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We have read the interesting report by Umehara et a/.,
in which they sought to clarify the specific blood flow
pattern after left upper lobectomy (LUL) (1). LUL is an
independent risk factor for thrombosis after lobectomy. In
these patients, four-dimensional flow magnetic resonance
imaging (4D flow MRI) was expected to illuminate the
flow dynamics that cause thrombosis formation. However,
we found insufficient or incorrect points in each section
of the manuscript, which included the scan scheme, post-
processing evaluation, definition of altered flow in the left
atrium (LA), and the list of referenced papers. Particularly,
the definition of the blood flow pattern and turbulent
blood flow pattern that prevented/promoted thrombosis
formation, the central concept of this paper, could not be
considered acceptable based on the vast body of evidence
on LA evaluation using 4D flow MRI. We believe that this
paper cannot be used as a reference for further analysis in
this field for the reasons that follow. When applying a new
imaging modality, we should carefully compare previous
results to those currently obtained.

First, the heart phase and temporal resolution were
too small [13] and too low, respectively. The consensus
statement on 4D flow MRI recommended that the
temporal resolution should be <40 msec (2). In this
paper, the temporal resolution (62.4 msec) was too low
to evaluate the LA flow pattern. With these parameters,
the standard deviation of the velocity is likely to be highly
underestimated. Regarding this point, we noticed a strange
presentation within the paper. We agree that the heart
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phase can change depending on the individual patients’
heart rate; however, on figure 2 in the author’s paper, the
orange colored patient seemed to have a heart phase of
eight in the LUL presentation, while, in other pulmonary
veins (PVs), it was 10.

Second, the velocity measured in the region of interest
(ROI) was vulnerable to even subtle differences in the
position setting. We experimentally set four ROIs in the
left superior PV (LSPV) after LUL and measured the
velocity (Figure 1A4,B). The velocity curves and standard
deviations differed greatly among the ROIs (standard
deviations of the velocity were 0.42 and 1.11 cm/sec in the
light blue and light green ROlIs, respectively; Figure 1C).
ROI measurement can be used for laminar flow such as
that in normal PVs. However, with turbulent flow, ROI
measurement cannot accurately capture the blood flow
velocity (3). To mitigate these errors, volume of interest
measurement is recommended (4-7).

Third, the authors defined the thrombus-promoting/-
preventing flow without any prior evidence. In general,
the “vortex” in the LA is thought to prevent thrombosis,
though this concept is still under discussion (4,8). Why
were these definitions not included in the paper? As this was
the central concept of the study, clarification was required.

Fourth, a higher standard deviation does not mean
turbulence. When we set the ROI at the center of the LA
(purple ROI, Figure 14,B), the standard deviation was
much higher than that of the PVs (5.23 cm/sec, Figure 1D).
When the average velocity increased, generally, so did the
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Figure 1 The representative ROIs in the LSPV (blue, light blue, green, and red) and the center of the LA [purple; (A) whole view of the
LA; and (B) enlarged view of the LSPV] in the patients after LUL. (C,D) The flow curve during one R-R interval where the line color
corresponds to that of the respective ROL ROI region of interest; LSPV, left superior pulmonary vein; LA, left atrium; LUL, left upper

lobectomy.

standard deviation. The correlation between pulmonary
venous stump length and the standard deviation of the
velocity simply means that the average velocity increases
proportionally to the distance from the wall. In almost
all papers on 4D flow MRI that evaluated LA thrombus
formation, decreased velocity and stasis were used as altered
flow markers (4-7). This paper stated the opposite results:
higher standard deviations were derived from higher
velocities. We suggest that the authors clarify the rationale
for this evaluation.

Fifth, the authors did not cite any major papers that
evaluated LA flow using 4D flow MRI (4-7). Thus, it is
apparently inadequate as a scientific paper. We agree that
previous reports focused on another entity, atrial fibrillation.
However, the pathophysiology of thrombosis is likely to be
similar.

Finally, this is not “the first report to evaluate the
dynamic blood movement to clarify the risk of PV stump
thrombus by 4D-flow MRI”. A case report that focused
on this phenomenon was published on February 13, 2020,
2 months before this paper was submitted (April 07,
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2020) (9). This description is scientifically incorrect. The
authors should rectify this statement and reference this case
report.

Aside from the issues with the main contents of this
paper, we recommend the use of the term “4D Flow” or “4D
flow” not “4D-Flow” because a hyphen may have negative
effects in the keyword-search algorithm.
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