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    The intestinal and hepatic circulations were experimentally studied on the state of the 

superior mesenteric artery occlusion (SMAO) in terms of duration of SMAO (30 min, 60 min 

and 180 min) and effect of PGI, administration. 

1) In 30 min SMAO, systemic and hepatic hemodynamics were satisfactory sustained 

   during occlusidon of the superior mesenteric artery (SMA) and after releasing. It is 

   suggesive of fair prognosis for a 30 min occlusion of SMA. 

2) In 180 min SMAO, the intestinal tissue perfusion, cardiac output (CO) and hepatic 

   arterial blood flow (HAF) were significantly lowered. This is indicating that the 

   prognosis is very poor even though adequate recirculation is established in the longer 

   period of SMAO. 

3) To judge as to whether the intestinal perfusion would be adequate or not, the assessment 

   of GOT, GPT, LDH, CPK and CPK patterns was useful. The MM fraction of CPK was 

   most valuable and total CPK increased in proportion to prolongation of SMAO. 

4) PGI, administration enabled systemic hemodynamics and intestinal tissue perfusion to 

   be adequate. In a 60 min SMAO, it is anticipated that satisfactory prognosis has been 

   obtained by means of better reperfusion and PGI, administration. And also it is defined 

   that PGI, has not necessarily led to an increase in the hepatic tissue blood flow.

INTRODUCTION

    It is difficult to detect and diagnose the disease of SMAO clinically. It is also well 

known that its prognosis is very poor. With the aging of population in Japan SMAO is now 

increasing in number, accompanying an increase in heart and arteriosclerotic diseases. 

    This study was undertaken to clarify the systemic and the intestinal-hepatic cir-

culatory changes after surgical repair of the occluded superior mesenteric artery.
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MATERIAL AND METHOD 

Randomly-selected adult mongreel dogs of both sexes weighing 8 to 13kg were 

anesthetized with 30mg/kg pentobarbital, intubated and ventilated via HARVARD respir-

ator (Model 607) with room air. Fluid transfusion during experiment was given at the rate 

of 5ml/kg/h of Ringer Lactate. 

All animals were divided into three groups : control group of simple laparotomy 

procedure, Iigation group of the superior mesenteric artery (SMA) composed of 30 min 

SMAO (a 30 min duration of ligation), 60 min SMAO (a 60 min duration of ligation), and 

180 min SMAO (a 180 min duration of ligation) respectively. In 60 min SMAO-PG12 group, 

prostaglandin 1 2 (PG12) prepared in glycin buffer(pH 10) and kept in refrigator (O'O was 

given via drip at 30 min after SMAO for 120 min at a rate of 100ng/kg/min. 

Enzyme activities of GOT, GPT, LDH, CPK and CPK isoenzyme were measured 

from blood samples obtained from the femoral vein. Mean systemic arterial pressure 

(MAP) was also continuously monitored through the catheter introduced to the femoral 

artery using the transducer and recorder (NIHON-KODEN). Cardiac output (CO) was 

measured by thermodilution method using SWAN-GANTZ catheter. Portal blood flow 

(PVF) and hepatic arterial blood flow (HAF) were measured by a electromagnetic flow 

meter(NIHON-KODtN MFV 2100) anchored on the portal vein and the hepatic artery 

after ligation of the gastroduodenal artery. 

The tissue blood flows of the liver and the small intestine were measured at the site 

3cm away from the hepatic margin and at the antimesenteric middle portion of the small 

intestine by H2 clearance method using tissue flow meter (PHG 201 UNlK CO) under 

inhalation of H2 gas (0.5 1 /min) for 2_ or 3 min and calculated according to Kety' equation 

as an absolute value of ml/min/100g. 

RESULT 

The obtained values in the present study were compared with the pre-study value 

and their alterations were expressed as percentage and analyzed by Student T test. P 

values of less than 0.05 were considered to be significant. 

GOT was slightly elevated but did not significantly varie. d among the three groups 

during SMAO and after release of SMAO as shown in Fig. 3. 
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Fig. 1. Changes of the hepatic tissue blood flow (HFt), portal blood flow 

(PVF), and hepatic arterial blood flow (HAF) of the control 
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Fig. 2. Changes of the intestinal tissue blood flow (IFt), cardiac output 

(C. O.) and mean systemic arterial blood pressure (MAP) of the 

control group. 
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GPT also did not significantly chang~d, showing a slight increase, Iess than GOT as 

indicated in Fig. 4. 

LDH fluctuated within normal range but elongation of SMAO time showed the 

tendency for LDH to rise as presented in Fig. 5. 

Total CPK values were raised after release of SMAO. 

These were almost constant in 30 min SMAO group, however, the longer ligation 

time of SMA, the higher the CPK values. The CPK isoenzyme pattern showed an increase 

in MM fraction as shown in Fig. 6. 

MAP was gradually increased by 13 to 21% immediately after ligation of SMA as 

compared to that of the pre-study value and showed 95 to 104% values of the pre-study 

value during ligation. In contrast, MAP immediately after release of SMA Iigation was 

significantly reduced to 83% of the pre-study value in a 30 min SMAO group, 80% in a 60 

min SMAO without significant reduction in a 180 min SMAO. Thereafter, MAP in the 

three groups changed in 80 to 97% of the pre-study value as indicated in Fig. 7. 

CO was increased by 3 to 13% of the pre-study value in the three groups immediately 

after ligation of SMA. There was not statistically significant. It, however, gradually 

reduced by 5 to 10% after release of SMA Iigation. It wa noted that the longer the time 

of SMAO, the greater CO reduction after release of SMAO as shown in Fig. 8. 

PVF was rapidly reduced up to 55 to 65% of the pre-study value following SMAO. 

The longer duration of SMAO Ied to significant reduction of PVF during ligation of SMA. 

The maximum of PVF reduction was observed in 180 min SMAO and reached a 45% 

reduction as demonstrated in Fig. 9. After releasing SMAO, PVF reverted to the control 

level in 60 min and 180 min groups despite demonstrating an increase in a 30 min SMAO. 

Thereafter, there was not statistically significant difference among the three groups 

although PVF in a 30 min SMAO much more increased than those in another groups. 

HAF was markedly increased immediately after ligation of SMAO and it rernained 

high during SMAO. But at 180 min after ligation it was reduced. After releasing SMAO, 

it rapidly reduced and manifested in the 180 min SMAO group in relation to prolonged 

SMAO time as shown in Fig. 10. 

The HFt values also kept high level after SMAO procedure as compared to the pre 

-study value. It, however, decreased to 95% of the pre-study value at 180 min. After 

releasing SMAO, it rapidly reduced by 85 to 90% and continued to decrease by 75 to 85% 

with time although not statistically significant as indicated in Fig. 11. 

IFt was retured to 70 to 80% after releasing SMAO in the 30 min and the 60 min 

SMAO groups. In contrast, in the 180 min SMAO group, recovery of IFt remained at 50% 
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Changes in the portal blood flow (PVF) during ligation and after 

releasing of the superior mesenteric artery among the three 

groups. 

of the pre-study value. And then, it varied with a range of 65 to 80% of the pre-study value 

in a 30 min SMAO (not significant difference). However, it significantly reduced at 60 min 

SMAO group and immediately after in the 180 min SMAO group respectively. There were 

statistically significant as shown in Fig. 12. 

In the 60 min SMAO-PG12 group, MAP showed a 10 to 20% decrease during 

administration of PG12 despite an excessive rise after interruption of administering PG12 

(Fig. 13). CO also increased by 10% during administration of PG12 and showed a 15 to 20% 

increase after discontinuation of PG12 administration (Fig. 14). 

HAF increased during SMAO by adrninistration of PG12 but there was no significant 

difference after releasing SMAO in both groups (Fig. 15). 

PVF remained high during and after releasing SMAO as long as PG12 Was given. 

Such was statistically significant as compared to that in the non-PG12 group (Fig. 16). 

HFt was lowered during a period of administration of PG12' After discontinuation 

of PG12 administration, there was no statistical difference between PG12 and non-PG12 

groups (Fig. 17). 

IFt increased during administration of PG12. At 180 min after releasing SMAO, IFt 

was returned to 56% when compared to the pre-study value in the PG12 group in contrast 

to a 25% in the non-PG12 group. It was statistically significant. 
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the two groups. 

DISCUSSION 

It is well known that the intestinal blood flow corresponds to 30% of cardiac output 

and it is regulating by neural, humoral and hormonal factors~). And it is said that the blood 

flow in the small bowel coincides with 60% of the portal blood flow'). Severe systemic and 

portal circulatory failures ensue when the intestinal blood flow has become impaired. 

Furthermore, recent data imply that the interruption of the blood flow to the 

superior mesenteric artery results in the release of endotoxin which occurs in a frequency 

of 90%3). It is taken into consideration that the impaired barrier function of the intestinal 

mucosa due to ischemia is a major factor to release endotoxin in addition to hypofunction 

of the reticuloendothelial system which produces the reticuloendothelial depressing sub-

stance (RDS)'). In general, the pancreas is more vulnerable to various shocks, not only 

endotoxic but also hemorrhagic and arfonad-induced shocks.*) It is not infrequently noted 

that the blood flow of the pancreas was markedly reduced in shock.') 

LEFER detected one of peptide releasing from the pancreas in shock and desiguated 

it myocardial depressant factor (MDF). 

It is assumed that MDF acts as depressant of myocardial contraction in the heart 

and phagocytic activity in the reticuloendothelial system even when SMAO takes place. 
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In the present study, elevated MAP and increased CO during SMAO and/or reduced 

MAP and decreased CO after releasing SMAO were shown in shock, reflecting such a rapid 

hemodynamic changes. 

During SMAO, CO gradually decreased in spite of showing high MAP. It is 

presumed that endotoxin released into blood helps increase the peripheral vascular resis-

tance and inhibite the myocardial contraction. 

After releasing SMAO, CO fairly returned to the control level in the 30 min SMAO 

group. In contrast, that in a 180 min SMAO was siguificantly lowered. It is a reflection 

of apparent vascular contraction and potent myocardial depression in the 180 min SMAO 

group rather than in the 30 min SMAO group. One felt confident that ominous 

hemodynamic responses to endotoxin were attributable to poor prognosis due to hypoper-

fusion to the vital organs. 

To our knowledge, it is more likely that vital organs especially the liver necessitate 

better perfusion to keep the function satisfactory in shock. 

It is of interest to note that the mechanisms of improved blood fl,ow into the liver in 

shock are attributed to the genesis of increased blood flow of the hepatic artery=)")*") and 

increased PVF/HAF ratio regardless of hypo-and hyperdynamic states caused by 

endotoxin~~). In the present study it is certain that improved hepatic blood flow is mainly 

based on increased HAF despite reduction of PVF. 

It, however, is shown that in the 180 min SMAO group autoregulation mechanism of 

increasing PVF become inactive in addition to decrease in HAF. 

After releasing SMAO, Iong-term interruption of SMA blood flow as seen in the 180 

min SMAO group no longer regulates a fall of PVF so as to increase the hepatic blood flow 

in contrast to that in the 30 min SMAO group. 

The PVF/HAF ratio, which is one of the most important factors to regluate hepatic 

blood flow, is infulenced by the hepatic artery itself, the degree of intrahepatic blood 

pooling, the vasodilator substance to the portal vein which may generate in situ,~') autor-

egulation mechanism inherent to the mesenterium*') and so on. 

It is known that HFt in endotoxic shock is reduced by 20%.~*) SAKODA*') also 

postulated that the hepatic tissue PO, is markedly decrease even at hyperdynamic state in 

which total hepatic blood flow is not reduced. The reason is that the intrahepatic A-V 

shunt is to be broaded. However, it is not suggestive of this fact in this study. 

It is well known that A-V shunt also exist in submucosal plane of the gut**) as 

experimentally indicated by NUMATA.~') 

In comparison of PVF and IFt between 3. O min and 180 min SMAO groups, signifi-
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cant difference between the two groups was noted in IFt in spite of no difference in PVF. 

This result seems to indicate that A-V shunt in the bowel and mesenterium is well 

f unctioning. 

In 1976. VANE17) discovered PG12 Which is generated from the endothelial cells of the 

vessel and share some activities on antiaggregation of platelet, vasodilation, Iysis of 

platelet aggregationl8)19) and cytoprotection of the heart.20) 

In the present study, PG12 activity was tested on condition that production of PG12 

from the damaged endothelial cells of the vessel due to ischemia had been impeded.21) 

In the SMAO experiment, administration of PG12 Was effective in lowering MAP, 

probably due to relaxation of the smooth muscle of the vessel wall within 10 min before 

metabolized to 6-Keto PGF1.22) and CO also increased even after discontinuation of PG12 

administration. It is a reflection of PG12 activity on peripheral vasodilation and myocar-

dial cytoprotection. It is noted that the vasodilation activity of PG12 is not potent in the 

abdominal organ vessels23) and different at the sites of the tributary vessels.2+) In this 

study, the hepatic arterial blood flow was not necessarily increased by PG12 administration 

during and after releasing SMAO. In contrast, PVF was significantly increased by PG12 

administration. It is presumed that development of collateral blood flow is induced in 

addition to prevention from occurence of vasospasm and thrombus formation. 

PVF was rapidly dropped after discontinuation of PG12 administration despite not 

remarkable changes in IFt and CO. 

It is due to var.ying variety of development of collateral circulation. During 

administration of PG12, changes in PVF correlated well with those in HAF, showing the 

sustained satisfactory autoregulation mechanism of hepatic circulation. 

HFt was lowered during PG12 administration as compared with that during non PG12 

administration. It means that shunt effect in the presinusoid may be associated and PG12 

administration is not beneficial to increase an effective hepatic blood flow. 

It is defined that changes in GOT, GPT and LDH values reflect circulatory failure 

of the bowel.25) In this study the= sensitivity of the indices to slight ischemic damage to the 

bowel was GOT, GPT arid LDH in the order. The changes in CPK and CPK isozyme 

pattern, MM fraction, correlated well with prolongation of SMAO time as reported by G 

EOFFREY 26) It rs defmed that the smooth muscle contamed MM MB and BB fractions 

especially large amounts of BB. It is natural to consider that high BB may be dected when 

ischemic necrosis in the intestine occures. Of interest is the fact that half life of BB 

fraction is too short to detect it when the intestinal necrosis takes place. Consequently it 

is emphasized that an increase in MM fraction become evident.26) 
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The measurement of BB fraction may help acertain a presence of the intestinal 

ischemia,'7) recognize a satisfactory resection on the basis of a result of BB disappearance 

after performance of surgery for the intestinal ischemia.'8) And it benefits from judgement 

of viability of the gut as well as diagnosis of SMAO. 
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