 391 2532 + 588

Values are mean * SD. H: hepatic artery occlusion and reperfusion group, H-NTG: nitroglycerin administration group
on H, HA: hepatic artery, CO: cardiac output (L/min), SV: stroke volume (ml/beat), SVR: systemic vascular resistance

(dynes - sec

-em®). *: P < 0.05 compared to the baseline.
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Table 2A. Hemodynamic Changes with or without Administration of Low Dose Nitroglycerin after Portal Vein Occlusion
and Reperfusion in Dogs

Time after PV occlusion (min) Time after PV reperfusion (min)
Baseline
5 10 5 10 15 20

HR P 146.3 £ 19.4 1445 +185 1470+ 14.1 136.0 £ 153 1358184 139.0+185 136.8+16.8

P-NTG 141.6+18.6 130.6 + 154 1302 +128 1292+172 1322+188 1354+17.3 128.0*12.7
SBP P 121.3 £13.7 67.8+149% 623+109* 1323+11.2 113.0+9.1 116.0 + 13.7 118.5£12.6

P-NTG 115.6 +22.7 71.4 +£9.8* 69.4 +134* 1156+19.3 109.0+245 105.6+258 1064 +26.3
MAP P 80.5 £ 46.6 439 +26.5%  39.7 £23.2% 88.6 +50.1 76.7+434  784+449 793 +454

P-NTG 94.7+14.0 59.5 +7.5% 552 £9.4* 94.1 £16.3 87.4+19.9 859+209 87.3£206
DBP P 90.3 + 14.6 485+ 10.3* 433 £6.9* 100.0 £7.8 873 +85 89.0+10.6 89.5+105

P-NTG 842+114 53.6 £ 6.5* 482 +7.7* 834 +£16.0 76.6 = 18.7 760 £20.0 77.8+20.2
CVP P 43+0.5 30+1.2 30+12 45+0.6 43+1.0 43+1.0 43+10

P-NTG 38+1.3 28+13 28+1.3 38+1.3 38+1.3 38+1.3 36+ 1.7
PAP P 13.8+1.9 8.8 £2.5% 8.0 £2.7% 13.5+1.3 133+ 1.0 135+ 1.3 13.8 1.7

P-NTG 13.8+26 9.2 +2.0* 9.2 +2.8* 124 £29 12.6 £4.5 13.4 £4.8 13.4+5.0
PAWP P 83+21 53+21 55+1.7 80+14 85+3.1 85+1.3 83+1.0

P-NTG 8.6+32 6.6 +3.0 64+23 7.6 +2.6 7.0+27 74+27 72+29

Values are mean + SD. P: portal vein occlusion and reperfusion group, P-NTG: nitroglycerin administration group on P, PV:
portal vein, HR: heart rate (beats/min), SBP: systolic blood pressure (mmHg), MAP: mean arterial pressure (mmHg), DBP:
diastolic blood pressure (mmHg), CVP: central venous pressure (mmHg), PAP: pulmonary artery pressure (mmHg), PAWP:
pulmonary artery wedge pressure (mmHg). *: P < 0.05 compared to the baseline.

Table 2B. Hemodynamic Changes with or without Administration of Low Dose Nitroglycerin after Portal Vein Occlusion
and Reperfusion in Dogs (Continued)

Time after PV occlusion (min) Time after PV reperfusion (min)
Baseline
5 10 5 10 15 20

co

P 23+05 12 £0.9* 1.1 £ 1.0* 1.8 0.6 21+0.7 23+0.7 1.9+0.

P-NTG 23+09 12 £0.4* 1.2 £0.4* 2.1+1.1 22+1.0 23+1.1 28+ 1.1
NY%

P 155+39 80£5.6 7.6 £6.5 13.3+3.5 149 +3.6 16.6 £ 4.9 144 £42

P-NTG 16.8 £ 8.8 95+28 95+3.1 16.7 £ 10.1 170+94 17.7+£9.7 219+79
SVR

P 3568 + 812 4721 £2250 4744 + 2513 5135+2119 3898 + 1362 3505 + 1027 4052 + 646

P-NTG  3910+1340 3899 +£1089 3710 + 1452 4173 £1748 3657 £ 1749 3305 + 1400 3005 + 1159

Values are mean * SD. P: portal vein occlusion and reperfusion group, P-NTG: nitroglycerin administration group on
P, PV: portal vein, CO: cardiac output (L/min), SV: stroke volume (ml/beat), SVR: systemic vascular resistance (dynes *
sec - cm”). *: P < 0.05 compared to the baseline.
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Fig. 2. Changes in hepatic artery (left) and portal vein blood flow (right) with or without administration of low dose
nitroglycerin after hepatic artery occlusion and reperfusion in dogs. H: hepatic artery occlusion and reperfusion
group; H-NTG: nitroglycerin administration group on H; HBF: hepatic artery blood flow; PBF: portal vein
blood flow; C: time after vascular clamp (min); R: time after vascular reperfusion (min); *P < 0.05 compared

to the baseline.
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Fig. 3. Changes in local liver perfusion with or without
administration of low dose nitroglycerin after he-
patic artery occlusion and reperfusion in dogs. H:
hepatic artery occlusion and reperfusion group;
H-NTG: nitroglycerin administration group on H;
LLP: local liver perfusion; C: time after vascular
clamp (min); R: time after vascular reperfusion
(min); *P < 0.05 compared to the baseline.
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Fig. 4. Changes in hepatic artery (left) and portal vein blood flow (right) with or without administration of low dose
nitroglycerin after portal vein occlusion and reperfusion in dogs. P: portal vein occlusion and reperfusion group;
P-NTG: nitroglycerin administration group on P; HBF: hepatic artery blood flow; PBF: portal vein blood flow;
C: time after vascular clamp (min); R: time after vascular reperfusion (min ); *P < 0.05 compared to the baseline.
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Fig. 5. Changes in local liver perfusion (LLP) with or

without administration of low dose nitroglycerin
after portal vein occlusion and reperfusion in dogs.
P: portal vein occlusion and reperfusion group;
P-NTG: nitroglycerin administration group on P;
C: time after vascular clamp (min); R: time after
vascular reperfusion (min); *P < 0.05 compared
to the baseline.
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