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Abstract

Paddle wheel technique is a reconstruction method of displaying images, which uses planar slabs pivot on the central horizontal axis at
bifurcation of pulmonary artery trunk. With this method, each image depicts complete track of branching structures from central hilum to
the periphery.

Objective: The purpose of this study was to assess the role of paddle wheel reformation and compare it with standard axial multi detector
CT images in cases of pulmonary embolism.

Methods: CT scans of 50 patients presented for CT pulmonary angiography were selected and interpreted by two radiologists using
reformatted paddle wheel technique besides standard axial CT scans. The scans were reviewed independently and randomly to reduce bias.
Standard axial CT scan for pulmonary embolism was carried out with collimation of 1.25 mm, pitch of six and a reconstruction interval of 0.8
mm. Paddle wheel reconstruction was carried out by using inbuilt software, setting 5 mm slab thickness and 5 degree rotation. Reference
standard was overall interpretation of axial CT scans by both the radiologists.

Results: Sensitivity and specificity for axial images was between 90 to 100%,; sensitivity for paddle wheel technique ranged from 65 to 72%
while specificity turned out to be 80 to 100%. Final consensus agreement for standard axial imaging was higher than paddle wheel
technique.

Conclusion: No significant difference between two imaging methods was noted in cases of central pulmonary embolism, however

standard axial imaging was better than paddle wheel technique in detecting peripheral pulmonary embolism.
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Intfroduction

Pulmonary embolism is still a frequently encountered cause of
patient's morbidity and mortality in all parts of the world [1]. Most of
the deaths associated with this potentially fatal disease occur due to a
missed diagnosis; the reason being its protean manifestations [2].
Ongoing researches are still trying to evolve a single most sensitive
and specific imaging method to detect pulmonary embolism [3,4].

Multi-detector helical CT technology has already achieved its role as
standard modality of choice in patients with suspicion of pulmonary
embolism [3-5]. Rapid scanning decreased motion artifacts with
enhanced evaluation of vessels on one hand, while on other hand
thinner collimation increased the work load by increasing the images
for review [6].

Paddle wheel technique described by Simon et al., [7,8] is a
reconstruction method of displaying images, which uses planar slabs
pivot on the central horizontal axis at bifurcation of pulmonary artery
trunk. With this method, each image depicts complete track of
branching structures from central hilum to the periphery.

Purpose of our study is twofold; to compare sensitivity and specificity
of rotated paddle wheel technique to standard axial images for
detection of both central and peripheral pulmonary embolism, and to
assess all possible advantages of paddle wheel reformation so as to
justify its inclusion in the standard protocol for pulmonary embolism
in our department.

Materials and methods
This prospective study was carried out by including 50 adult subjects

presenting with suspicion of pulmonary embolism from April 2013 to
June 2014.
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Of all these patients 40 were found to have acute pulmonary embolism
on multi-detector helical CT using standard axial protocol. 31 patients
were females and 19 were males. Age range was between 19 and 82
years (mean age 41.5 years).

All CT scans were performed using CT scanner (Light Speed ™ 7.X
CT scanner, GE Medical systems, USA). Gantry position rotation
period was 0.4 s, with an x-ray tube voltage of 140 Kv and a current of
230-350 mA. Cranio-cuadal image acquisition of entire thorax was
carried out with a collimation of 1.25 mm, (pitch six), and a
reconstruction increment of 0.8 mm. Mean scan time was 2.30 sec. All
patients underwent CTPA after administration of 100 ml standard
contrast media (Xenetix 350 mg/ml, Guerbet, France) with an injection
rate of 4.5-5 ml/s via 16 gauge catheter inserted into ante cubital vein.
Contrast bolus was followed by a 10 ml saline flush using Enhanced
Xtream injector (Nemoto Dual Shot Alpha CiA425 Class IV/GE) and
delay was estimated using semiautomatic bolus tracking system
(SmartPrep, GE Medical system, USA) with a threshold of 80 HU for
all examination. ROI for bolus tracking was measured in right atrium.

All images were sent to workstation (VEPRO, Germany). Reformations
were performed by a senior technologist using a reconstruction
program. Planning for maximum intensity projection (MIP) images in
paddle wheel technique was done from the axial CT data. Axis of
rotation was positioned at the bifurcation of pulmonary artery trunk,
using left lateral medial sagittal scout image. Each planar slab had a
thickness of 5 mm. Angle between successive slabs was 5 degrees; the
whole rotation coverage was 180 degrees. With this technique, total of
36 images covered the whole lung.
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The unique feature of the reformation was to exhibit branching vessels
radiating from the hila without any discontinuity.

Image analysis was obtained on workstation (VEPRO, Germany),
using standard mediastinal window setting (window width: 350 HU,
window center: 50 HI).

Blind and random analysis of axial and reformatted images was done.
One of the radiologist firstly reviewed axial images in 25 patients
followed by reformatted images, however the other radiologist
reviewed vice versa. To avoid any possible bias, an interval of two
weeks was intentionally created between two readings.

Pulmonary embolism was defined as central or eccentric partial filling
defect surrounded by contrast medium and occupying entire arterial
vessel section [6]. Presence or absence of emboli in pulmonary artery
or its branches was carried out by using nomenclature outlined by
Remy-Jardin et al., [9] which is based on the standard descriptions by
Boyden [10]. For images from each pulmonary CTA as a whole,
readers used a scale of 5-point scale to score the embolus as follows:
5, definitely present; 4, probably present; 3, indeterminate; 2, probably
absent; 1, definitely absent. Another 3-point scale was formulated to
score different anatomical levels of pulmonary arteries of each lobe: 1,
central (main, right, and left); 2, lobar and 3, segmental.

Sub-segmental levels were not included in the analysis of this study.
Reference standard was overall interpretation of axial CT scans by
both radiologists.

Statistical analysis

Statistical analysis was done with SPSS, statistical package (SPSS,
Version 17.0). Overall sensitivity and specificity of axial and
reformatted CT images was calculated. Moreover sensitivity and
specificity of axial and reformatted images for central and peripheral
arteries was also calculated.

The linear, weighted k statistic was applied for interobserver
agreement between the two radiologists. The k value range from -1
(no agreement) to 1 (almost perfect agreement). Agreement was rated
poor (k<0.00), slight (0.00-0.20), fair (0.21-0.40), moderate (0.1-
0.60), substantial (0.61-0.80) or almost perfect (>0.81) [11].

Chi-square test was used and p-values less than 0.05 were considered
statistically significant.

Results

Out of 50 patients undergoing CT pulmonary angiography for
suspected pulmonary embolism, 31 were females and 19 male subjects
(Figure 1). Positive cases were confirmed in 13 of 19 male patients
and 27 of 31 female patients. Youngest patient included in our study
and found positive for pulmonary embolism was 18 years of age and
oldest 82 years of age (Figure 2).
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Figure 1 : Pie chart representing gender distribution.
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Figure 2: Histogram representing age distribution.
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Considering the defined reference standard, total of 40 positive cases of
pulmonary embolism were detected, including 18 central, 13 lobar and
9 peripheral emboli. All 40 cases were discovered by first radiologist,
however second radiologist detected 36 cases of pulmonary embolism.

Association of positive D-dimers levels was also observed in patients
presenting with suspicion of pulmonary embolism (Figure 3).
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Figure 3: Range of values of D-dimers.

Forty (18 central/13 lobar/9 peripheral) clots were detected by first
radiologist on standard axial CT images, however 26 (18 central/8
lobar) clots on paddle wheel reformatted images. Second radiologist
read 35 (18 central/13 lobar/4 peripheral) emboli on standard axial
images while 30 (18 central/9 lobar/3 peripheral) on paddle wheel
technique (Table 1). Final consensus agreement for standard axial
imaging was higher than paddle wheel technique.

Axial images Paddle wheel reformations
Central |Lobar [Segmental |Central|Lobar |Segmental
First
Radiologist18 13 0 18 13 ¢
Second
Radiologiste £ P 8P B

(n=50, total number of cases)

Table 1: Number of emboli detected by axial and paddle wheel
reformations.

Sensitivity and specificity for detecting both central and peripheral
emboli on axial images was between 90 to 100%; however sensitivity
for paddle wheel technique ranged from 65 to 72% while specificity
turned out to be 80 to 100% (Table 2). 2% while specificity turned out
to be 80 to 100% (Table 2).

Axial images Paddle wheel reformations
Sensitivity |Specificity [Sensitivity |Specificity
First
Radiologist 100 100 65 2
Second
Radiologist 0 0 go 100

(n=50, total number of cases)

Table 2: Sensitivity (%) and specificity (%) of axial and paddle wheel
reformations.

Interobserver agreement of overall detection of pulmonary embolism on
standard axial images is 0.719, and for paddle wheel technique is 0.715
which is substantial.

Sensitivity for paddle wheel technique was lowered as compared to
standard axial scans, due to inability to detect peripheral emboli.
However the specificity was substantially comparable to standard axial
scans.

Discussion

Aim of our study was twofold; firstly to compare the sensitivity and
specificity of paddle wheel technique in evaluation of pulmonary
embolism as compared to standard axial CT imaging; secondly to assess
all possible advantages of paddle wheel reformation so as to justify its
inclusion in the standard protocol for pulmonary embolism in our
department.
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In our experience, paddle wheel technique was easily implemented on
our CT equipment (Light Speed ™ 7.X CT scanner, GE Medical
systems, USA). Our multi detector CT scanner easily carried out
reformation using the technique with high quality images produced in
few minutes. Protocol was simple and the technician grasped it rapidly
with already in built software in our scanner. As a whole the
experience to evaluate a new method helped us to assess other facts
and advantages about the technique.

These reformations provided a unique way to trace the branching
arteries from the hilum towards the periphery of the lung without any
discontinuity (Figures 4A and 4B). Moreover the continuous display
of the vessel enabled the observer to assess the embolus in detail.

Figure 4: (A) Lateral medial sagittal scout image with the axis of
rotation and rotating slabs used for paddlewheel planning with central
axis at the main pulmonary artery (5 mm slab thickness, 5° rotation).
(B) The reformatted image.

When we compare the overall detection of central pulmonary
embolism by standard axial CT images with paddle wheel reformation
method (Figures 5,6 and 7), there was no significant difference
between the two. However, paddle wheel technique did show less
percentage of peripheral emboli as compared to standard axial images
routinely carried out in our department. The result of our study has
shown significantly high sensitivity and specificities for detecting
emboli. Moreover the inter-observer agreement for central emboli is
high.

Figure 5: Acute pulmonary embolism in 35 years old male patient
presented with acute chest pain.

Figure é: 45 years old female patient presented with acute chest pain.
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Figure 7 : 51 years old female patient presented with acute chest pain.

Our study has certain limitations. To start with the most important, we
did not include conventional pulmonary angiography as a gold standard.
In our hospital, the procedure is rarely performed and we could not use
it as a reference. We kept the axial CT images as standard and
compared a new reformation technique against a routine protocol of our
department. Overall we tried to assess the percentage of positive cases
detected with each method. Secondly, our study was carried out on
small sample volume (n=50) which lowers the statistical significance of
the study. However including discretely obvious cases of pulmonary
embolism did helped in compensating the results statistically.

Although few aspects of paddle wheel reformation were assessed, but
the results of our study showed its complementary role to standard axial
CT.

Conclusions

Both paddle wheel technique and standard axial CT displayed
significantly high sensitivity and specificity in detecting central
pulmonary embolism, however paddle wheel technique showed less
percentage of peripheral emboli as compared to standard axial images.
Moreover, unique continuous display of pulmonary arteries and detailed
assessment of embolus proved to be additional diagnostic advantage. At
this stage may be it will not be possible to include the paddle wheel
technique in routine protocol of our department, but based on this
pioneer study, we would be able to explore unique strengths of this
reformatting method in future studies.
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