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Abstract

Background: This study was conducted to calculate the pulmonary arterial obstruction index
(Qanadli index), evaluate its usefulness in patients with pulmonary thromboembolism, study
the correlation between the pulmonary arterial obstruction index and right ventricular
dilatation in patients with pulmonary thromboembolism, and investigate the correlation
between the pulmonary artery obstructive index and right ventricular dysfunction in patients
with pulmonary embolism.

Methods: This was a hospital based cross-sectional study conducted among 50 patients who
presented with pulmonary thromboembolism to the Department of Radiodiagnosis and
Imageology, Kurnool Medical College, Kurnool, over a period of two years from November
2018 to November 2020, after obtaining clearance from the institutional ethics committee and
written informed consent from the study participants.

Results: Dyspnea and chest pain were present in 78% and 40% of the patients respectively.
The maximum number of patients had an obstructive pulmonary index. Thrombus in the RT
main pulmonary artery was present in 24 % of patients. LT main pulmonary artery in 18%.
RT upper lobe segmental artery involved in 50%, RT middle lobe segmental artery in 72%,
RT lower lobe segmental artery in 74%. LT upper lobe segmental artery involved in 36%, LT
middle lobe segmental artery in 56%, LT lower lobe segmental artery in 62%. RT lung was
involved more than LT lung. RV dilation measured in terms of relation to right and left
ventricular measurements, RV/LV > 1 was present in 40%, <1 in 60%. RV dilatation was
present in 20 patients out of 50. Out of 20 patients, 19 had a pulmonary artery obstructive
index >45%; only one had a pulmonary artery obstructive index <45%. RV dysfunction was
present in 19 cases. 15 patients had a pulmonary artery obstructive index >50%; four patients
had a pulmonary artery obstructive index <50%.

Conclusion: The specific index (the CT obstruction index) to quantify vascular obstruction in
helical CT appears simple and reproducible. The CT obstruction score has considerable
clinical and imaging impact, enabling accurate diagnosis, risk stratification, and patient
selection for more aggressive treatment. There is a strong correlation between Ol, RV
dilatation, and RVD.

Keywords: Computed Tomographic, Obstruction Index, 2D Echocardiography, Pulmonary
Thromboembolism.
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Introduction

Pulmonary Embolism (PE) is a fatal and common form of venous thromboembolism that
causes about 300,000 deaths annually, usually in patients with unstable hemodynamic
status.l) Patients with unrecognized acute PE have an estimated mortality rate of 30%.?If
pulmonary embolism is diagnosed at the right time, the death rate can be reduced to 3-10%.
So the rapid establishment of a diagnosis of PTE is essential for the initiation of life-saving
thrombolytic therapy. Although CT pulmonary angiography is the gold standard for the
diagnosis of PTE, its disadvantages, including its invasiveness, costliness, unavailability in
every medical center, and associated risks, make the use of non-invasive diagnostic methods
important.

The use of helical and multi-detector computed tomographic angiography(CTA) is a
priority in PTE's therapeutic plans due to multiple advantages, such as more rapid
accessibility, non-invasiveness, higher consensus among interpreters, better compliance by
significantly hemodynamically impaired patients, and quicker diagnostic yield. Computed
Tomography Pulmonary Angiography(CTPA) is currently the method of choice for the
evaluation of acute pulmonary embolism.E

CTPA has a specificity of about 95% for identifying clots within the distal pulmonary
arteries. Also, CT pulmonary angiography can help clinicians in the diagnosis of underlying
lung diseases. CT pulmonary angiography can also assess clot burden using scoring systems
such as the Pulmonary Artery Obstruction Index (PAOI). Acute PE increases the pulmonary
arterial system's pressure and right ventricle(RV), resulting in right ventricular
dysfunction(RVD). RV dysfunction, followed by PE, usually causes death within the first
hour following admission to the hospital.! Although 2D-echocardiography is currently the
modality of choice for RVD diagnosis, CTPA can replace echocardiography because of its
ability to detect PE, assess right ventricular dilatation, and predict right ventricular
dysfunction simultaneously.™

The pulmonary arterial obstruction index provides objective results and establishes
thrombi, and their weight may be calculated with CTPA.!® PAOLI is a parameter calculated by
combining the degree of the stenosis diameter, which is created by the thrombotic material,
and the number of segmental arteries distal to the thrombotic occlusion. The burden (i.e.,
thrombus weight) of the thrombi, then, can be determined, and therapy can be shaped
accordingly.l”? A correlation is seen between total clot load on the proximal pulmonary artery,
obstruction of the arterial bed, and right ventricular dysfunction.

Aims and Objectives

e To calculate the pulmonary arterial obstruction index (Qanadli index) and evaluate its
usefulness in patients with pulmonary thromboembolism.

e To study the correlation between the pulmonary arterial obstruction index and right
ventricular dilatation in patients with pulmonary thromboembolism.

e To investigate the correlation between the pulmonary artery obstructive index and right
ventricular dysfunction in patients with pulmonary embolism.

Methods

This was a hospital based cross-sectional study conducted among 50 patients who presented
with pulmonary thromboembolism to the department of Radio-Diagnosis and Imageology,
Kurnool Medical College, Kurnool, over a period of two years from November 2018 to
November 2020, after obtaining clearance from the institutional ethics committee and written
informed consent from the study participants.
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Inclusion Criteria
For the study, we only considered patients with positive CTPA.

Exclusion Criteria

Previous allergic reactions to contrast media.

Patients with a known history of cardiac and pulmonary diseases.
Inability to provide informed consent(e.g., severe dementia).
Pregnancy and lactating mothers.

Renal failure.

Patients over the age of 60 years.

ocoukrwhE

Statistical Methods
The data was entered in MS Excel and analysed using SPSS software. Results were presented
as tables.

Results
Age Group (in years) |Frequency| Percentage
20-30 9 18%
31-40 11 22%
41-50 26 52%
>50 4 08%
Age Distribution
Gender Frequency| Percentage(%b6)
Males 32 64%
Females 18 36%
Total 50 100%
Sex Distribution
Table 1. Demographic Distribution

The maximum number of patients were between the age groups of 41-50 years (52%), then
31-40 (22%),20-30(18%), >50 (8%). There was a male preponderance (64%) in our study
compared to females (36%) with a female-to-male ratio of 1:1.125.

Dyspnea Frequency Percentage
Present 39 78%
Absent 11 22%

Total 50 100%
Dyspnea as Symptom
Chest Pain Frequency Percentage
Present 20 40%
Absent 30 60%
Total 50 100%
Chest Pain as Symptom
PAOI 5-10 | 11-20 | 21-30 31-40
Frequency 6 25 19 0
Percentage 12% | 50% | 38% 0
Pulmonary Arterial Obstruction Index Distribution
Table 2

Dyspnea and chest pain were present in 78% and 40% of the patients respectively. The
maximum number of patients had an obstructive pulmonary index between 11-20(50%),
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then 21-30(38%), 5-10(12%).

Frequency| Percentage

RT Main Pulmonary Artery 12 24%
LT Main Pulmonary Artery 09 18%
Total 21 42%

Main Pulmonary Arteries Involvement
Frequency | Percentage

RT Upper Lobe Segmental Artery 25 50%
RT Middle Lobe Segmental Artery 36 72%
RT Lower Lobe Segmental Artery 37 74%

Segmental Artery Distribution in Right Lung
Frequency| Percentage

LT Upper Lobe Segmental Artery 18 36%
LT Middle Lobe Segmental Artery 28 56%
LT Lower Lobe Segmental Artery 31 62%
Segmental Artery Distribution in Left Lung
Table 3

Thrombus in RT main pulmonary artery was present in 24 % of patients.LT main pulmonary
artery in 18%. The right pulmonary artery was involved more when compared to the left
central pulmonary artery.

RT upper lobe segmental artery was involved in 50%, RT middle lobe segmental artery in
72%, and the RT lower lobe segmental artery in 74%.

LT upper lobe segmental artery was involved in 36%, LT middle lobe segmental artery in
56%, and the LT lower lobe segmental artery in 62%.

Right Left
Frequency Frequency
N (%) N (%)
Upper Lobe 25 (50%) 18 (36%)
Middle Lobe 36 (72%) 28 (56%)
Lower Lobe 37 (74%) 31 (62%)
Comparison of Segmental Arteries Distribution on Either Side
RV/LV Ratio Frequency Percentage
>1 20 40%
<1 30 60%
Total 50 100%
Right Ventricular Dilatation
PAOI RV Dilatation Present |RV Dilatation Absent| Total
PAOI > 45% 19 0 19
PAOI <45% 01 30 31
Total 20 30 50
Correlation of RV Dilatation and PAOI
Table 4

The RT lung was involved more than the LT lung. RV dilation measured in terms of relation
to right and left ventricular measurements, RV/LV > 1 was present in 40%, <1 IN 60%. That
is, right ventricular dilatation was present in 20 patients.

RV dilatation was present in 20 patients out of 50 patients. Out of 20 patients, 19 had a
pulmonary artery obstructive index >45%; only one patient had a pulmonary artery
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obstructive index <45%.
RV Dysfunction Frequency Percentage
Present 19 38%
Absent 31 62%
Total 50 100%
Right Ventricular Dysfunction
PAOI RV Dysfunction Present | RV Dysfunction Absent| Total
>50 % 15 5 20
<50% 04 26 30
Total 19 31 50
Correlation of RV Dysfunction and PAOI
Table 5

RV dysfunction was present in 19 patients (38%) out of 50 patients. Out of 19 patients, 15
patients had pulmonary artery obstructive index >50%; four patients had a pulmonary artery
obstructive index <50%

Discussion

In our study, the peak age of presentation of pulmonary thromboembolism was between the
ages of 40-50 years with male predominance. The main presenting symptoms were dyspnea,
cough followed by chest pain, hemoptysis; most patients had more than one symptom as a
presenting symptom. Central pulmonary arterial involvement was noted in 21(42%) patients.
Among them, the right main pulmonary artery was involved in 12(24%), and the left main
pulmonary artery was involved in 9(18%) patients. In the rest of 24 patients, segmental
arteries are involved. In our study, the majority of patients had a pulmonary artery obstructive
index in the range 11-20.

Right ventricular dilation was seen in 20 patients (40%). Out of 20 patients with right
ventricular dilatation, 19 had a pulmonary artery obstructive index >45%; only one patient
had an obstructive index <45%, with sensitivity and specificity of 95% and 96% respectively.
Right ventricular dysfunction was seen in 19 patients (38%). Out of 19 patients with right
ventricular dysfunction, 15 patients had a pulmonary artery obstructive index >50%, and four
patients had an obstructive index <50%.

In our study, the maximum number of patients was in the interval of 41-50, i.e., 52%; in
between 31-40 (22%); in between 20-30(18%); >50 years was 8%. The mean age of
presentation was 40.1 years. This is unlike other studies done by Mustafa Goketal., Massimo
Miniate et al., B.S. Praveen Kumar et al., where the mean age was 64.1, 61 and 47.1
respectively. This may be because we excluded patients over the age of 58, who had risk
factors for pulmonary and cardiac diseases. The risk of pulmonary thromboembolism
increases with age. For every ten years after age 60, the risk of having PE doubles.

In our study of 50 patients, 64% were male, and 36% were female. But according to the
literature, pulmonary thromboembolism is equal in males and females, and in many studies, it
is more common in females than in men.

In our study, dyspnea was present in 78% of patients, making it the most common presenting
symptom in most patients. This is comparable to studies done by Massimo Miniati et
al.(78%), B.S. Praveen et al. (94.3%), and Noha M. Attia et al.[®/(74.28%).

In our study, chest pain was present in 40% of patients, making it the second most common
presenting symptom in most patients. This is comparable to studies done by Massimo Miniati
et al.(39%), B.S. Praveen et al.(45.7%), and Noha M. Attia et al.(62.85%).
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Pulmonary Artery Obstructive Index Distribution

In our study, the maximum number of patients had PAOI between 11-20(50%), 38% of
patients had PAOI between 21-30, 12% had PAOI <10, none had >31.

In our study, central or main pulmonary artery involvement was seen in 42% of patients,
similar to other studies. In a study by M. Higazi et al., the central pulmonary artery was
involved in 46% of cases. In a study by Attia et al., the central pulmonary artery was involved
in 45% of cases; in a study by BS Praveen Kumar et al., it was involved in 60% of cases.

Segmental/Subsegmental Artery Distribution

In our study, segmental and subsegmental artery involvement was seen in 58% of patients,
similar to other studies. In studies done by M. Higazi et al., Attia et al., and BS Praveen et al.,
segmental and subsegmental arteries were involved in 54%, 55%, 40% of cases respectively.

Comparison Statistics of Cut-Off Value of PAOI to Predict RV Dilation

In our study, RV dilatation was present in 20 patients out of 50 patients. Out of 20 patients,
19 had a pulmonary artery obstructive index >45%; only one patient had a pulmonary artery
obstructive index <45%.

This is comparable with Taraneh et al., and M. Hijazi's et al. studies, whose cut-off values
were >40% and >47%, respectively. Hence, right ventricular dilatation can be predicted by
using a cut-off obstructive pulmonary index of 40%.

Comparison Statistics of Cut-Off Value of PAOI to Predict RV Dysfunction

In our study, RV dysfunction was present in 19 patients out of 50 patients. Out of 19 patients,
15 patients had a pulmonary artery obstructive index >50%; four patients had a pulmonary
artery obstructive index <50%. This is comparable with studies done by Attia et al.,
Rodrigues et al.,”! Guo et al.,™® whose cut-off values were 43%, 46%, 52%, respectively.
Hence, right ventricular dysfunction can be predicted by using a cut-off obstructive
pulmonary index of 50%.

Conclusion

The introduction of MDCT pulmonary angiography has considerably changed the approach
to PE. It is currently the method of choice as it is available, rapid, sensitive, and allows
adequate visualization of the pulmonary artery clots up to the segmental level, besides adding
to its ability to exclude alternative diagnoses. The specific index (the CT obstruction index)
to quantify vascular obstruction in helical CT appears simple and reproducible. The CT
obstruction score has considerable clinical and imaging impact, enabling accurate diagnosis,
risk stratification, and patients’ selection for more aggressive treatment. There is a strong
correlation between Ol, RV dilatation, and RVD.
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