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Background

Coronary artery disease (CAD) is prevalent in the United States and is a leading cause of cardiovascular morbidity and
mortality [1,2]. Previously, we described a data quality framework that has been applied to multiple All of Us Research Program
cohorts [3-7]. In this analysis, we used the same framework to evaluate participants who had coronary artery bypass grafting
(CABQG) or percutaneous coronary intervention (PCI).

One data quality dimension evaluated by this framework is temporality, which characterizes whether clinical events occur
in plausible order and with interpretable timing. Temporal relationships can inform complex phenotyping and the selection of
temporal anchors for observational research [8,9]. We therefore evaluated the ordering, timing, and completeness of clinically
relevant events surrounding CABG and PCI.

Methods

We defined CABG and PCI cohorts using Current Procedural Terminology, Version 4 (CPT4), International Classification
of Diseases (ICD), Healthcare Common Procedure Coding System (HCPCS), and Systematized Nomenclature of Medicine
(SNOMED) codes. For each participant, we identified the earliest observed occurrence of five clinical concept sets: (1) lipid
panel measurement, (2) lipid-lowering agent, (3) CAD diagnosis, (4) diagnostic catheterization, and (5) CABG or PCI
procedure. These concepts represent risk-factor assessment and treatment, disease diagnosis, diagnostic evaluation, and
coronary revascularization [10].

Participants with observations for all five concepts were considered temporality eligible. For each eligible participant, the
five earliest observed events were ordered chronologically from earliest to latest; thus, no artificial “start” event was assigned.
Same-day events were retained as zero-day transitions. We summarized the most frequent ordered pathways and calculated
median transition times with interquartile ranges (IQRs) between consecutive events. We also quantified retention from the full
cohort to the temporality-eligible subset and the proportion of eligible participants represented by the four most frequent
pathways.

Results

The CABG and PCI cohorts included 3,766 and 9,172 participants, respectively. Complete data for all five concepts were
available for 1,460 CABG participants (38.8%) and 3,147 PCI participants (34.4%). The four most frequent pathways
accounted for 31.8% of temporality-eligible CABG participants and 28.9% of temporality-eligible PCI participants,
demonstrating substantial heterogeneity in event ordering.

Table 1. Temporality-analysis retention and pathway concentration in the CABG and PCI cohorts.

Measure CABG PCI

Full cohort, N 3,766 9,172
Complete data for all 5 concepts, n (%) 1,460 (38.8%) 3,147 (34.4%)
Included in top 4 pathways, n (% of eligible) 465 (31.8%) 911 (28.9%)
Included in top 4 pathways, % of full cohort 12.3% 9.9%

In the most frequent CABG pathway (n=168), the sequence was lipid panel -> lipid-lowering agent -> CAD diagnosis ->
diagnostic catheterization -> CABG. Median consecutive transition times were 768 (IQR 2,343), 910 (1,956), 156 (1,973), and
25 (348) days. In the most frequent PCI pathway (n=303), the sequence was lipid panel -> lipid-lowering agent -> CAD
diagnosis -> PCI -> diagnostic catheterization; corresponding median transition times were 732 (2,217), 672 (1,736), 772
(2,953), and 0 (0) days. Thus, pathways differed substantially at the beginning but converged around diagnostic catheterization
and revascularization near the end.



B. TOP ORDERED PATHWAYS AND ALL OTHER SEQUENCES (Among Temporality-Eligible Participants)

CABG Cohort (n = 1,460 eligible participants) PCI Cohert (n = 3,147 eligible participants)
Seq Ordered sequence of events n (% of eligibia) Seq. Ordered sequence of events n (% of aligible)
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C. MEDIAN TRANSITION TIMES FOR THE MOST COMMON PATHWAY (SEQUENCE 1)

CABG Cohort - Sequence 1(n = 16B) PCl Cohort — Sequence 1(n = 303)
-0 —- 0~ ' ®-0-0-0—-0
Lipid Lipid-lowering CAD Disgnostic Lipid LipicHawering cap (=] Diagnostic
panel agent disgnosis catheterization panel agem disgnosis catheterization
Medion days 1—+2 2-+3 34 4—+5 1—-2 2—-+3 3—+4 45
(1ary 768 910 156 25 732 672 772 o
(2,343) (1.956) (1.973) (348) 2.217) (1.736) (2,953) (0%)

Zero-day transitions are shown as 0. Same-day events have a median transition time of 0 days.

Figure 1. Top ordered pathways and median transition times for the most common pathway among temporality-eligible CABG and PCI
participants. Values are median days with IQR in parentheses; same-day transitions are shown as 0 days. CABG, coronary artery bypass grafting;
CAD, coronary artery disease; IQR, interquartile range; PCI, percutaneous coronary intervention.

Conclusion

We successfully applied a multidimensional data quality framework to evaluate temporality in CABG and PCI cohorts.
Temporal pathways were heterogeneous, particularly for earlier risk-factor and disease-related events, but diagnostic
catheterization and coronary revascularization were concentrated near the end of the observed sequences. Fewer than 40% of
either full cohort had observations for all five concepts, indicating that temporal completeness is itself an important data quality
consideration. These findings suggest that CABG and PCI procedure codes may be useful temporal anchors for events proximal
to revascularization, while longitudinal completeness and pathway concentration should be evaluated before their use as
anchors in phenotyping or downstream evidence generation. A reproducible temporality assessment incorporating event
completeness, pathway ordering, and transition-time distributions could complement established OHDSI data quality tools and
facilitate comparisons across data sources.
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