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ABSTRACT
Objective Transesophageal echocardiography (TEE) is 
sometimes used to search for cardioembolic sources 
after ischemic stroke or transient ischemic attack (TIA). 
TEE visualizes some sources better than transthoracic 
echocardiography, but TEE is invasive and may cause 
aspiration. Few data exist on the risk of respiratory 
complications after TEE in patients who had stroke or TIA. 
Our objective was to determine whether TEE was associated 
with increased risk of respiratory failure in patients who had 
ischemic stroke or TIA.
Design This is a retrospective cohort study using 
administrative data from inpatient and outpatient insurance 
claims collected by the US federal government’s Centers for 
Medicare and Medicaid Services.
Setting Hospitals and outpatient clinics throughout the 
USA.
Participants 99 081 patients ≥65 years old hospitalized for 
out- of- hospital ischemic stroke or TIA, defined by validated 
International Classification of Disease-9/10 diagnosis codes 
and present- on- admission codes, using claims data from 2008 
to 2018 in a random 5% sample of Medicare beneficiaries.
Main outcome measures Acute respiratory failure, defined 
as endotracheal intubation and/or mechanical ventilation, 
starting on the first day after admission through 28 days 
afterward.
Results Of 99 081 patients included in this analysis, 
73 733 (74.4%) had an ischemic stroke and 25 348 
(25.6%) a TIA. TEE was performed in 4677 (4.7%) patients 
and intubation and/or mechanical ventilation in 1403 
(1.4%) patients. The 28- day cumulative risk of respiratory 
failure after TEE (1.4%; 95% CI 0.8% to 2.7%) was similar 
to that seen in those without TEE (1.4%; 95% CI 1.4% 
to 1.5%) (p=0.84). After adjustment for age, sex, race, 
Charlson comorbidities, diagnosis of stroke versus TIA, 
intravenous thrombolysis, and mechanical thrombectomy, 
TEE was not associated with an increased risk of 
respiratory failure (HR, 0.9; 95% CI 0.6 to 1.2).
Conclusions In a cohort of older patients who had 
ischemic stroke or TIA, TEE was not associated with an 
increased risk of subsequent respiratory failure.

INTRODUCTION
Ischemic stroke is a major cause of death 
and disability. In patients hospitalized for 

ischemic stroke, respiratory complications 
are among the most common causes of 
morbidity and mortality.1 2 Patients who had 
stroke have a relatively high risk of respira-
tory failure given frequent frailty, comorbid 
conditions, reduced awareness, and impaired 
motor control of swallowing and cough.

Transesophageal echocardiography (TEE) 
is sometimes performed as part of the evalua-
tion of ischemic stroke or transient ischemic 
attack (TIA) to assess for potential sources 
of cardiac embolism.3 Unlike transthoracic 
echocardiography, which is performed more 
frequently,3 TEE is an invasive procedure. 
Although the procedure can be performed 
without sedation, various levels of sedation are 
often administered, ranging from conscious 
sedation to general anesthesia.4 Case series 
suggest that TEE is generally safe after isch-
emic stroke and TIA.5–9 However, there are 
few safety data involving control patients who 

Key messages

What is already known about this subject?
 ► Transesophageal echocardiography (TEE) is fre-
quently performed in patients who had stroke or 
transient ischemic attack to look for sources of 
cardioembolism.

 ► Although case series suggest that TEE is generally 
safe, few data exist specifically regarding respira-
tory complications associated with the procedure.

What are the new findings?
 ► In a large sample of Medicare beneficiaries who had 
ischemic stroke or transient ischemic attack, we 
found that TEE was not associated with an increased 
risk of respiratory failure.

How might these results affect future 
research or surgical practice?

 ► These results may help clinicians weigh the poten-
tial risks and benefits of TEE for etiologic evaluation 
after ischemic stroke or transient ischemic attack.
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had stroke or TIA who did not undergo TEE, especially 
regarding severe but rare complications such as aspira-
tion leading to respiratory failure. Therefore, we used a 
large sample of Medicare claims to determine whether 
TEE is associated with an increased risk of respiratory 
failure in patients who had ischemic stroke or TIA.

METHODS
Design
We performed a retrospective cohort study using inpa-
tient and outpatient claims from 2008 through 2018 
from a 5% random sample of Medicare beneficiaries. 
The US federal government’s Centers for Medicare and 
Medicaid Services (CMS) provides health insurance to 
most US residents once they reach 65 years of age. CMS 
makes available research- specific limited data sets on 
claims submitted by providers and hospitals in the course 
of Medicare beneficiaries’ clinical care.10 Such data on 
outpatient physician visits are available for only a 5% 
random sample of Medicare beneficiaries. Claims data 
from hospitals include dates of hospitalization and Inter-
national Classification of Diseases (ICD) diagnosis and 
procedure codes. Physician claims include Current Proce-
dural Terminology (CPT) codes, the dates of service, and 
physicians’ specialty. Multiple claims for a given patient 
can be linked via a unique beneficiary identifier code, 
thus allowing for a comprehensive and longitudinal anal-
ysis of each beneficiary’s care over time. The data used 
for this analysis cannot be directly shared by the authors 
under the terms of their data use agreement, but the data 
can be obtained by application to CMS. This study was not 
preregistered.

Patient population
We included patients ≥65 years of age with continuous 
coverage in traditional fee- for- service Medicare (both 
parts A and B) for at least 1 year (or until death, if appli-
cable) between 2008 through 2018. From this sample, 
we selected patients hospitalized between 2009 and 2018 
for acute ischemic stroke and TIA. Between January 1, 
2009 and September 30, 2015, the diagnosis of stroke was 
defined by an ICD- 9 diagnosis code algorithm previously 
validated to have a sensitivity of 86%, specificity of 95%, 
and positive predictive value of 90% when compared 
with medical record review,11 and TIA was defined by 
ICD- 9 code 435.x, which has been previously validated 
to have a positive predictive value of 70% or greater.12 
After September 30, 2015, we used ICD- 10 code I.63 
for ischemic stroke and ICD- 10 code G45 for TIA; both 
codes have also been validated as highly reliable.13 Since 
we were interested in the use of TEE for evaluation of 
routine, community- onset strokes, we limited our popula-
tion to hospitalizations with a primary discharge diagnosis 
of stroke that was documented as present on admis-
sion. Present- on- admission codes in hospital discharge 
data have been previously validated.14 The start date of 
January 1, 2009 was chosen because 2008 was used as a 

run- in period to ascertain comorbidities and to exclude 
patients without at least 1 year of Medicare coverage prior 
to their first stroke. For patients who had multiple isch-
emic stroke hospitalizations during the study period, we 
examined only the first documented stroke hospitaliza-
tion (index hospitalization).

Measurements
We used ICD and CPT procedure codes to determine 
relevant procedures. TEE was defined as CPT codes 
93312, 93313, or 93314. Respiratory failure was defined 
as CPT code 31500 for endotracheal intubation or ICD- 9 
procedure codes 96.70–96.72 or ICD- 10 procedure codes 
5A093–5A095 or 5A193–5A195 for mechanical venti-
lation. As covariates, we identified intravenous throm-
bolysis, defined using ICD- 9 procedure code 99.10 or 
ICD- 10 procedure code 3E03017 or 3E03317; mechanical 
thrombectomy, defined using CPT code 37184 or ICD- 9 
procedure code 39.74 or ICD- 10 procedure code 03CG3, 
03CH3, 03CI3, 03CJ3, 03CK3, 03CL3, 03CP3, or 03CQ3; 
and Charlson comorbidities, defined using previously vali-
dated ICD- 9 and ICD- 10 codes.15 For descriptive purposes, 
we ascertained the following vascular risk factors and 
comorbidities: atrial fibrillation, hypertension, diabetes 
mellitus, coronary heart disease, heart failure, peripheral 
vascular disease, chronic kidney disease, valvular heart 
disease, chronic obstructive pulmonary disease, tobacco 
use, alcohol abuse, infective endocarditis, and cardio-
version. The National Institutes of Health Stroke Scale 
(NIHSS) score was ascertained for the subset of patients 
with NIHSS scores documented in their ICD- 10 hospital 
discharge codes.16

Statistical analysis
Descriptive statistics are reported as mean±SD or percent-
ages with 95% CI. We performed Kaplan- Meier survival 
analysis, with patients entering the risk period for respi-
ratory failure on the day after the index hospital admis-
sion and exiting the risk period 28 days afterward. We 
included episodes of respiratory failure during hospi-
talizations subsequent to the index hospitalization 
as long as the outcome occurred within 28 days of the 
index hospital admission. Patients were censored at the 
time of death. The procedural codes identifying TEE, 
intubation, and mechanical ventilation had exact dates 
associated with them; however, if these procedures were 
performed on the same day, there is no way to determine 
which procedure came first. Thus, we conservatively did 
not count TEE performed on the same day as, or after, 
endotracheal intubation and/or initiation of mechan-
ical ventilation to avoid a spurious association from 
TEEs being performed in already intubated patients. We 
included TEEs starting on the day of the index hospital 
admission up through the last day of the index hospital-
ization, with the goal of addressing whether TEE on day 
X of the stroke hospitalization was associated with respi-
ratory failure on day X+1 onwards through day 28. TEE 
was modeled as a time- varying variable, so patients who 
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underwent TEE contributed time- at- risk to the control 
group before and on the day of their TEE and then to 
the TEE group starting on the day after their TEE. Cumu-
lative rates of respiratory failure after TEE versus those 
without TEE were compared using the log- rank test. Cox 
proportional hazards analysis was performed to deter-
mine the association between TEE and the risk of acute 
respiratory failure after adjustment for age, race, sex, 
number of Charlson comorbidities, diagnosis (stroke vs 
TIA), intravenous thrombolysis, and mechanical throm-
bectomy. We performed a subgroup analysis stratified by 
index diagnosis (stroke vs TIA). Statistical analyses were 
performed using Stata V.15.

Sensitivity analyses
We used our fully adjusted model to perform five sensi-
tivity analyses. First, we excluded patients who underwent 
cardioversion or had a diagnosis of infective endocar-
ditis. Second, we included as our outcome only cases of 
intubation and/or mechanical ventilation that resulted 
in tracheostomy to limit our outcome to the most severe 
and consequential cases of respiratory failure. Third, we 
excluded patients who died during the index hospital-
ization or were discharged to hospice. Fourth, we added 
a TEE–calendar year interaction term to the model to 
determine whether the relationship between TEE and 
respiratory failure changed over time. Finally, we included 
patients who experienced respiratory failure on the same 
day as TEE.

RESULTS
Of 99 081 patients included in this analysis, 73 733 (74.4%) 
had an ischemic stroke and 25 348 (25.6%) a TIA. TEE 
was performed in 4677 (4.7%) patients, 4137 of whom 
had an ischemic stroke and 540 had a TIA. Patients who 
underwent TEE were younger, were more often male, less 
often had atrial fibrillation and congestive heart failure, 
more often had valvular heart disease and infective endo-
carditis, and had higher rates of treatment with throm-
bolysis, thrombectomy, and cardioversion; in the subset 
of 5434 patients with available NIHSS data, the NIHSS 
scores of patients who did versus did not undergo TEE 
were similar (table 1). During the study period, 1403 
(1.4%) underwent intubation and/or mechanical venti-
lation starting on the day after admission and through 
28 days afterward. Those with respiratory failure were 
younger but had more vascular risk factors and comor-
bidities than those who did not require intubation or 
mechanical ventilation; in the subset of patients with 
available NIHSS data, the NIHSS scores of patients who 
had respiratory failure were substantially higher than 
those without respiratory failure (table 2).

The cumulative risk of respiratory failure at 28 days after 
TEE (1.4%; 95% CI 0.8% to 2.7%) was similar to those 
who did not undergo TEE (1.4%; 95% CI 1.4% to 1.5%) 
(p=0.84) (figure 1). In an unadjusted model, TEE was 
not associated with risk of intubation and/or mechanical 

ventilation (HR, 1.0; 95% CI 0.8 to 1.4). After adjustment 
for age, sex, race, and diagnosis of stroke versus TIA, 
TEE remained not associated with an increased risk of 
respiratory failure (HR, 0.8; 95% CI 0.6 to 1.1). This lack 
of association persisted after additional adjustment for 
Charlson comorbidities, intravenous thrombolysis, and 
mechanical thrombectomy (HR, 0.9; 95% CI 0.6 to 1.2) 
(table 3). In the fully adjusted model, we found no signif-
icant evidence of a difference in the association among 
patients who had ischemic stroke (HR, 0.9; 95% CI 0.6 to 
1.2) versus TIA (HR, 0.8; 95% CI 0.1 to 5.4) (p value for 
interaction, 0.94).

In a sensitivity analysis excluding patients with infec-
tive endocarditis and patients undergoing cardiover-
sion, there was no association between TEE and risk of 
respiratory failure (HR, 0.9; 95% CI 0.6 to 1.2). We also 

Table 1 Characteristics of Medicare beneficiaries who had 
ischemic stroke or transient ischemic attack, stratified by 
whether TEE was performed (5% national sample)

Characteristics* TEE (n=4677)
No TEE 
(n=94 404)

Age, years, mean (SD) 75.3 (6.9) 79.4 (8.3)

Female 2338 (50.0) 55 437 (58.7)

Race

  White 4000 (85.5) 79 873 (84.6)

  Black 480 (10.3) 9813 (10.4)

  Other 197 (4.2) 4718 (5.0)

Charlson comorbidities, 
number, mean (SD)

2.8 (1.6) 2.9 (1.6)

NIHSS score, median 
(IQR)†

3 (1–7) 4 (1–8)

Intravenous thrombolysis 299 (6.4) 4212 (4.5)

Mechanical thrombectomy 57 (1.2) 841 (0.9)

Cardioversion 61 (1.3) 59 (0.1)

Atrial fibrillation/flutter 1.355 (29.0) 35 479 (37.6)

Coronary heart disease 2416 (51.7) 49 272 (52.2)

Hypertension 4432 (94.8) 89 986 (95.3)

Diabetes mellitus 2422 (51.8) 48 560 (51.4)

Congestive heart failure 1195 (25.6) 30 551 (32.4)

Peripheral vascular disease 1588 (34.0) 30 459 (32.3)

Chronic kidney disease 1200 (25.7) 27 336 (29.0)

Chronic obstructive 
pulmonary disease

1360 (29.1) 31 797 (33.7)

Valvular heart disease 1869 (40.0) 29 958 (31.7)

Infective endocarditis 82 (1.8) 175 (0.2)

Tobacco use 974 (20.8) 17 454 (18.5)

Alcohol abuse 720 (15.4) 12 954 (13.7)

*Data are presented as number (%) unless otherwise specified.
†Data available for 5687 patients.
NIHSS, National Institutes of Health Stroke Scale; TEE, 
transesophageal echocardiography.
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found no association between TEE and respiratory failure 
resulting in tracheostomy (HR, 0.9; 95% CI 0.5 to 1.7). 
After excluding patients who died in the hospital or were 
discharged to hospice, there was similarly no association 

between TEE and respiratory failure (HR, 0.9; 95% CI 0.6 
to 1.4). In a model including an interaction term between 
TEE and calendar year, we found no significant evidence 
that the association between TEE and respiratory failure 
differed by year (p value for interaction, 0.75). Finally, 
when patients who experienced respiratory failure on the 
same day as TEE were included, the association between 
TEE and respiratory failure was not statistically signifi-
cant, although the effect size was positive and of greater 
magnitude than in the primary analysis excluding those 
patients (HR, 1.3, 95% CI 1.0 to 1.6).

DISCUSSION
In this IDEAL phase 4 study using a large sample of Medi-
care beneficiaries who had ischemic stroke and TIA, we 
found that TEE was not associated with an increased risk 
of respiratory failure after adjustment for demographics, 
comorbidities, stroke versus TIA diagnosis, and acute 
stroke treatments. In stratified analyses, this finding was 
similar in patients with stroke versus TIA. Our results were 
unchanged across multiple sensitivity analyses, including 
exclusion of patients with infective endocarditis and 

Table 2 Characteristics of Medicare beneficiaries who had ischemic stroke or transient ischemic attack, stratified by 
respiratory failure (5% national sample)

Characteristics* Respiratory failure (n=1403) No respiratory failure (n=97 678)

Age, years, mean (SD) 77.1 (7.7) 79.3 (8.3)

Female 703 (50.1) 57 072 (58.4)

Race

  White 1039 (74.1) 82 834 (84.8)

  Black 264 (18.8) 10 029 (10.3)

  Other 100 (7.1) 4815 (4.9)

Charlson comorbidities, number, mean (SD) 3.7 (1.8) 2.9 (1.6)

NIHSS score, median (IQR)† 12 (5–19) 4 (1–8)

Intravenous thrombolysis 116 (8.3) 4395 (4.5)

Mechanical thrombectomy 88 (6.3) 810 (0.8)

Cardioversion 16 (1.1) 104 (0.1)

Atrial fibrillation/flutter 721 (51.4) 36 104 (37.0)

Coronary heart disease 890 (63.4) 50 798 (52.0)

Hypertension 1353 (96.4) 93 065 (95.3)

Diabetes mellitus 864 (61.6) 50 118 (51.3)

Congestive heart failure 678 (48.3) 31 068 (31.8)

Peripheral vascular disease 551 (39.3) 31 496 (32.2)

Chronic kidney disease 533 (38.0) 28 003 (28.7)

Chronic obstructive pulmonary disease 605 (43.1) 32 552 (33.3)

Valvular heart disease 457 (32.6) 31 370 (32.1)

Infective endocarditis 14 (1.0) 243 (0.3)

Tobacco use 300 (21.4) 18 128 (18.6)

Alcohol abuse 245 (17.5) 13 429 (13.8)

*Data are presented as number (%) unless otherwise specified.
†Data available for 5687 patients.
NIHSS, National Institutes of Health Stroke Scale.

Figure 1 Cumulative risk of respiratory failure after 
ischemic stroke or transient ischemic stroke, stratified by 
transesophageal echocardiography (TEE).
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patients undergoing cardioversion, exclusion of patients 
who died during hospitalization or were discharged 
to hospice, limiting the outcome to respiratory failure 
requiring tracheostomy, including a TEE–calendar year 
interaction term to determine whether the relationship 
between TEE and respiratory failure changed over time, 
and including patients who experienced respiratory 
failure on the same day as TEE. Notably, the total inci-
dence of respiratory failure was lower than the incidence 
reported in prior studies.17 This is most likely because 
patients requiring intubation on the day of admission 
were not included in our analysis as we were focused on 
respiratory failure occurring at least 1 day after TEE.

Data are scarce on the safety of TEE in regard to respi-
ratory failure in the context of stroke or TIA. Several 
factors may increase risk of aspiration after TEE for 
patients who had stroke and TIA, including older age 
and frailty, dysphagia,18–21 use of sedating medications,22 
and direct injury from probe manipulation during the 
procedure.23 Although prior studies have suggested TEE 
is generally safe and well tolerated in general cardiac 
populations,24–30 safety data in stroke and TIA have only 
been sparsely reported in relatively small, single- center 
studies.5 Recent evidence from studies not specifically 
enrolling patients who had stroke or TIA suggests that the 
risk of complications associated with TEE may be higher 
than previously suggested.23 31 In this context, our results 

provide novel findings suggesting that the use of TEE for 
routine, community- onset stroke or TIA may not be asso-
ciated with an increased risk of respiratory complications.

Our study has several limitations that should be consid-
ered when interpreting our results. First, our results were 
limited to patients with an admission diagnosis of stroke 
or TIA, and because we lacked data on the exact timing 
of strokes occurring during the hospitalization we could 
not examine the association between TEE and respiratory 
failure in patients who experienced in- hospital stroke or 
TIA. Second, our variables were defined using diagnosis 
and procedure codes, which carry a risk of misclassifica-
tion. Third, we lacked data regarding the type, dosage, 
and depth of sedation in patients who underwent TEE. 
Fourth, the etiology of respiratory failure is often multi-
factorial and thus our results may be prone to residual 
confounding and selection bias. Fifth, all patients 
included in our study were at least 65 years of age and 
the results may not be generalizable to all age groups. 
Sixth, we do not have data on do- not- intubate orders, 
other requests for limitation of care, or the overall goals 
of care. It is possible that our definition of respiratory 
failure missed cases of respiratory failure which were not 
treated with invasive means because of more conserva-
tive goals of care, and such patients may also have been 
less likely to undergo other invasive procedures such 
as TEE. On the other hand, such patients with respira-
tory failure would presumably not have survived or been 
discharged to hospice, and our findings were unchanged 
in a sensitivity analysis excluding patients who died or 
were discharged to hospice. Seventh, for patients who 
experienced respiratory failure on the same day as TEE, 
we were unable to specify which event occurred first. 
Conservatively, we did not count TEE performed on the 
same day as respiratory failure to avoid results driven by 
cases in which TEE may have been performed in patients 
who were already intubated; however, this approach may 
also carry a risk of selection bias by excluding cases in 
which respiratory failure occurred during or immediately 
after TEE. Eighth, we did not have data on TEE oper-
ator technique or experience or how these variables may 
have changed over time. These unmeasured variables 
could confound the relationship between TEE and respi-
ratory failure, although we found no evidence that this 
relationship changed by calendar year. Finally, a complete 
accounting of the risks and benefits associated with TEE 
was not possible with the data available as we do not know 
the full clinical indications for TEE in each case or the 
yield of the TEE studies.

In conclusion, we found that TEE was not associated 
with an increased risk of acute respiratory failure among 
older patients who had acute ischemic stroke or TIA. 
These findings may help clinicians weigh the poten-
tial risks and benefits of TEE for evaluation of ischemic 
stroke.

Twitter Art Sedrakyan @Artsytwits

Table 3 Associations between TEE and respiratory failure 
among Medicare beneficiaries who had ischemic stroke or 
transient ischemic attack (5% national sample)

HR* (95% CI)

Primary models

  Unadjusted 1.0 (0.8 to 1.4)

  Adjusted for age, sex, race, and 
diagnosis of stroke versus transient 
ischemic attack

0.8 (0.6 to 1.1)

  Also adjusted for comorbidities, 
thrombolysis, and thrombectomy

0.9 (0.6 to 1.2)

Subgroup analyses

  Patients who had ischemic stroke 0.9 (0.6 to 1.2)

  Patients who had transient ischemic 
attack

0.8 (0.1 to 5.4)

Sensitivity analyses*

  Excluding patients with endocarditis or 
undergoing cardioversion

0.9 (0.6 to 1.2)

  Outcome limited to respiratory failure 
requiring tracheostomy

0.9 (0.5 to 1.7)

  Excluding patients with in- hospital 
death or discharge to hospice

0.9 (0.6 to 1.4)

  Including TEE performed on the same 
day as intubation

1.3 (1.0 to 1.6)

*All sensitivity analyses were based on model 3 from the primary 
models.
TEE, transesophageal echocardiography.
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