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Abstract

Functional measurements of the left atrium (LA) in
atrial fibrillation (AF) patients is limited to a single CINE
slice midway through the LA. Nonetheless, a full 3D char-
acterization of atrial functional measurements would pro-
vide more insights into LA function. But this improved
modeling capacity comes at a price of requiring LA seg-
mentation of each 3D time point,a time-consuming and
expensive task that requires anatomy-specific expertise. We
propose an efficient pipeline which requires ground truth
segmentation of a single (or limited) CINE time point to
accurately propagate it throughout the sequence. This
method significantly saves human effort and enable bet-
ter characterization of LA anatomy. From a gated cardiac
CINE MRI sequence we select a single CINE time point
with ground truth segmentation, and assuming cyclic mo-
tion, we register other images corresponding to all time
points using diffeomorphic registration in ANTs. The dif-
feomorphic registration fields allow us to map a given
anatomical shape (segmentation) to each CINE time point,
facilitating the construction of a 4D shape model.

1. Introduction

The heart is an organ in constant motion, and its func-
tional output is highly correlated to the shape changes of
its chambers as they contract and expand over different car-
diac phases. Thus, population models of cardiac structure
over the entire cardiac cycle will be important tools for un-
derstanding how structural changes contribute to cardiac
function and failure. The goal of catheter ablation for AF
is to create areas of scarring in the LA wall, but the effects
of this scarring on the function of the atria are not well
understood and can contribute to heart failure. AF is char-
acterized. AF is defined by the uncoordinated electrical
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activity and contractions in the LA and is associated with
significant increased mortality and morbidity. AF is ulti-
mately the disease of the underlying cardiac tissue. Heart
failure is a significant complication of AF, but its origins
are not well understood. The development of an image-
based measure for shape remodeling of the cardiac cycle
will enable quantitative measurements of cardiac function
and pathology that are not currently possible using other
tools.The effects of catheter ablation on the function of the
atria is also not well understood. Ablation intentionally in-
troduces scarring of the LA wall[1], in order to block elec-
trical conductivity. An inevitable side-effect of scarring
in cardiac tissue is a decrease in the ability of that tissue
to contract. Noninvasive descriptors of LA function, like
those to be developed in this project, are needed in order to
understand how different amounts of scarring and different
scar patterns (e.g. pulmonary vein isolation versus ablation
of atrial wall targets like rotors, additional lines or fibrosis
debulking) affect LA function.[2] This understanding will
lead to better-informed ablations and may significantly re-
duce complications such as heart failure and stroke risk
after ablation. The cost of getting such a keen understand-
ing requires segmentation of each 3D time point which is
both expensive and time-consuming. There are many pit-
falls of manual segmentation. It suffers from inter-subject
variability. It also requires significant investment of time
and manual effort. Expert clinicians also require hours to
segment a single time point accurately. This amount of
investment can be better directed towards other areas like
CINE time point acquisitions. Thus we propose an effi-
cient pipeline of operations that requires a single or limited
CINE ground truth segmentation to accurately propagate
throughout the time sequence. This provides a significant
boost in saving human effort and time. We choose a single
(or multiple) CINE time point from a gated sequence. The
assumption of cyclic motion enables us to register other
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images corresponding to the other time points using dif-
feomorphic registration in ANTs. This helps is creating a
time point between shapes and allows us to propagate seg-
mentation. We also present a criteria of choosing the best
CINE time point(s) for manual segmentation.

2. Methods

In order to measure the dynamic atrial shape of a pa-
tient heartbeat, we are acquiring a gated cardiac CINE MRI
(sequence). Cine MRI has relatively high in-plane reso-
lution that is suitable for imaging and tracking the atrial
wall deformations from frame to frame. However, cine
MRI slices are relatively thick (5-8mm), thus in order to
build this warp we first re-sample all the CINE volumes
to have the same inter voxel spacing between slices. This
helps us in maintaining consistency across scans and seg-
mentation. Then we proceed onto choosing a time point
which would serve as the reference time point for regis-
tering the other time points. The question lies within the
fact that which or how many time points to choose. There
were couple of options the first being choosing a time point
which has been chosen by clinicians which is represen-
tative of the MRA acquisition. A single time point does
give promising results but it falters when registering with
time points which are farther away than the reference time
points in the cardiac cycle. As the structural difference be-
tween the singly chosen reference time point and the other
time points changes the warp that we obtain is not pow-
erful enough to capture all the shape variability amongst
time points. This is evident from the fact that the DICE
coefficients are much higher of time points closer to the
singly chosen reference time point. This same behavior is
also reflected in the distance map overlay of the segmenta-
tion. The segmentation closer to the reference time point
are more accurate and resemble ground truth segmentation
correctly.

Then we proceed onto choosing reference time points
using uniform sampling. This allows us to space out the
reference time points more evenly across the cardiac cycle
in an attempt to capture the shape variability. A similar
pattern of results are observed as expected. The time points
closer to the reference time points chosen in the cardiac
cycle have better segmentation produced. This is partly
because the structural change between time points is less
and thus can predict more accurate segmentation.

Uniform sampling is a reasonable approach in choos-
ing reference time points in the cardiac cycle but till this
point we have not taken into the considerations the bio-
logical changes that the heart goes through anatomically
throughout the cardiac cycle. The diastolic period of the
cycle where the chambers of the heart are filled in with
blood is much slower and the structural changes are not
that significant. While in the diastolic period of the cardiac

cycle where the heart chambers contract and pump out the
blood is much faster. This results in considerable structural
changes between time points in the cardiac cycle. Build-
ing on the above mentioned theme we divide time points
into smaller subsets grouping time points having similar
structure together. Then we choose the representative time
point of that subset as the reference time point for that sub-
set. This technique helps us in using the inherent charac-
teristics of the time points in the cardiac cycle in choosing
the most appropriate reference time point.

The choice of reference time points and the number of
them is completely dependent of the budget of the study
being conducted. As we all know manual segmentation is
both expensive and time consuming. The number of time
points can be chosen on basis of available man power. The
more number of time points guarantees more accurate seg-
mentation. This approach also allows for reasonably ac-
curate segmentation and can be employed to conserve re-
sources which could be better suited for other tasks.

Once the time points itself and the number are chosen
we register all of them together. We use diffeomorphic
registration to register the time points.[3] Diffeomorphic
mapping allows us to relate various sources of informa-
tion which are inherently a function of spatial position. It
is often the underlying technology used for mapping and
understanding the data present in the human coordinate
system which have been captured by medical imaging in
out case a gated cardiac CINE MRI sequence. To obtain
the diffeormorphic mapping we use ANTs [4] [5] as the
choice of registration algorithm. It being the best in class
and also provides considerable speedy results. This allows
us to form a warp from our chosen time point(s) to all the
time points. We also take advantage of the cyclic nature
of the cardiac cycle and obtain the warping from the ref-
erence time point to time points in both direction till we
encounter the next reference time point. This gives us a
rich collection of diffeomorphic mappings between time
points. Then we only have to segment the area of inter-
est in the scans of the chosen reference time points. Once
we have those segmentation we can use the diffeomorphic
mapping to propagate the segmentation from the reference
time point to all the other time points.

3. Results and Analysis

In this section we state the results obtained by the meth-
ods described in section 2 and also state the analysis of the
same. We had an expert clinician segment the left atrium of
all time points of all patients which constituted the ground
truth segmentation. We selected time points using both (i)
Uniform Sampling and (ii) Grouping time points together
based on similar properties. We proceeded with a choice of
one, three, five and seven reference time points for both the
methods.[6, 7] We compute the DICE coefficients and the
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per vertex Hausdorff distances between the predicted volu-
metric segmentation and the ground truth segmentation as
shown in figure 1. The more the number of reference seg-
mentation the closer the predicted segmentation are to the
ground truth as shown in table 1,2,3 and 4.

The common trend that we can observe from the tables
is that more the number of reference points the better the
segmentation is. The DICE scores increase as and when
we increase the number of reference time point and the per
vertex Hausdorff distance decreases with more reference
time points. The next trend that we observe is the differ-
ence between the method of choosing the reference time
points. The average DICE scores and the average Haus-
dorff distances are higher when we choose reference time
points using uniform sampling. This is in synchronous
with our assumption of using the inherent properties of the
CINE time points as a metric of choosing the reference
time points. As the cardiac cycle is not symmetric in na-
ture with respect to the spatial representation we need to
leverage the intrinsic properties in choosing the reference
time points.

The graphs show the actual distribution of the individual
DICE scores and Hausdorff distance for each time points
for each patient. The DICE scores at the peaks are the ref-
erence time point which shows a perfect match. The same
can be observed for the Hausdorff distance as it produces
the minimum value at the reference time points. The other
figure portrays the distance map overlay on the segmenta-
tion, the red area shows the maximum difference between
the ground truth segmentation and the predicted segmen-
tation. As we can see the maximum difference can be ob-
served for the region around the border of the left atrium
and ventricle. This segmentation region is chosen by the
person performing the segmentation and can vary for each
time point.

4. Conclusion

In this we paper we propose an efficient pipeline that
uses limited ground truth segmentation of CINE time
points to accurately propagate it throughout the sequence.
This method significantly reduces human effort and re-
sources which could better directed towards other tasks.
We analyze this method by choosing the reference time
points and the number of them. The common inference
is that more the number of time points chosen as refer-
ence the better is the predicted segmentation. The second
conclusion is based on the method of choosing the refer-
ence time points. We can sample the time points, equally
distributing them over the entire cardiac cycle or use the
inherent characteristics of the volumes. Our results show
that grouping the time points by their common character-
istics overall performs better than uniform sampling.

This pipeline can considerably reduce human effort and

also save resources and time. This method aims at intro-
ducing a certain level of homogeneity in the segmentation
and not suffer from inter person differences.
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Patient | 1 reference time point | 3 reference time points | 5 reference time points | 7 reference time points
@) 0.8645 £+0.091 0.8734 £0.127 0.8801 £0.086 0.8982 +0.102
(ii) 0.7661 +0.125 0.790 £0.128 0.8521 £0.119 0.8528 +£0.136
(iii) 0.7945 4+0.068 0.8124 £0.128 0.8521 £0.119 0.8528 +£0.136
(iv) 0.8426 +0.085 0.8714 £0.109 0.8977 £0.098 0.8981 +0.093

Table 1. DICE Scores for all patients across all time points using Uniform Sampling.

Patient | 1 reference time point | 3 reference time points | 5 reference time points | 7 reference time points
) 0.8645 +0.091 0.8753 +0.086 0.8862 +0.093 0.8947 £0.089
(i1) 0.7661 +0.125 0.806 £0.135 0.8431 +0.120 0.8749 +0.120
(iii) 0.7945 £+0.068 0.8008 +0.107 0.8149 £+0.120 0.8528 £+0.105
(@iv) 0.8426 +0.085 0.9028 +0.074 0.9368 £0.066 0.9438 +0.130

Table 2. DICE Scores for all patients across all time points by choosing reference points using K medoids.

Patient | 1 reference time point | 3 reference time points | S reference time points | 7 reference time points
@) 0.4704 £0.519 0.4099 +0.97 0.3079 £0.3094 0.3597 +0.364
(i) 1.0674 £0.977 0.7990 £0.978 0.7181 £1.020 0.8631 +1.208
(iii) 0.7503 +0.305 0.7990 +0.0.978 0.7181 £1.020 0.8631 +1.208
(iv) 0.7308 +0.734 0.5847 £0.851 0.4992 +0.845 0.4694 +0.673

Table 3. Hausdorff distance for all patients across all time points by choosing reference points using Uniform Sampling.

Average DICE Scores

Patient | 1 reference time point | 3 reference time points | 5 reference time points | 7 reference time points
@) 0.4704 +0.519 0.3968 £0.393 0.3802 £+0.469 0.3344 +0.417
(i1) 1.0674 +£0.977 1.0508 £1.429 0.6420 +0.768 0.5888 +0.868
(iii) 0.7503 +0.305 0.7122 £0.508 0.7025 +0.647 0.4967 +0.449
(iv) 0.7308 £0.7341 0.4027 £0.581 0.2851 +0.492 0.1952 +0.696

Table 4. Hausdorff Distance for all patients across all time points by choosing reference points using K medoids.
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Figure 1. Comparison between DICE scores and Hausdorff Distances across time points.
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