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Multi-slice computed tomography in the diagnosis of pulmonary
embolism — usefulness of multiplanar reformations
with batch film tool in the form of a paddle view

Pulmonary embolism (PE) is a common and still difficult clinical problem. In the USA,
almost half a million cases of PE are documented annually (4). In Poland, there are still no
equally reliable, fully documented data concerning the incidence of this disease. The clinical
experience of the authors shows that PE occurs proportionally with similar frequency. PE is
diagnosed in 15-25% of hospital deaths on autopsy, yet only 1/3 of the diagnoses are
cstablished intravitally (3,5,11). An early diagnosis and antithrombotic treatment reduces the
mortality rate from 30 to 2-10% (2). Due to such poor diagnostic results achieved so far, the use
of methods cnabling substantial improvement in the field becomes a vital issue. The clinical
diagnosis of PE is usually based on the evaluation of signs detected in patients, determination of
D-dimer levels and imaging methods, of which the chest X-ray, ventilation-perfusion (V/Q)
lung scans and pulmonary angiography were already used before 1990s. For many years, the
first two methods, although lacking satisfactory effectiveness rates, were a gold standard; in
some cases supplemented with an invasive method of contrasting the pulmonary vessels. In the
Polish centres, even the clinical ones, a quick, full diagnosis of PE was often extremely difficult
to reach.

Incremental computed tomography did not play a relevant role in the diagnosis of PE
although the first case was already described by Sinner in 1978 (12). The reasons included: too
long rotation time, thickness of slices which did not allow to evaluate the thrombotic material in
the segmental vessels and lack of possibilities to perform reliable secondary reconstructions of
arteries. New possibilities were created when spiral tomographs were introduced, which
provided the acquisition of volume data. Single-slice CT facilitated detection and evaluation of
thrombotic lesions in the central vessels up to the segmental ones during a single breathhold,
which, depending on the rotation time, lasted from 12.5 to 25s.(6,2). The results concerning the
evaluation of vessels of smaller caliber were unsatisfactory and the post-contrast scanning time
with a single breathhold was often too long for dyspnoeic patients. -

MSCT introduced for the first time in 1998 substantially shortened the scanning time
(even to 4-5s) in the protocols used in patients with severe dyspnoea or in uncooperative
individuals (7). The purpose of the study is to show the dagnostic possibilities of pulmonary
multi-slice computed tomography angiography (MSCTA) and to present our own experiences
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concerning the examination protocol as well as the way of performing and cvaluating
multiplanar reconstructions (MPR) according to the two diagnostic algorithms used by us.

MATERIAL AND METHODS

Between July 2002 and February 2003, 62 patients (35 women and 27 men, aged 18-80,
average 59) suspected of having PE were subjected to pulmonary multi-slice computed
tomography angiography (MSCTA). Thirty six patients were referred to CT as urgent cases, the
remaining patients showed pulmonary hypertension symptoms and clinical features of recurrent
pulmonary embolism. The D-dimer levels were earlier determined in all of the patients. Thirteen
patients underwent ventilation-perfusion scintigraphy and one was subjected to pulmonary
artery angiography.

MSCT angiography. The CT examinations were performed with 8-row LIGHTSPEED
ULTRA (GE) tomograph using the following parameters: the cxamined area — from the level of
the phrenic dome to the lung apices in the pre-contrast scanning with the slice thickness of Smm
and post-contrast scanning with 8x1.25mm collimation, 50% overlapping and 13.5mm/s table
feed. In the patients with severe dyspnoea, the 27mm/s table fced and secondary 1.25mm slice
reconstructions were used. The patients with chronic pulmonary hypertension were additionally
subjected o standard HR scanning. The contrast medium (Ultravist 300 and 370 and Visipaque
300) in the amount of 100-120ml was injected with the automatic power injector (Medrad) and
speed of 4ml/s. The scanning delay was determined in 12 cases on the basis of the test bolus and
in the remaining ones on the basis of density measurcments in the pulmonary trunk using the
Smart Prep technique. The scanning time during CT angiography with 1.25mm collimation was
10-14s and 350480 axial native scans were obtained. In the dyspnoeic patients the breathhold
was shortened to 5-5.8s at 2.5mm collimation, if required. Postprocessing was performed using
the Adventage 4.0 workstation (GE). In each patient, the native scans and multiplanar
reformation (MPR) images in axial, sagittal and coronal projections using render mode
maximum intensity projection (MIP) 3.6-5.9 were performed and visualization of the
pulmonary artery branches and thromboembolic material was assessed. Then the reconstructions
with batch film tool in the form of a paddle view with the rotation axis focated at the site of the
left pulmonary artery ostium were performed and 179 images were obtained with every 1°
rotation starting from the line of the interlobar fissure of the left lung with the parameters: width
of window — 650HU, center — 70HU, slice thickness — 3.6, MIP — 4.5-8.6.

The incidence and localization of PE were analyzed and the pulmonary artery visualization
in typical MPR projections was assessed. Moreover, applications of the paddle view in the
individual pulmonary lobes according to the vessel size (i.e. lobar, segmental and subsegmental
branches) were cvaluated. The direct criteria of acute PE by Sinner (12,13) and of chronic PE
by Schwickert (8,9) were accepted as the CT signs enabling the detection and determination
of the character of PE. Moreover, the indirect signs were employed concerning the changes in
the lung parenchyma (ancillary findings), heart and vessel beds described by Teigen ct al. (15),
Tardivon et al. (14) and Shah et al. (10). The scale used to assess the difficulties in eva-
luating the course and lumen of the arteries for detecting the embolic material ranged from 0 to
3 (0 - lack of evaluation possibilities, 1 — very difficult evaluation, indeterminate, 2 — good
visualization and possibilities of analyzing the vessel course, 3 — excellent visualization with
possible evaluation of the embolic material location in relation to the artery wall).

The scans were reviewed by 3 independent radiologists who determined interobserver
consensus. The results were compared with those evaluating native scans and MPR in three
perpendicular planes as well as those of the batch film tool evaluation. The statistical analysis
was conducted using the Mann-Whitney test (Statistica 6.0). A p value<0.05 was considered
significant.
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CONCLUSIONS

1. 8-row MSCT angiography is a valuable method of visualization of
lobar, segmental and subsegmental pulmonary arteries and of diagnosis of
pulmonary embolism.

2. The additional use of batch film tool in the form of a paddle view (GE)
facilitates evaluation of peripheral branches and thromboembolic material in
their lumen.

3. Both evaluation methods - analysis of native scans and MPR in
transverse, sagittal and coronal planes with MIP and the additional use of the
batch film tool - may be applied in the detection of embolic lesions and
provide similar effects.

4. Records of examinations with BFT may be a readable form of PE
imaging for clinicians.
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SUMMARY

Pulmonary embolism (PE) is a common and still difficult clinical problem. On autopsy, PE
is diagnosed in 15-25% of hospital deaths, intravitally the diagnosis is reached in only 1/3 of
cases. An ecarly diagnosis and antithrombotic treatment decreases the mortality rate from 30 to
2-10%. The aim of the study is to show diagnostic possibilities of pulmonary artery
angiography using 8-row multislice spiral computed tomography (MSCTA) and to present our
own experience concerning the examination protocol as well as the way of performing and
evaluating multi-planar reconstructions (MPR). Since July 2002, 62 patients suspected of
having PE were subjected to MSCTA with the LightSpeed Ultra tomograph (GE) using the
Smart Prep technique with 8x1.25mm collimation, 0.6mm interval, iv 100-120ml of the contrast
medium (4 ml/s) with scanning delay. The scanning time was 10-14s. In the patients with
severe dyspnoea the 2.5mm slices were used (the required time of breathhold — 5-7s). The
patients suspected of having chronic PE were additionally subjected to high resolution dynamic
scanning. Postprocessing included the evaluation of native scans and multiplanar recon-
structions using 3.6-5.9 MIP for visualization of pulmonary artery branches and thrombo-
embolic material. The standard reconstructions were supplemented with the batch film tool
(BFT) in the form of a paddle view. In 25 cases the values of typical and widened
reconstruction algorithms were compared according to the caliber and location of vessels using
the 0-3 scale. The thromboembolic material in the pulmonary arteries was visualized in 35
MSCTA examinations; in 20 cases the lesions fulfilling the criteria of acute PE dominated. In 1
case the image was inconclusive. 17 examinations revealed other types of lesions, e.g.
inflammatory-infiltrative or neoplastic changes, abnormal venous flow, myxoma of the left
atrium, bronchiolitis obliterans. The three-planar evaluation of MPR and MPR with BFT
showed that the effectiveness rates were as follows: 2.92 and 2.96 for the main arteries, 2.68
and 2.78 for lobe arteries, 2.12 and 2.35 for segmental arteries (p<0.05), 1.68 and 2.08 for
subsegmental ones (p<0.05), respectively. 1. MSCTA is a valuable and quick method of
visualization of central and peripheral branches of pulmonary arteries and detection of the
presence and character of embolic changes. 2. The additional use of the batch film tool in a
paddie view facilitates anatomical evaluation of segmental and subsegmental branches and
thromboembolic material in their lumen.

Tomografia wiclorz¢gdowa w diagnozowaniu zatorowosci ptucnej - przydatnos¢ rekonstrukcji
wieloplaszczyznowych z opcja batch film tool

Zatorowo$¢ plucna (PE) jest czgstym i nadal trudnym problemem klinicznym. Sekcyjnie
jest rozpoznawana w 15-25% przypadkéw zgondw szpitalnych, przy czym tylko 1/3 rozpoznan
jest stawiana przyzyciowo. Wczesne rozpoznanie i leczenie przeciwzakrzepowe zmniejsza
smiertelnos$é¢ z 30 do 2-10%. Celem pracy jest przedstawicnie mozliwosci diagnostycznych
angiografii tgtnic plucnych przy pomocy 8-rz¢dowej spiralnej tomografii komputerowej (MSCTA)
oraz wlasnych dos$wiadczen dotyczacych protokolu badania i wykonywania oraz oceny rekon-
strukcji wicloplaszezyznowych (MPR). Od lipca 2002 r. u 62 chorych z podejrzeniem PE
wykonano MSCTA przy pomocy aparatu LightSpeed Ultra (GE). Stosowano kolimacjg
8x1,25 mm. interwal 0.6 mm, dozylne podanic 100-120 ml srodka cieniujacego (4ml/s) z
opéznieniem skaningu w technice SmartPrep. Czas skaningu wynosit 10-14s, przy znacznej
dusznosci stosowano warstwy 2,5 mm (konieczny czas zatrzymania oddechu 5-7s). U chorych z
podejrzeniem przewleklej PE dodatkowo wykonywano dynamiczny skaning wysokiej roz-
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dzielczosci. Postprocessing obejmowal ocen¢ skandéw Zrodlowych oraz tréjplaszczyznowych
rekonstrukcji z uzyciem MIP 3,6-5,9 dla wizualizacji rozgalgzien tetnic plucnych i materiatu
zatorowego. Standardowe rekonstrukcje uzupeiniano o obrotowe projekcje skosne w opcji cine-
batch film tool (BFT). W 25 przypadkach poréwnano wartos¢ typowego i rozszerzonego
algorytmu rekonstrukcyjnego w zaleznosci od kalibru i lokalizacji naczyn, stosujac skalg 0-3.
Material zatorowy w te¢tnicach ptucnych uwidoczniono w 35 badaniach MSCTA. a w 20 przyp.
dominowaly zmiany spetniajace kryteria ostrej PE. W jednym przypadku obraz byl nie-
jednoznaczny. W 17 badaniach stwierdzono inne typy zmian, np. zapalno-wysickowe,
nowotworowe, nieprawidiowy splyw zylny, $luzaka lewego przedsionka. bronchiolitis obliterans.
W oparciu o oceng MPR 1 MPR z BFT uzyskano wskazniki jakosci oceny te¢tnic glownych
odpowiednio 2,92 i 2,96, platowych 2.68 i 2,78, segmentowych 2,12 i 235 (p<0,05) oraz
subsegmentowych 1,68 i 2,08 ( p<0,05). 1. MSCTA jest wartosciowa i szybka metoda wizualizacji
rozgalgzien centralnych i obwodowych tetnicy plucnej oraz rozpoznawania obecnosci i charakteru
zmian zatorowych. 2. Dodatkowe zastosowanie obrotowych projekcji sko$nych w opcji cine
ulatwia oceng anatomiczng galgzi segmentowych i subsegmentowych oraz materiatu zatorowego
w ich swietle.



