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Background 

It is well established that increased central blood 

pressure has major effects on cardiovascular risk and 

disease manifestation. However, the relationship 

between aortic geometry and hemodynamics has not 

been completely elucidated yet. This study explored the 

impact of severe aortic arch angulation on blood 

pressure in an ex-vivo porcine model. 

 

Materials and methods 

We harvested the aortas of 20 pigs (commercial hybrid, 

near 12 months old, 160 to 180 Kg), and prepared them 

by removing the surrounding tissue and clamping all 

ramifications between the aortic root and the celiac 

artery. The animals were raised and sacrificed for 

commercial use only at a local abattoir and not for the 

purpose of this study. Therefore, authorization of a local 

ethics committee was not requested. 

Two cases of aortic arch angulation were studied; 

namely Type I and Type III arch [1]. To emulate these 

arch geometries the aortas were placed into custom-

made guides, which were virtually designed and 

subsequently 3D-printed (Figure 1). The aortas were 

connected into a mock circulatory loop endowed with a 

pulsatile pump [2]. For each aorta, the experimental 

workflow was the following. We first connected the 

aorta using the Type I arch guide and configured the 

circuit parameters to achieve: 4.5-5.5 L/min of cardiac 

output at 75 beats per minute and 70-80 mmHg – 115-

125 mmHg of diastolic and systolic pressure, 

respectively. Pressure and flow waveforms were 

registered at 1 KHz for at least 20 seconds (Honeywell 

40pc015g series, Morristown, NJ, U.S.A. and Em·tec, 

Finning, Germany, respectively). After the acquisition, 

we placed the aorta into the Type III arch guide and 

reconnected it to the circuit. To emulate the 

compensatory mechanisms of the heart, after changing 

the geometry, the stroke of the pump was adjusted to 

reach the same cardiac output as under the Type I 

geometry. Similarly, pressure and flow were registered 

using the Type III arch guide. 

For each experiment flow and pressure data were 

automatically separated into individual heartbeats for 

post-processing. For each heartbeat, we extracted: mean 

flow (Q), diastolic (Pd), systolic (Ps) and mean (Pm) 

pressures and then averaged among the available cardiac 

cycles. Data were compared with paired t-tests after 

normality confirmation using Shapiro-Wilk test. 

 

Results 

Table 1 shows the obtained values of mean flow and 

pressures for the Type I and Type III configurations. 

Mean flow was similar for both types of aortic arch 

consistently with the experimental workflow. All 

pressures resulted higher in a Type III arch with respect 

to the Type I arch (p < 0.001). 

 

Parameter Type I Type III p 

Q [L/min] 4.73 ± 0.41 4.74 ± 0.39 0.14 

Pd [mmHg] 73.6 ± 1.6 82.5 ± 5.7 <0.001 

Ps [mmHg] 122.0 ± 2.2 134.1 ± 11.1 <0.001 

Pm [mmHg] 89.7 ± 1.5 98.8 ± 6.5 <0.001 

Table 1: Results of mean flow (Q), diastolic (Pd), 

systolic (Ps) and mean (Pm) pressures for Type I and 

Type III arch geometries. 

 

Conclusion 

Our study showed that an increased angulation of the 

aortic arch results in higher blood pressure levels, which 

is a main factor for the progression of cardiovascular 

disease. Further studies are needed to translate these 

observations to in-vivo human arteries and to assess its 

impact on cardiovascular risk. 
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Figure 1: (A) and (B): CAD models of the Type I and 

Type III guides, respectively. (C) and (D): Example of 

aorta placed under the Type I and Type III arch guides, 

respectively. 


