






 
Figure 5. Relationship between the spontaneous cycle 
length and the percentage of If remaining in Case 4. 
 
2.3. Measurement of conduction velocity   

To simulate the conduction through the AVN, a one-
dimensional model 10 mm in length was used. The model 
includes 100 elements. One end of the model (elements 1 
to 3) was stimulated at 3 Hz. The conduction velocity was 
calculated from the times of arrival of the action potential 
at the 41th and 61th elements to avoid the influence of the 
boundary (recording point, -20mV during action potential 
upstroke). The diffusion coefficient, D, was set to 0.001 
S mm2. 

  
3. Results 

Table 3 shows the conduction velocity measured using 
the one-dimensional model in the control and Cases 1~4. 
It shows that the conduction velocity was decreased on 
blocking If. There was a substantial decrease in Cases 3 
and 4. 

 
Table 3. The conduction velocity (CV) before and after 
blocking If  in the control and Cases 1~4. 

 CV(If) CV(no If) Changes 
Control 0.0946 m/s 0.0938 m/s ↓0.85% 
Case 1 0.0972 m/s 0.0910 m/s ↓6.4% 
Case 2 0.0944 m/s 0.0907 m/s ↓3.9% 
Case 3 0.0938 m/s 0.0829 m/s ↓11.6% 
Case 4 0.0939 m/s 0.0757 m/s ↓19.4% 

 
4. Discussion and conclusion 

In this study, we used computer simulation to analyse 
the role of If in AVN conduction. Firstly, the model of the 
AVN action potential (N-type) from Inada et al. [6] was 
verified. It was found that the model could not replicate 
the control of spontaneous rate by If arguably because the 
density of If was underestimated. It is possible that this is 
the result of a lack of experimental data. Secondly, If  and 
Ib in the N-type model from Inada et al. [6] were modified 
to replicate the control of spontaneous rate by If and keep 
the action potential shape and the spontaneous cycle 

length unchanged. Four modified cases were examined. 
Cases 3 and 4 are the better models in replicating the 
control of spontaneous rate by If [4, 7]. Finally, the 
modified models were used in a one-dimensional model 
to assess the role of If in AVN conduction. The results 
show that blocking If can lead to a slowing of conduction 
through the AVN and this is consistent with emerging 
experimental data[2-4]. It is likely that If controls the 
excitability of the cell and therefore the conduction 
velocity. In conclusion, the modelling suggests that If is 
not only involved in pacemaking - it is also involved in 
AVN conduction. This raises the possibility that 
downregulation of HCN4 could slow SAN pacemaking 
and AVN conduction – this occurs in pulmonary 
hypertension. 
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