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ABSTRACT

Background: Pulmonary Thromboembolism (PTE) is a disease of high mortality and morbidity both in acute and chronic phases but frequently
overlooked because the symptoms and signs are very nonspecific. Most patients present to the department of emergency medicine with acute onset
chest pain, dyspnoea. After the introduction of Computed tomography pulmonary angiography (CTPA) as it is almost replaced Pulmonary artery
catheterisation. CTPA is becoming the gold standard investigation used in diagnostic algorithms of PTE. Objectives: To evaluate the role of CT
pulmonary angiography in diagnosing acute and chronic PTE and to correlate the findings of CTPA with clinical and laboratory findings. Material
And Methodology: During the one and half year period, a total of 50 patients with clinical suspicion of PTE who were referred for CTPA were
taken into the study .The various risk factors, lab parameters and multimodality imaging findings were analyzed and CTPA findings were
categorized by PAOI, presence or absence of PHTN and RVD and correlated with lab parameter of D- Dimer, Troponin -I and other imaging
modalities like X Ray, Ultrasound venous doppler and 2D echocardiography. Results: In this prospective observational study out of 50
patients,54% patients had evidence of PTE. The male to female ratio of the patients having PTE is 1.45:1. The most common symptoms evoking a
suspicion of PTE is dyspnea followed by cough, palpitation and chest pain. The most common comorbidity associated are hypertension and
diabetes mellitus.Out of 50 cases, 13 cases were having elevated D-dimer values with normal Troponin-I. But in those 13 cases, 10(76.9%) cases
were shown positive for PTE on CTPA.14 patients(51.8%) found to have DVT on venous doppler study. Out of 27 patients of positive PTE 16
(59.2%) patients had abnormal x-ray at presentation and commonly multiple x-ray findings co-exists in single X- ray. The sensitivity of the D-
Dimer and CTPA test to correctly identify those with the condition was 85.19% and specificity was 86.96%. The sensitivity of Serum Troponin-I to
correctly identify those with the condition was 51.85% which indicates moderate sensitivity and specificity was 91.30% suggesting that serum
troponin I is highly effective in ruling out the condition in negative cases Conclusion: As the first-line imaging technique, CT pulmonary
angiography (CTPA) has superseded catheter pulmonary angiography and ventilation-perfusion scintigraphy to become the clinical "gold
standard" for the detection of acute PTE. From this study, combination of CTPA with D-Dimer and Troponin I not only increases the accuracy in
diagnosing PTE, but also stratification of patients with PTE.
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INTRODUCTION

Pulmonary Thromboembolism(PTE) is a disease of high mortality and
morbidity both in acute and chronic phases following coronary artery
disease and cerebrovascular disease. PTE is frequently overlooked
because the symptoms and signs are very nonspecific and may be
confused with a variety of other cardiopulmonary disorders that have
similar presentations. Hence it is called “great masquerader”.

Most patients present to the department of emergency medicine with
acute onset chest pain mostly pleuritic in nature, tachypnoea with or
without dyspnoea. But the classic clinical triad comprising sudden
chest pain, dyspnoea and haemoptysis is present in a minority of cases
only. Other symptoms and signs which are usually present in patients
with PTE are cough, palpitations, tachycardia ,syncope ,fever with or
without the signs and symptoms of Deep vein thrombosis (DVT), but
may also presents with cardiovascular collapse or cardiac arrest in
severe PTE especially who have high clot burden.

PTE is a multifactorial disease but can occur in patients without any
identifiable predisposing factors. Hereditary risk factors like
antithrombin deficiency, protein C and protein S deficiency, are strong
risk factors for PTE, but account for only 1% of all cases of PTE.
Acquired risk factors are prolonged surgical procedures like
orthopedic surgery, onco-surgery and neurosurgery, previous history
of venous thromboembolism, prolonged immobility, hospitalization,
infection, pregnancy, Hormone Replacement Therapy including Oral
contraceptives and cancer. Recently COVID-19 (Coronavirus -2019)
became arising cause of PTE.!

Since clinical diagnosis of PTE is very often inaccurate the combined
use of various laboratory and imaging investigations like D-dimer,
Duplex USG of lower limbs, echocardiography, lung scintigraphy /VQ
Scan, computed tomography pulmonary angiography becomes
mandatory. But the choice of these investigations depends primarily on

the clinical conditions of patients; for example CTPA is not an
investigation of choice in pregnancy. The approach to PE has changed
considerably after the introduction of multi-detector Computed
tomographic pulmonary angiography (CTPA) as it is almost replaced
Pulmonary artery catheterisation. CTPA is becoming the gold standard
investigation nowadays in patients withclinical suspicion of PTE and
is an essential investigation used in diagnostic algorithms of PTE.
CTPA has reached the sensitivity and specificity of 83% and 96%
respectively as per PIOPED II trial and in combination with clinical
and lab findings, the positive predictive value (PPV) becomes almost
96%.” CTPA is not limited to diagnosis of PTE but also can identify
other pathologies of symptoms like chest pain, shortness of breath such
as pneumonic consolidations, pericardial diseases, benign and
malignant neoplastic nodules, musculoskeletal pathologies, vasculitis
and even myocardial ischemia in some diagnostic protocols.

However, Even though it is easily available, there are some limitations
like usage of iodinated contrast, ionizing radiation, contrast allergy and
contrast induced nephropathy and relative contraindications in renal
insufficiency and pregnancy . It is estimated that about 5 - 10% of
patients with clinical suspicion of PTE have contraindications to
undergo CTPA.*

Aims And Objectives

Aim: To assess the role of Computed Tomography Pulmonary
Angiography (CTPA) in evaluation of clinically suspected cases of
Pulmonary Thromboembolism (PTE).

Objectives:

1. To assess the role of CTPA in diagnosing both Acute as well as
Chronic PTE with its complications.

2. To correlate the findings of CTPA with clinical history ,laboratory
findings and other imaging modalities including Doppler
ultrasonography, Chest X ray, 2D -echocardiography.
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3. Toidentify the clinical mimics of PTE.

Materials And Methodology

Source Of Data: The subjects of this study included patients attending
Kamineni Hospital, King Koti referred to our radiodiagnosis
department with clinically suspected PTE for CTPA.

Study Design: This is a prospective-observational study.

Duration Of Study: The study was done over a period of 18 months
from September 2022 to March 2024 and data was collected during
this period from all the patients who underwent CTPA in whom PTE
was suspected.

Inclusion Criteria:

1. All patients of different age groups with suspected PTE clinically
who were referred for CTPA to the radiodiagnosis department of
Kamineni Hospital, King Koti were included in the study.

Exclusion Criteria:

1. Allergy to contrast agent,

2. Impaired renal function tests,
3. Pregnancy.

Sample Size - A total of 50 patients were included in the study who had
clinical suspicion of PTE and were referred for CTPA to our
radiodiagnosis department.

Study Data Collection Method:

This study was conducted as per the guidelines of the Indian Council of
Medical Research with approval of our institutional Research Ethics
Committee All selected subjects were briefed about the study.
Individual's consent was taken to use their identified data for research
purposes. Confidentiality was maintained. Relevant clinical history
and laboratory data were entered into case sheet proforma. Also, case
sheets of the subjects were referred for any other relevant details.

Statistical Analysis:

Data was entered in Microsoft Excel spreadsheet. The continuous
variables such as age was expressed in terms of average + standard
deviation (SD).and categorical variables such as clinical signs,
symptoms, risk factors etc were presented as percentages. Bar charts
and pie charts were used to describe the data. Analysis was done in
SPSS software version 17.0

RESULTS

During the one and half year duration, a total of 50 patients who were
referred to our radiology department for Computed tomography
pulmonary angiography (CTPA) with clinical suspicion of PTE were
taken into the study after having met the prerequisites of the inclusion
criteria of the study and consent were obtained. All the cases had been
analyzed and the results were depicted in the form of tables and
diagrams to carry out the objectives of my study.

Prevalence:

Out of 50 patients with clinical suspicion of PTE who underwent
CTPA, 27(54%) patients had evidence of PTE and 23 (46%) patients
didnothave PTE.

Age Distribution:

In my study only one patient below 20 years of age, presented with
clinical suspicion of CTPA diagnosed positive (100%). Most of the
patients belong to the 61- 80 years group and the lowest belong in the
<20 years age group. The mean age of the CTPA positive patients in the
study was 52.8 years and the standard deviation was +/- 19.3 years. The
youngest patient who participated in the study was aged 19 years and
was subsequently diagnosed to be CTPA positive. The oldest patient
was diagnosed CTPA positive aged 83. The oldest patient participated
in the study was aged 92 years.

Gender Distribution:

In a total of 27 male patients who were referred for CTPA with clinical
suspicion of PTE, 16 were positive (59.2%). In a total of 23 female
patients who were referred for CTPA with clinical suspicion of PTE, 11
were positive (40.8%).In my study male patients are more who had
clinically suspected PTE than females. The male to female ratio of the
patients having PTE is 1.45:1.

Clinical Presentation:

Dyspnea is the most common symptom evoking clinical suspicion of
PTE followed by cough, palpitation and chest pain. Out of 50 patients,
44 patients presented with dyspnea, 29 were with cough, 12 were with
palpitations and 11 were with chest pain and leg swelling. Of the
diagnosed cases of PTE, 85.2% of the patients presented with chief
complaints of dyspnea. 44.4 % of the patients had cough as the major
complaint. Palpitations (33.3%) is the 3rd most common presenting
complaint. Cardiac arrest and syncope were exclusively seen in PTE
positive patients though being a rare presentation and reflects the
cardiovascular collapse in PTE pathology.

Risk Factors And Comorbidities:

In my study the most common comorbidity associated with clinically
suspected PTE patients includes hypertension and diabetes mellitus.
The risk factors of PTE such as recent history of surgery, tuberculosis,
bronchial asthma and varicose veins are exclusively seen in the CTPA
positive patients (100%) and absent in CTPA negative patients in my
study.

Lab Investigations: The cut-off values for positive D-Dimer and
positive Troponin-I were fixed to 0.5 micrograms per ml FEU and
>0.4pg/L respectively. Out of 50 cases, 13 cases were having elevated
D-dimer values with normal Troponin -I. But in those 13 cases,
10(76.9%) cases were shown positive for PTE on CTPA.

A total of 13 cases were having both elevated D-dimer values with
elevated Troponin -I and all of them (100%) were positive for PTE on
CTPA. In the 21 cases, in which both D- dimer and Troponin -I levels
were less than the fixed cut-off, 18(85.7%) cases there was no evidence
of pulmonary embolism on CT pulmonary angiography and 3(14.3%)
cases had thrombus.

Table 1: Correlation of D-Dimer with CTPA in suspected cases of
PTE

D-DIMER CTPA Total
Negative Positive

Negative Count |20 4 24

% 40.0% 8.0% 48.0%
Positive Count |3 23 26

% 6.0% 46.0% 52.0%
Total Count |23 27 50

% 46.0% 54.0% 100.0%

The chi-square statistic is 25.897.The p-value is 0.00000238. The
resultis significantatp <.05. Kappa valueis 0.719

This distribution indicates a strong agreement between the two tests,
which is further supported by a Kappa value of 0.719, signifying
substantial agreement beyond chance. The p- value of 0.001 indicates
that this agreement is statistically significant, making it highly unlikely
that the observed concordance is due to random variation. The
statistical analysis of the D-Dimer and CTPA test results reveals robust
diagnostic performance.

The sensitivity, or the ability to correctly identify those with the
condition, is 85.19%, with a confidence interval (CI) ranging from
66.27% to 95.81%. Specificity, the ability to correctly identify those
without the condition, stands at 86.96%, with a CI of 66.41% to
97.22%.

Table 2: Statistical Parameters Of D-dimer In Diagnosing PTE

Statistics Value 95% CI
Sensitivity 85.19% 66.27% to 95.81%
Specificity 86.96% 66.41% to 97.22%
Positive Likelihood Ratio 6.53 2.25to 18.98
Negative Likelihood Ratio 0.17 0.07 to 0.43
Positive Predictive Value 88.46% |72.51% to 95.70%
Negative Predictive Value 83.33% 66.62% to 92.61%
Accuracy 86.00% |73.26% to 94.18%

Overall, the accuracy of the test, which reflects the proportion of true
results among the total cases examined, is 86.00%, with a CI from
73.26% to 94.18%. These metrics underscore the reliability and
effectiveness of the D-Dimer test in conjunction with CTPA for
diagnostic purposes.

Table 3: Correlation Of Serum Troponin- I With CTPA.
[Serum [ [cTPA [ [Total |
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Troponin I Negative Positive [ [not significant at p < .05. [significant at p <.05 |
Negative Count |21 13 34

% 42.0% 26.0% 68.0% Correlation Of CTPA Findings With PAOI:
Positive Count |2 14 16 Table 8: Correlation of CTPA findings with PAOI of PTE positive

% 4.0% 28.0% 32.0% patients (N=27).
Total Count__|23 27 50 Findings PAOIL

% 46.0% 54.0% 100.0% <50%(N=23) >50%(N=4)

0, 0,
The chi-square statistic is 10.63.The p-value 0.00491728. The result is In'flarctd (21 '70A] ) 2(500& )
significantat p<.05. Kappa valueis 0.417 D% ated MPA 6(26.0%) 3(75%)
Dilated RPA 7(30.4%) 4(100%)

The Kappa value of 0.417 suggests moderate agreement between Dilated LPA 9(39.1%) 4(100%)
Serum Troponin I levels and CTPA results beyond chance. The IVS Bowing 7(30.4%) 4(100%)
statistical significance of this agreement is confirmed by a p-value of RVD/LVD>1 7(30.4%) 4(100%)
0.001, indicating that the observedrelationship is unlikely to be due to IVC Reflux* 5(21.7%) 4(100%)

random variation. This data implies that while there is some
concordance between Serum Troponin I and CTPA results, it is less
pronounced compared to other diagnostic tests.

Table 4: Statistical Parameters Of Troponin I In Diagnosing PTE

Statistics Value 95% CI
Sensitivity 51.85% [31.95% to 71.33%
Specificity 91.30% |71.96% to 98.93%
Positive Likelihood Ratio 5.96 1.51 to 23.54
Negative Likelihood Ratio 0.53 0.35 10 0.80
Positive Predictive Value 87.50% [63.94% t0 96.51%
Negative Predictive Value 61.76% |51.71% to 70.91%
Accuracy 70.00% |55.39% to 82.14%

Ultrasound Venous Doppler:

Out of 27 patients with positive PTE, 14 patients(51.8%) found to have
DVT on venous doppler study. In the 11 patients with negative PTE
who underwent venous doppler study, only one patient (9.1%) was
positive for DVT.

Chest Radiography:
Table 5: Frequency of Chest X-ray findings in clinically suspected
PTE patients (N=50).

The chi-square statistic is 0.617172006737. The p-value is
0.996107279229. The resultis not significant atp <.05.

*IVC reflux of contrast could not be assessed in one patient due to [IVC
thrombosis.

The features of RVS and PHTN are present in all patients with PAOI
>50% and pulmonary infarct seen in 2 out of 4 (50%) patients with
PAOI >50%. But the percentage of pulmonary infarct in the patient
group with<50%PAOIis21.7 % only.

Associated Findings:

Pleural effusion and cardiomegaly was the most common finding in the
PTE positive patients each comprising 8 (29.6%) patients. Pulmonary
infarcts seen in 6 (22.2%) patients and atelectactic bands seen in
4(14.8%) patients followed bymosaic attenuation(7.4%),concomitant
post infective pneumonia(7.4%) .Other less common finding like
COPD, Chronic bronchitis, aspiration pneumonia, pulmonary edema,
hydropneumothorax and ILD seen in each 1 (3.7%) patients,

Differential Diagnosis:
Table 9: Frequency of differential diagnosis on CTPA in PTE
negative patients(n=23).

Chest X ray findings |CTPA CTPA Differential Diagnosis No Of Cases (%
Positive (n=27) Negative (n=23) (n=23)
Airspace Opacity 8(29.6%) 5(21.7%) Secondary Pulmonary Hypertension 4 17.4
Reticular opacity 1(3.7%) 1(4.3%) (2° To COPD/ ILD)
Pleural effusion 7(26.0%) 7(30.4%) Idiopathic Pulmonary Hypertension 4 17.4
Cardiomegaly 8(29.6%) 11(47.8%) COPD ' ' 3 13
Prominent hila 1(3.7%) 2(8.7%) Post Infective Pneumonia 3 13
COPD 1(3.7%) 1(4.3%) Normal ' 3 13
Focal bronchiectasis 0(0%) 1(4.3%) Interstitial Lung Disease 2 8.7
Hydropneumothorax 1(3.7%) 0(0%) Pulmonary .Edema 2 8.7
Rib fractures 0(0%) 1(4.3%) Tuberculogls 2 8.7
Nil findings 11(40.8%) 3(13.0%) Lung Malignancy 1 43
The chi-square statistic is 8.619797215711. The p-value is  [ACOSS ! 43
0.473083723878. The resultis not significant at p <.05. Heart Failure 1 43
Post Traumatic Sequelae 1 43
Echocardiography: Aspiration Pneumonia 0 0

Table 6: Comparison of 2D Echo with CTPA in diagnosing PHTN
and their association with PAOI (N=27).

PAOI 2D Echo CTPA
PHTN PHTN [PHTN PHTN
Present Absent |Present Absent
< 50%(n=23) |7 16 8 15
> 50%(mn=4) |3 1 4 0

The chi-square statistic is |The chi-square statistic is
2.902. The p-value 5.87. The p- value
0.08846972. The result is |0.01540105. The result is
not significant at p <.05. |significant at p <.05

Table 7: Comparison of 2D Echo with CTPA in diagnosing RVD
and their association with PAOI (N=27)

DISCUSSION

This study evaluated the diagnostic efficiency of computed
tomography pulmonary angiography (CTPA) in the diagnosis of
pulmonary thromboembolism(PTE). This was a prospective
observational study conducted to compare the results of CTPA with
clinical and laboratory results and assess the use of CT pulmonary
angiography in the diagnosis of acute and chronic PTE. A total of fifty
patients with clinical suspicion of PTE who were referred to our
department of radiodiagnosis for CTPA over the course of a year and a
half were included in the study after fulfilling the requirements for
inclusion while providing their consent.

Incidence And Prevalence Of Pulmonary Thromboembolism:

The annual incidence of PTE ranges from 39 to 115 per 100,000
people; theincidence of deep vein thrombosis (DVT) is 53 to 162 per
100,000 people." Acute PTE is the 3rd most common type of
cardiovascular disease, following stroke and coronary artery
disease(CAD).” Acute PTE is more common in men than in women.’
The high accuracy and ease of use of CT scans led to a five-fold
increase in CTPA examinations within six years, but also decreased
PTE prevalence.” In the present study, 27 patients (54%) had evidence
of PTE, while 23 patients (46%) did nothave any PTE.

PAOI 2D Echo CTPA
RVD Present |[RVD RVD Present | RVD
Absent Absent
<50%(n=23) |6 17 7 16
>50%(n=4) |3 1 4 0
The chi-square statistic is | The chi-square statistic is
3.668. The p- value 6.83. The p- value
0.0554667. The result is {0.00896393. The result is
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These results were in line with those of Attia NM et al, who found that
50% of patients tested positive for PE in CTPA." On the other hand, Ooi
MWX et al. found that 38% of COVID-19 patients who underwent
CTPA study had PTE.” Nduta et al. found similar outcomes, with
positive results in 27% of patients.”” Burkill GJ et al. found that CTPA
tested positive for PTE in 28 out of 101 patients (28%)." Qanadli SD et
al. performed CTPA on 158 patients, of whom 54 (34%) were found to
have PTE."”

AgeAnd Sex Distribution:

Men and women have similar overall age-adjusted incidence of PTE,
but women have higher relative rates of PTE in early and mid-
adulthood (ages 20-40), while men have higher rates of PE after age
60." Pathophysiological mechanisms that have traditionally been used
to explain sex-based differences surrounding PTE include differences
in the prevalence of vasculopathies, changes in sex hormones,
physiological changes during pregnancy and postmenopause, and use of
oral contraceptive pills (OCPs) or hormone replacement therapy
(HRT)." Like HRT, pregnancy can cause a prothrombotic state that can
result in venous thrombosis and subsequent PTE." In the current study,
only one patient was under the age of 20. The patients were divided into
two age groups: those with 61-80 years old and those with <20 years old .

The CTPA positive patients in this study had a mean age 0of 52.8 £ 19.3
years. The average age was found to be 61 years in another study by
Rodrigues B et al."” Ahmad DS et al. reported an average age of 53
years, and Kang DK et al. reported an average age of 55 years for acute
PE cases.”" The male to female ratio of PTE patients in this study is
1.45:1. These results were consistent with studies by Nduta et al. that
found an average age of 52.6 years. These were in line with the male
prelgigr]ninance results of Nduta et al., Rodrigues et al, and Ahmad DS et
al, """

Clinical Presentation:

The presenting symptoms and signs of patients with PTE are usually
non- specific, and the clinical presentation varies widely, contingent on
the duration,degree of pulmonary vascular bed obstruction, patient's
age and other factors."” In terms of diagnosis and treatment planning, it
is critical to distinguish between patients who are hemodynamically
stable and those who are unstable. Patients classified as unstable may
have hypotensive shock, which is defined as a systolic blood pressure
of less than 90 mmHg or a pressure drop of more than 40 mmHg for a
minimum of 15 minutes without the presence of hypovolemia, sepsis,
or new onset arrhythmia.” The patient's cardiopulmonary reserve,
which can be influenced by underlying cardiac or pulmonary diseases,
also influences the patient's clinical presentation and outcome .”'

The presenting clinical symptoms of dyspnea, especially sudden onset,
chest pain, or syncope, either alone or in combination, are what
typically lead to a suspicion of PTE in the vast majority of patients.
Classical presentations of PTE include acute onset dyspnea, chest
pain, cough with or without hemoptysis which reflects pulmonary
infarct in PTE patients. On the one end of the PTE spectrum, a patient
with non-massive PTE/ low risk may be normotensive and have no or
mild complaints whereas on the other end, the patient may experience
severe dyspnea, tachypnea and chest pain during mild exertion or even
atrest. It is crucial to take syncope into account as a distinct, albeit rare,
manifestation of PE that also suggests a decreased hemodynamic
reserve. Syncope affects approximately 8-19% of PTE patients.
Rapidly onset isolated dyspnea is frequently linked to a PTE which
involves large central pulmonary arteries. Thus has more noticeable
associated hemodynamic instability and increased risk of pulmonary
infarction. It can also be connected to angina-like chest pain that could
be indicative of right ventricular ischemia .” As a result, diagnosing PE
in patients who already have heart or lung disease may be particularly
challenging.

The most frequent symptoms in the current study that raised the
possibility of PTE were dyspnea, which was followed by cough,
palpitations, and chest discomfort. Dyspnea was the primary
complaint mentioned by 85.2% of the individuals with PTE diagnosis .
Cough was the main complaint in 44.4% of the patients. The third most
frequent presenting ailment was palpitations (33.3%). Despite being
an uncommon presentation, cardiac arrest and syncope were only seen
in PTE positive individuals, which is indicative of the circulatory
collapse in the PTE pathogenesis.

These clinical symptoms aligned with the results of Nduta et al., who

found that cough and dyspnea were the most prevalent clinical
findings." However, their investigation did not identify a statistically
significant correlation between clinical symptoms and PE status.
Therefore, not every instance of dyspnea is the same as apulmonary
embolism. Additionally, according to Rodrigues B et al., there is no
discernible correlation between the QS score and the clinical
presentation upon admission (chest discomfort, cough, dyspnea)."

Comorbidity And Risk Factors:

Patients with PE often have significant comorbidities, such as chronic
cardiorespiratory disorders or neoplasms, which might contribute to
the development of this condition and can lead to a poorer short-term
prognosis. Comorbidities such as chronic renal disease, cancer,
diabetes, obesity, and hypertension some of which are recognized risk
factors for PE—have grown dramatically over time.” Comorbidities
have been reported to be increasing over time.

Venous thromboembolism (VTE) is thought to be the consequence of a
combination of the risk factors specific to each patient and the
environment in which the event takes place. Risk factors connected
with the patient are often long-term, whereas the conditions are often
temporary. Age, a personal history of VTE, an active cancer or other
debilitating illness like heart or lung failure, congenital or acquired
coagulation disorders, hormone replacement therapy, and oral
contraception are all considered risk factors for patients.” The most
common comorbidity linked to patients with clinically suspected PTE
was diabetes mellitus and hypertension. Only the PTE positive patients
(100%) in this research had the risk factors for PTE, such as varicose
veins, a recent history of surgery, TB, and bronchial asthma.Diabetes
was shown by Keller K et al. as an independent predictor of in-hospital
mortality in PTE patients.”

Comparison Of CTPA And Lab Investigations (D-dimer And
Troponin -I):

However, there is limited information available about other prognostic
markers and their clinical implications.”* Troponin levels are most
helpful when used in conjunction with clinical prognostic scores and
evidence of right ventricular strain on echocardiography or computed
tomography.” Of the 50 patients, 13 had normal Troponin I but
increased D- dimer readings. Ofthose 13, 10 (76.9%) had positive PTE
results on CT pulmonary angiography. In the current investigation,
there was a statistically significant correlation between CTPA and D-
dimer and troponin-I.

The correlation between D-dimer test results and Troponin I levels
with CPTA was statistically significant in the current study (p=0.001).
Previous studies by Perrier A et al and Crawford F et al reported the
significant increase in D-dimer levels in patients with acute PTE.” On
the other hand, a study by Burkill GJ et al on the use of D-dimer assay
in patients undergoing CTPA found that the assay's negativepredictive
value was 94%. (p =0.001).The accuracy rate in identifying those with
the condition was 85.19%, while the accuracy rate in identifying those
without it was 86.96%. These parameters highlight the D- Dimer test's
dependability and efficacy when used in combination with CPTA for
diagnostic purposes. In respect to CPTA findings, troponin I is more
useful for verifying rather than ruling out the condition due to its high
PPV, moderate sensitivity, and NPV.

Specificity And Sensitivity Of D-dimer In CTPA-Positive Group:
As a byproduct of cross-linked fibrin degradation, D-dimer levels rise
in acute thromboembolic events.” D-dimer concentrations can be used
to diagnose or rule out PTE, but their specificity is low because they
can also be elevated in other clinical conditions such as postoperative
states, infections, cancer, and old age, which are all associated with
additional fibrin formation.” In the current study, the sensitivity to
correctly identify those with the condition was 85.19%, and the
specificity to correctly identify those without the condition was
86.96%. PTE was diagnosed with a sensitivity of 70.3% and specificity
of 70.1% in patients hospitalized to the intensive care unit (ICU) by
Hajsadeghi S etal.”!

Sensitivity And Specificity Of Troponin-I In CTPA- Positive
Group:

The most precise and sensitive biochemical indicators of myocardial
damage are cardiac troponins. Along with myocardial infarction, other
conditions that may cause elevated troponin levels include acute
pericarditis, myocarditis, acute PTE, severe cardiac failure, sepsis, and
acute renal failure.” When pulmonary artery blockage occurs,
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increasing pulmonary vascular resistance raises the right ventricle's
mechanical load in acute PTE. An abrupt dilation of the right ventricle
may result from that. Elevations in troponin levels especially Troponin
-I'and severe myocardial ischemia may result from the right ventricle's
dilation and hypokinesia.”

Other biomarkers that have been considered include cardiac troponin-
T and pro- BNP. Pro-Brain Natriuretic Peptide (Pro-BNP), which is
primarily secreted from ventricles that are under stress from
hemodynamic status instability and congestive heart failure, is one of
several biomarkers that have recently been considered for risk
stratification and predilection of mortality of PTE cases.” An accurate
and sensitive marker for assessing ventricular function is pro-BNP.* In
addition, Kucher et al. demonstrated that pro-BNP levels > 90 pg/ml
could predict risk of mortality and the need for mechanical ventilation
and cardiopulmonary resuscitation in patients with PTE.” Lega et al.
conducted a meta analysis ,linked elevated Pro-BNP and troponin
levels to a worse prognosis for PTE patients.” Elevated Troponin I and
T correlatedwith increased mortality rate owing to the right ventricular
dysfunction.™

The positive likelihood ratio (PLR) is 5.96, indicating that patients
with a positive Serum Troponin I result are nearly six times more likely
to have a positive CPTA result compared to those with a negative
Serum Troponin I result. The negative likelihood ratio (NLR) is 0.53,
implying that a negative Serum Troponin I result does not strongly rule
out the condition.

The positive predictive value (PPV) is 87.50%, meaning that 87.5% of
those with a positive Serum Troponin I result actually have the PTE,
while the negative predictive value (NPV) is 61.76%, indicating that
about 61.8% of those with a negative result are truly absence of PTE .
The overall accuracy of Serum Troponin I in this context is 70.00%,
with a CI from 55.39% to 82.14%, reflecting a moderate level of
correctness in identifying both true positive and true negative cases. In
the present study, sensitivity was 51.85% and specificity was
91.30%.In contrast, elevated cTnl levels were detected in 11.6% of
patients without PTE and 50.8% of patients with PTE (P<0.001) in a
study by Kilinc G etal.” The test's sensitivity and specificity for the
diagnosis of PTE were 50.7% and 88.3%, respectively.

Venous Doppler Studies:

While venous doppler ultrasonography is currently the first-line
modality in diagnosing for DVT due to significant improvement in
ultrasound image quality and updation of new sonographic software ,
X-ray/ catheter contrast venography has played a significant role in the
diagnosis of DVT in the past.”” CT venography is the preferred next
modality of choice in case of patients with poor body habitus causing
poor ultrasonic penetration, equivocal cases and in the cases of DVT in
deep pelvic veins.

In the current study, of the 27 patients with positive PTE, 14 patients
(51.8%) had DVT on venous doppler study. Just one patient (or 9.1%)
tested positive for DVT out of the 11 individuals with negative PTE
who had venous doppler studies. In contrast to Ismail et al,” in Kano,
who reported positive results in 55.8% of cases, Agunloye et al “. a
study on suspected cases of DVT, from Ibadan of South-Western
Nigeria and another study from Jos, North Central Nigeria, by Salaam
et al. *found that only 46.6% and 56.3% respectively were positive
after Doppler sonography who had clinical signs of DVT . However
these results are somewhat higher than the present study observation of
positive DVT in only 43% who had PTE.

Chest X-Ray Findings:

The most frequent x-ray findings in the current investigation were
cardiomegaly and airspace opacity, with pleural effusion, which was
seen in 26% of the patients ,coming in second. Our results were in line
with those of Elliot et al., who reported that the most frequent
abnormality on chest radiography linked to acute pulmonary
embolism was cardiomegaly.” Greenspan et al. observed that while
conventional chest X-ray findings were abnormal in the majority of
PTE cases, they were normal in 40% of cases.”

Correlation Of CTPA Findings With Paoi Of CTPA Positive
Patients:

Various studies evaluating pulmonary embolism by CTPA have used
various pulmonary vascular bed obstruction scores like miller index.
modified miller index, Qanadli index, mastora score etc. Qanadli index

was used to quantify the degree of pulmonary arterial obstruction in
my study as it is not time consuming with high reproducibility. Various
studies use various PAOI cut off values of Qanadli index to categorize
the PTE into severe or non severe.Based on a receiver operating
characteristic (ROC) curve that corresponds to 45% PAOI, Rodrigues
B et al. created a cut off value of 18 for Qanadli score.'® Attia NM et al.
builtaROC curve to determine the cut off value 0f43% for PAOL"

Correlation Of CTPA Findings With 2D Echocardiography Of
CTPA Positive Patients:

The diagnostic capability of 2-D echocardiography was analyzed in
assessing RVD and PHTN in patients with positive PTE considering
the CTPA as gold standard along with correlation of Pulmonary Artery
Obstruction Index (PAOI). It was observed that in the PAOI< 50%
group the proportion of PTE patients with PHTN diagnosed by 2D
echocardiography was 30.4% whereas in the PAOI >50%group it was
75%., 68.8%, 81.3% and 75% respectively. The proportion of RVD in
positive PTE patients with PAOI< 50% group and PAOI >50%group
were 26% and 75% .However, on statistical analysis it was found that
statistically not significant. In the study by Rodrigues et al",in the
CTPA positive patients with >18 Qanadli score had higher incidence of
PHTN on echocardiography on admission with no statistical
significance.This was similar to this study. Qanadli SD et al 27 and
Miller GA et al also reported similar observations. In PTE patients,
obstruction of the pulmonary arterial tree with thromboemboli results
in increased pulmonary arterial bed resistance, in turn causing
secondary pulmonary hypertension.

Thus 2-D echo is the most useful imaging modality in day to day
clinical practice to assess RVD and PHTN as it is non-invasive and
relatively low cost. Hence, RVD assessed on 2D echocardiography has
been considered as one of the strongest predictors of early mortality in
PTE.

Correlation Of CTPA Findings For PHTN And RVD With PAOI:

It was noted that in PAOI <50% group ;the signs of PHTN SUCH AS
the proportion of dilated main pulmonary artery (PA/Ao >1), enlarged
right pulmonary artery and enlarged left pulmonary artery were
26%,30.4% and 39.1% .Whereas in the PAOI >50% group it was
75%,100% and 100% respectively. This indicates the frequency
developing PHTN secondary to PTE is significantly high in the PAOI>
50% group. The proportion of features of RVD like enlarged right
ventricle (RV/LV>1),IVS bowing and IVC reflux in the PAOI <50%
group were 30.4%,30.4% and 21.7 % respectively. In the PAOI >50%
group it was 100% in all parameters. Pulmonary infarct incidence also
reached up to 50% in the current study with the patients of PAOI >50%

These above observations suggest that incidence of PHTN and RVD is
significantly increased as the PAOI values increases and are found to
be statistically significant. A study done by Rodrigues B et al"® showed
that incidence of RVD is significantly higher in the QS> 18 group in
CTPA; whereas PHTN incidence was almost similar in both QS> 18
and QS< 18 groups.This current study's findings are similar to the
study conducted by Attia NM et al *, where incidence of RVD and
PHTN was significantly higher with increasing PAOL.

In the current study ,the most common associated finding in PTE
positive patients are pleural effusion and cardiomegaly seen in 29.6%
each followed by pulmonary infarct in 22.2% . Apart from the PTE the
close clinical mimics which are diagnosed in the CTPA are idiopathic
PHTN and secondary PHTN as they share common clinical
presentation and can be ideally diagnosed by CTPA.

CONCLUSION

As the first-line imaging technique, CT pulmonary angiography
(CTPA) has superseded catheter pulmonary angiography and
ventilation-perfusion scintigraphy to become the clinical "gold
standard" for the detection of acute pulmonary embolism (PE). 54%
patients had evidence of PTE with majority of the patients belonging to
61-80-year age group and higher male preponderance. The most
common symptoms evoking a suspicion of PTE were dyspnea
followed by cough, palpitation and chest pain.

The most common comorbidity associated with clinically suspected
PTE patients included hypertension and diabetes mellitus. We
observed that pleural effusion and cardiomegaly was the most common
finding in the PTE positive patients. Chest Xraywas normal in 40.8%
CTPA Positive cases
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The sensitivity of the D-Dimer and CTPA test to correctly identify
those with the condition was 85.19% and specificity was 86.96%. The
sensitivity of Serum Troponin I to correctly identify those with the
condition was 51.85% which indicates moderate sensitivity and
specificity was 91.30% suggesting that serum troponin I is highly
effective in ruling out the condition in negative cases.

PE, or pulmonary embolism, is a potentially fatal condition that has to
be properly diagnosed and treated. Because computed tomography
pulmonary angiography (CTPA) is exceptionally efficient at
identifying and ruling out acute PE, it is the diagnostic imaging method
of choice for individuals who may be experiencing acute PE. Dual-
energy or subtraction procedures are examples of new CT innovations
that may further enhance prognosis and diagnosis for better patient
care.
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