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Abstract

Introduction: Quality improvement efforts have focused on reducing interstage mortality for
infants with hypoplastic left heart syndrome (HLHS). In 1/2016 two publications reported that use
of digoxin was associated with reduced interstage mortality. The degree to which these findings
have affected real world practice has not been evaluated.

Methods: The discharge medications of neonates with HLHS undergoing Norwood operation
between 1/2007 and 12/2018 at Pediatric Health Information Systems Database hospitals were
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studied. Mixed effects models were calculated to evaluate the hypothesis that the likelihood of
digoxin prescription increased after 1/2016, adjusting for measurable confounders with furosemide
and aspirin prescription measured as falsification tests. Inter-hospital practice variation was
measured using the median odds ratio.

Results: Over the study period 6,091 subjects from 45 hospitals were included. After adjusting
for measurable covariates, discharge after 1/2016 was associated with increased odds of receiving
digoxin (OR: 3.9, p<0.001). No association was seen between date of discharge and furosemide
(p=0.26) or aspirin (p=0.12). Prior to 1/20186, the likelihood of receiving digoxin was decreasing
(OR: 0.9 per year, p<0.001) while after 1/2016 the rate has increased (OR: 1.4 per year, p<0.001).
However, there remains significant inter-hospital variation in the likelihood of receiving digoxin
even after adjusting for known confounders (median odds ratio=3.5, p<0.0001).

Conclusion: Following publication of studies describing an association between digoxin and
improved interstage survival, the likelihood of receiving digoxin at discharge increased without
similar changes for furosemide or aspirin. Despite concerted efforts to standardize interstage care,
inter-hospital variation in pharmacotherapy in this vulnerable population persists.
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Introduction:

The interstage period between Norwood operation and superior cavopulmonary connection
operation has been identified as a period of high risk for infants with hypoplastic left heart
syndrome (HLHS) and anatomic variants with historical series reporting mortality rates
between 10-19%1-10, As a result, improving survival in this period has been the focus of
concerted local?=6:8:11 and national quality improvement efforts!2.13, In January 2016, two
publications separately reported that use of digoxin during the interstage period was
associated with decreased interstage mortalityl#15, after being presented at the American
College of Cardiology and American Heart Association Scientific sessions in 2015.
Contemporaneous studies reported that digoxin was being used in a minority of Norwood
patients16:17, suggesting that digoxin prescription might be a modifiable factor with the
potential to improve transplant-free survival through the interstage period.

To our knowledge, the effect of these findings on real world practice has not been studied.
Therefore, we sought to study trends in the prescription of digoxin at discharge in neonates
with HLHS after Norwood operation using data from the Pediatric Health Information
Systems (PHIS) Database, hypothesizing that the likelihood of prescription would increase
after the publication of these studies. We also sought to determine whether significant inter-
hospital variation in the use of digoxin remained after adjusting for measurable confounders,
hypothesizing that practice variation in prescription of digoxin would have decreased in
parallel in this patient population.
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The PHIS database contains administrative data from inpatient, emergency department,
ambulatory surgery, and observation encounters from 45 not-for-profit, tertiary care pediatric
hospitals in the United States. These hospitals are affiliated with the Children’s Hospital
Association (CHA) (Overland Park, KS). Data quality and reliability are assured through a
joint effort between CHA and participating hospitals. Participating hospitals provide
discharge/encounter data including demographics, diagnoses, and procedures as well as
utilization data (e.g. pharmacy products, radiologic studies, and laboratory studies). Data are
de-identified at the time of data submission and are subject to a number of reliability and
validity checks.

Study Population:

We studied infants (age at admission <30 days) with HLHS who underwent Norwood
operation at a PHIS hospital between 1/1/2007 and 12/31/2018. Subjects were identified
using International Classification of Diseases version 9 and 10 (ICD-9 and ICD-10) codes.
The study spanned periods in which both diagnosis code systems were used. ICD-9 codes
for diagnoses and procedures were identified and converted to ICD-10 codes using United
States Center for Medicare and Medicaid Services ICD-9 to ICD-10 crosswalk (cms.gov).
Manual review of these tables was performed to ensure accuracy. As the focus of the study
was on the use of digoxin in the interstage period, subjects who died prior to discharge or
underwent orthotopic heart transplant during their Norwood hospitalization were excluded
from analysis. Hospitals reporting five or fewer subjects either prior to or after 1/2016 were
excluded to avoid including centers with extremely low Norwood volumes.

Study Measures:

Data were extracted from the PHIS database by direct query using ICD-9/10 codes for
diagnoses and procedures and Clinical Transaction Codes (CTC) for pharmaceutical
products. The primary exposure for this study was the date of discharge. The goal of the
study was to capture discharge prescription of digoxin. PHIS records data from hospital-
based encounters and does not record discharge prescriptions. As a surrogate for a discharge
prescription we sought to capture medications that subjects were receiving immediately
prior to discharge. However, during design of the study we recognized that some discharge
medications might not be administered and/or recorded on the day of discharge. To optimize
sensitivity, the primary outcome was defined as digoxin ordered in the three days prior to
discharge. Digoxin ordered on the day of discharge was also recorded for a pre-planned
sensitivity analysis. We acknowledge that this does not account for changes in prescription
after discharge, but at a minimum provides a best estimate of the intended treatment plan of
the team at the hospital where the patient underwent their Norwood operation. We did not
expect that the likelihood of prescribing aspirin or furosemide would have changed over the
study period. Therefore, analogous data about their prescription patterns were also collected
for use in falsification tests.
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Data about a broad range of potential covariates were collected. During the design of the
study, we suspected that documented arrhythmia would be associated with increased
likelihood of digoxin use, as would factors suggestive of clinical instability (e.g. previous
cardiac arrest, extracorporeal membrane oxygenation, discharge receiving opiate
medications and prolonged length of stay)8. Not all factors associated with digoxin use are
available in the current data set (atrioventricular valve regurgitation or ventricular
dysfunction)!4. Other demographic (sex, race, insurance payer) and clinical (genetic
syndrome and non-cardiac medical conditions) factors were also considered as potentially
influential. Non-cardiac medical conditions were grouped by type as described previouslyl®.
A limitation of these codes is that it is not possible to determine which of these conditions
were present before Norwood operation and which occurred after, but because the influence
of these conditions on likelihood of receiving digoxin is not related to their timing this
distinction was less important in this case. The type of Norwood operation (Blalock-Taussig
shunt vs. right ventricle to pulmonary artery conduit vs. hybrid) was also considered as a
potential factor influencing digoxin prescription, but this was not well delineated in the
database and so could not be used.

Statistical Analysis

The characteristics of the study population were described using standard descriptive
statistics. Continuous variables were expressed as mean + standard deviation or median
(interquartile range (IQR) and range) as appropriate. Categorical data are expressed as
counts and percentages.

Studying changes in likelihood of receiving digoxin was our primary aim. As noted, the two
studies!413 that highlighted the potential benefits of digoxin in the interstage period were
published in 1/2016 but were presented in March and November of 2015 at the American
College of Cardiology and American Heart Association Scientific Sessions. We chose
1/2016 as an inflection for analysis, recognizing that early dissemination was a possibility
that would (if anything) bias our results towards the null. We chose (prior to analysis) to
keep this pre-specified threshold regardless of subsequent observations, which would
potentially bias our results towards the null. The observed rate of digoxin prescription per
year of discharge was calculated. The likelihood of discharge prescription prior to 1/1/2016
was compared to the likelihood after that date using a chi-square test. The same analysis was
applied to furosemide and aspirin. A key source of potential bias in studies comparing two
different periods is changes in the case-mix of the study population between the compared
times. Differences in the distribution of possible covariates were compared between subjects
discharged before and after 1/2016 using Student’s t-test, Wilcoxon rank sum, and Chi-
square tests.

To address any potential bias from differences in the distribution of these covariates,
multivariable models were calculated. The degree to which covariates influenced the
likelihood of receiving digoxin (or other medications) was not known. We sought to identify
pertinent covariates empirically, and so evaluated the association between each covariate and
the receipt of digoxin. To avoid bias, a liberal threshold (p<0.2) was used to determine which
factors would be included in subsequent models?0. Mixed effects models (using generalized
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linear models with logit link) including these covariates as fixed effects and clustering by
hospital were performed. Two main models were calculated 1) separating the cohort into
those discharged before and after 1/2016 and 2) evaluating the rate of change in likelihood
before and after 1/2016. The latter analysis is an extension of a difference-in-difference
analysis (controlling for secular trends in behavior preceding the change). An interrupted
time series methodology, specifically including an adoption period during which changes in
practice were ignored, was not performed because prior to analysis it was not clear how long
dissemination and adoption of new practices would take in an era characterized by
potentially rapid dissemination of research findings (electronic communication and prevalent
quality improvement efforts). Omitting an adoption period also has the potential to bias our
results towards the null.

Measuring variation in practice between centers in the sample was a pre-identified
secondary goal. To do so, we utilized the mixed effects model to calculate the median odds
ratio for treatment with digoxin. The median odds ratio (MOR) is a means of quantifying the
magnitude of variation in practice between hospitals in a sample and has been used in
multiple studies of adult?1-24 and pediatric2>-29 cardiac patients. It represents the relative
odds that a single hypothetical patient would receive different care (i.e. digoxin or not) at
two randomly selected hospitals in the sample30. An MOR>1.2 is considered of significant
magnitude, reflecting meaningful practice variation30.

Several pre-specified sensitivity analyses were performed to measure whether choices made
in the design phase inadvertently introduced important systematic error(s). First, analyses
were repeated with receipt of a medication within 1 day of discharge as the outcome.
Second, an analysis was performed excluding hospitals in which a disproportionate number
of the potential subjects were from either the period before or after 1/2016. The average
proportion of cases after 2016 was 28% with a standard deviation of 11%. We excluded
hospitals where the proportion of cases after 2016 were more than two standard deviations
from this average (either <6% or >50%). Ultimately, this excluded two centers (both of
which had a disproportionately large proportion of cases after 1/2016). Third, an analysis
was performed restricted to subjects in which no arrhythmia was recorded to account for
bias(es) introduced by changes in coding of arrhythmia or in the treatment of dysrhythmia in
this population. One post-hoc sensitivity was performed. We had not excluded subjects kept
in hospital through a second stage operation. To evaluate whether this introduced bias, we
repeated our primary models excluding subjects whose LOS was >90 days. Because of
concerns raised that the prevalence of comorbid conditions was influenced by the conversion
from 1CD-9 to ICD-10 coding, a post-hoc sensitivity analysis was performed of the primary
model with comorbid non-cardiac disease removed from the model.

A post-hoc secondary analysis was performed to evaluate the response of individual
hospitals over the study period. The likelihood of receiving digoxin was calculated for each
hospital for the period before 1/1/2016 and after and depicted. The change in likelihood was
calculated using the sign rank test. A second post-hoc analysis was performed to evaluate
whether Norwood operation annual volume was associated with likelihood of discharge
prescription of digoxin. Norwood volume was incorporated in the primary model as either a
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continuous count or by dividing the study population into four groups based on natural
cutpoints in Norwood volume base on visual inspection their histogram31:32,

Missing data were generally infrequent (<1% for most variables). However, data for race
were missing for a significant number of patients, which is typical for studies using
administrative data2>28:32-36_ To mitigate potential bias, a separate categorical variable for
“missing race” was generated. Otherwise cases with missing data were excluded by case
restriction, and no imputation was applied, since the benefit for addressing these rare
instances was minimal. The primary analyses were pre-specified, and other analyses should
be considered exploratory. No formal adjustment for multiple comparisons was made.

All data analysis was performed using Stata MP 13 (Statacorp, College Station, TX). The
threshold for statistical significance was p<0.05.

Study population:

Initial query of the PHIS database generated a study cohort of 6,154 subjects from 51
hospitals. Based on exclusion criteria, 63 subjects from 6 hospitals were excluded leaving
6,091 subjects from 45 hospitals in the analytic cohort. The population was 62% male and
54% non-Hispanic white with 40% receiving commercial insurance and 49% receiving
Medicaid (Supplementary Table 1).

Dividing the study population between those discharged before 1/2016 and those after, there
were several significant differences (Table 1). Notably the proportion of subjects with
neurologic conditions (p=0.01), renal conditions (p<0.001), gastrointestinal conditions
(0<0.001), metabolic disorder (p=0.001), and technology dependence (p<0.001) were all
higher in subjects discharged in or after 2016 than those discharged before. At the same
time, the prevalence of genetic syndromes was significantly less in those discharged in or
after 2016 (p=0.02). The proportion who received ECMO was also higher (11% vs. 8%
p<0.001). Total and post-operative length of stays were greater in those discharged in or
after 2016 (p<0.001 for both).

Observed trends in use of digoxin:

The proportion of subjects receiving digoxin at discharge was significantly higher in those
discharged on or after 1/2016 compared to those discharged earlier (43% vs.23%, p<0.01).
There was no significant difference in the likelihood of receiving aspirin (=0.65) or
furosemide (0=0.25) over the same period. The percentage of subjects receiving digoxin,
furosemide, and aspirin is depicted in Figure 1. In sensitivity analyses no significant
differences in these associations were observed.

Adjusted analyses of the use of digoxin

Bivariable screening of factors was performed (Table 2), and a mixed effects model for the
likelihood of digoxin was calculated (Table 3). Discharge on or after 1/2016 was associated
with increased odds of receiving digoxin (OR: 3.83, 95% CI: 3.29-4.48, p<0.001). No such
association was seen for either furosemide (p=0.33, Supplementary Table 2) or aspirin
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(p=0.06, Supplementary Table 3). As planned a second model was also performed evaluating
trends in digoxin usage over time before and after 1/2016 (Table 4). Prior to 2016, the odds
of receiving digoxin were lower with each year (OR: 0.94 per year, 95% CI: 0.91-0.96,
p<0.001). After 2016, the trend reversed and increasing time was associated with larger odds
(OR: 2.38 per year, 95% ClI: 2.14-2.64, p<0.001). In sensitivity analyses, restricting analysis
to medications received within 1 day of discharge, likelihood of receiving aspirin was
significantly less likely after 2016 than before (OR: 0.85, 95% CI: 0.72-1.00, p=0.04). No
other changes in the observed associations were seen in other specified sensitivity analyses
(data not shown).

In the primary model (Table 3), several subject-level factors were associated with the
likelihood of receiving digoxin. Known arrhythmia was associated with increased odds of
receiving digoxin (OR: 1.42, p<0.001). Prolonged length of stay (OR: 1.48, p<0.001),
technology dependence (OR: 1.34, p=0.01), receipt of aspirin (OR: 2.71, p<0.001), and
receipt of furosemide (OR: 3.31, p<0.001) were also associated with odds of receiving
digoxin. Prematurity (OR: 0.74, p=0.02), renal conditions (OR: 0.75, £=0.02), and
neurological conditions (OR: 0.65, p=0.003) were associated with decreased odds of
receiving digoxin. Though point estimates changed, the associations were not significantly
different in the second model. In sensitivity analyses, in which subjects with LOS>90 were
restricted, no changes were seen in the main effects (data not shown).

Practice variation:

Before 1/2016, the median hospital in the sample discharged 17% of subjects with digoxin
(IQR: 7-27%, range: 0-75%), and after 1/2016, the median hospital discharged 39% of
subjects with digoxin (IQR: 16-62%, range: 0-78%, Figure 2A). At the hospital level, there
was a significant increase in the likelihood of being discharged with digoxin when
comparing the time periods (sign-rank test p<0.0001). Expressed a different way, prior to
1/2016, 7% of hospitals discharged >60% of Norwood survivors with digoxin, while after
1/2016, 31% of hospitals discharged >60% of subjects with digoxin (Figure 2B, p=0.005).
However, the response was not uniform (Figure 3) as 71% (32/45) of hospitals demonstrated
increased utilization of digoxin, with 22% (10/45) decreasing their utilization of digoxin
(median change was —14% IQR: —21 to -9%). This is reflected in the observation that 33%
of hospitals still discharge <20% of subjects with digoxin (Figure 2B).

Across the entire study period, in adjusted analyses, there is evidence of large magnitude
practice variation (primary model: MOR: 3.56, 95% ClI: 2.48-4.70 and secondary model:
MOR: 3.50, 95% CI: 2.96-4.05). The magnitude of practice variation was not significantly
different before (MOR: 4.00 9% CI: 2.58-5.57) and after 1/2016 (MOR: 5.01 95% CI: 2.90-
7.50). In post-hoc secondary analyses, procedural volume (expressed either as a continuous
variable or dividing the study sample into four ordinal groups) was not significantly
associated with the odds of receiving digoxin at discharge (data not shown).

DISCUSSION

This observational study of practices at a number of US primary pediatric hospitals
demonstrates that the use of digoxin for patients with HLHS at the time of discharge from
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their Norwood hospitalization was decreasing prior to 2016 and that the trend reversed in
2016 and that utilizations has continued in a significant proportion of neonates with HLHS.
This period coincided temporally with the publication of two papers'415 demonstrating an
association between digoxin usage and improved interstage outcomes. These trends were
significant in both the observed proportion of cases in each era and in multivariable analyses
adjusting for measurable confounders. Though in this design causality is challenging to
ascertain, falsification tests to evaluate whether parallel trends could be seen in the
prescription of either of two other common cardiac medications did not demonstrate similar
trends, supporting that the observed associations were not due to changes in recording
prescriptions or other secular trends.

The current analysis also evaluated the variation in the use of digoxin between hospitals.
There was large-scale variation in practice that was not explained by differences in the case-
mix at different hospitals. Moreover, the magnitude of this variation was not significantly
different before and after 2016. Though digoxin was used more frequently in the later era, its
adoption was not uniform between hospitals, suggesting that there are unresolved issues
regarding the use of digoxin in this population. Moreover, despite bridging a period of
intense interest in collaboration across centers and quality improvement efforts, practice
variation remained large both before and after 2016.

HLHS and anatomic variants continue to represent a challenge in pediatric/congenital
cardiology with 5-year transplant-free survival of 60-70%3"-42 and the consumption of
resources out of proportion to its prevalence*3. The interstage period between the Norwood
operation and superior cavopulmonary connection has been identified as a period with a high
risk of mortality, with historical series reporting rates between 10-19%-10, Single-center
studies have demonstrated impressive reductions in mortality after the introduction of
intensive home monitoring programs24.6:8.11 However, results in multicenter series have
been more modest#4, underscoring the public health benefit of measures with the potential to
further reduce interstage mortality. The observation that use of digoxin, a pharmaceutical
that was at the time only used in a minority of Norwood patients!:17, was associated with
reduced interstage mortality in two separate studies*1® would seem to be a powerful
inducement to change practice.

The current study demonstrated a significant increase in the use of digoxin at discharge after
Norwood operation after 2016. Utilization is far from universal, and though most centers
increased their use, a minority did not. The current study is not designed to explore the
general and center-specific reasons for this. The effect of digoxin on survival has not been
evaluated in a prospective study, and the results were not replicable in a cohort of Norwood
patients that included non-HLHS patientsl’. There is uncertainty regarding the mechanism
that confers a benefit for digoxin (negative chronotropy, positive inotropy, diuresis, or some
other mechanism). Tied to this, it is unclear whether all Norwood survivors would benefit
from digoxin or whether the benefits are restricted to a subset of subjects with specific
anatomic or physiologic traits. Moreover, digoxin has a narrow therapeutic index (difference
between an effective and toxic drug level). There have also been concerns that in the original
studies, the benefit associated with digoxin use may have been partially contaminated by the
presence of unmeasured confounding®®. How to address these questions remains unsettled.
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Utilization of digoxin is highly variable between centers even after accounting for
measurable confounders with the odds of a hypothetical patient receiving digoxin varying by
a factor of 3.5 between two randomly selected hospitals in the sample. The current study
cannot explore why digoxin prescription practices differ between study centers. The
decision-making to prescribe digoxin for individual patients, by individual physicians, and
for centers is complicated to evaluate and likely requires data that would be best collected in
a prospective fashion. Large magnitude heterogeneity of practice demonstrates that there is
equipoise for a potential clinical trial and/or sufficient variability in practice for an
observational study (assuming a data source with sufficient clinical detail to address
questions of unmeasured confounding was available). It was surprising in an era in which
many operative centers are engaged in collaborative quality improvement initiatives that the
magnitude of practice variation did not appear to change in the face of evidence supporting
the use of digoxin.

An additional observation was that the cohort of subjects in the more recent era
demonstrates an increased proportion of several factors associated with increased severity of
illness (renal, gastrointestinal, neurological, technology dependence, and metabolic
conditions). It is possible that this is an artifact of the transition from ICD-9 to ICD-10
coding systems. The ICD-10 system contains a much larger number of codes and it is
possible that this expansion could result in a higher sensitivity for non-cardiac diagnoses. At
the same time, this trend is consistent with the observation that the preoperative case
complexity for cardiac surgical patients has increased over time3746. A sensitivity analysis
was performed to evaluate whether including these factors in models biased estimates of the
treatment in the later period, which did not demonstrate evidence of bias. As noted
previously, it is not possible to differentiate between preoperative conditions and morbidity
that followed the operation. It is a reasonable hypothesis that increased prevalence of non-
cardiac conditions present before or after surgery would be associated with increased use of
digoxin. However, the current models adjust for the presence of these factors mitigating bias
introduced by any historical changes in case-mix. Also, in these models the association
between individual factors and the likelihood of receiving digoxin is not homogenous. For
instance, a subject that is technology-dependent (e.g. has a feeding tube) is more likely to
receive digoxin, while subjects with renal or neurological disorders were less likely. The
association between medical complexity and the receipt of digoxin is therefore not simple
and is deserving of further attention.

There are several additional limitations to this study. Though care was taken to mitigate bias
and confounding, an observational study of trends in the use of a therapy over time cannot
“prove” a causal relationship. Administrative datasets have imperfect access to clinical data,
specifically granular data (degrees of ventricular dysfunction or atrioventricular valve
regurgitation), which might lead to unmeasured confounding. As noted, current inpatient
medications are used in this study as a surrogate for discharge medications, and changes that
might occur in medications in the outpatient setting cannot be addressed in this dataset. The
study includes the years in which ICD-9 transitioned to ICD-10. This affects identification
of cases (by diagnosis and procedure). However, since the outcome of interest in the study is
coded using PHIS drug codes, this change does not introduce bias directly. Race data were
missing in a significant minority of subjects, which is consistent with previous studies in this
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database. Missing race was associated with increased likelihood of digoxin receipt. We
cannot ascertain the etiology of this association in the current study. Because PHIS is a
database of inpatient and observation encounters, the association between digoxin
prescription and interstage mortality could not be evaluated. Though the number of subjects
who ultimately underwent second stage palliations can be identified, this number would be a
low-bound estimate since subjects who undergo subsequent operations at a different center
would be lost to follow up in the PHIS database.

CONCLUSION:

The use of digoxin increased in the period following publication of data supporting its
potential benefit during the interstage period. However, digoxin is still used in a minority of
patients, and, independent of case-mix, there is significant variation in practice between
hospitals. Determining which patients benefit from digoxin and improving the application of
this therapy are both important goals for ongoing research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Discharge prescription of digoxin, furosemide, and aspirin in neonates with hypoplastic
left heart syndrome at PHIS hospitals 2007-2018

The observed likelihood of receiving digoxin (blue diamond) along with furosemide (red
square) and aspirin (green triangle) in each year of the study period are depicted. 95%
confidence intervals are depicted in brackets. Hashed lines denote the date of publication of
abstracts (A: American College of Cardiology, B American Heart Association) and

manuscripts (C).
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Figure 2: Use of digoxin by hospital
A. Box and whiskers plot of the use of digoxin at hospitals in the study sample. The use of

digoxin at the center level increased significantly (Sign rank test p<0.0001)
B. Bar graph depicts the hospitals-level distribution of discharge with digoxin after Norwood
operation before (blue) and after (red) 1/1/2016. (Fisher’s exact test p=0.005)
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Figure 3: Hospital level variation in the use of digoxin
Bar plot of the percentage of subjects receiving digoxin at each hospital before 1/2016 (Left

panel) or after 1/2015 (Right panel). Hospitals are sorted by their pre- 1/2016 utilization of
digoxin in both panels. Use of digoxin increased at 71% (30/45) of PHIS hospitals, but also
decreased at 22% of hospitals (10/45).
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TABLE 1:
Study cohort
1/2007-12/2015 (n=4559) | 1/2016-12/2018 (n=1526) p

Male sex 62% (2821) 61% (932) 0.81
Race <0.001

Non-Hispanic white 54% (2477) 54% (820)

Hispanic white 12% (542) 11% (167)

Non-Hispanic black 11% (479) 12% (190)

Other Hispanic 7% (310) 7% (118)

Other or more than one race 4% (163) 1% (20)

Missing 13% (588) 14% (211)
Payer <0.001

Commercial 39% (1795) 41% (625)

Medicaid 48% (2191) 53% (805)

Other government 5% (214) 3% (46)

Other 7% (312) 2% (27)

Missing 1% (47) 2% (23)
Prematurity (<37 weeks GA) 9% (414) 11% (163) 0.07
Prematurity 0.11

<=26 weeks 0.1% (4) 0.1% (2)

27-30 0.3% (15) 0.4% (6)

31-34 3% (134) 3% (53)

35-37 6% (261) 7% (100)

Missing GA but preterm 0% (0) 0.1% (2)

Term 91% (4145) 89% (1363)
Genetic syndrome 4% (174) 3% (39) 0.02
Neurological condition 6% (260) 8% (115) 0.01
Respiratory condition 7% (333) 8% (124) 0.29
Renal condition 12% (548) 22% (340) <0.001
Gastrointestinal condition 21% (964) 26% (396) <0.001
Hematological condition 2% (99) 2% (35) 0.78
Metabolic disorder 4% (191) 6% (97) 0.001
Technology dependent 27% (1239) 34% (512) <0.001
Arrhythmia 25% (1136) 22% (340) 0.04
ECMO during hospitalization 8% (362) 11% (166) <0.001
Total LOS Median: 31 (IQR: 20-52) | Median 36.5 (IQR: 23-65) | <0.0001
Preoperative LOS Median: 5 (IQR: 3-7) Median 5 (IQR: 2-7) 0.02
Post operative LOS Median 25 (IQR: 15-45) Median 32 (IQR: 18-59) <0.0001
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1/2007-12/2015 (n=4559) | 1/2016-12/2018 (n=1526) p
Digoxin 23% (1039) 43% (651) <0.001
Aspirin 60% (2728) 59% (903) 0.65
Furosemide 71% (3258) 73% (1114) 0.25
Opiate 2% (110) 2% (33) 0.58

Abbreviations: ECMO extracorporeal membrane oxygenation, GA gestational age, LOS length of stay
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Table 2:
Factors associated with digoxin use
OR 95% ClI p

Discharge >1/1/2016 252 | 2.22-2.85 | <0.001
Male sex 1.18 | 1.05-1.32 | 0.005
Race

Non-Hispanic white 1 n/a n/a

Hispanic white 0.84 | 0.70-1.00 0.06

Non-Hispanic black 1.08 | 0.90-1.29 0.40

Other Hispanic 0.80 | 0.64-1.02 0.07

Other or more than one race 141 | 1.04-1.93 0.03

Missing 0.68 | 0.57-0.82 | <0.001
Payer

Commercial 1 nfa nfa

Medicaid 0.95 | 0.85-1.07 0.44

Other government 0.72 | 0.54-0.98 0.04

Other 0.54 | 0.40-0.72 | <0.001

Missing 0.40 | 0.20-0.79 | 0.008
Prematurity (<37 weeks GA) 0.69 | 0.56-0.85 | <0.001
Genetic syndrome 0.54 | 0.37-0.77 | 0.001
Neurological condition 0.79 | 0.61-1.01 0.06
Respiratory condition 0.95 | 0,77-1.18 0.67
Renal condition 0.69 | 0.58-0.82 | <0.001
Gastrointestinal condition 1.23 | 1.08-1.40 | 0.002
Hematological condition 0.99 | 0.68-1.45 0.97
Metabolic disorder 0.96 | 0.74-1.26 0.79
Technology dependent 1.16 | 1.03-1.32 0.01
Arrhythmia 157 | 1.38-1.78 | <0.001
ECMO during hospitalization 1.49 | 1.23-1.80 | <0.001
Cardiac arrest during hospitalization | 0.78 | 0.53-1.15 0.20
Total LOS > median (32 days) 1.55 | 1.38-1.73 | <0.001
Aspirin 2.64 | 2.33-3.00 | <0.001
Furosemide 3.42 | 2.93-4.00 | <0.001
Opiate 0.66 | 0.43-0.99 0.04

Abbreviations: ECMO extracorporeal membrane oxygenation, GA gestational age, LOS length of stay

Pediatr Cardiol. Author manuscript; available in PMC 2022 April 01.

Page 19



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

O’Byrne et al.

Table 3:

Multivariable mixed effect model for likelihood of digoxin

OR 95% ClI p
Discharge >1/2016 3.83 | 3.29-4.48 | <0.001
Male sex 1.16 | 1.01-1.33 0.04
Race
Non-Hispanic white 1 n/a n/a
Hispanic white 143 | 1.13-1.82 | 0.003
Non-Hispanic black 1.09 | 0.87-1.37 0.47
Other Hispanic 0.93 | 0.69-1.25 0.64
Other or more than one race | 1.81 | 1.24-2.64 | 0.002
Missing 0.79 | 0.63-0.99 0.05
Payer
Commercial 1 nfa nfa
Medicaid 0.97 | 0.84-1.13 0.72
Other government 0.82 | 0.58-1.16 0.26
Other 0.77 | 0.54-1.08 0.13
Missing 0.67 | 0.31-1.43 0.30
Prematurity (<37 weeks GA) 0.74 | 0.58-0.95 0.02
Genetic syndrome 0.80 | 0.52-1.22 0.30
Neurological condition 0.65 | 0.48-0.87 | 0.003
Renal condition 0.75 | 0.60-0.95 0.02
Gastrointestinal condition 0.83 | 0.66-1.06 0.13
Technology dependent 1.34 | 1.06-1.68 0.01
Arrhythmia 1.42 | 1.22-1.65 | <0.001
ECMO during hospitalization 092 | 0.72-1.18 0.53
Total LOS > median (32 days) 1.48 | 1.27-1.73 | <0.001
Aspirin 2.71 | 2.27-3.24 | <0.001
Furosemide 3.31 | 2.68-4.08 | <0.001
Opiate 0.71 | 0.44-1.13 0.15

Abbreviations: ECMO extracorporeal membrane oxygenation, GA gestational age, LOS length of stay
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Multivariable mixed effect model for likelihood of digoxin with non-linear association for time

Table 4:

OR 95% ClI p
Per year prior to 1/1/2016 0.94 | 0.91-0.96 | <0.001
Per year on or after 1/1/2016 2.38 | 2.14-2.64 | <0.001
Male sex 1.14 | 0.99-1.31 0.06
Race
Non-Hispanic white 1 nfa nfa
Hispanic white 1.28 | 1.01-1.63 0.04
Non-Hispanic black 1.05 | 0.84-1.32 0.67
Other Hispanic 0.95 | 0.71-1.28 0.76
Other or more than one race | 1.58 | 1.08-2.31 0.02
Missing 0.80 | 0.64-1.00 0.05
Payer
Commercial 1 nla n/a
Medicaid 0.98 | 0.85-1.14 0.83
Other government 0.80 | 0.57-1.12 0.20
Other 0.64 | 0.45-0.91 0.01
Missing 0.49 | 0.22-1.08 0.08
Prematurity (<37 weeks GA) 0.73 | 0.57-0.94 0.01
Genetic syndrome 0.77 | 0.50-1.18 0.23
Neurological condition 0.70 | 0.53-0.94 0.02
Renal condition 0.76 | 0.60-0.95 0.02
Gastrointestinal condition 0.84 | 0.66-1.06 0.15
Technology dependent 1.29 | 1.02-1.61 0.03
Arrhythmia 1.38 | 1.19-1.61 | <0.001
ECMO during hospitalization 0.94 | 0.74-1.21 0.65
Total LOS > median (32 days) 1.58 | 1.35-1.85 | <0.001
Aspirin 251 | 2.10-2.99 | <0.001
Furosemide 3.39 | 2.74-4.18 | <0.001
Opiate 0.66 | 0.41-1.06 0.08

Median odds ratio: 3.49 (95% CI: 4.05-2.96 p<0.001)

Abbreviations: ECMO extracorporeal membrane oxygenation, GA gestational age, LOS length of stay

Pediatr Cardjol. Author manuscript; available in PMC 2022 April 01.

Page 21



	Abstract
	Introduction:
	METHODS:
	Data source:
	Study Population:
	Study Measures:
	Statistical Analysis

	RESULTS
	Study population:
	Observed trends in use of digoxin:
	Adjusted analyses of the use of digoxin
	Practice variation:

	DISCUSSION
	CONCLUSION:
	References
	Figure 1:
	Figure 2:
	Figure 3:
	TABLE 1:
	Table 2:
	Table 3:
	Table 4:

