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Introduction
Pulmonary embolism is a life threatening condition with a relatively 

rapid onset [1,2], often without sentinel warning sign or symptoms. 
Diagnosis can often be delayed due to the high volume of cases waiting 
to be interpreted in the imaging department of any ED or hospital [3-
5]. By employing software aimed at identifying the radiographic signs 
of pulmonary embolism, the diagnosis can be made more rapidly and 
with greater diagnostic fidelity. 

Objective
Demonstrate that the addition of a self-learning algorithm in the 

normal workflow of a diagnostic workup for pulmonary embolism 
would aid the radiologist in accuracy and in time-to-diagnosis.

Methods 
A retroactive review was performed in analyzing CT angiograms of 

the pulmonary arteries between the period of 1/5/2016 and 5/12/2016. 
In this timeframe, 600 studies were identified. Reports were reviewed 
and the imaging findings were initially confirmed by a licensed 
radiologist. Subsequently, the studies were uploaded into proprietary 
software for analysis of the data. The software utilized 3D mapping 
and density attenuation algorithms to identify a sudden change in the 
contrast-associated Hounsfield units (HU) within a pulmonary artery 
[6-8]. This sudden change in HU is highly indicative of the presence 
of an embolic event. Mapping consisted of sequential analysis of 
predetermined volume of blood (5 × 5 × 5 pixel voxel) in the pulmonary 
arteries (Figure 1). Once this voxel is identified, it was then compared 
with the voxel immediately upstream and downstream to assess for any 
abrupt change in contrast density. The abrupt change in HU was set 
at +/- 10 HU for a 95% confidence level. Mapping results were then 
compared to the interpretation of the radiologist (Figure 2).

Results and Discussion
First pass analysis demonstrated 20 (600 case cohort) false positive 

results when compared to the official report which was set to standard. 
12 false positive results were due to motion artifact during the exam, 
which was erroneously interpreted by the software as a statistically 
significant HU change within two adjacent voxels. 5 false positive 
results were attributed to arterial and venous blood mixing artifact as 
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Figure 1: Normal well defined branch patterns of the pulmonary arteries. No 
embolism identified.

the 3D mapping erroneously tracked the pulmonary veins instead of 
the arteries. 3 false positive results were attributed to a non-diagnostic 
contrast bolus: a technical error at the time of CTA acquisition. Zero 
false negative results were reported. 580 results were in concordance 
with the official report. Subsequently, the algorithm was further 
refined following the first pass results with increasing differentiation 
of pulmonary arteries and veins and, with addition to a blur reduction 
module, improved fidelity in cases of patient movement on the exam. 
Second and third pass results demonstrated zero false negative results 
and only 3 false positive results related to incomplete/non-diagnostic 
contrast bolus. The original 12 false positive results were resolved on the 
second and third pass analysis as the software’s mapping ability to track 
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Figure 2: Bilateral pulmonary emboli in third and fourth order branch points 
of the pulmonary arteries. Small emboli distally located can be a diagnostic 
challenge.

the branch point of arteries was improved. Time-to-analysis was also 
tracked. Mean time required for a result was 34.6 seconds. In the initial 
12 cases of motion artifact, mean time for results was 97.4 seconds. As 
the software “learned” to more accurately track the pulmonary arteries, 
the second and third pass analysis of these 12 cases approached the 
study average of 42.5 sec vs. 34.6 sec.

Conclusion 
All conditions in medicine, and particularly those that pose a life 

threating risk to patients, can benefit from algorithms that offer the 
trifecta in diagnosis [9,10]: increase fidelity, decrease error rate, and 
decrease time required for diagnosis [11-14]. As computing power 
increases and software continues to improve in learning abilities, many 
tests, particularly in radiology, will greatly benefit from “preliminary 
analysis” which can be sent to the referring physician often times 30 
min to 90 min before the official interpretation is available [15]. Often, 
this gap in time to diagnosis can mean the difference between proper/
timely treatment and an adverse event [16].
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