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Abstract We tested the accuracy and efficiency of a
novel automated program capable of extracting 15 cardiac
computed tomography angiography (CTA) parameters from
clinical CTA reports. Five hundred cardiac CTA reports were
retrospectively collected and processed. All reports were pre-
populated with a structured template per guideline. The pro-
gram extracted 15 parameters with high accuracy (97.3 %)
and efficiency (84 s). This program may be used at other
institutions with similar accuracy if its report format follows
the Society of Cardiovascular Computed Tomography
(SCCT) guideline recommendation.
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Introduction

Per the recommendation of the American College of
Radiology (ACR), radiation dose parameters, such as com-
puted tomography dose index (CTDI) and dose-length prod-
uct (DLP), should be archived to establish exam appropriate-
ness and to optimize exam protocols [1]. ACR initiated the
Dose Index Registry as a national effort to provide exam
standardization and feedback to individual institutions [1].
To facilitate data transmission, several software programs
have been developed to enable automatic extraction of dose
parameters from Digital Imaging and Communications in
Medicine (DICOM) images or its metadata [2, 3].
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Radiation exposure in a cardiac CT angiography (CTA)
exam is a result of complex interaction among multiple fac-
tors, such as the ECG synchronization method, kVp used,
patient’s body mass index (BMI), heart rate, etc. Given the
variety of information that is needed to create a comprehen-
sive cardiac CTA registry, manual data extraction can be time-
consuming and may not be feasible in centers with high
volume or limited resources. Natural language process
(NLP), a field that studies the interaction between human
languages and computers, has had broad applications in radi-
ology and may be utilized in cardiac CTA report processing
[4, 5]. In this manuscript, we describe a novel automated
program capable of extracting 15 cardiac CTA-related param-
eters from clinical CTA reports. We tested its efficacy and
accuracy against manual extraction.

Methods

Our institutional review board granted a waiver for this retro-
spective quality assurance research. The Health Insurance
Portability and Accountability Act (HIPAA) compliance was
maintained throughout the study.

Patient Population and Exam Protocols

We retrospectively collected 500 consecutive cardiac CTA
reports from October 2012 to April 2013. Text reports, patient
age, and gender were downloaded from the radiology report
search application (RENDER, Massachusetts General
Hospital, Boston, MA) used at our institution in Excel format
(Fig. 1a). All cardiac CTAs were performed on multi-detector
64-detector-row or higher scanners under direct physician
supervision. A cardiac CTA report template (Fig. 2) was set
to automatically populate as part of the default report associated
with the relevant exam codes in the radiology information
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Fig. 1 Screenshot of input (a), parameter (b), and output (c) file. a Input
file was downloaded from RENDER; both exam time and patient’s MRN
were replaced with systematic syntax to protect patient information for
this manuscript. b Parameter Excel sheet listing variable names and their
processing information. Information is listed by category (parameter
name), search option (0 to skip, / if output is a number, 2 if output is
text), search start (either the upper delimiter if it is a simple number

system (RIS). The template followed the structured reporting
format per guidelines [6] and department policies, but reporting
physicians had the flexibility to modify the template when
appropriate.

Automatic Extraction Program

A program to extract patient and scan parameters (Table 1)
was written in Matlab (Version 7.10.0, MathWorks, Inc,
Natick, MA, USA). Patient parameters included the average,
minimum, and maximum heart rate (beats per minute [bpmy])
during image acquisition, patient’s height (in inches), weight
(in pounds), and BMI (in kilograms per square meter). Scan
parameters included scan indication (native coronary assess-
ment, coronary artery bypass grafting [CABG] assessment,
aortic assessment, pulmonary vein assessment for pre-atrial
fibrillation ablation, or congenital disease evaluation), total
contrast administered (in cubic centimeters), contrast flow rate
(in cubic centimeters per second), nitroglycerin administered
(in micrograms), beta-blocker administered (in milligrams),
ECG synchronization used (retrospective ECG gating, pro-
spective ECG triggering, or high-pitch helical prospective
ECG triggering), tube voltage (in kilovolt), tube current-time
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extraction, or name of the sub-program to be directed to), and search
end (the lower delimiter for a simple number extraction). Rows of the
same color are processed by the same sub-program. ¢ Output file listing
extracted data by columns as contained in the parameter file. Note an error
in the height column (red arrow) was most likely due to incorrect
formatting (i.e., likely expressed as 5 ft xx in., vs. in.). Gender is listed
as / if male, 0 if female

product (in milliampere seconds), and DLP (in milligray-
centimeter) per exam.

The time needed to process 500 cases was internally mea-
sured by the program. Extraction errors were identified by
manually comparing the processed data with its original re-
port. Comparisons were performed by a fellow with 2 years of
training in cardiac CT. The accuracies per parameter were then
calculated as (the number of correct data entries for each
parameter)/(total number of data entries for each parameter).
The overall accuracy for all exams was calculated as (the
number of all correct data entries)/(total number of data en-
tries). Exams were then divided by their corrected exam
indications, and the overall accuracy containing all parameters
for each exam indication was calculated as (the number of
correct data entries for exams that belong to a specific indica-
tion)/(total number of entries for exams that belong to such
exam indication). Data entries that were not mentioned in the
report and were left as empty cells in the processed data sheet
were considered as correct extractions. For any parameter with
an accuracy <95 %, the most common reasons for error were
noted.

The automatic extraction program is illustrated in Fig. 3
and described in detail below. A pseudo-code is included
in Appendix.
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EXAM:

INDICATIONS:

ADDITIONAL HISTORY: . .

PRIOR REVASCULARIZATION: None
COMPARISON: __

TECHNIQUE:

Scanner: 128-slice dual-source multidetector CT
view was also reconstructed and reviewed.

Radiation dose protection:

Tube potential: 100 kVp / Tube current: __mAs

MEDICATION: _ Blank if no metoprolol

QUALITY: Good. There are __uninterpretable segments.

Acquisition: Scout images, test bolus, __. Delayed images were not acquired. __
Multiplanar post processing and 3D volume rendering were performedfand interpreted. A maximum width full field of

Automatic exposure control: Yes : Automatic tube potential selection: Yes: ECG-modulation: __

CONTRAST: CTA was performed using a 20 cc test bolus followed by __cc of Isovue 370 (fopamidol) at _cc/sec. A
40 cc normal saline flush was injected immediately following each contrast injection.
VITAL SIGNS: Before scan rate __beats per minute, _/ _mm Hg; After scanrate _ beats per minute _ /

Fig.2 Part of cardiac CTA report template with relevant patient and scan parameters. Findings, impression, and recommendation sections are not shown

Step 1: Locate Input Excel File

Input data was downloaded from RENDER as an Excel
worksheet to the same folder as the automatic extraction
program (Fig. 1a). The program generated a list of Excel files
in the local folder from which the user could select the input
file.

Step 2: Direct Each Parameter to the Appropriate Pathway
for Extraction

Parameters were classified as either numerical or categorical.
Numerical parameters were further divided into simple extrac-
tion and complex extraction. Simple numerical extraction
used pre-specified delimiters and generated one number as
an output. For example, DLP was extracted as the number
between the phrase “total exam exposure” and “mGy-cm.”
Delimiters that were used in simple extractions are shown in a
snapshot of the parameter Excel file (Fig. 1b). User had the
flexibility to modify delimiters as needed. Complex numerical
extraction and categorical extraction were directed to its sub-
programs, which searched for certain text in the report and
followed a predefined decision rule. For example, an exam
was considered to be performed for the indication of aorta
assessment if (1) the phrase “aorta assessment” was present

anywhere in the report or (2) aorta measurements such as the
ascending aorta diameter were made and mentioned in the
report. The predefined decision rules were formulated by a
research fellow with 2 years of experience in cardiac CT
angiography. Detailed decision rules for each subprogram
are illustrated in Appendix, Pseudo-code. All parameter pro-
cessing information were stored in Excel file [parameter.xslx]
(Fig. 1b).

Step 3: Repeat Step 2 until All Parameters are Extracted

Step 2 was repeated until all parameters listed in parameters.xslx
were extracted. Processed data were written on an output Excel
file as shown in Fig. 1c.

Step 4: Visual Inspection

During our clinical practice, the processed data was then
visually inspected for any entry that appeared outside of the
physiological range (for example, a height of 5 in.). Such error
was then corrected by manual extraction from the clinical
report. Correction was not performed for these 500 test cases
in this study in order to maintain original output data for
accuracy assessment.

@ Springer



510

J Digit Imaging (2014) 27:507-513

Table 1 Accuracy rate on a pa-

rameter basis for 499 patients Parameter extracted

Accuracy (number Commonly noticed reason

(excluding one aborted exam) correct/499) (%) for inaccurate extraction
Patient parameters
Average heart rate (bpm) 96.0
Minimum heart rate (bpm) 96.0
Maximum heart rate (bpm) 96.0
Height (in.) 92.6 Incorrect formatting
Weight (lbs) 94.8 Incorrect formatting
BMI (kg/m?) 98.2
Scan parameters
Scan indication*® 98.2
Total contrast administered (cc) 98.2
Contrast flow rate (cc/s) 98.8
Amount of nitroglycerin administered (mcg) 99.8
Amount of beta blocker administered (mg) 100.0
ECG synchronization method* 93.0 Duplicated entries
Tube potential (kV) 98.4
Tube current-time product (mAs) 97.8
Total DLP (mGy-cm) 100.0
Overall accuracy 97.3

*Categorical parameters

| Start |

Select input Excel file

Repeat for the next l
parameter

in all reports

No Yes

Direct to sub-program <—— Complex extraction
Use text search and follow pre-defined
decision rule

I

Repeat for the next
parameter

Start automatic extraction for Parameter 1

Is this parameter a number?

l —

Simple extraction

l Find upper delimiter

|

Find lower delimiter

I

Output in text/number

I

Extract number in between

|

Processed data written in output excel sheet

!

| Stop |

Fig. 3 Flow chart illustrating the automatic extraction algorithm
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Results

Fifteen parameters for 499 patients were successfully extract-
ed with an overall accuracy of 97.3 % on a per data entry basis
(Table 1). One aborted exam was excluded from all accuracy
calculations. Two parameters were categorical (scan indica-
tion and ECG synchronization method) and the other 13
parameters were numerical. The processing time for automatic
extraction was 84 s. Accuracy exceeded 95 % for 12 param-
eters. Three parameters (height, weight, and ECG synchroni-
zation method) had accuracies below 95 % but above 90 %.
Reasons most often quoted for errors were incorrect format-
ting (such as in a different unit than inches or pounds) for
parameter height and weight, and duplicated entries for the
parameter ECG synchronization method (i.e., two consecutive
CTA acquisitions were performed with different ECG syn-
chronization methods). Accuracy of each parameter is detailed
in Table 1.

Automatic extraction for native, aortic, CABG, and pul-
monary vein assessment yielded excellent accuracies (>97 %
for all). Congenital disease protocols resulted in a significant
lower accuracy rate of 84.8 % in comparison to other scan
indications (Table 2).

Discussion

In this paper, we described an automated program capable of
extracting 15 parameters from clinical cardiac CTA reports
with high accuracy and efficiency. We demonstrated the fea-
sibility of developing a simple extraction program in house to
tailor data collection specific to cardiac CTA exams.

Our institution maintained a comprehensive cardiac CTA
registry that dated back to the introduction of 64-slice multi-
detector computed tomography (MDCT) for clinical cardiac
CTA [7]. Our initial data collection was performed manually
and was labor-intensive. An opportunity for developing an
automatic data extraction program came after our department

Table 2 Accuracy rate by cardiac CTA scan indication (on a per data
entry basis)

Cardiac CTA exam indication Accuracy rate per

(n = total number of data entries in each data point (%)
exam indication category)

Native coronary artery evaluation (3,900) 98.2

Aortic assessment (810) 973

CABG assessment (510) 98.6
Pulmonary vein evaluation (1,830) 97.9
Congenital disease protocol (435) 84.8

adopted the structured cardiac CTA reporting as recommend-
ed by guidelines [6]. Structured formatting prompted cardiac
imaging specialists to enter exam-related parameters. It min-
imizes errors and has also made text-searching feasible with
our current program [8]. In fact, one of the most common
reasons for errors in our extraction was deviation from
standard reporting, such as incorrect format and duplicated
entries.

Our program has been shown to be highly accurate and
efficient. Although we had an error rate of 2.7 % in these 500
consecutive cases, these errors were easily recognizable (such
as data beyond a physiological range, etc.) and could be
corrected with minimal effort. Specifically, we would like to
note that congenital disease protocol was associated with a
more than 10 % accuracy gap in comparison to exams per-
formed for other indications. This significantly lowered accu-
racy may be due to the complexity of congenital diseases, as
our imaging specialists modified the exam acquisition and
report structure appropriately to answer disease-specific non-
routine questions [9]. In comparison to other metadata or
DICOM-based extraction program, our program was able to
obtain comprehensive information regarding patient and exam
parameters in addition to radiation exposure. This comprehen-
sive information enabled our registry to function beyond
record keeping. It provided accessible data for quality im-
provement initiatives and retrospective research projects with-
out exposing patient’s medical history. Although this program
was specifically developed for our institution, it may be able
to operate with similar accuracy for other institutions if they
were to employ structured CTA reports that adhere to the
Society of Cardiovascular Computed Tomography (SCCT)
guidelines.

Our limitations include reliance on structured reports and
inaccuracy when structured templates are not followed.
Additionally, our program only extracts, but does not verify,
information on the report. Therefore, if a manual error is made
in generating the report, our program would have transcribed
the information as it is on the report and would have not
detected it.

Conclusion

We described an automated program capable of extracting
15 parameters from clinical cardiac CTA reports with high
accuracy (97.3 %) and efficiency. This program may be
used in other institutions with similar accuracy if CTA
reports are structured in a format that follows SCCT
guidelines.

Conlflict of Interest Authors report no conflict of interest.
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Appendix: Pseudo-Code for Programs
Main Program

Load Excel sheet

Label each column with variable names: MRN, age, gen-
der, exam date, and report

Populate data for MRN, age, gender, and exam date (in its
original format as in the input file)

Load parameter.xlsx, columns are category, search option,
search start, and search end

For jj=6: 22
%%Comment: row 6 [scan type] is the first parameter that needs to be processed; this loop
is carried out till the last parameter (the 22nd row) is processed.
For kk=1: number of patients in the excel sheet
If search option(jj)==1 %%this will give a number output
If search start(jj) doesn’t contain the string “Program_"
%9%Comment: then this is a simple number extraction
nl=find the position of string in search start (jj)
n2=find the position of string in search end(jj)
output(jj, kk)=find the number in between n1 and n2

else
%% comment: if start(jj) does contain the string “Program_" this will
be a complex number extraction
Direct to sub-program specified in search start(jj)
Output(jj,kk)=output from the sub-program

end

elself search option(jj)==2 %% this variable has output in text format
direct to sub-program specified in search star(jj)
Output(jj,kk)=output from the sub-program

else %% for everything else

Skip that row
end %% this finishes extraction for one patient
end % % this finishes extraction for one parameter for all patients
end %% this finishes all extractions for all patients

Subprograms

Program_Typel: %% for scan indications

%% there are 5 different scan indications for cardiac CTA: native coronary assessment,
aortic assessment, CABG assessment, congenital disease evaluation, and pulmonary vein evaluation
before atrial fibrillation ablation.

if aortic measurements (such as ascending diameter, sinotubular junction dimension, etc)

are made,

or if the referring physician wrote “aortic assessment” as scan indication,

output(jj,kk)="AORTA”

elseif CABG or bypass graft were mentioned anywhere in the report,
output="CABG”

elseif scan was labeled as “ congenital disease protocol”
output=CONGENITAL"

elseif scan was labeled as “ pulmonary vein scan”
output="PULMONARY VEIN”

else

%% if none of above was mentioned

output="NATIVE”

end % Program_Typel end here.

Program_HeartRate

%% this sub-program will output the average, minimum, and maximum heart rate
%%in beats per minute (bpm)
Index1=find the position of header “HEART RATE AND RHYTHM:"
Index2=find the position of the next header by searching “:” after Index1
Find numbers between Index1 and Index2
Sort numbers in ascending order. The middle one is the average heart rate, the smallest is
the minimum heart rate, and the largest number is the maximum heart rate
Write output
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Program_Contrast

%% this sub-program calculates the overall contrast agent administered and its
flow rate.
Index1=find the position of the header “ CONTRAST:”
Index2= find the position of the next header by searching “:” after Index1
Between index1 and index2
total contrast=test bolus+ contrast used for CTA acquisition
flow rate = search for a number before the unit “cc/sec”
output total contrast and flow rate

Program Med

%% this gives 2 outputs, dose of nitroglycerin in mcg and dose of metoprolol in mg

Index1=find the position of the header “ MEDICATION:”

Index2= find the position of the next header by searching “:” after Index1

Between Index1 and Index2
Search for “ nitroglycerin”, the number before nitroglycerin is its dose in mcg
Search for “metoprolol”, the number that immediately proceeds it is its dose in mg.
If one or both of the numbers are not found, its corresponding output is 0

Output nitroglycerin dose and metoprolol dose

Program_Triggering

%% this programs gives 3 binary outputs for gating methods (retrospective gating,
prospecting triggering, and high pitch helical prospective triggering). The program assumes that
only 1 CTA is performed and thus three gating methods are mutually exclusive.

Index1=find the position of the header “ TECHNIQUE:"

Index2= find the position of the next header by searching “:” after Index1

Between Index1 and Index2

If the word “retrospective” exists
Retrospective gating =1

Elseif the word “high-pitch” or “ high pitch” exist
High pitch prospective helical triggering=1;

Else % for everything else, we assume it’s prospective triggering
Prospective triggering=1;

End
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