
  

  
Abstract— Evaluating the heart global function from 

magnetic resonance images is based on estimating a number of 
functional parameters such as the left ventricular (LV) volume, 
LV mass, ejection fraction, and stroke volume. Estimating these 
parameters requires accurate calculation of the volumes 
enclosed by the inner and outer surfaces of the LV chamber at 
the max contraction and relaxation states of the heart. 
Currently, this is achieved through acquisition and 
segmentation of a large number of short-axis (SAX) views of 
the LV, which is time-consuming and expensive. Reducing the 
number of acquisitions results in undersampling the LV 
surfaces and hence increases the calculation errors. In this 
work, we describe and evaluate a method for estimating the 
cardiac parameters from a small number of image acquisitions 
that includes one long-axis (LAX) view of the LV. In this 
method, the LAX contour is used to swipe the SAX contours to 
fill in the missed LV surface between the SAX slices. Results on 
25 patients and CT phantoms shows that, given the same 
number of slices, the proposed method is superior to other 
methods. 

I. INTRODUCTION 

Calculation of the volumes enclosed by the left 
ventricular (LV) surfaces is essential for the assessment of 
the global cardiac function [1][2]. Using MRI modalities, 
such LV surfaces can be easily constructed from multiple 2D 
slices. Current clinical protocols include the acquisition of a 
stack of parallel short-axis (SAX) views, or slices, of the 
heart from apex to base using standard MRI pulse 
sequences. Typically, nine to twelve (adjacent) slices are 
acquired on separate breath-holds. In each breath-hold, a 
sequence of images covering the entire cardiac cycle is 
acquired with reasonable temporal resolution. That is, each 
extra slice increases the total scan time, cost, and 
inconvenience to the patient. Reducing the number of slices 
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causes undersampling of the LV surface and thus decreasing 
the accuracy of the calculated volumes. 

Given a number of slices, the first step to calculate the 
volume is to delineate the (outer) epi- and (inner) endo- 
cardium contours. This can be done manually by an expert 
or automatically through a number of techniques [3]. The 
process is repeated for the end-diastole and end-systole 
phases of the cardiac cycle. The points of these contours 
represent samples from the LV inner and outer surfaces. 
Since the in-plane spatial resolution is usually much higher 
than the through-plane resolution (the gaps between the 
SAX slices along the direction of the heart long axis), the 
number of contours, and thus the number of slices, should be 
increased to capture the curvature of the LV surfaces.  

To calculate the LV volume from these contours, the 
modified Simpson's (mSimp) method is used [4]. In the 
mSimp method, the area of the myocardium in each slice is 
calculated and multiplied by the slice thickness, t, and the 
inter-slice gap, l. That is,  

																															� = ��� . (	 + �)


���
																																						(1) 

Where � is the LV volume and �� is the area enclosed by 
the contour in the ith slice. The mSimp method is considered 
the golden reference in volume calculations due to its 
robustness to LV shape anomalies [5]. Nevertheless, the 
performance of mSimp method deteriorates rapidly with 
decreased number of cross-sectional slices. This is due to the 
invalid approximation of large segments of the LV as regular 
discs. In fact, parametric models can be used to estimate the 
LV volume when the number of the acquired slices is low. 
Prolate spheroidal models are widely used in 
echocardiography and thus can be adopted in cardiac MRI 
studies [6]. It is worth noting that, in such models, long-axis 
(LAX) views of the heart are sometimes used to improve the 
accuracy of the volume calculations. In fact, LAX views 
have advantage over the SAX because the partial volume 
averaging effects are significantly reduced especially at the 
apex [7]. This leads to more accurate delineation of the 
blood-tissue borders in LAX views. 

In this work, we describe a method for estimating the LV 
volume from few numbers of slices that includes one LAX 
slice. The LAX contours are used to fill in the missed LV 
surface information at the gaps between the SAX views. 
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A.  Surface Reconstruction
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4.7% ±3.3) 
1.15% ±3) at five SAX slices; the 

SAX slices more than five is almost close 

at very 
. As can be seen in the table the error 

higher than that of 
le 2 shows the error of the 

used to calculate the LV volume, 
. As can be seen although 

the error is very low while the standard deviation is a little 
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Figure 
number of SAX slices 

 

Figure 
number of SAX slices using the proposed method 

 

TABLE 

 

1 LAX Slice

1 LAX+1 SAX

 
 

TABLE

# slices

LVV error

EF error

SV error

 
 
 

-10

-5

0

5

10

15

20

25

E
rr

o
r 

(%
) 

-10

-5

0

5

10

15

20

E
rr

o
r 

(%
) 

Figure 3. The error (mean
number of SAX slices using

Figure 4. The error (mean
number of SAX slices using the proposed method 

ABLE 1. Percentage cardiac 
different number of slices using different technique

 

1 LAX Slice Ellipsoid:  30.5 ±32.1

1 LAX+1 SAX HemiSphr: 18.9± 12.5
Teichholz

ABLE 2. Percentage error
volume computed 

# slices 3 

error -4.7±3.4 

EF error -1.5±3.7 

SV error -7.4±8.6 

4

4

(mean±SD) of the estimated volume at different 
ng the proposed method

The error (mean±SD) of the estimated volume at different 
number of SAX slices using the proposed method 

cardiac volume error 
different number of slices using different technique

Model Based 

Ellipsoid:  30.5 ±32.1

HemiSphr: 18.9± 12.5
Teichholz: 21.9 ± 29

. Percentage error (mean±SD) of LV 
computed by proposed method.

5 
 -1.2±3.1 

 -1.4±4.6 

 -6.2±7.5 

6 8

Num. of  slices

6

Num. of slices 

of the estimated volume at different 
method (phantom experiment)

SD) of the estimated volume at different 
number of SAX slices using the proposed method (real MRI data).

volume error (mean±SD) computed from 
different number of slices using different technique

Proposed Method

Ellipsoid:  30.5 ±32.1 6.5±13.7

HemiSphr: 18.9± 12.5 
29.14 2.26± 12.5

) of LV volume, EF
by proposed method. 

7 
-0.54±2.8 

-2.2±3.1 

-4.3±5.3 

10

Num. of  slices 

Proposed Method

mSimp

8

Num. of slices  

Proposed method

mSimp

 

 

of the estimated volume at different 
(phantom experiment).  

 

SD) of the estimated volume at different 
(real MRI data). 

computed from 
different number of slices using different techniques. 

Proposed Method 

6.5±13.7 

2.26± 12.5 

EF and Stoke 

9 
-0.02±2.4 

-0.97±2.6 

-4.7±2.9 

12

Proposed Method

10

Proposed method

6730



  

IV. CONCLUSION 

In this work, a method for estimating the left ventricular 
volume from segmented MRI images has been presented. 
The method combines information from the long axis view 
to compensate missing information in the short axis views. 
This allows accurate estimation of the volume from few 
number of images and thus from reduced number of 
acquisitions. The method includes registration of the long 
and short axis contours to compensate the respiratory 
motion. It also includes a novel method for estimating 
surface information between the different short axis slices. 
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