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Abstract
 Objective: To analyze the value of CTPA in assessing the dissolve of embolus and the function of the right ventricle dynamically.
Methods:Twenty-three cases of massive pulmonary embolism were analyzed retrospectively. The pulmonary artery obstruction index
and the right ventricular function parameters were collected and analyzed on CTPA before thrombolytic therapy, 24 hours and 14 days
after therapy, respectively. Results:The pulmonary artery obstruction index decreased gradually, and there was significant difference
before therapy, 24 hours and 2 weeks after therapy. Twenty-four hours after therapy, the maximal short axes diameter and the maximal
transverse area of right ventricle(RVd, RVs) decreased significantly, the maximal short axes diameter and the maximal transverse area of
left ventricle(LVd, LVs) increased significantly, and the RVd/LVd, RVs/LVs decreased apparently. The pulmonary artery symbolic pressure
before and 24 hours after therapy were apparently different. There was no significant difference between azygos vein, the super vena
cava, the main pulmonary artery and vein reflux before and after therapy. Conclusion:CTPA can evaluate the pulmonary artery
obstruction degree and right ventricular function dynamically.
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INTRODUCTION
 If untreated, pulmonary embolism is fatal in up to
30% of patients, but the mortality can be reduced to
2%~10% if pulmonary embolism is diagnosed and
treated promptly[1,2]. Death is usually caused by circu-
latory collapse from acute right heart failure. Pulmo-

nary embolism, especially massive pulmonary
embolism, causes abrupt pulmonary arterial hyperten-
sion and right ventricular dysfunction, which may
progress to right heart failure causing right ventricular
infarction, circulatory collapse, and possibly death. This
suggests that right ventricular dysfunction should be
diagnosed rapidly because these patients may benefit
from more aggressive therapies such as thrombolysis
or embolectomy in addition to anticoagulation[3]. Rapid
risk stratification is crucial in guiding patient manage-
ment and identifying patients at higher risk for cardiop-
ulmonary collapse.
 In recent years, CT pulmonary angiography(CTPA)
has been accepted as the first-line diagnostic modality
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in patients suspected of pulmonary embolism[4]. CTPA
can not only diagnose pulmonary embolism with high
sensitivity and specificity, but also analyze the right
ventricular function by evaluate the right ventricular
morphology[5,6]. There were few studies which accen-
tuated at the evaluation of therapeutic results by CTPA.
In this study, twenty-three cases of massive pulmonary
embolism had CTPA performed before therapy. 24
hours and 2 weeks post-thrombolytic therapy results
were retrospectively reviewed. The right ventricular
function parameters at different time reflected on CTPA
images were analyzed and compared to determine the
value of CTPA in evaluating the improvement of pul-
monary artery obstruction degree and right ventricular
function after therapy.
MATERIALS AND METHODS
Study samples
 Twenty-three CTPA-confirmed pulmonary embolism
cases(male 11, female 12, 25~62 years old, average age
48 years) in Beijing Chaoyang Hospital between July
2002 and December 2004 were retrospectively analyzed.
All cases manifested as having shock or hypotension,
and were defined as having a massive pulmonary
embolism[7]. All cases received systemic thrombolysis
immediately after the diagnosis was determined. Before
therapy, 24 hours and 2 weeks after therapy, CT pul-
monary angiography was performed respectively using
the same technology. This study was retrospective and
was approved by the institute ethics committee. Since
no personal information was revealed, no informed con-
sent was obtained.
CT pulmonary angiography
 Spiral CTPA was performed using a GE Highspeed
spiral CT scanner(General Electron, dual-row detector)
during intravenous administration of 80~100 ml of
Omnipaque at 3.5~4 ml/s. Imaging was performed after
12~15 s delay using 2-mm collimation and 0.7 s gantry
rotation time. Subsequently, 1 mm reconstruction was
performed and used for the final interpretation, which
was done on the workstation.
 On CTPA, the pulmonary artery obstruction degree
and the right ventricular function parameters were
analyzed.
 The pulmonary artery obstruction degree, expressed
as the CT pulmonary artery obstruction index(PAOI),
was referenced to the methods proposed by Qanadli et
al[8] and Mastora et al[9]. So the presence and location of
arterial clots and the degree of arterial obstruction were
scored. For comparison, each score was expressed as
the percentage of the pulmonary artery that was
obstructed. Percentages were calculated by dividing the
value obtained with each system by the maximum pos-

sible value for that particular system and then multi-
plying by 100.
 The right ventricular function parameters included the
maximal short axes and transverse areas of both ven-
tricles and their ratios respectively, the diameters of the
main pulmonary artery(MPA), azygos vein(AZ), and
superior vena cava(SVC). The observations of reflux
of contrast medium into the inferior vena cava(IVC) and
azygos vein were recorded. All parameters were
acquired on a single transverse scan. The pulmonary
artery systolic pressure(PASP) measured on echocar-
diography was also recorded.
 The maximal short axes diameters(RVd, LVd) were
measured perpendicular to the long axis of the heart and
were defined as the largest distance between the inner
aspect of the interventricular septum and the free wall
of the ventricle. The maximal transverse areas(RVs, LVs)
were measured on the image that the ventricles showed
the maximal area. The RVd/LVd ratio and the RVs/LVs
was then calculated from these measurements.
 The diameter of the main pulmonary artery was mea-
sured proximal to its branching division. Measurements
were taken of the portion of the azygos vein facing the
right tracheal wall, and of the superior vena cava at the
level of the azygos arch.
Statistical analysis
 A P value less than 0.05 was considered statistically
significant. Statistical analysis was performed with a
statistical software system SPSS 13.0. CT pulmonary
artery obstruction index and the right ventricular func-
tion parameters were analyzed using the one-way
ANOVA, nonparametric test, and Chi-Square test
respectively according to the data.
RESULTS
 The CT pulmonary artery obstruction index and the
right ventricular function parameters were listed in Tab 1.
 The CT pulmonary artery obstruction index(Qanadli
et al and Mastora et al) decreased apparently after
therapy, and there was significant difference before
therapy, 24 hours and 2 weeks after therapy(P < 0.001).
 Twenty-four hours after therapy, compared with the
data before therapy, the maximal short axes diameter
and transverse area of right ventricle decreased(P <
0.001), the maximal short axes diameter and transverse
area of left ventricle increased(P < 0.001), the RVd/LVd
and RVs/LVs decreased(P < 0.001), and the pulmonary
artery systolic pressure decreased(P = 0.005). Two
weeks of after therapy, the above data remained stable
and there was no significant difference compared with
those before therapy and 24 hours after therapy(P >
0.05)(Fig 1).
 There was no significant difference of the diameter
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of azygos vein, the superior vena cava, the main pul-
monary artery, and the reflux into the azygos vein and

the inferior vena cava between the data of before therapy,
24 hours after therapy and 2 weeks after therapy(P > 0.05).

DISCUSSION
 Acute massive pulmonary embolism is a life-threat-
ening condition with considerable mortality. When pul-
monary embolism is fatal, patients usually die after right
ventricular failure and circulatory collapse, which fre-
quently occurs within the first hours after admission[1,10].
Patients with right heart dysfunction have a higher mor-
tality rate than those without right ventricular
dysfunction, even if they are hemodynamically stable
at presentation[11]. So it is very important to evaluate the

right ventricular function of pulmonary embolism cases,
especially massive pulmonary embolism.
 In recent years, computed tomography(CT) has
emerged as a first-line test for patients with suspected
pulmonary embolism in many institutions. Computed
tomography not only allows direct visualization of
emboli but gives information regarding the severity de-
gree of the obstructing pulmonary vasculature[9] and the
status of the right ventricle[8,12].
 In massive pulmonary embolism, the increasing

 *:Data are the x± s. The data in the bracket are the median. △:Data are the number of cases.

Tab 1 CTPA pulmonary artery obstruction index and right ventricular function parameters
Parameters                               Before therapy                             24 hours after therapy                    2 weeks after therapy

CT pulmonary artery obstruction index
 Qanadli*    48.42± 4.18(50)    39.22± 13.19(42.5)    26.67± 19.45(25)
 Mastora*    47.88± 6.38(46.45)    23.55± 12.10(25.17)    12.98± 11.42(8.39)
Right ventricular function parameters
 RVd(cm)*    05.07± 0.78    04.58± 0.80    04.48± 0.77
 LVd(cm)*    03.57± 0.66    04.41± 0.47    04.53± 0.58
 RVd/LVd

*    01.59± 0.43(1.49)    01.07± 0.28(0.99)    01.14± 0.44(0.98)
 RVs(cm2)*    25.42± 5.99    23.10± 5.86    22.91± 4.94
 LVs(cm2)*    20.17± 4.84    26.37± 5.11    28.46± 5.77
 RVs/LVs

*    01.38± 0.31(1.41)    00.94± 0.19(0.98)    00.98± 0.36(0.99)
 MPA(cm)*    03.20± 0.48    03.06± 0.48    02.92± 0.46
 AZ(cm)*    01.43± 0.25    01.36± 0.19    01.40± 0.27
 SVC(cm)*    02.08± 0.36    02.04± 0.38    01.99± 0.34
 PASP(mmHg)*    58.61± 19.04    40.92± 18.19    37.22± 12.39
 Reflux into AZ△       10        5        7
 Reflux into IVC△        8        4        3

 A and B showed the right pulmonary artery embolism(RPA), the embolus in the superior vena cava(SVC), the enlarged right ventricle(RV), and the
shrinked left ventricle(LV). C and D showed after therapy, the RV decreased and the LV increased.

Fig 1 The result of CT pulmonary angiography in one patient

    A before  therapy                                                    B before  therapy

       C 24 hours after therapy                                            D 2 weeks after therapy
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pulmonary arterial pressure and the right ventricular
afterload cause right ventricular dysfunction. In the event
of a sudden increase of afterload, right ventricular wall
tension becomes elevated, followed by dilatation and
hypokinesis of the right ventricle and secondary tricus-
pid regurgitation. The interventricular septum may shift
toward the left ventricle because of the restraints of the
pericardium. This shift causes decreased left ventricu-
lar filling and cardiac output, which may lead to a vicious
cycle of falling systemic pressure, ventricular ischemia,
and further dilatation of the right ventricle. The above
signs of right ventricular dysfunction are readily visible
on CTPA. Thus, CT has the potential to serve as a
diagnostic and prognostic study.
 In our study, we analyzed the pulmonary artery
obstruction degree and the right ventricular function on
CTPA, the latter including the diameter and area of both
ventricles, and the changes of upstreaming veins. We
used the same methods as previous investigators[5,13-15].
These methods were simple, reproductive, and reliable
for the qualitatively assessment of the patient’s
condition.
 There were 23 cases of massive pulmonary embo-
lism in this study, and all manifested hypotension or
shock. Our results indicated that before therapy, the CT
pulmonary artery obstruction index reached around
48%, the RVd/LVd and RVs/LVs reached around 1.5 and
1.4(the normal value was <1.0), and the pulmonary
symbolic pressure reached around 58mmHg, all of
which indicated the damage of the right ventricular
function.  Twenty-four hours af ter  immediate
thromblytic therapy, the CT pulmonary artery obstruc-
tion index decreased (P < 0.001), the right ventricle
diminished and the left ventricle enlarged(P < 0.001),
the pulmonary artery symbolic pressure decreased(P =
0.005), which indicated the dissolve of embolus and the
prompt improvement of the right ventricular function.
Two weeks after therapy, although the CT pulmonary
artery obstruction index decreased continuously(P <
0.001), the right ventricular function kept relatively
stable(P > 0.05). Our results suggested that the imme-
diate thrombolytic therapy was very important for the
improvement of the patient’s condition, and the fol-
lowing therapy was helpful in maintaining the stabili-
zation of the therapeutic results. So for every patient, as
soon as the diagnosis of massive pulmonary embolism
was made, thrombolytic therapy should be performed
immediately.
 We found no significant difference in the diameter of
azygos vein, the superior vena cava, the main pulmo-
nary artery, and the influx into the azygos vein and the
inferior vena cava between the data of before therapy,
24 hours and 2 week after therapy(P > 0.05), which was

maybe due to the prompt dissolve of embolus and
recovery of right ventricular function before the above
parameters were affected by the obstruction of the pul-
monary artery.
 Some studies have shown promising results in cor-
relating CT signs with clinical outcomes. Van der Meer
et al[5] demonstrated an increased mortality rate among
those who have a right-to-left ventricular ratio >1 and a
pulmonary artery obstruction index of >40%. Several
studies have shown that right ventricle enlargement on
CT predicted subsequent admission to the intensive care
unit[16], adverse clinical events[17], and early death[18].
Collomb et al[13] found that the CT pulmonary artery
obstruction index can be used as an indicator of the
hemodynamic severity of PE, reflected by a mean score
of 54% in patients with severe PE and 24% in patients
with nonsevere PE. Ghaye et al[6] reported that, RVd,
LVd, RVd/LVd ratio, azygos vein, superior vena cava,
and aorta diameters; and contrast medium reflux into
the inferior vena cava were significantly different
between survivors and nonsurvivors(P < 0.05), and RVd/
LVd ratio and azygos vein diameter allowed correct pre-
diction of survival in 89% of pulmonary embolism
patients(P < 0.001). The previous data showed that
CTPA should not only be used as the diagnostic
modality, but also as a tool to assess the prognosis and
therapeutic strategy.
 Our results indicate that series CTPA examinations
can directly show the dissolve of the embolus and the
function improvement of right ventricle. CTPA should
be performed after therapy as the regularity for the
assessment of the therapy effect.
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