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Abstract  

Objective: Abdominal complications after cardiac surgery while 

relatively uncommon are associated with a significant mortality. 

Perioperative splanchnic ischemia appears to be an important cause of 

these complications. The aim of this study was to evaluate the effects of 

normothermic cardiopulmonary bypass on global and regional splanchnic 

blood flow using TEE and continuous gastric tonometry during CABG 

surgery. 

Design: Single-arm prospective observational study. 

Setting: Cairo University hospital cardiothoracic operative theater. 

Participants: Twenty patients of both sexes undergoing elective on-

pump CABG were included in the study. 

Methods: Superior mesenteric artery blood flow was measured with 

duplex ultrasound using TEE probe, while gastric mucosal perfusion was 

assessed using continuous gastric tonometry (Pg-aCO2 gap) 

simultaneously during CABG surgery under normothermic CPB (>35°C). 

Measurements were made six times: T1 (after induction of anesthesia), 

T2 (after initiation of CPB), T3 (30 min after initiation of CPB), T4 (60 

min after initiation of CPB), T5 (5 min after weaning from CPB), T6 (end 

of surgery).  

Results: Superior mesenteric artery blood flow showed a highly 

significant decrease from baseline value (p value < 0.01) after initiation 

of CPB (T2) till its end (T4) and increased shortly after bypass then 

decreased again significantly below baseline (p value = 0.04) at the end 

of surgery (T6). While Pg-aCO2 gap showed a highly significant increase 

from baseline value (p value < 0.01) 30 minutes after CPB initiation (T3) 



 

then  5 minutes after weaning from CPB (T5) and  at the end of surgery 

(T6), however no correlation was found between both variables. 

Conclusion: Normothermic cardiopulmonary bypass is associated with 

significant splanchnic ischemia that can not be explained by decreased 

global splanchnic blood flow. TEE allows intraoperative assessment of 

blood flow to splanchnic viscera. 

Keywords: Superior mesenteric artery, gastric tonometry, splanchnic 

ischemia, normothermic CPB. 
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Introduction and aim of work 
 
       The splanchnic region participates in the regulation of circulating blood 

volume and systemic blood pressure. Major reduction of splanchnic blood 

flow can be vital in defending brain and heart perfusion in acute 

hypovolemia, but prolonged hypoperfusion of the splanchnic region will 

inevitably lead to hypoxic tissue injury and release of inflammatory 

mediators, which have a major impact on both systemic and regional blood 

flow and tissue functions. (Hessel, 2004) 

 

      Splanchnic hypoperfusion is a common finding in patients undergoing 

cardiopulmonary bypass (CPB). Although overt injury of the intra-

abdominal organs after cardiac surgery is relatively uncommon, they are 

associated with a high mortality.  Splanchnic ischemia prior to, during, and 

especially postoperatively appears to be an important cause of these 

complications. In addition, splanchnic ischemia is hypothesized to be one 

cause of the systemic inflammatory response syndrome and multiorgan 

failure that may follow cardiac surgery through damage of the mucosal 

barrier, allowing gut translocation of endotoxin stimulating the inflammatory 

response to cardiac surgery. (Hessel, 2004) (Warltier, 2002) 

 

       Assessment of hepatic and splanchnic perfusion is of scientific and 

clinical interest. Several techniques are available for determination of 

splanchnic blood flow (SBF), but some are not suitable for human studies. 

Techniques using indicators including (sulfobromophthalein, galactose, D-

sorbitol or ethanol) have been used but are not sufficiently accurate because 
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of extensive extrahepatic uptake. The indicator dilution technique using 

constant-rate infusion of the dye indocyanine green (ICG) has evolved as a 

gold standard, but it requires hepatic vein catheterization for the 

determination of hepatic ICG extraction. (Gårdeba, et al, 2002)  

   

       Gastric tonometry determines the perfusion status of the gastric mucosa 

by measuring local carbon dioxide tension (PgCO2), originally tonometry 

was performed by installing a small volume saline sample into a silicon 

balloon in the tip catheter of a special nasogastric catheter, several practical 

problems were encountered with such technique, the most recent 

development, automated air tonometry, has solved these problems. The 

monitor automatically fills the catheter with 4 ml of room air, CO2
 diffuses 

from the mucosa into the lumen of the stomach and then into the silicone 

balloon of the tonometer. The balloon gas is drawn after equilibration with 

gastric mucosa and measured with an infrared sensor. The measured PCO2
 

reflects gastric intramucosal CO2. Gastric mucosal CO2 and the CO2  gap 

(difference between gastric mucosal CO2 and arterial CO2) have been shown 

to  reflect gastric mucosal perfusion . (Uusaro, et al, 2000)  

 

       Duplex ultrasound provides a noninvasive and accurate assessment of 

blood flow. Visualization of major abdominal arteries and main hepatic 

veins by transesophageal echocardiography (TEE) has been reported, 

allowing intraoperative assessment of splanchnic hemodynamics. However, 

the impact of TEE-measured splanchnic blood flow on mucosal perfusion is 

still ill-defined and under investigated. (Fiore, et al, 2006) (Meierhenrich, 

et al, 2001) 
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The aim of work 
       To measure splanchnic blood flow during CPB employing 

transesophageal echocardiography Doppler–measured superior mesenteric   

artery blood flow (SMABF), and to study gastric tonometry data 

simultaneously in the same patients; to assess the impact of splanchnic as 

well as systemic hemodynamic changes on gastric mucosal perfusion during 

on-pump CABG procedure. 
 


