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It is my great honor to express my opinion on the editorial 
commentary (1) regarding our paper, ‘Four-dimensional 
flow magnetic resonance imaging study to explain high 
prevalence of pulmonary vein stump thrombus after left 
upper lobectomy’ (2). Firstly, we observed dynamic blood 
movement in the left atrium after lung lobectomy with  
four-dimensional flow magnetic resonance imaging (4D 
MRI) and identified some characteristic hemodynamic 
features that are predominantly found after left upper 
lobectomy (LUL). Most importantly, LUL likely resulted in 
extensive to-and-fro blood movement near the pulmonary 
vein (PV) stump. Because PV thrombus develops almost 
exclusively after LUL, our results may warrant a further 
study on the real risk of pulmonary vein thrombus.

As was pointed out by Dr. Sekine et al., the heart phase 
of our protocol may be relatively small for 4D flow analyses 
and may underestimate some 4D flow parameters. We 
should have mentioned this point in the discussion section 
as a limitation of our study. However, we do not think that 
our protocol had a significant impact on our results. The 
flow pattern and flow rate of the cases in which LUL was 
performed were obviously different from the cases in which 
other lobectomy was performed, as shown in the results. We 
believe that the difference in the standard deviation (SD) of 
the blood flow velocity near the PV stump between patients 
who underwent LUL and those who underwent other 
lobectomy may be further emphasized by an evaluation with 
higher temporal resolution. According to Figure 2A,B,C,D, 

some patients certainly had a heart phase of 8 or 9 because 
of the variation in the heart rate. However, please note that 
Figure 2A shows the results of 13 patients who underwent 
LUL and Figure 2B,C,D show the results of different 
patients who underwent different operations. 

With regard to the blood flow velocity near the venous 
stump, we agree that the values may differ greatly according 
to the position of the ROIs. In our study, we strictly placed 
the ROIs at the junction between the pulmonary vein and 
left atrium to minimize the measurement error. As shown 
in Figure 4, we found a significant positive correlation 
between the SD of the velocity and the length of the PV 
stump in our overall patients. Although multiple factors 
may influence the SD of the velocity, our data may partly 
suggest that the SD of the velocity becomes lower when the 
ROI is placed near the PV stump, which is in accordance 
with Dr. Sekine’s suggestion (Figure 1). 

We proposed five characteristic flow patterns in the 
left atrium in the Results section (Table 2). It appeared 
that three of the five flow patterns promoted to-and-fro  
blood movement near the PV stump (green color on  
Figure 1B,C,D), which seemed to generate blood 
turbulence, while the remaining two flow patterns promoted 
washing out of the PV stump. These subjective findings 
are described in the Discussion section. We are well aware 
that we must validate the findings with additional cases 
to clarify whether they are indeed associated with PV 
thrombus or not. Although we did not include patients with 
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paroxysmal atrial fibrillation in our study, a previous study 
suggested that a large vortex in the left atrium in patients 
with paroxysmal atrial fibrillation was associated with a low 
risk of thrombus (3). Whether or not large vortex in the left 
atrium, as was observed in our patients, reduces the risk of 
PV stump thrombus should be clarified in a future study. 

We also agree that the SD of the velocity is not correlated 
with the grade of turbulence. However, when the velocity 
was evaluated near the PV stump, the direction of blood flow 
(antegrade or retrograde) changes extensively, generating 
to-and-fro movement, particularly after LUL. This finding 
was reproduced by Dr. Sekine et al., as can be seen in 
Figure 1. We believe that the SD is a useful parameter 
for quantifying the grade of to-and-fro blood movement. 
Nonetheless, it remains controversial if a high SD of the 
velocity is associated with a high risk of PV stump thrombus 
because we did not compare the SD between patients who 
developed PV stump thrombus and those who did not. 
Interestingly, although we experienced two patients with PV 
stump thrombus after LUL, these two patients did not show 
the highest SD values among patients who had undergone 
LUL. The impact of the SD on PV stump thrombus will be 
clarified in our next study. 

Before publishing our report, Matsumoto et al. published 
the first report on a patient who experienced PV stump 
thrombus after LUL by evaluating hemodynamics with 4D 
flow MRI (4). They suggested a reduction in the blood flow 
rate around the PV stump. However, concern remains if 
this finding is simply a result of lobectomy or not, because 
of the nature of a case study. We believe that our paper 
is the first to compare the 4D flow MRI findings of a  
high-risk population undergoing LUL with a low-risk 
population undergoing other lobectomy. 
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