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Aim: Catheter ablation is used to treat symptomatic atrial fibrillation (AF) and is performed using either
cryoballoon (CB) or radiofrequency (RF) ablation. There is limited real world data of CB and RF in the US as
healthcare codes are agnostic of energy modality. An alternative method is to analyze patients’ electronic
health records (EHRs) using Optum’s EHR database. Objective: To determine the feasibility of using
patients’ EHRs with natural language processing (NLP) to distinguish CB versus RF ablation procedures.
Data Source: Optum® de-identified EHR dataset, Optum® Cardiac Ablation NLP Table. Methods: This
was a retrospective analysis of existing de-identified EHR data. Medical codes were used to create an
ablation validation table. Frequency analysis was used to assess ablation procedures and their associated
note terms. Two cohorts were created (1) index procedures, (2) multiple procedures. Possible note term
combinations included (1) cryoablation (2) radiofrequency (3) ablation, or (4) both. Results: Of the 40,810
validated cardiac ablations, 3777 (9%) index ablation procedures had available and matching NLP note
terms. Of these, 22% (n = 844) were classified as ablation, 27% (n = 1016) as cryoablation, 49% (n = 1855)
as radiofrequency ablation, and 1.6% (n = 62) as both. In the multiple procedures analysis, 5691 (14%)
procedures had matching note terms. 24% (n = 1362) were classified as ablation, 27% as cryoablation,
47% as radiofrequency ablation, and 2% as both. Conclusion: NLP has potential to evaluate the frequency
of cardiac ablation by type, however, for this to be a reliable real-world data source, mandatory data entry
by providers and standardized electronic health reporting must occur.

Plain language summary: What was the aim of this research?: A proof-of-concept study to determine
the feasibility of using patients’ electronic health record (EHRs) with natural language processing (NLP) to
distinguish cryoablation versus radiofrequency ablation procedures across the US.

How was the research carried out?: A retrospective analysis of existing de-identified EHR data using
Optum® de-identified EHR dataset and Optum® Cardiac Ablation NLP Table. Medical codes were used
to create an ablation validation table. Frequency analysis was used to assess ablation procedures and
their associated note terms (Cryoablation, Radiofrequency).

What were the results?: Of the 40,810 validated cardiac ablations, 3777 (9%) index ablation procedures
had available and matching NLP note terms. Of these, 22% (n = 844) were classified as generic ablation,
27% (n = 1016) as cryoablation, 49% (n = 1855) as radiofrequency ablation, and 1.6% (n = 62) as both
cryoablation and radiofrequency ablation.

What do the results mean?: NLP has potential to evaluate the frequency of cardiac ablation by type,
however, for this to be a reliable real-world data source, mandatory data entry by providers and
standardized electronic health reporting must occur.
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Background

Atrial fibrillation (AF) is the most common cardiac arrythmia worldwide. Age is an important risk factor for AF
and the growing incidence and prevalence of AF is correlated to an ageing population [1]. An effective treatment
option to restore and maintain sinus rhythm for patients with symptomatic AF is pulmonary vein isolation (PVI)
via cardiac catheter ablation [1]. Catheter ablation can be performed using either a cryoballoon (CB) catheter or a
radiofrequency (RF) catheter [1]. There is limited real world comparative data of CB and RF in the US population
as the current ICD-10-CM procedure and procedural terminology (CPT) codes used to identify cardiac ablation
procedures are not able to differentiate between these two energy modalities making the distinction impossible to
identify in healthcare billing codes [2]. Furthermore, it is crucial to validate a method for distinguishing between
these two catheter ablation techniques because research has demonstrated varying results, such as an elevated risk
of cardiac perforation and pulmonary vein stenosis associated with radiofrequency ablation (3.

Due to recent advances, electronic health records (EHRs) are becoming increasingly prevalent for research and
quality initiatives [4]. An EHR is an individual patient record stored within a hospitals electronic system [5]. EHRs
may include patients diagnoses, treatment plans, medication records and medical history etc. [5]. Data of this type
enables treatments, diagnoses, and outcomes to be studied across large patient cohorts [4]. An alternative method to
distinguish between CB and RF ablation procedures is to analyze patient's EHRs using natural language processing
(NLP) (6.

NLP is a commonly used ‘large dataset’ evaluation method across healthcare (6]. NLP algorithms can be utilized
to parse unstructured physician notes into structured parts. NLP utilizes linguistics technology to read, interpret,
and organize important health data that lives within free-text fields. NLP converts the complex clinical narratives
(unstructured) into actionable data and insights (structured) (7. NLP algorithms can be used for information
extraction, to capture meaning, or, undergo syntactic processing, to name only a few [8]. The use of NLP can be
challenging given the complexity of medical language, although, despite the drawbacks, it is still used for a broad
spectrum of healthcare related purposes [9,10].

Due to the unique capabilities NLP offers, healthcare provider notes within a patient’s EHR can be searched
and “cryoballoon” and “radiofrequency” ablation terms extracted, enabling ablation procedures to be analyzed on
a more granular level than available in medical codes or claims based evidence The aim of this proof-of-concept
analysis was to determine the feasibility of using the NLP table to distinguish distinct CB versus RF cohorts and
identify any gaps or lessons learned in NLP analysis that could be applied to future comparative analysis. To
meet this goal, this analysis had two objectives. The first was to determine ablation energy modalities of patients’
index ablation procedure. The second was to broaden the analysis to all ablation procedures and sequence energy
modalities by procedure. It was the aim of this analysis to understand how effective NLP is at distinguishing ablation
modalities when claims based medical codes are not available to determine feasibility of future use.

Methods

Data source

This was a retrospective analysis of existing de-identified EHR data and an IRB committee waived the requirement
for informed consent. For this analysis two datasets were provided by Optum. The first dataset is an Optum
EHR dataset. This EHR dataset is payor agnostic but relies on the facility to be an Optum-EHR platform
contributing clinic. Patient’s data availability is limited to only visits that occurred at Optum contributing sites
though historical documentation is sometimes available. The regional breakdown of the contributing hospitals are
as follows, 46% are Midwest region 12% Northeast region, 30% Southern region, 8% Western region, and 3%
with region unknown. The EHR dataset is 43% female, 57% male, and 0.05% unknown sex. The second dataset
is an Optum generated NLP table. This table was generated with the aim of categorizing cardiac ablation patients
and therefore the NLP table inclusion criteria was set to only patients with cardiac ablations. Optum generated
the NLP table at the request of Medtronic. The NLP table is also payor agnostic and relies on the patient being in
the Optum EHR dataset. Medtronic has an on-going contract with Optum to utilize this database. Standard SQL
coding using Cloudera-ODBC Driver for Impala was used for this analysis. Data were also transferred to a SAS
9.4 server for further analytical support.
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Table 1. Table linking variable definitions.

Step Table Definition Variables

1 Internal validation Medtronic Internal Optum EHR table. Data
years include 2016-2019

1. Encrypted patient identifier
2. ICD-10-CM diagnostic code
3. ICD-10-PCS or CPT code

4. Procedure date

1 Optum NLP ablations Optum generated cardiac ablation table. Data 1. Patient identifier
years 2016-2019. 2. Note term(s)
3. Note date
2 Link on patient identifier and note date + 3 days after procedure date
3 Validated analytical sample EHR medical code defined procedures and . Patient identifier
their respective note terms from Optum NLP . ICD-10-CM diagnostic code
table . ICD-10-PCS or CPT code

. Note term(s)

1
2
3
4. Procedure date
5
6. Note date

EHR: Electronic health record; CPT: Current procedural terminology; NLP: Natural language processing.

Development & validation of NLP table

NLP’s purpose is to extract key information from EHR records. Optum’s NLP system was developed using
vocabulary from the Unified Medical Language System (UMLS) that includes multiple medical dictionaries.
These include the Logical Observation Identifiers Names and Codes (LOINC), the Systemized Nomenclature of
Medicine-Clinical Terms (SNOMED-CT) and RxNorm terms within these dictionaries are distinguished as terms
of interest within the NLP System (tokens) so that the presence of these terms in the free text will result in their
inclusion in the semi-structured data. Development and validation of NLP programming involves manual review
of a sample of narrative texts to identify appropriate targets for the NLP process, and to confirm the correct output.
The algorithms require complex computer programming to search text fields and recognize syntax and formatting
in EHRs to convert facts into a structured format. The NLP System uses an architecture based on pipelines and
standoff annotations as described in the Unstructured Information Management Architecture (UIMA) The specific
stages of the pipeline are proprietary to Optum but are like other UIMA based systems described by Savova ez al. [111.
The primary objective of this analysis was to specifically evaluate pulmonary vein isolation (PVI) for patients with
atrial fibrillation (AF). Additionally, patients who presented with atrial flutter (AFl) unrelated to pulmonary vein
triggers during their ablation procedure and required a supplementary SVT ablation were categorized as a distinct
group [12,13]. These individuals are referred to as ‘SVT add-on ablation’ patients. The hypothesis was that, if initally
treated with cryoablation, these patients would subsequently need a second radiofrequency catheter ablation to
address their AFl, potentially constituting a substantial portion of the broader ‘ablation’ cohort.

The NLP process does not utilize medical codes for its patient inclusion criteria therefore it was not possible to
create these PVI/SVT distinctions or sub-categories of procedure types with the NLP table alone. To both validate
the NLP table and create PVI/SVT patient cohorts, an internal validation table was created using CPT codes, ICD-
10-CM diagnostic codes, and ICD-10-PCS codes (Supplementary Tables 1-3) from the overarching EHR data.
Coding definitions of PVI for AF ablation and SVT add on ablation can be found in Supplementary Tables 1-3.
This internal validation table was then linked to the Optum NLP table on available data variables (Supplementary
Table 4). Patients from the NLP table were linked to the internal validations table by an encrypted patient identifier
and their NLP note date must have occurred within three days post their ablation procedure date. Specific healthcare
facilities are not identifiable in this dataset therefore it was not possible to trace the procedures back to a single
patient (Table 1).

Index procedures

To analyze patients’ index (their first) cardiac ablation procedures, the internal validation table was limited to index
ablation procedures only and any accompanying SVT add-on procedures. Due to the structure of Optum EHR
data, it was possible a patient’s index ablation procedure was not available in the data because it was performed at a
non-Optum contributing hospital prior to their inclusion in the Optum dataset. Unlike claims data, EHR data do
not have continuous enrollment information to capture a patient’s enrollment status. To better assess if the index
procedure identified in this study was truly Index, we analyzed patients with a history of an NLP note term greater
than 30 days prior to their indicated index procedure.
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Table 2. Term combinations.

1-term combinations Classification
Cryoablation Cryoablation
Radiofrequency Radiofrequency
Ablation Ablation
2-term combinations Classification
Radiofrequency + ablation Radiofrequency
Cryoablation + ablation Cryoablation
Radiofrequency + cryoablation Both

3-term combinations Classification
Ablation + cryoablation + radiofrequency Both

If a patient had an NLP note term greater than 30 days prior to their indicated index procedure, it is likely the
patient had their first ablation procedure at a non-Optum clinic, entered the Optum database on a later date and
their NLP terms were referencing historical documentation. For this reason, patients with note terms >30 days
prior to their index procedure were excluded for not meeting index criteria. A sensitivity analysis was performed
assessing patients with note terms >60 days prior to their index procedure and no meaningful differences were
found (Supplementary Data). It is possible for a single procedure to have more than one note term associated. All
note terms per procedure were included in this analysis.

Of the remaining patients, a frequency analysis was conducted to determine the NLP note terms associated
with their index ablation procedure. The three-note term possibilities were (1) ‘ablation’, (2) ‘cryoablation’, (3)
‘radiofrequency ablation’. Since terms were distinct, repetitions of the same terms were not possible — creating a
maximum amount of three terms per procedure. Note, term combinations were then further categorized via the
method below (Table 2). Term combinations from all index procedures were summed to categorize the frequency
of note terms.

Multiple ablation procedures

To analyze all ablation procedures, the internal validation table was not limited to index procedures. Therefore,
patients could contribute multiple ablation procedures. Note, SVT ablation for atrial flutter is defined as an add-on
procedure and must be accompanied by a PVI for AF procedure indicated on the same day. Sequential procedures
required at minimum a PVI for AF code but could include the SVT atrial flutter add on codes if indicated.

It was possible for more than one note term to be associated with a procedure. All note terms associated with
their respective procedure were included. It was also possible a patient could have sequential ablation procedures
within three days of each other. Frequency analysis was performed on procedures that occurred within three days
of each other to determine if the note terms associated with both procedures were the same. Out of the procedures
that occurred within three days of each other, 100% of terms were categorized as the same terms, and therefore only
the initial procedure and note terms were retained. Any procedures that occurred outside of a three-day window
were included as sequential procedures. The maximum number of ablation procedures a single patient had was
four procedures. The same process used to categorize the index procedures was used to categorize frequency of note
terms per procedure in the multiple analysis (Table 2).

Results

Index procedures

Data availability was limited to the number of index ablation procedures that could be identified and linked to a
note term(s). b. Of the 40,810 patients identified with medical codes only 13% (n = 5350) had linked note terms
within three days after their procedure date (Table 1). The patient baseline characteristics are displayed in Table 3.
Furthermore, another 1573 patients were excluded for likely having an index ablation procedure at a non-Optum
contributing hospital (Figure 1). The remaining analytical sample size for the index cohort was then 9% (n = 3777)
(Figure 1). This 9% represents the proportion of cardiac ablation procedures identified via medical codes who had
available note terms in the NLP table. This indicates many procedures do not utilize note documentation.
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Table 3. Characteristics of patients with at least one procedure (n = 5350).

Sex

Female

Male

Unknown

Race

Caucasian

Asian
African-American
Other/unkown
Region

West

South

Northeast
Midwest
Other/unknown
Age ranges (years)
<=30

31-40

41-50

51-60

61-70

71-80

81-90

>91

Figure 1. Index procedures screening and inclusion.

Screening Identification

Included

n
1803
3544
3

4838
920

21

598

2289
1539
119

52
177
647
1688
1865
828
79

Patients identified as having PVI for AF cardiac
ablation in optum EHR

(2016-2019)
(n = 40,810)

|

Patients with linked NLP note terms +/-3
days after index procedure date

(n = 5350)

l

Patients included

(n = 3777)

%
33.7%
66.2%
0.1%

90.4%
1.7%
3.9%
3.9%

11.2%
15.0%
42.8%
28.8%
2.2%

0.3%
1.0%
3.3%
12.1%
31.6%
34.9%
15.5%
1.5%

Patients excluded for not
meeting de novo criteria

(n = 5350)

AF: Atrial fibrillation; EHR: Electronic health record; NLP: Natural language processing; PVI: Pulmonary vein isolation.

Frequency of note terms

Of the 3,777 index ablation procedures with available NLP note terms, 22% (n = 844) had an ‘ablation’ term
associated, 27% (n = 1016) had a cryoablation’ term associated, 49% (n = 1855) had a ‘radiofrequency’ term
associated, and 2% (n = 62) had both ‘cryoablation’ and ‘radiofrequency’ terms associated (Figure 2).
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255
382 769 29

SVT add on
M QOverall

Ablation Cryo Radio Both
n =844 n=1016 n = 1855 n=:62

Figure 2. Frequency of note terms and supraventricular tachycardia add on codes across index procedures.
SVT: Supraventricular tachycardia.

§ Internal validation identified PVI for AF and

‘§ SVT add on procedures

= (n =40,810)

=

[7)

=

_g’ Total procedures with linked

5 note terms

s (n = 5691)

n

] I .

2 5435 distinct patients

3 identified

]

=
Patients with Patients with Patients with Patients with
1 procedure —  2procedures —» 3 procedures — 4 procedures

n = 5435 (100%) n =242 (4.5%) n =12 (0.22%) n =2 (0.04%)

|

Classification of all 5691 procedures

Figure 3. Multiple procedures screening and inclusion.
SVT: Supraventricular tachycardia.

Frequency of SVT-add on procedures

Of the 844 ablation terms, 45.3% (n = 382) were categorized as SVT add-on procedures. Of the 1,016 cryoablation
terms, 25.5% (n = 255) were categorized as SVT add-on procedures, and of the 1855 radiofrequency terms, 41.5%
(n = 769) were categorized as SVT add-on procedures (Figure 2).

Multiple procedures

For the multiple procedures analysis, patients were allowed to contribute more than one ablation procedure. Of
the 40,810 cardiac ablations identified with medical codes,14% (n = 5691) had note terms available within three
days after a procedure date (Figures 3 & 4) in the NLP table. The slight increase in patient count with available
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352

SVT add-on
M Qverall

Ablation Cryoablation  Radiofrequency Both
n=1362 n=1516 n = 2691 n=122

Figure 4. Frequency of note terms and supraventricular tachycardia add on codes across multiple procedures.
SVT: Supraventricular tachycardia.

note terms is likely due to a patient’s index ablation not meeting inclusion criteria, but a later procedure date did
meet inclusion criteria and had associated terms found in the NLP table.

Frequency of note terms

The final multiple procedures with available notes in the NLP table had 5435 patients and 5691 ablation procedures.
4.5% (n = 242) of all patients had two ablation procedures, 0.22% (n = 12) had three ablation procedures and 0.04%
(n = 2) had four ablation procedures (Figure 3). Of the 5691 ablation procedures with available NLP not terms, 24%
(n = 1362) had an ‘ablation’ term associated, 27% (n = 1516) had a ‘cryoablation’ term associated, 47% (n = 2691)
had a ‘radiofrequency’ term associated, and 2% (n = 122) had both ‘cryoablation’ and ‘radiofrequency’ terms
associated (Figure 4).

Frequency of SVT-add on procedures

Of the 1362 ablation terms, 46% (n = 626) were categorized as SVT add-on procedures. Of the 1516 cryoablation
terms, 23.2%% (n = 352) were categorized as SVT add-on procedures, of the 2691 radiofrequency terms, 43%
(n = 1147) were categorized as SVT add-on procedures, and of the 122 both terms, 4.8% (n = 59) were categorized
as SVT add-on procedures (Figure 4).

Discussion

In this feasibility study, we established that employing NLP on de-identified EHR effectively distinguishes between
CB and radiofrequency ablation methods. Our findings indicated that it is possible to distinguish ablation modality
types using NLP where billing codes are absent.

Utilizing the notes from the NLP table, our results showed that radiofrequency ablation was the prevailing choice
for both initial and repeated ablation procedures, accounting for 49% and 47%, respectively. This outcome is not
unexpected, given the longer history of radiofrequency ablation and its focal design that allows it to target cardiac
areas beyond the pulmonary veins. Due to the novelty of using NLP, it proves challenging to directly compare
our findings with other studies that examine the prevalence of CB and radiofrequency ablation. However, these
findings do align with those from the 2020 Get With the Guidelines Ablation real-word registry in the USA, which
also revealed that irrigated radiofrequency ablation was the predominant energy modality (70.5%) nationwide,
followed by CB ablation (23.7%) [14].

The unique method of pairing the medical codes in EHR with the NLP table also highlights the ability to
distinguish procedures with SVT add-on codes. Our results illustrated that for the terms ‘ablation’ and ‘both’ cohorts,
nearly half of the ablation procedures had an SVT add-on code. This could illustrate that these patients exhibited
non-pulmonary vein triggers caused by atrial flutter (AFl) during their AF ablation procedure requiring an additional
SVT ablation [12-14]. This may explain why a physician would use ‘both cryoballoon and radiofrequency’ in one
ablation procedure. Moreover, it may also explain why a non-specific ‘ablation’ term was captured in the EHR
because both catheters were used. However, the other half of the procedures were not SVT and thus portrays the
uncertainty of non-descriptive note terms written by providers in patients EHRs.

Research Article
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There are multiple sources of real-world data (RWD) including, claims, registries and EHR [15,16). Of all
these, EHR has the greatest potential to understand potential differences in health outcomes as it includes a
plethora of clinical information such as narrative text notes, procedures, medications, diagnoses etc. [15,16]. The
clinical notes are particularly valuable because they capture many complexities of patient encounters and outcomes
that are underreported or absent in billing codes. This study showed utilizing NLP on HER clinical notes was
successful in identifying discrete cohort for CB and RF for retrospective analysis when conducting a comprehensive
administrative claims analysis was not feasible due to the absence of distinct coding. The NLP tool efficiently
processed a substantial EHR dataset; nevertheless, utility was restricted by availability of note terms in the NLP
ablation table and healthcare providers documenting notes within the patients’ EHRs.

Drawing definitive conclusions from this outcome is challenging due to limitations imposed by unequal data
quality and the lack of notes that differentiate ablation energy types. The active involvement of healthcare providers
in documenting note terms within patients EHRs is essential for distinguishing between CB and RF when
employing NLP techniques. This highlights the need for standardized electronic health reporting across providers.
Our study revealed that less than 15% of cardiac ablation patients had notes accessible in the NLP table. This
discrepancy could be attributed to multiple challenges associated with achieving standardized electronic reporting
such as, variations in provider documentation practices and the diverse content and field logic/rules within EHR
data entry forms, often resulting in incomplete data that varies according to the healthcare practice and EHR
vendor [17). Even when multiple healthcare systems utilize the same vendor, they may have different data entry
rules and validation procedures [17-19]. Moreover, the significant documentation burden placed on physicians, who
already have limited time, coupled with the absence of provider incentives to specify the energy modality in a
patient’s EHR, primarily because it’s not mandatory, further compounds the challenge [17-20]. Potential solutions
to address this lack of standardization is firstly, to implement common data standards and terminology across the
USA, second, establish regulatory mandates and incentives for standardized EHR reporting and lastly, encourage
EHR vendors to work together to create interoperable EHR systems and standard reporting templates.

Limitations

Our study has several limitations. First, it is limited to only hospitals with an Optum contributing platform. A
large portion of these hospitals (46%) are in the Midwest and a very small portion 93%) in the Western region.
Potential differences in regional locations should be considered as a limitation of this analysis. Moreover, only 9%
(n = 3777) of cardiac ablation procedures identified via medical codes had available note terms in the NLP table.
This limited our small sample size and indicated many procedures do not utilize documentation. It is possible there
are meaningful differences in patients with and without documentation. No additional analysis was undertaken to
consider these potential differences and future work should seek to understand these differences. The small sample
size may also limit the results from being extrapolated beyond this analysis.

Second, NLP methods do not utilize medical codes and therefore as Optum created the NLP table a second-stage
internal validation was required. As previously stated, the internal validation table relied on ICD-10-CM diagnostic
and procedural codes. This validation was time consuming and limited the use of the NLP table to only those
patients that had a matched link thus, limiting generalizability. Third, there were limitations surrounding medical
codes used. No inpatient PVI specific ablation code existed, limiting the specificity. Moreover, EHR and NLP data
are inherently limited by their completeness and quality (5,8,9]. With varying provider practices, if specific words,
terms, or notes are not regularly input into the patient’s record, these data will be absent from the NLP table as
seen in these analyses [5,8,9].

Conclusion

In summary, our analyses highlight the potential for NLP to evaluate the frequency of different types of cardiac
catheter ablation, however, for this to be a reliable RWD in the future, mandatory data entry by providers must
occur. This is of particular importance given the additional ablation energy modalities due to launch in the USA over
the next few years. Understanding differences in health outcomes and quality measures across energy modalities
will be crucial in improving healthcare.
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Summary points

e There is limited real world data of cryoballoon (CB) and radiofrequency (RF) cardiac ablation procedures in the US
as healthcare codes are agnostic of energy modality.

e An alternative method is to analyze patients’ electronic health records (EHRs) using Optum’s EHR database.

e To determine the feasibility of using patients’ EHRs with natural language processing (NLP) to distinguish CB
versus RF ablation procedures.

e This was a retrospective analysis of existing Optum® de-identified EHR dataset, Optum® Cardiac Ablation NLP
Table. Medical codes were used to create an ablation validation table.

e Frequency analysis was used to assess ablation procedures and their associated note terms.

e Of the 40,810 validated cardiac ablations, 3777 (9%) index ablation procedures had available and matching NLP
note terms. Of these, 22% (n = 844) were classified as generic ‘ablation’, 27% (n = 1016) as cryoablation, 49%
(n = 1855) as radiofrequency ablation, and 1.6% (n = 62) as both.

e NLP has potential to evaluate the frequency of cardiac ablation by type, however, for this to be a reliable
real-world data source, mandatory data entry by providers and standardized electronic health reporting must
occur.
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