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BACKGROUND Supraventricular tachycardia (SVT) is a common
arrhythmia. Infants with SVT are often admitted to initiate antiar-
rhythmics. Transesophageal pacing (TEP) studies can be used to
guide therapy prior to discharge.

OBJECTIVE The objective of this study was to investigate the
impact of TEP studies on length of stay (LOS), readmission, and
cost in infants with SVT.

METHODS This was a 2-site retrospective review of infants with
SVT. One site (Center TEPS) utilized TEP studies in all patients.
The other (Center NOTEP) did not. Patients with structural heart dis-
ease, patients with gestational age ,34 weeks, and patients diag-
nosed after 6 months were excluded. At Center TEPS, repeat TEP
studies were performed after titration of medication until SVT was
not inducible. Primary endpoints were LOS and readmission for
breakthrough SVT within 31 days of discharge. Hospital reimburse-
ment data were utilized for cost-effectiveness analysis.

RESULTS The cohort included 131 patients, 59 in Center TEPS and
72 in Center NOTEP. One patient was readmitted in Center TEPS vs 17
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in Center NOTEP (1.6% vs 23.6%; P� .001). Median LOS was longer
for Center TEPS at 118.0 (interquartile range [IQR] 74.0–189.5)
hours vs Center NOTEP at 66.9 (IQR 45.5–118.3) hours (P 5
.001). Twenty-one patients had multiple TEP studies. Median length
of readmission for Center NOTEP was 65 (IQR 41–101) hours.
Including readmission costs, utilization of TEP studies resulted in
a probability-weighted cost of $45,531 per patient compared with
$31,087 per patient without TEP studies.

CONCLUSION Utilization of TEP studies was associated with
decreased readmission rates but longer LOS and greater cost
compared with SVT management without TEP studies.

KEYWORDS Cost; Hospital readmission; Supraventricular tachy-
cardia; Pediatric electrophysiology; Transesophageal pacing
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Introduction
Supraventricular tachycardia (SVT) is the most common
arrhythmia in infants.1 After initial diagnosis, most infants
with SVT are admitted for inpatient care to initiate chronic
antiarrhythmic therapy with the goal to prevent SVT recur-
rence and begin medication safely.2 A common practice after
admission is to initiate antiarrhythmics, adjust medications
based on early breakthrough SVT, and discharge patients af-
ter a period of observation.3While this system works in many
instances, some patients will have readmission secondary to
breakthrough tachycardia. In an attempt to reduce early read-
mission for breakthrough arrhythmia, some centers utilize
transesophageal pacing (TEP) studies prior to discharge
while patients are on antiarrhythmics to guide medication
therapy.4,5 If a patient has inducible tachycardia on TEP
studies while receiving medication therapy, medications are
titrated or changed and TEP studies are repeated until the pa-
tient is no longer inducible. The effectiveness of these 2 ap-
proaches and the impact on medical care and cost has not
been compared. The objective of this study was to address
this gap in the literature and evaluate the effect of TEP studies
on hospital readmission rates and hospital length of stay and
n access article
/).

https://doi.org/10.1016/j.hroo.2023.04.006

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:daniel.vari@cchmc.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hroo.2023.04.006&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.hroo.2023.04.006


KEY FINDINGS

- Readmission rates for infants with supraventricular
tachycardia who are medically treated are high with an
observe-and-discharge approach.

- By utilizing transesophageal pacing studies to guide
medication therapy, readmissions for infants with
supraventricular tachycardia can be significantly
reduced.

- Utilization of transesophageal pacing studies is asso-
ciated with greater cost, even when readmission costs
are included.
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perform a cost-effectiveness analysis comparing these 2 ap-
proaches.
Methods
This was a retrospective chart review of infants with 1:1 re-
entrant SVT diagnosed prior to 6 months of age. Patients
were hospitalized between May of 2010 and October of
2021 at 1 of 2 pediatric institutions. The study was conducted
with permission from local institutional review boards at both
participating centers (#2020-0977 and #1697128-2). Due to
the retrospective nature of this study, informed consent
from patients was not sought, as only nonidentifiable clinical
data were collected and analyzed. All research conducted
during this study adhered to the Helsinki Declaration guide-
lines. Infants were admitted following diagnosis with medi-
cation initiation according to center practice. The first
institution (Center NOTEP) used admission and discharge
planning without the use of TEP studies. The second institu-
tion (Center TEPS) routinely utilized TEP studies screening
in all infants after initiation of antiarrhythmic therapy but
prior to hospital discharge. Patients were excluded if they
had a primary diagnosis of atrial tachycardia, atrial fibrilla-
tion or atrial flutter, structural heart disease requiring surgical
or catheter intervention, or gestational age ,34 weeks.
Inpatient management
Patient care was delivered as part of routine institutional pa-
tient management at each center. Decisions regarding antiar-
rhythmic choice were determined clinically and based on
patient presentation, tachycardia characteristics, and physi-
cian preference. No patients admitted at Center NOTEP un-
derwent TEP studies, while all patients admitted at Center
TEPS underwent TEP studies after 4 to 6 half-lives of the
medication used, which was typically after 48 hours of anti-
arrhythmic treatment if no breakthrough tachycardia was de-
tected. The protocol for TEP studies at Center TEPS
consisted of placement of a 5F bipolar pacing catheter in
the retro-cardiac position within the esophagus via the nares
or oropharynx followed by a pacing protocol. The pacing
protocol consisted of incremental atrial pacing and single
and double atrial extrastimuli both off and on isoproterenol.
If sustained SVT was inducible on TEP studies, defined as
SVT that did not spontaneously terminate within 20 beats
of tachycardia, this was considered a failure of the current
medical treatment regimen. If there was a first failure, the
dose of the initial agent, usually a beta-blocker, was adjusted.
Once therapeutic efficacy of the new regimen was deemed
stable, typically 48 hours after medication adjustment, the
TEP was repeated. If the patient remained inducible then a
second agent, typically flecainide, was added. This process
was repeated until the patient was no longer inducible by
TEP studies. Studies were performed with minimal sedation
and most patients only received oral dextrose via a pacifier.
At Center NOTEP, patients were discharged once arrhythmia
free for 24 hours after medication was deemed to be at steady
state, which was typically 48 hours after initiation.

At both sites, the electronic medical record was examined
to gather baseline and initial hospitalization characteristics.
These included patient age, race, ethnicity, sex, weight,
length, gestational age, prenatal diagnosis, congenital heart
disease not requiring intervention, maternal diabetes, age at
admission, admission length and location, left ventricular
ejection fraction on admission, type of and changes to med-
ical therapy, number of TEP studies performed, utilization
of extracorporeal membrane oxygenation, and if discharge
was delayed due to factors not related to treatment of SVT.
Follow-up data after initial discharge were also collected,
including length of follow-up, readmission while on antiar-
rhythmics, duration and discontinuation of outpatient antiar-
rhythmic therapy, SVT recurrence after discontinuation of
outpatient therapy, and catheter ablation therapy.

At each center, the diagnosis of SVT was confirmed by a
pediatric electrophysiologist who reviewed an electrocardio-
gram tracing of each patient’s tachycardia at admission and
compared it to an electrocardiogram in sinus rhythm. Patients
were admitted to either an intensive care unit or the general
cardiology floor depending on patient stability and center
policy. Prematurity was defined as gestational age under 37
weeks. Left ventricular ejection fraction,55% on admission
echocardiogram was defined as tachycardia-induced cardio-
myopathy. If a patient was on stable medication therapy
and suitable for discharge but was then not discharged for
.24 hours due to comorbidities unrelated to SVT, this pa-
tient was deemed to have a delayed discharge and was not
included in length of stay or cost-effectiveness analyses.

The first-line agent was most often propranolol and was
initiated at 2 mg/kg/d divided every 8 hours. Other agents uti-
lized included digoxin, dosed initially at 10 mg/kg/d divided
over 2 doses; flecainide, dosed initially at 80mg/m2/d divided
every 8 hours; and amiodarone, dosed initially at 5 mg/kg/
d daily after a load of 10 mg/kg/d. If an antiarrhythmic was
discontinued in favor of another agent or if another agent
was added to the current regimen, these were defined as
changes in medication. Changes in route of administration,
such as intravenous to oral, of 2 identical medications or
medications with identical mechanisms of action, were not
recorded as changes in medication. For each patient with a
medication change, the reason for a change in medication
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was identified via review of progress and consultation notes
in the electronic medical record and categorized as being sec-
ondary to breakthrough SVT while on current medication
regimen, medication side effects, or results of TEP studies
testing.
Postdischarge follow-up and readmission
Prior to discharge, all patients received teaching by the
nursing staff on both medication administration and heart
rate monitoring. All patients were contacted after discharge
within 24 to 48 hours to ensure there were no barriers to
medication access or administration. All patients had routine
electrophysiology follow-up within 4–8 weeks after
discharge and then routinely while on medication therapy.
Early hospital readmission was the primary outcome in this
study. Each patient was followed from the time of hospital
discharge until the last outpatient visit at the participating
institution. All hospital readmissions were tracked though
the entire length of patient care. Early hospital readmission
was defined as readmission within 31 days of discharge
from initial SVT hospitalization. As part of routine care, all
patients who had early recurrence of documented SVT
were readmitted at both centers. The secondary outcome
was hospital length of stay during initial admission. This
was determined from the electronic health record and was
calculated as the time between placement of admission and
discharge orders. Length of stay was also calculated for all
readmissions.
Statistical analysis
Median with interquartile range (IQR) or frequency and per-
centage were used to describe demographic, hospitalization,
and follow-up variables. Differences between the Center
NOTEP and Center TEPS cohorts were tested by Wilcoxon
rank sum tests for continuous variables and chi-square tests
for categorical variables. A Kaplan-Meier curve of freedom
from readmission over the first year after initial hospital
discharge was generated for the entire population, as well
as each center. The log-rank test was used to evaluate differ-
ences in readmission between the centers. P values ,.05
were considered statistically significant. All statistical ana-
lyses were performed using R statistical program (version
3.6.1; R Foundation for Statistical Computing, Vienna,
Austria).
Cost analysis
To examine the financial implications of the strategy choice,
a cost-effectiveness analysis was performed. The financial
analysis was performed from the perspective of the health-
care sector, with costs being defined as payer cost according
to consensus guidelines for the performance of cost-
effectiveness analyses.6 Indirect costs, such as parent oppor-
tunity costs for readmission, which would be included in
societal perspective, were not included. Costs were normal-
ized to present value 2022 constant U.S. dollars using a 3%
real discount rate. The unit of effectiveness was readmissions
prevented and inpatient hospital days prevented. To this end,
hospital reimbursement records for study subjects cared for at
Center NOTEP were analyzed for all-inclusive procedural
and inpatient care costs both for the initial admission and re-
admissions for SVT. Expenses included a subset of patients
who required intensive care, as this represents the true spec-
trum of costs and thereby maintains external validity. How-
ever, patients whose hospitalization was prolonged for
reasons other than SVT management were excluded from
this cost analysis. Cost for the performance of TEP studies
in an unrelated outpatient population was utilized as a surro-
gate for the cost of TEP studies in the study cohort. The cu-
mulative costs and effectiveness of each strategy was
probability weighted according to the clinical outcomes
observed in the study subjects. To limit the extent to which
state or institutional contract reimbursement differences
impacted the results, the cost rates extracted from Center
NOTEP were applied equally to the clinical courses experi-
enced by patients at both centers.
Results
Baseline characteristics and initial hospitalization
A total of 131 patients were included in the study, 72 at Cen-
ter NOTEP and 59 at Center TEPS. Table 1 demonstrates the
cohort’s baseline characteristics. The overall population was
predominantly male (64%), Caucasian (74%), and non-
Hispanic (91%). Center TEP had a greater proportion of pa-
tients with Hispanic ethnicity than Center NOTEP (10 of 59
vs 2 of 71; P5 .014). Median weight at presentation was 3.7
(IQR 3.3–4.2) kg, and the median weight at presentation was
lower for Center NOTEP than for Center TEPS (3.5 kg vs 3.9
kg; P 5 .009). Gestational age was slightly less by 2 days at
Center NOTEP than at Center TEPS (38.5 weeks vs 39
weeks; P5 .033). There were no other differences in baseline
characteristics between the 2 cohorts.

Regarding admission location, 84 (64%) patients were
admitted to an intensive care unit, and patients at Center
NOTEP were more likely to be admitted to an intensive
care unit (53 of 72 vs 31 of 59; P 5 .012). Table 2 demon-
strates the cohort’s hospitalization characteristics. All pa-
tients were initiated on antiarrhythmic medications after
admission, and there was no statistically significant differ-
ence between initial antiarrhythmic type. During initial
admission, patients at Center TEPS were more likely to un-
dergo an initial change in medication than were those at Cen-
ter NOTEP (33 of 59 vs 24 of 72; P 5 .016). However,
patients at Center NOTEP were more likely to have had mul-
tiple medication changes during initial admission (11 of 24 vs
4 of 33; P5 .011). Upon discharge, patients at Center TEPS
were more likely to be treated with a beta-blocker (54 of 59 vs
43 of 72; P, .001), be treated with flecainide (32 of 59 vs 15
of 72; P, .001), and be discharged on multiple medications
(30 of 59 vs 5 of 72; P , .001) and were less likely to be
treated with amiodarone (1 of 59 vs 10 of 72; P 5 .029).
When length of admission was examined, patients at Center
TEPS had a longer median length of admission compared



Table 1 Baseline characteristics of infants admitted with supraventricular tachycardia

Variable All patients (N 5 131)

By center

P valueNOTEP (n 5 72) TEPS (n 5 59)

Male 84 (64) 41 (57) 43 (73) .087
Admission weight, kg 3.7 (3.3–4.2) 3.5 (3.2–4.1) 3.9 (3.5–4.3) .009*
Admission length, cm 51.5 (49.0–54.0) 51.0 (48.2–53.5) 51.7 (50.2–54.8) .078
Race .13
Caucasian 96 (74) 57 (79) 39 (66)
African American 22 (17) 11 (15) 11 (19)
Asian 1 (0.8) 0 (0) 1 (1.7)
Other/multiple 11 (8.5) 3 (4.2) 8 (14)
Unknown 1 (0.8) 1 (1.4) 0 (0)

Hispanic ethnicity 12 (9.2) 2 (2.8) 10 (17) .014*
Infant of diabetic mother 22 (17) 13 (18) 9 (15) .8
Prematurity 18 (14) 14 (19) 4 (6.8) .066
Gestational age, wk 39.0 (37.4–39.5) 38.5 (37.0–39.3) 39.0 (38.0–4.0) .033*
Noninterventional CHD 11 (8.4) — —
Prenatal diagnosis 22 (17) 14 (19) 8 (14) .5
Age at diagnosis, d 11.0 (3.0–29.0) 12.5 (4.5–32.2) 10.0 (3.0–25.0) .4

Values are n (%) or median (interquartile range).
CHD 5 congenital heart disease; NOTEP 5 no transesophageal pacing; TEPS 5 transesophageal pacing studies.

*P-values , .05.
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with those at center NOTEP (118.0 [IQR 74.0–189.5] hours
vs 66.9 [IQR 45.5–118.3] hours; P 5 .001). There were no
other significant differences between the 2 centers regarding
other hospitalization characteristics.

A total of 72 pacing studies were performed for the 59 pa-
tients at Center TEPS. Multiple TEP studies were performed
in 21 patients, while 38 patients only had a single TEP study.
A breakdown of number of TEP studies performed per pa-
tient is presented in Figure 1. There were no complications
from any TEP studies.
Table 2 Hospitalization characteristics of infants admitted with suprav

Variable All patients (N 5 131)

Length of admission, h 91.4 (51.6–160.2)
Initial admission location
Cardiac intensive care unit 57 (44)
Neonatal intensive care Unit 23 (18)
Pediatric intensive care unit 4 (3.1)
Cardiac step down 46 (35)
Other location 1 (0.8)

Initial medication
Beta-blocker 110 (84)
Digoxin 12 (9.2)
Flecainide 4 (3.1)
Amiodarone 4 (3.1)
Procainamide 2 (1.5)

Medication change 57 (44)
ECMO utilized 3 (2.3)
TICM on admission 39 (30)
Dysfunction prior to discharge 6 (4.6)
Continuous antiarrhythmic at admission 17 (13)

Values are median (interquartile range) or n (%).
ECMO5 extracorporeal membrane oxygenation; NOTEP5 no transesophageal p

cardiomyopathy.
*P-values , .05.
Readmission, recurrence, and postdischarge
information
For the entire cohort, median follow-up after initial hospital
discharge was 667 (IQR 346–1562) days. Table 3 demon-
strates the cohort’s discharge and follow-up characteristics.
One patient at Center TEPS did not have any follow-up after
initial hospital discharge and was not included in the readmis-
sion analysis. Patients at Center TEPS were more likely to be
discharged earlier from outpatient care, as median follow-up
at Center TEPS was 368 (IQR 246–785) days compared with
entricular tachycardia

By center

P valueNOTEP (n 5 72) TEPS (n 5 59)

66.9 (45.5–118.3) 118.0 (74.0–189.5) .001*
.021*

40 (56) 17 (29)
12 (17) 11 (19)
1 (1.4) 3 (5.1)
19 (26) 27 (46)
0 (0) 1 (1.7)

57 (79) 53 (90) .2
10 (14) 2 (3.4) .077
1 (1.4) 3 (5.1) .5
3 (4.2) 1 (1.7) .8
2 (2.8) 0 (0) .6
24 (33) 33 (56) .016*
2 (2.8) 1 (1.7) ..9
21 (29) 18 (31) ..9
4 (5.6) 2 (3.4) .7
8 (11) 9 (15) .7

acing; TEPS5 transesophageal pacing studies; TICM5 tachycardia-induced



Figure 1 Bar graph demonstrating the number of transesophageal pacing
(TEP) studies received by each patient at Center TEPS. The x-axis represents
the number of TEP studies performed, while the y-axis is the number of pa-
tients who received that many TEP studies.
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942 (IQR 502–1728) days (P , .001) at Center NOTEP. A
total of 18 (13.8%) patients were readmitted within 31 days
of hospital discharge. Only 1 (1.7%) patient was readmitted
at Center TEPS, while 17 (23.6%) patients were readmitted
at Center NOTEP (1 of 58 vs 17 of 72; P , .001). Of the
17 patients readmitted at Center NOTEP within 31 days of
discharge, 11 were readmitted within 1 week with minimal
change in weight. Of the other 6 patients readmitted in this
time period, 2 patients had weight-based medication doses
less than discharge, 3 patients had weight-based medication
doses greater than discharge after outpatient dose adjustment,
and 1 patient had unchanged weight-based medication dose.
Of these early patients with early readmission, all were on
Table 3 Discharge and follow-up characteristics of infants admitted w

Variable All patien

Discharge medication
Beta-blocker 97 (74)
Digoxin 9 (6.9)
Flecainide 47 (36)
Amiodarone 11 (8.4)
Propafenone 1 (0.8)
No medication 2 (1.5)

Discharge on multiple medications 35 (27)
Readmission within 31 d 18 (13.8
Length of follow-up, d 667 (346
Medications discontinued by study end 112 (88)
Age medications discontinued, mo 12.0 (7.8
Recurrence after medications discontinued 10 (8.9)
Age of recurrence after medications discontinued, mo 38.5 (10.
Patient underwent ablation 7 (5.4)

Values are n (%) or median (interquartile range).
NOTEP 5 no transesophageal pacing; TEPS 5 transesophageal pacing studies.

*P-values , .05.
monotherapy and 12 were on beta-blocker, 2 were on flecai-
nide, 2 were on digoxin, and 1 was on amiodarone. Care-
givers reported no missed doses, but 3 reported vomiting
around time of medication dose. A further 3 patients were re-
admitted between 32 and 200 days of discharge, all at Center
NOTEP. The single Center TEPS readmission had recurrence
at 23 days of age, and median recurrence at Center NOTEP
was 6 (IQR 4–25) days. A Kaplan-Meier curve of freedom
from readmission by center over the first year is presented
in Figure 2. There was a statistically significant difference
in freedom from readmission between Center TEPS and
Center NOTEP (98.2% vs 73.6% at 150 days; log-rank
P , .001).

The majority of patients at both centers stopped medica-
tion therapy by study endpoint, with 61 (85%) and 51
(88%) patients stopping at Center NOTEP and Center
TEPS, respectively. The median age of medication cessation
was similar between Center TEPS (12 [IQR 7–12] months)
and Center NOTEP (11 [IQR 8–12] months) (P 5 .5). Ten
patients had recurrence of tachycardia after medication cessa-
tion, 7 (11%) at Center NOTEP and 3 (5%) at Center TEPS (P
5 .5). Median age of recurrence was slightly older among pa-
tients at Center TEPS (60 [IQR 35–78] months) than at Cen-
ter NOTEP (36 [IQR 11–42] months), although this did not
reach statistical significance (P5 .3). A total of 7 patients un-
derwent ablation during the study period, 6 at Center NOTEP
and 1 at Center TEPS (6 of 72 vs 1 of 58; P 5 .13). Only 2
patients underwent ablation during the first year of age,
both at Center NOTEPS. One patient had 3 readmissions
before ablation at 2 months of age after failure of multiple
medications and 1 patient underwent ablation at 1 month of
age during initial admission after inefficacy of multiple med-
ications. All other patients received elective ablation at 3
years of age or older.
ith supraventricular tachycardia

ts (N 5 131)

By center

P valueNOTEP (n 5 72) TEPS (n 5 59)

43 (60) 54 (92) ,.001*
7 (9.7) 2 (3.4) .3
15 (21) 32 (54) ,.001*
10 (14) 1 (1.7) .029*
1 (1.4) 0 (0) ..9
2 (2.8) 0 (0) .6
5 (6.9) 30 (51) ,.001*

) 17 (23.6) 1 (1.7) ,.001*
–1562) 942 (502–1728) 368 (246–785) ,.001*

61 (87) 51 (88) ..9
–12.0) 11.0 (8.0–13.0) 12.0 (7.0–12.0) .5

7 (11) 3 (5.9) .5
0–49.0) 36.0 (10.5–42.0) 60.0 (34.5–78.0) .3

6 (8.3) 1 (1.7) .2



Figure 2 Kaplan-Meier curve of freedom from readmission of supraven-
tricular tachycardia patients. The red dashed line represents patients at the
center with transesophageal pacing studies (Center TEPS), while the green
dotted line represents patients at the center with no transesophageal pacing
studies (Center NOTEP). The solid blue line is the overall cohort. Shaded
areas are 95% confidence intervals.
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Cost analysis
Utilizing reimbursement data from Center NOTEP, an incre-
mental cost-effectiveness ratio analysis was performed by
comparing the cost of each center’s strategy with its efficacy
at preventing readmissions. Using these data, a median daily
rate of $8810.39 for initial admission was generated from 55
patients whose discharge was not delayed and who had accu-
rate reimbursement accounts. We multiplied this daily rate
with each centers median admission length in days (3 for
Center NOTEP and 5 for Center TEPS). We then utilized
the same strategy to obtain a median daily of rate of
$6573.15 for readmission from 14 patients who had accurate
reimbursement accounts pertaining to their readmission hos-
pital course. We multiplied this value with the readmission
probability of each center and a median readmission length
of 3 days to obtain a probability weighted readmission cost.
We then obtained reimbursement data for 7 patients not in
the study population who received outpatient TEP studies
at Center NOTEP for other indications to keep all reimburse-
ment data tied to a single center. We then probability
weighted the likelihood of multiple TEP studies based on
the number of TEP studies performed for each patient. By
summing the initial admission costs with probability-
weighted TEP studies and readmission costs, we calculated
a probability-weighted total strategy cost of $45,531.77 at
Center TEPS and $31,087.16 at Center NOTEP. Thus, the
routine utilization of TEP studies resulted in a $14,444.6
greater cost per patient, on average. By dividing the differ-
ence in cost of each strategy by the difference in efficacy of
each strategy, the incremental cost-effectiveness ratio anal-
ysis demonstrated an average cost of $65,908.35 for routine
utilization of TEP studies to prevent 1 readmission.
Discussion
SVT is the most common arrhythmia in infants, and early re-
admission is both a financial and emotional stress for both
caregivers and healthcare systems. In this study, we exam-
ined the utility of TEP studies in preventing early hospital re-
admission in infants diagnosed with SVT and performed an
analysis to determine the cost-effectiveness of differing
discharge strategies. These data demonstrated several key
factors in early readmission and the utility of TEP studies
in discharge readiness. First, early readmission was common
following SVT discharges in which observation was the only
measure of discharge readiness. Second, the use of TEP
studies in this cohort was associated with a significant reduc-
tion in early hospital readmission compared with patients
with observation only prior to discharge. However, due to
longer lengths of stay incurred by patients who underwent
multiple TEP studies, as well as procedural costs, the utiliza-
tion of TEP studies was associated with greater overall cost.

The need for early hospital readmission associated with
observation only discharge strategies in infants with SVT is
common, and the early recurrence rate in this study is similar
to prior reports.7 Unfortunately, there are few inherent patient
or arrhythmia characteristics that accurately predict readmis-
sion. Because of this, strategies to improve readmission risk
assessment are of potential use. Early on, TEP studies were uti-
lized in the management of SVT in various capacities
including tachycardia termination, risk stratification, and basic
electrophysiologic description.8–10 Subsequently, TEP studies
were utilized for SVT medication assessment in the pediatric
population, and Benson and colleagues11 used TEP studies
to test efficacy of pharmacological therapy in children treated
with quinidine. Shortly afterward, Benson and colleagues12 re-
ported that many infants with SVT treated with digoxin were
inducible on TEP studies and had a high rate of clinical recur-
rence. Other applications of TEP studies in pediatric SVT have
been used, including assessing arrhythmiamechanism and age
distribution in children,13 evaluating for SVT inducibility after
discontinuing chronic antiarrhythmic therapy,14 evaluation of
palpitations,15 and evaluating tachycardia substrate in new-
borns with a history of fetal tachycardia.5,16

In our study, TEP studies were utilized to test for
continued inducibility of SVT in newly diagnosed infants un-
dergoing inpatient treatment with antiarrhythmics in hopes of
determining discharge readiness and risk for early readmis-
sion secondary to medication failure. Patients who remained
inducible on their current antiarrhythmic therapy remained
inpatient and received either an increase in medication
dosage or an addition or substitution of another antiar-
rhythmic agent with the underlying assumption that these pa-
tients have a higher risk of recurrence in the outpatient
setting. The use of TEP studies in SVT recurrence was inves-
tigated by Bonney and colleagues,17 who demonstrated that
infants with inducible SVT on TEP studies at discharge
were more likely to have outpatient recurrence.

Prior studies have found that TEP studies carry a high
negative predictive value for assessing efficacy of clinical
therapy. However, the positive predictive value was signifi-
cantly lower.18 Our data correlated with these findings, as
only a single patient was readmitted using a TEP strategy.
However, 21 (35.6%) of the 59 patients required multiple
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TEP studies to achieve a negative endpoint, which resulted in
prolonged hospital readmission and increased cost. Recently
published work evaluating TEP studies in prenatally diag-
nosed infants with SVT found a 21% recurrence rate among
a 19-patient cohort who received only 1 TEP while on esmo-
lol. Some of these patients remained inducible on esmolol,
suggesting that multiple TEP studies to achieve a negative
endpoint may be necessary to prevent readmission.5 While
there was a significant reduction in readmission, our cost
analysis demonstrated a significantly increased probability-
weighted total cost for utilizing TEP studies in all patients.
To routinely employ TEP studies in this manner resulted in
a $14,444.60 greater cost per patient, and $65,908.35 was
needed to prevent 1 readmission. Given this value exceeds
the probability-weighted cost of that resultant readmission,
from a purely financial standpoint the TEP strategy is chal-
lenging to justify from the healthcare sector perspective.

However, this value considers neither the economic cost
of caregiver distress from readmission19 nor the lost earnings
and nonmedical expenses for caregivers.20 While difficult to
measure, these societal cost factors may result in a lower rela-
tive cost of routinely utilizing TEP studies than our numbers
suggest. Additionally, while the readmission rate for Center
NOTEP is consistent with published values in the literature,
some studies demonstrate higher admission rates,21 and utili-
zation of these rates would improve the cost profile of the
TEP strategy. Nonetheless, while the cost per patient utilizing
TEP studies in all patients is significantly greater in this data-
set, TEP was demonstrated to be an effective tool to prevent
readmissions. Thus, a targeted approach to utilizing TEP
studies may result in reduced readmissions while also
improving the cost-effectiveness. The challenge is identi-
fying which patients are more likely to be readmitted. Multi-
ple prior studies have demonstrated that patients with
ventricular pre-excitation are at a higher risk of readmission,
and these patients would likely benefit from receiving TEP
studies prior to discharge.21–23 Other patients who may be
at risk include patients with a diagnosis of fetal
tachycardia21,24,25 or who require multiple medications to
manage,21,23,25 although evidence on these risk factors is
mixed.22,23,26

In addition to those patients who are at greater risk of re-
admission, patients who are located farther from healthcare
facilities or those with other comorbidities may benefit
from the utilization of TEP studies to achieve a satisfactorily
therapeutic medication regimen. Similarly, patients who have
already been readmitted may benefit from TEP studies to pre-
vent ongoing medication failure. Ultimately, providers at
each center will have to weigh the costs and benefits of
each approach and can engage in shared decision making
with families to determine the ideal approach for each patient.
Limitations
This study has several limitations. Given that there were 2
sites involved in this study, some outcome variables may
have been influence by practice variation between the 2 cen-
ters. Also, medication regimens varied, and some medica-
tions utilized in early study patients, such as digoxin, are
less prevalent in the treatment of SVT today. At Center
TEPS, TEP studies were performed after approximately 48
hours of treatment, which depending on medication used,
may not have allowed for 5 half-lives prior to testing. Addi-
tionally, aside from asking patients at follow-up appoint-
ments and readmission, there was no formal mechanism for
evaluating medication compliance, which may be a factor
in patient recurrences. This study was retrospective, and
therefore our information was limited to what could be ex-
tracted from the electronic health record.
Conclusion
This study evaluated the effect that a TEP predischarge strat-
egy had on early hospital readmission and compared clinical
effectiveness and cost-effectiveness of a TEP strategy to
routine observation for the management of SVT in infants.
These data demonstrated that patients who underwent titra-
tion of antiarrhythmic medications under the guidance of
TEP studies had a significantly lower rate of readmission.
However, the routine utilization of TEP studies was also
associated with longer hospitalizations and greater costs,
even when readmission costs were included. These data
may aid physicians in determining if an observation only,
routine TEP study utilization, or a hybrid strategy is most
appropriate for their centers.
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