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The purpose of this analysis plan is to provide guide to our analyst when
conducting the study. Most of the content will be included in the manuscript in order to
guide researchers who want to replicate our findings or conduct similar studies. We also
provided justifications for our methods and decisions so other researchers can make a

choice or adjust their methods accordingly.

Downloaded From: by a Mayo Clinic Library User on 12/21/2018



TABLE OF CONTENTS

AB B REVI AT ION S ... e erera s sas s e rassasrassasensassassassaassassassnsassassassnsnnsnnsnssnsnnn 4
KEY DEFINITION. ... e iieiieieaieeesreasesreassmsssnssasrsnssasranssmssasranssassmsssnssnssnnssnssnssenssnssnnsnnnen 5
1. BACKGROUND AND OBUECTIVES...... .o eieiiiieie e e sasesmsmssmsnsansansnnsnsnnsnnsnnsnns 6
2. STUDY DESIGN AND DATA SOURCE .....cuiieiiieeirereireemrenssmssssssnssmssenssmnsmssenssnnsnns 8
3. STUDY POPULATION.... oot eieeee e s essm s sa s sassassassasansassassassnsansassnssnssnsnssnnsnn 9
4, ME ASUREMENT S ...t iiiieireiee s reasasreseassasrrnssasraassassasrsassassanssnssnssnnssnssnnsennsnnsnn 10
4.1 BASELINE CHARACTERISTICS .. nete ettt et e 10
4.2 FOLLOW UP AND OUTCOMES . .. cu ettt ettt e e 19
4 3 IS SING AT A e e e 20
4.4 \/ALIDATION OF DIAGNOSIS CODES ...ueueeee e e 21
. STATISTICAL METHODS ...t eceeesesre s sa s sassassaansassassnssnsassassasansansnnsnns 24
D ST ATISTICAL ANALYSES ... ettt e 24
5.2 SUBGROUP ANALY SES ..ttt ettt et e 25
5.3 SENSITIVITY ANALYSES .. enetee et e 25
LI I LN 0 3 1 28
1 ad o = Y10 ), 30
REFERENCES. ....... oottt s e emsese s s e sassas s m s rassassa s sasassmssassasansassansnnnnsnnsnnsnnnnrnn 33
3

Downloaded From: by a Mayo Clinic Library User on 12/21/2018



ABBREVIATIONS

AF Atrial Fibrillation

CABG Coronary Artery Bypass

Cl Confidence interval

eGFR Estimated Glomerular Filtration Rate, a measure of renal function,

calculated using age, sex, race and serum creatinine based on the CKD-EPI equation

HR Hazard Ratio, a measure of relative risk used to compare different

treatments; calculated from time-to-event Cox proportional hazards regression

IPTW Inverse Probability Treatment Weighting, a propensity score
method used to balance patients’ baseline characteristics between treatment groups

(ATE weight used in this study)

IQR Interquartile Range
LAAO Surgical Occlusion of Left Atrial Appendage
NOAC Non-vitamin K antagonist oral anticoagulants, including four drugs:

apixaban, dabigatran, edoxaban and rivaroxaban

OAC Oral anticoagulant, including five drugs, four NOACs and warfarin
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Key Definition
Index Date (variable name index_date) the date patients received cardiac surgery
Baseline Period

Any time before and including the index date used to establish a patient’s medical

history. Detailed description and justification can be found on page 10.
Study Period

The study period will be January 1%, 2009 and March 31%, 2017. The last day of follow
up is March 31%, 2017. Because we will require patients to have at least 1 day of follow

up, the last day of index procedure will be March 30™ 2017.
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1. BACKGROUND AND OBJECTIVES

Cardiac surgeries are among the most commonly performed procedures, with
more than 300,000 coronary artery bypass (CABG) and valve operations performed
annually in the United States.' Many patients undergoing cardiac surgery have a history
of atrial fibrillation (AF), which is associated with a five-fold risk of stroke.?* Because
thrombi in the left atrial appendage (LAA) are believed to account for the majority of
cardioembolic strokes in AF,* surgical occlusion of the LAA (LAAO) is sometimes

performed during the surgery to reduce long-term risk of stroke.

There is a paucity of data on the effectiveness of LAAO to guide evidence-based
decision making. Although LAA is the dominant source of thrombi only in the setting of
AF % in a recent observational study, more than half of the patients undergoing LAAO
did not have prior AF.° This is likely because surgeons perceived some patients were at
a high risk of developing AF® and chose to close the LAA preemptively. However, little
is known whether this approach is justified. Therefore, this study aims to investigate
whether LAAO during cardiac surgery is associated with reduced risks of stroke and
mortality. We will specifically assess the outcomes stratified by whether patients had a

history of AF at the time of surgery.

A secondary aim is to investigate whether LAAO promotes subsequent AF. A
previous study found that LAAO may increase the risk of post-operative AF,° likely by
promoting an atrial arrhythmogenic state due to increased left atrial filling pressures,

inflammation, and sympatho-vagal imbalance.®'° As such, this study will examine the
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association between LAAO and post-operative AF, as well as long-term AF-related

health utilization.
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2. STUDY DESIGN AND DATA SOURCE

We will conduct a retrospective cohort analysis using OptumLabs Data Warehouse,
which contains over 160 million privately insured and Medicare Advantage enrollees of

all ages and races from all 50 states.'"""?
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3. STUDY POPULATION

The study population will be adult patients (218 years) who underwent their first
coronary artery bypass grafting (CABG) or valve surgery (open-heart valve replacement
or repair) between January 1%, 2009 and March 31%, 2017. Patients will be required to
have at least 6 months of continuous enrollment in health insurance plans prior to the
surgery, defined as the baseline used to capture patients’ medical history. This
requirement is to allow us to have sufficient data for ascertaining patients’ medical
history. Please calculate the median and interquartile range [IQR] of the baseline

period.
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4. MEASUREMENTS

4.1 Baseline Characteristics

Baseline characteristics include socio-demographic characteristics, medical history,
concurrent medication use, and biomarkers. Socio-demographic characteristics, such
as age, will be determined at the time of index date. Medical history will be determined
using patients’ physician, facility and pharmacy claims before or on the index date. We
will use all data available to us to establish patients’ medical history, and the length of
baseline period will be included in the propensity score model to avoid any potential
bias. Typically, there is no substantial difference in the length of baseline period among
different treatment groups, especially after propensity score matching. Baseline
medication will be captured within 3 months of the index date. Pre-operative medication,
including, beta blocker, amiodarone, statin and corticosteroid, will be captured within 1
week of the index date. These drugs could potentially prevent post-operative AF.">®
Biomarkers, such as serum creatinine, serum calcium, serum albumin, hemoglobin, low
density lipoprotein cholesterol (LDL-C), and hemoglobin A1c (HbA1c), will be captured
using the most recent measurements within 12 months of the index date. About one
third of the patients have linked outpatient laboratory data. The availability of laboratory
data depends on the contract between laboratory testing facilities and OLDW, rather
than individual patient characteristics. Because biomarkers are missing in a proportion
of patients, and some biomarkers were only tested in patients with certain conditions,
these variables will not be included in the propensity score model, but we will test on the

balance of both the values and proportion of missing values after balancing on all other

patient characteristics.

10
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Baseline AF will be defined as an AF diagnosis (International Classification of
Diseases, 9th Revision, Clinical Modification [ICD-9] diagnosis 427.31 or International
Classification of Diseases, 10th Revision [ICD-10] codes 148.0, 148.1, 148.2 and 148.91)
on an inpatient or outpatient claim at baseline. These diagnosis codes performed
relatively well in previous validation studies, with a median positive predictive value
(PPV) of 89%."” We note that some previous studies required multiple AF diagnoses
when creating cohorts to minimize the impact of rule-out diagnoses and improve the
specificity.'® By contrast, we will require only one AF diagnosis in order to increase the
sensitivity of the cohort definition, as the diagnosis codes often have good specificity but
sometimes low sensitivity.'”'® In our previous studies, the specificity of requiring one AF
diagnosis is very good, because nearly all of AF patients had more than one diagnosis,

and patients on average had 20 AF diagnoses on different dates at baseline.

We will also need to code a few procedure-related characteristics, such as
surgery types, types of valve surgery, whether the surgery is an on-pump surgery, and
whether patients had pre-operative hemodynamic instability and pre-operative
endocarditis, and the year of the surgery. Pre-operative hemodynamic instability
includes cardiogenic shock, cardiac arrest and resuscitation within one week prior to the
procedure. Pre-operative endocarditis will also be captured within one week prior to the

procedure.

We will need to fill out Table 1 and eTables 1-3 shown below. eTable 1 will
include baseline characteristics not presented in Table 1, since journals often request
us to reduce the size of Table 1. eTable 2 will be patient characteristics after propensity
score matching including all characteristics in Table 1 and eTable 1, with a third column

11
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for standardized mean difference. Because the main analysis will be stratified by prior
AF, it would be interesting to see the patient characteristics by prior AF in the propensity

score cohort. This will be e-Table 3.

12
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Table 1. Baseline Characteristics

No LAAO
(N=)

LAAO
(N=)

Total
(N=)

Age, yr
Female
White
Surgery types
CABG
Mechanical valve replacement
Bioprosthetic valve replacement
Valve repair
CABG-+valve surgery
Types of valve surgery
Aortic
Mitral
Tricuspid or pulmonary
Medical History
Atrial fibrillation
Other supraventricular arrhythmia
Thromboembolism
Heart failure
Diabetes mellitus
Stage 3-5 CKD
Myocardial infarction
Peripheral Artery Disease
Major bleeding
Intracranial bleeding
Hypertension
Hyperlipidemia
Falls
COPD
Alcoholism
Obesity
Smoking
Obstructive sleep apnea
Non skin cancer
CHA;DS,-VASc
0,1
2,3

24
HAS-BLED=3

13
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eTable 1. Baseline Characteristics before Propensity Score Matching Not

Presented in Table 1

No LAAO
(N=)

LAAO
(N=)

Total
(N=)

Race
Asian
Black
Hispanic/Latino
White
Other/Unknown
Geographic Region
Midwest
Northeast
South
West

On-pump Surgery
Pre-operative Hemodynamic
Instability

Pre-operative Endocarditis
Medical History
Ischemic stroke or systemic embolism
TIA
Ventricular arrhythmia
Systolic heart failure
Diabetes requiring insulin
Dialysis
Cardioversion
Ablation
Pacemaker/ICD
PCI
Anemia
Liver disease
Depression
Dementia
Hypothyroidism
Thyrotoxicosis
Ulcer in upper Gl tract
Baseline Medication
Oral anticoagulant
Antiplatelet
Rate control drugs
Antiarrhythmic drugs
Other adrenergic blocking agents
Other calcium channel blockers
Renin angiotensin system antagonists
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Loop diuretics
Thiazides
Cholesterol lowering drugs
NSAIDs
Diabetes drugs
Antiulcer agents
Pre-operative Medication
Beta blocker
Amiodarone
Statin
Corticosteroid
Year of Index Procedure
2009
2010
2011
2012
2013
2014
2015
2016
2017
Biomarkers, MeantSD
Serum creatinine, mg/dL
Serum calcium, mg/dL
Serum albumin, g/dL
Hemoglobin, g/dL
LDL-C, mg/dL
HbA1c, %
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eTable 2. Baseline Characteristics after Propensity Score Matching

LAAO Standardized
No LAAO (N=) (N=) Difference

Age, yr
18-64
65-74
275
Female
Race
Asian
Black
Hispanic/Latino
White
Other/Unknown
Geographic Region
Midwest
Northeast
South
West
Surgery types
CABG
Mechanical valve replacement
Bioprosthetic valve replacement
Valve repair
CABG-+valve surgery
Types of Valves
Aortic
Mitral
Tricupid or pulmonary
Medical History
Atrial fibrillation
Other supraventricular arrhythmia
Thromboembolism
Heart failure
Diabetes mellitus
Stage 3-5 CKD
Myocardial infarction
Peripheral artery disease
Major bleeding
Intracranial bleeding
Hypertension
Hyperlipidemia
Falls
Anemia

16
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COPD

Alcoholism

Obesity

Smoking

Obstructive sleep apnea

Non skin cancer
Ischemic stroke or systemic
embolism

TIA

Ventricular arrhythmia

Systolic heart failure

Diabetes requiring insulin

Dialysis

Cardioversion

Ablation

Pacemaker/ICD

PCI

Liver disease

Depression

Dementia

Hypothyroidism

Thyrotoxicosis

Ulcer in upper Gl tract
On-pump Surgery
Pre-operative Hemodynamic
Instability

Pre-operative Endocarditis
CHA,DS,-VASc
0,1
2,3
>4
HAS-BLED=3
Baseline Medication
Oral anticoagulant
Antiplatelet
Rate control drugs
Antiarrhythmic drugs
Other adrenergic blocking agents

Other calcium channel blockers
Renin angiotensin system
antagonists

Loop diuretics

Thiazides

Cholesterol lowering drugs
NSAIDs

Diabetes drugs
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Antiulcer agents
Periprocedural Medication
Beta blocker
Amiodarone
Statin
Corticosteroid
Year of Index Procedure
2009
2010
2011
2012
2013
2014
2015
2016
2017
Length of Baseline Period, yr
Biomarkers
Serum creatinine, mg/dL
Serum calcium, mg/dL
Serum albumin, g/dL
Hemoglobin, g/dL
LDL-C, mg/dL
HbA1c, %
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4.2 Follow up and Outcomes

The primary outcomes will be: (1) ischemic stroke or systemic embolism (hereafter
referred to as stroke) and (2) all-cause mortality. Stroke will be defined as a primary
diagnosis on an emergency room visit or a primary or secondary diagnosis on an
inpatient stay. Mortality will be identified based on the Social Security Death Master File

and patient discharge status.

The secondary outcomes will be: (1) post-operative AF, defined as newly
diagnosed AF within 30 day after the surgery; and (2) long-term AF-related health
utilization, measured by the event rates of outpatient visits and hospitalizations with a
diagnosis of AF. When assessing post-operative AF, we will restrict the analysis to
patients without prior AF, because in patients with prior AF, a diagnosis code could be
used for the previous history rather than a new episode of AF. The long-term AF-related
health utilization will be assessed in both patients with and without prior AF from the
date after surgery until the end of the study period (March 31, 2017), the end of
enrollment in health insurance plans, or death, whichever happened first. Although the
AF-related health utilization may under-estimate the occurrence and frequency of AF
episodes, it could be considered as a surrogate measure of the impact of AF on

patients’ health and quality of life, as well as the burden on the healthcare system.

Table Diagnosis Codes for Outcomes

Diagnosis Codes
ICD-9-CM ICD-10-CM
Ischemic stroke 433.x1, 434.x1, 436 163.x

Systemic 444 x 174.x

embolism
We did not present diagnosis codes for comorbidities due to the large amount of codes. The analyst has
access to SAS codes (with diagnosis and procedure codes inside) for all the comorbidities and outcomes.

19
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4.3 Missing Data

Studies using administrative claims data generally do not have the problem of
missing data. We will define the presence of a condition, outcome or drug use by the
presence of a claim with eligible diagnosis or procedure codes or prescription fills.
Patients would be considered having a comorbidity, outcome or drug exposure if they
have a claim, and would be considered not having a comorbidity, outcome or drug
exposure if they do not have a claim. Therefore, we do not have missing data in
comorbidities, drug use, or outcomes. However, misclassification may exist. This is a
limitation of using claims data, but the algorithms used to define our outcomes of
interest and important covariates are commonly used and demonstrated good
performance in previous studies.'®? Our internal validation suggested good
performance of the algorithms. We anticipate that any existing residual misclassification
is non-differential between treatment groups and should not meaningful impact our

findings.

For the demographic data (age and gender), we typically will delete a very small
percentage of patients with invalid demographic data during the cohort creation
process. For race, the categories in the database are non-Hispanic white, non-Hispanic
black, Hispanic, Asian, other and unknown. The other and unknown will be used as a

separate category in the propensity score model.

The values of biomarkers all had missing value to some extent. We will not
impute the missing values, because some biomarkers were only tested in patients with

certain conditions, as such it is difficult to impute the missing values. In our past studies,

20
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both the values and proportion of missing values were well balanced after balancing on

all other patient characteristics.
4.4 Validation of Diagnosis Codes

The codes and algorithms used herein have been commonly used and validated
in many previous studies.'®* We also leveraged the ability to link to laboratory results
and electronic health records to validate our diagnosis codes. For example, we
compared eGFR with the presence of a diagnosis code of Stage 3-4 chronic kidney
disease (CKD) in those who did not have renal failure. We found 88% of patients who
had a diagnosis of Stage 3-4 CKD had eGFR <60 mL/min/1.73m?, and 90% of those
who did not have a diagnosis had eGFR 260 mL/min/1.73m?, which indicates good
performance of the diagnosis codes. Moreover, the discrepancy between the diagnosis
codes and eGFR could be because some patients may have a temporary decline in
eGFR, but later recovered and did not develop to CKD or some patients had serum

creatinine tests in facilities that did not submit data to OLDW.

We also compared the ejection fraction documented in electronic health records
and the diagnosis codes of heart failure. Using an ejection fraction cutoff of <40% for
systolic heart failure diagnosis codes and ejection fraction of 250% for diastolic heart
failure codes; we observed the specificity of 91% and 81%, respectively and sensitivity
of 81% and 91%, respectively. We will include systolic heart failure in the propensity
score model as a surrogate for reduced ejection fraction, but we acknowledge the

inherent limitations in classification of heart failure by ejection fraction.®

21
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We conducted internal validation of major bleeding based on the International
Society on Thrombosis and Haemostasis (ISTH) criteria®: (1) fatal bleeding, and/or, (2)
symptomatic bleeding in a critical area or organ, such as intracranial, intraspinal,
intraocular, retroperitoneal, intraarticular or pericardial, or intramuscular with
compartment syndrome, and/or, (3) bleeding causing a fall in hemoglobin level of 2 g/dL
or more, or leading to transfusion of two or more units of whole blood or red cells. We
used ICD-9 and CPT procedure codes to identify transfusion, but we were not able to
know the units of whole blood or red cells used in the transfusion. We also identified
other procedures to control or manage bleeding, such as endoscopic procedures to
address gastrointestinal bleeding, neurosurgical decompression for intracranial
bleeding, evacuation of hematoma, or vascular embolization procedures to control
bleeding. Among all bleeding events, one in four was bleeding in critical areas, and one
third required transfusion. This is generally consistent with previous studies that
adapted ISTH definition using administrative data.'® Nearly 80% of patients had a
procedure to control or manage bleeding. In patients with hemoglobin test results, we
abstracted the most recent test performed within six months prior to the bleeding. The
median time from the previous hemoglobin test to the date of bleeding is 29 (IQR 8-66)
days. The median hemoglobin level during the bleeding was 8.2 (IQR 7.3-11.2) g/dL,
with a median drop of 2.1 (IQR 1.1-3.6) g/dL. Among patients with transfusion, the
median hemoglobin level was 7.3 (IQR 6.5-8.1) g/dL with a median drop of 2.7 (IQR
1.1-3.6) g/dL. In patients without transfusion, the median hemoglobin level was 10.4
(IQR 8.2-12.3) g/dL, with a median drop of 2.1 (IQR 1.2-3.6) g/dL. Overall, 95% of

patients identified using diagnosis codes had bleeding in critical area, or a transfusion,

22
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or a procedure used to control bleeding, which suggests high specificity of our
algorithm. Even in the remaining 5% patients, the hemoglobin level was low, a median

of 10.5 (IQR 8.7-12.0), with a median drop of 2.1 (IQR 1.2-3.5) g/dL.

23
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5. STATISTICAL METHODS

5.1 Statistical Analyses

Propensity score matching will be used to balance the differences in baseline
characteristics between patients who underwent concurrent LAAO versus those who did
not. A propensity score, the probability of undergoing LAAO, was estimated using
logistic regression based on socio-demographics, procedure-related characteristics,
medical history, concurrent medication use, the year of the surgery, and the length of
baseline period (variables in Table 1 and eTable 1). One-to-one nearest neighborhood
caliper matching will be used to match patients based on the logit of the propensity
score using a caliper equal to 0.2 of the standard deviation of the logit of the propensity
score.?’ Patients will be exact matched on whether they had a history of AF and
whether they used oral anticoagulants (OAC) within three months before the surgery.
This is because the main analysis will be stratified by prior AF, and prior AF and

baseline OAC should be the main predictors of follow-up OAC use.

Standardized difference will be used to assess the balance of covariates after
matching and a standardized difference within 10% will be considered acceptable.?® We
will also assess balance of baseline characteristics in patients with and without prior AF
separately, since the comparisons between LAAO and no LAAO will be stratified by the

presence of prior AF.

Cox proportional hazards regression will be used to compare patients undergoing
LAAO versus those who did not for stroke, mortality, and post-operative AF in

propensity-score matched cohort, with robust sandwich estimates to account for the

24
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clustering within matched sets.?® The proportional hazards assumption will be tested on
the basis of Schoenfeld residuals.® Poisson regression will be used to assess AF-
related outpatient visits and hospitalizations. We will calculate both the absolute

difference in event rates and the rate ratios.

5.2 Subgroup Analyses

We will perform subgroup analyses for stroke and mortality stratified by age, sex, race,
surgery types, CHA,DS»-VASc score, HAS-BLED score, prior thromboembolism, prior
bleeding, heart failure, and stage 3-5 chronic kidney disease (CKD). The subgroup
analyses will be performed in patients with and without prior AF separately. The exact
cut off points for grouping the CHA,DS,-VASc score will depend on the distribution of

these variables.
5.3 Sensitivity Analyses

First, we will assess falsification endpoints to test for residual confounding.
Treatment effects estimated in observational studies are prone to unmeasured
confounding. In recent years, falsification end point, also called control outcome, has
become a popular method to assess for unmeasured confounding.*'** A falsification
endpoint is a health outcome that researchers believe is highly unlikely to be casually
related to the treatment in question. If a significant relationship is found between the
treatment and a falsification endpoint, it may indicate the treatment groups are different
in some unmeasured ways, i.e. the existence of unmeasured confounding. This method
is similar to a negative control, a routine precaution taken in the design of biologic

laboratory experiments, and is recommended to be used to detect confounding and bias
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in observational studies.****% This method is particularly useful in observational studies
comparing different treatment options, because the unmeasured confounding in these
studies tend to make one group systematically healthier or less susceptible to adverse

outcomes than the other group.

We selected three endpoints that that are unlikely to be a result of undergoing
LAAO — emergency room visit or hospitalization related to chronic obstructive
pulmonary disease (COPD), pneumonia, and fracture. If a significant relationship were
to be found between LAAO and any of these endpoints, it would indicate the existence

of residual confounding.®’

There are many other methods to test for residual confounding, however, as
noted in previous studies, the assumption of no unmeasured confounding cannot be
formally tested; instead, subject matter knowledge is required in designing the study so
that all confounders are accounted for.>*3” We will include all potential confounders that
we can measure, and some unmeasured clinical characteristics (e.g. left atrial size) are
highly correlated with the characteristics we measure (e.g., hypertension and valvular

heart disease), and thus it is likely that they will be balanced too.

Second, we will use inverse probability weighting instead of propensity score
matching. The main analyses will be conducted using propensity score matching, since
the prevalence of LAAO treatment is likely low, and the two treatment groups will be
very difference. Propensity score matching may outperform matching in this case.® A
previous study has shown that covariate adjustment and propensity score matching

performed well in all of their examples, and propensity score weighting gave imprecise
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estimates of treatment effect and undue influence to a small number of observations

when substantial confounding was present.*

Third, we will use the method of Fine and Gray, considering death as a

competing risk for stroke and post-operative AF 0

Fourth, because the use of OAC during follow up may affect the risk of stroke
and mortality, we will assess whether the OAC use during follow up differed between
patients treated with or without LAAO in the propensity score matched patients. The
OAC use will be examined as the proportion of patients who received OAC at different
time points during follow up. We will also assess the risks of stroke and mortality by
whether patients received OAC during follow up. We will try a few different ways to
define OAC during follow-up, such as a prescription within the first 14 days of surgery, a
prescription within 30 day of the surgery, a prescription at any time during follow up, or

proportion of days covered (PDC)=80%.

Sixth, in patients without prior AF, some developed AF during follow up, and
thus, we will assess stroke and mortality risks associated with LAAO stratified by

whether or not patients developed AF during follow up

Seventh, previous studies found post-operative AF was associated with
developing AF (or so called “late AF”).*" We will look at AF-related health utilization

excluding the first 30 days, stratified by whether patients had post-operative AF.

All analyses will be conducted using SAS 9.4 (SAS Institute Inc., Cary, North

Carolina) and Stata 14.1 (Stata Corp, College Station, TX).

27
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6. LIMITATIONS

First, despite careful adjustment, our study may still be subject to confounding.
However, groups that are almost identical in 76 dimensions are not likely to differ
dramatically in other unmeasured confounders. Some of the baseline characteristics
that we will measure, e.g., prior treatment with ablation, cardioversion, anti-arrhythmic
drugs, and medications for other chronic conditions, etc., could be proxies for
unmeasured aspects of the underlying diseases. Furthermore, the test of falsification
endpoints will provide some reassurance that there is no evidence for residual

confounding (will need to confirm this statement).

Second, our study relies on administrative data to ascertain baseline
characteristics and outcomes, which could be subject to misclassification. However, it is
unlikely there is any systemic difference in the ascertainment of comorbidities and
outcomes between different treatment groups, and thus, the misclassification should not
meaningfully impact our comparisons between drugs. The diagnosis and procedure
codes used in this study have been commonly used in previous studies, and
demonstrated good performance in our internal validation using linked laboratory results
and electronic health records as well as other validation studies with positive predictive

value around 90%17:20.42-47

Third, we are unable to distinguish between excision or exclusion by sutures or
stapling since these procedures are all described by a single code. Nor do we have data
on the apparent success of closure as gauged by intra-operative transesophageal

echocardiography.

28
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Last, our study includes only privately insured and Medicare Advantage patients.
The prevalence of risk factors could be different in the Medicaid, Medicare Fee-for-
Service, and uninsured populations, and lower socio-economic status in these
populations could lead to poorer outcomes in patients with similar risk profile. However,
the distribution of age, sex and minorities in the OLDW population is largely consistent
with the general U.S. population. Furthermore, the insurance coverage rates are high in
older Americans. Over 90% of Americans aged 50-64 have health insurance and over
75% had private health insurance.*® One in three Medicare patients is enrolled in
Medicare Advantage.*® Although traditionally Medicare Advantage attracted healthier
people, after the risk adjustment system was phased in from 2004-2007, the favorable
risk selection has been largely reduced.>® Our cohort is also less selective than most
registries, because registries often focus on cardiology practices for recruitment and
patients have to sign informed consent and agree to participate and to be actively
followed. Therefore, findings from this database, which includes people of all ages and
races and from diverse treatment settings, are more generalizable for the majority of

older adults.
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Appendix

Target Journals for this manuscript include JAMA, JACC and Circulation. Our recent
relevant studies are listed below. Nearly all the methods used in this study have been

used in our previous studies as well as other high-impact studies in our field.

1. Yao X, Tangri N, Gersh BJ, Sangaralingham LR, Shah ND, Nath KA, Noseworthy
PA. Renal Outcomes in Anticoagulated Patients With Atrial Fibrillation. J Am Coll
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