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Abstract. To build a cardiopulmonary bypass model in rats, and research the feasibility. Method 

Cardiopulmonary bypass was built in 10 adult male SD rats of clean grade through intubation in jugular vein, 

caudal artery, and femoral artery, and bypass was sustained for 60 min at the flow rate of 100ml/(kg·min) to 

monitor heart rate, blood pressure, blood gas, and electrolyte. Result Puncture succeeded in all the 20 rats, 

and cardiopulmonary bypass was finished under given conditions. Conclusion The model has the following 

advantages, economical efficiency, simplicity, minimal invasion, cardiopulmonary bypass parameter setting 

similar to that of clinical trail, high rate of success. Thus, it is reliable for researching pathological and 

physiological changes after cardiopulmonary bypass and evaluating therapeutic strategy.  
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1 Experimental material and method 

1.1 Material   

10 healthy adult male SD rats of clean grade, body mass: 350~500g, (424±70) on average. Inhibited from drinking water 
within 6h before operation.  

1.2 Test Equipment   

Cardiopulmonary bypass rolling blood pump, with silicon pump with an internal diameter of 4mm; membrane oxygenator 
specially used for rats (surface area: 0.10m2), ECG monitor; blood-gas analyzer and heat exchanger; temperature 
changing water bank [1].  

1.3 Anesthesia and Monitor   

A peritoneal injection of 0.2% pentobarbital sodium solution according to the standard of 50 mg/kg was given to rats for 
anesthesia, and then rats were fixed on rat fix table, monitored with an ECG monitor, and tested for rectal temperature. 

The body temperature of rats were sustained around 35. 5~ 36.0  with a temperature changing water bank [2]. A 

blood-gas analyzer was employed to test and analyze arterial blood gas, electrolyte, mixed venous oxygen saturation, and 
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lactate levels. Tests were carried out before systemic circulation, 30min after systemic circulation, upon systemic 
circulation being finished, and 30min after the finish of systemic circulation.  

2 Building of cardiopulmonary bypass 

(1)The skin of left groin was cut about 0.8cm; left femoral artery was separated and ligated, a 24 G venous indwelling 
needle was stabbed through proximal end of ligation for fixation, and heparin solution was injected (half of 500U/kg), a 
monitor was connected via a transducer for continuous monitoring arterial blood pressure. Specimens can be taken via 
this bypass [3].  
(2) The middle of on proximal end ventral side of cauda was cut about 0.8cm; a 20 G venous indwelling needle was 
stabbed in the same way for femoral artery for arterial perfusion.  
(3) The 16 G venous indwelling needle clipped so that its frond end had multiple lateral pores, and the front end of the 
steel core was smoothened so as to avoid any injury to vessel wall at the time of puncture. The right neck was cut 
lengthways about 1cm for separating external jugular vein, of which the distal end was ligated, and the abovementioned 
venous indwelling needle was stabbed into the proximal end, so that the tip of puncture needle was close to the entrance of 
postcava of right atrium to serve as venous drainage tube.  

Cardiopulmonary Bypass Model 

3 Result  

Intubation tube and cardiopulmonary bypass in all rats succeeded. Please see Tab. 1 for haemodynamics and blood gas 
analysis and body temperatures before and after cardiopulmonary bypass. During bypass, the blood pressure of rats can be 
manually controlled via adjusting drainage and perfusion. The monitoring of blood pressure showed that early blood 
pressure during and after bypass was lower than that before bypass (P<0.05). Blood gas analysis showed that arterial 
partial pressure of oxygen and partial pressure of carbon dioxide roughly remained in the normal ranges. An acidosis trend 
was showed with the progress of bypass.  
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Tab. 1 Analysis and Comparison of Haemodynamics, Temperature and Blood Gas Before and After Cardiopulmonary Bypass ( x ±s)  

Time MAP (mmhg) HR TEM PO2 PCO2 PH HCT

Before cardiopulmonary 

bypass

105.7±4.9 310.5±19.3 36.8±0.4 133.1±13.7 41.9±1.1 7.41±0.03 45.4±3.2

30min after  

cardiopulmonary bypass

75.9±9.8* 232.7±23.5* 29.4±0.7* 267.8±15.4* 36.9±0.9* 7.38±0.04* 30.6±2.8*

Upon the end of 

cardiopulmonary bypass

92.5±6.3* 307.5±19.9 37.2±0.5* 289.9±15.3* 39.2±1.3* 7.33±0.04* 28.7±1.6*

30min after the end of 

cardiopulmonary bypass

94.6±4.4* 347.5±25.6* 36.9±0.7 133.3±8.6 36.1±1.3* 7.34±0.05* 31.6±3.3*

*P < 0.05 between the four groups.

4 Discussion  

The cardiopulmonary bypass model in rats we built has the following advantages, economical efficiency, simplicity, 
minimal invasion, cardiopulmonary bypass parameter setting similar to that of clinical trail, high rate of success, long 
duration, etc. Through preliminary studies, we found that these conditions would injure liver and kidney of rats to a 
certain extent, so can used for researching organ injury after cardiopulmonary bypass. Comparing with previous 
experimental models, reduction of trauma caused by factors other than cardiopulmonary bypass was emphasized in this 
model. Firstly, this model needs no thoracotomy, so that the integrity of thorax was maintained, sternum was not cut, and 
inflammatory response was reduced [4,5,6,7]. Secondly, autonomous respirations were retained, tracheal intubation or 
thracheotomy were not conducted for mechanical assisted ventilation. This is also significantly different from cases 
reported before. Since satisfactory anesthetic effect can be achieved through intraperitoneal injection of pentobarbital 
sodium, rats had no response to pain stimulation, operation had not significantly influenced blood pressure and heart rate, 
and no respiratory depression occurred. That these invasive manipulations were avoided is an important reason that the 
survival rate of out rats was high; besides, that thoracotomy or mechanical assisted ventilation that impact the body were 
not carried out will create conditions for researches to purely analyze the pathological physiological changes caused by 
cardiopulmonary bypass.  

Comparing with cardiopulmonary bypass building via thoracotomy, the operation of cardiopulmonary bypass 
building via peripheral vessel intubation is simpler, because intubation is relatively easier. Besides, the latter is 
physiologically same with the former, but the thorax remains stable in the latter operation, good for the recovery of 
respiratory function after operation. Thus, in recent years, the cases of building of cardiopulmonary bypass in rats without 
thoracotomy were reported. The main intubation way is reverse perfusion through caudal artery. Blood flow varies with 
physiological conditions, and it is not suitable for cerebral perfusion. Therefore, we adopted internal carotid artery 
perfusion based on overseas experience, which conforms to the physiological conditions [8, 9, 10, 11, 12]. In most cases 
reported in China, cardiopulmonary bypass was realized under normal temperature, while DHLF and DHCA are needed 
for simulating physiological states in researches on cerebal protection. Thus, building DHLF or DHCA without 
thoracotomy is particularly important. Building cardiopulmonary bypass via peripheral vessel intubation can be used for 
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researches on cardiopulmonary bypass of different types, such as CPB, DHLF, DHCA, etc. This experiment also verified 
this. Cardiopulmonary bypass in all rats succeeded, their vital signs, physical and chemical indicators during CPB 
remained in the acceptable ranges, and the rats all successfully got over cardiopulmonary bypass after the end of 
experiment. On this basis, I have reason to regard this model as a reliable platform for research on physiology of 
cardiopulmonary bypass.  

CPB model in rats can be used for research on physiopathologic mechanism of system inflammatory response and 
organ function changes caused by CPB, and facilitates further discussions on strategy of organ protection in clinical 
perioperative period, worth further study and exploration.  
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