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Methadone is highly effective for opioid dependency, but it is associated with torsade de pointes.
Although electrocardiography (ECG) has been proposed, its utility is uncertain since an ECG-
based intervention has not been described. An ECG-based cardiac safety program among
methadone-maintenance patients was evaluated in a single opioid treatment program from
9/1/2009 to 8/31/2011 in the United States. Time from pre-treatment to repeat ECG among new
entrants was assessed. The proportion with marked QTc-prolongation (> 500 ms) and the effect of
the intervention on the QTc-interval in this group were evaluated. Multivariate predictors of QTc-
interval change were assessed using a mixed effects model. Among 531 new entrants, 436 (82%)
received at least one ECG tracing and 186 (35%) had pretreatment ECG performed. Median time
to follow-up ECG was 43 days but decreased over time (p<0.0001). In 21 individuals with a QTc-
interval > 500 ms, mean QTc-interval from peak to final ECG decreased significantly [-55.5 ms,
95% CI (-77.0 to —33.9 ms), p=0.001] and 12 of 21 (57.1%) dropped below the 500 ms threshold.
Among new entrants with serial ECG, only methadone dose (p=0.009) and pretreatment QTc-
interval (p<0.0001) were associated with the magnitude of QTc-interval change. This suggests that
implementation of an ECG-based intervention in methadone maintenance can decrease the QTc-
interval in high-risk patients; clinical characteristics alone were inadequate to identify patients in
need of ECG screening.

Keywords
QT prolongation; ECG; Torsade de Pointes; Methadone; Arrhythmia

INTRODUCTION

Methadone is a long acting p-opioid agonist that is highly effective for the treatment of
opioid dependency.} Among the opioid drug class, methadone is prescribed to a minority of
patients, but is disproportionately implicated in opioid-related deaths.? While the higher
lethality of methadone likely reflects its potency and long half-life, it is known to block the
cardiac delayed-rectifier potassium ion-current (Ik,)* and has been associated with
prolongation of the rate corrected QT interval (QTc) and torsade de pointes.> On a
morphine-equivalent basis, the mortality rate for methadone is higher than all other
prescription opioids,® which might in part reflect methadone’s proarrhythmic properties.
Recent data from the US Food and Drug Administration (FDA) from 2004-2011 suggest
that methadone is currently the most frequently reported drug associated with QTc
prolongation and torsade de pointes.’

The US Substance Abuse and Mental Health Services Administration’s (SAMHSA) Center
for Substance Abuse Treatment convened a cardiac expert panel, which in 2009 published a
guideline recommending electrocardiography (ECG) for QTc interval assessment in opioid
treatment programs (OTPs).8 However, controversy regarding the potential of ECG to
increase costs, create barriers to care, and uncertainty about feasibility has limited its
adoption.®-13 In response to qualitative field review, SAMHSA reconstituted the expert
panel and revised the guideline.14 Both the revised SAMHSA guidancel# and the American
Association for Treatment of Opioid Dependency QTc interval Screening Policy and
Guidance Statement!® suggest ECG only for patients with multiple clinical risk factors for
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arrhythmia, despite a paucity of evidence for a risk factor-based approach. The SAMHSA
panel noted concerns regarding the potential of an ECG-based intervention to restrict access
to limited therapeutic options, potential challenges due to insufficient support staff, and
uncertainty regarding the appropriateness of computerized (automated) QTc interval
measurements. Most importantly, a real-world demonstration of an outpatient intervention to
mitigate risk has not been described for methadone or other QTc-prolonging drugs. Given
this background, we assessed the feasibility and impact of implementing a pilot ECG-based
cardiac safety program using computer-generated QTc measurements among methadone
maintenance patients.

The study was approved by the local Institutional Review Board (Protocol #11-1168) to
evaluate the impact of a cardiac safety program. The program was initiated in an outpatient
OTP that provides opioid substitution for a predominantly indigent population affiliated with
an urban public hospital. Other than purchase of a single ECG machine ($4600), no
additional staff hires or institutional resources were provided to support the program. The
implementation team consisted of an addiction psychiatrist, an addiction fellow, and internal
medicine physician. Support staff included the program director, behavioral health
technicians, and registered nurses. Nurses and technicians were trained in ECG acquisition
by the hospital cardiology division. No regular cardiology oversight was provided.
Methadone was dispensed under direct nursing supervision and dose tracking performed
using Creative Socio-Medics M4 Patient Workbench (Net Smart Technologies, Long Island,
NY). All doses were titrated to achieve abstinence from illicit opioids. Preliminary
implementation commenced 9/1/2009.

The following recommendations from published Cardiac Safety guidelines for
methadonel1:17 were considered: 1) Disclose arrhythmia risk; 2) Assess for a history of
heart disease, arrhythmia, and syncope; 3) Obtain pretreatment ECG among new entrants
and perform a follow-up within 30-days; 4) If the QTc-interval exceeds 500 ms, consider
discontinuation or reduction of the methadone dose; elimination of contributing factors, and
5) Consider interactions between methadone and other QTc-prolonging drugs. 6) Provide
patient educational materials that explain cardiac risk; and 7) Educate OTP clinical staff
about QTc-prolongation. Formal patient and provider education was not instituted. The
decision to perform additional ECG among patients with doses exceeding 100 (or 120)
mg/day occurred at the discretion of treating physicians. The program was integrated into
routine care, and all ECGs were performed on-site prior to dosing. No algorithms specifying
clinical actions or methadone dose-adjustments were utilized by physicians. Patients were
verbally informed of the rationale for ECG to ensure safety. The behavioral health
technician scheduled both pretreatment and follow-up ECG in coordination with the dosing
nurse.

Trough-concentration ECG measurements were acquired with a Pagewriter Trim 111 ECG
machine (Philips, Netherlands) and a computer-generated QTc-interval calculated by
superimposed median complexes. In order to assess differences between computer-
generated QTc-interval and manual readings among patients in whom the cardiac safety
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program was applicable, a single electrophysiologist manually reviewed all tracings with
any computer-generated QTc = 450 ms. Measurements were performed retrospectively
using on-screen digital calipers (Philips, Xcelera, Netherlands). Tracings were reclassified if
the manual and computer-generated QTc intervals differed by > 10 ms or if the automated
heart rate calculation was spurious due to high-frequency artifact. The QTc interval was
defined as the time between the initial deflection from the isoelectric PR interval to the
return of the T-wave derived from the longest measurement in any lead. The QTc was
calculated using Bazett’s formula for both automated and manually-derived values since this
formula was recommended®14 as the standard rate-correction method in clinical practice.

Data were collected using a secure web-based application (Research Electronic Data
Capture, REDCap, Version 4.8.2).16 Pertinent medical history and clinical data were
abstracted for patients with an initial QTc interval exceeding 450 ms by a single abstractor.
Categorical variables were summarized as frequency distributions; continuous variables as
mean, median, standard deviation, and interquartile range. All tests were two-sided, and a p
< 0.05 was considered statistically significant. Statistical analyses were performed using
SAS version 9.3 (Cary, NC).

Baseline clinical characteristics were analyzed among 3 pre-specified groups including the
complete cohort of new entrants, those with a QTc interval 450-499 ms, and patients with
marked QTc-prolongation (at least one value exceeding 500 ms). Concomitant medications
were categorized by therapeutic class, and grouped as QTc-prolonging or not. The QTc
interval 450-499 ms and marked QTc-prolongation groups were compared. A Student’s t-
test was used for comparing mean age and Fishers exact test was applied for categorical
variables. For analysis of median time to repeat ECG, patients were grouped into four
sequential 6-month periods based upon initial ECG date. Time to repeat ECG for each
period was calculated and compared using the Kruskal-Wallis test. To evaluate similarity
between computer-generated and manual ECG, an intraclass correlation coefficient (ICC)
was calculated among patients with any QTc interval exceeding 450 ms. In those with
marked QTc-prolongation that had a dose-reduction, we determined whether the change in
dose and QTc interval were linearly related. Clinical interventions performed among
patients with marked QTc-prolongation were tabulated and mean change from peak to final
QTc interval values assessed. QTc interval changes from initial measurement were analyzed
with demographics (age, sex), clinical characteristics (cardiovascular disease, hypertension,
and liver disease), pretreatment QTc interval, and methadone dose as covariates in a mixed
effects model.

RESULTS

During the study period a total of 953 unique patients were enrolled, among whom 568
(60%) had at least one ECG tracing performed, and 531 were new entrants. Among new
entrants, 436 (82%) underwent ECG and 143 (27%) had > 1 ECG tracing performed. A total
of 186 (35%) new entrants had pretreatment ECG, 68 (37%) of whom had follow-up ECG
performed. The distribution of patients with a decrease or increase in Bazett’s-corrected QT
interval is depicted in Figure 1. Most experienced an increase (69%) in QTc-interval on
methadone, while 31% had a decrease. This in part reflected under-correction using Bazett’s
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formula since only 22% of patients experienced a decrease in QTc-interval using the
Fridericia formula. Overall, the mean (SD) pretreatment QTc interval was 433.7 (16) ms,
which increased to 449.2 (23) after methadone induction, representing an increase of 15.4
(25) ms (p<0.0001). This resulted in 16 and 2 patients exceeding the 450 and 500 ms
thresholds respectively. The clinical and demographic characteristics of the overall cohort
with ECG, stratified by QTc interval range, are shown in Table 1. The median time to
follow-up ECG over the course of the study was 43 days, which decreased significantly over
time from a median of 101 to 29 days (p <0.0001) among those with pretreatment and
follow-up ECG (Figure 2).

A total of 864 ECG tracings were manually adjudicated, and 350 (40.5%) demonstrated a
QTc interval > 450 ms. In comparing manual and computer-generated ECG, there were 6
changes in heart rate and 9 changes in the QTc interval among 7 of 568 (1.2%) patients. The
ICC between computer-generated and manually-derived values was 0.83. A total of 6 (0.7%
of ECGs examined) of these changes shifted the QTc interval value above or below the 500
ms threshold.

Similar to prior reports in the OTP setting,17+18 21 of the 568 patients (3.7%) screened had at
least one QTc interval exceeding 500 ms. In the 21 patients in the overall cohort with a QTc
interval exceeding 500 ms, a mean reduction in QTc interval from peak to final ECG [-55.5
ms, 95% CI (=77.0 to —33.9 ms), p=0.001] was observed, and 12 of 21 (57.1%) dropped
below 500 ms at the final visit. In total, 16 of 21 patients (76.2%) had at least one clinical
intervention performed, while 10 (62.5%) received more than one intervention. Overall,
there were 32 unique interventions to mitigate arrhythmia risk including 9 patients who had
a methadone dose reduction. On another 9 occasions, dose-escalation was halted.
Concomitant QTc-prolonging medications were discontinued in 2 patients, and counseling
to eliminate illicit drugs known to prolong the QTc interval (cocaine, alcohol) was provided
in 8 instances. A total of 4 patients were transitioned to buprenorphine due to QTc-
prolongation. No patients were denied opioid replacement therapy.

Among the 9 patients with marked QTc-prolongation in whom a methadone dose-reduction
was performed (mean decrease, 22 mg/day), a correlation between the change in dose and
change in QTc interval was observed (RZ = 0.20, p=0.057, df =18) though it did not achieve
statistical significance. Hypertension, cardiovascular disease and methadone dose were
associated with a QTc interval >500 ms in the overall cohort. Among new entrants, no
clinical or demographic covariates including age, sex, cardiovascular disease, hypertension,
or liver disease were significantly correlated with the change in QTc interval in the mixed
effects model. However higher methadone dose (p=0.009) and lower pretreatment QTc
interval (p<0.0001) were significantly associated with a greater magnitude of increase in the
QTc interval from baseline.

DISCUSSION

This pilot study illustrates the feasibility of initiating an ECG-based cardiac safety program
despite minimal institutional resources. Although not all program components suggested by
the SAMHSA expert panel8-14 were implemented, this is to our knowledge the first
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demonstration of an ECG-based intervention implemented in a community-based OTP
setting in response to national guidelines. Our experience provides evidence that such a
program results in a reduction in the QTc interval among those patients who develop marked
QTc-prolongation. We found no evidence that program implementation resulted in treatment
termination or impaired access to care.

The current study is among the largest to evaluate arrhythmia risk in the OTP setting. In this
unselected cohort, we found that computer-generated QTc interval measurements correlated
with manual over-reads similar to a previous prospective study.1® The majority of ECG
discrepancies (66%) resulted from gross misinterpretation of heart rate, a finding that can be
easily identified by a discordant pulse and ventricular rate on ECG. The finding that < 1% of
ECG tracings were adjudicated above or below the critical 500 ms threshold, where the risk
of drug-induced torsade de pointes is most likely to occur,29 supports current
recommendations that computer-generated ECG is an appropriate diagnostic strategy.8:14

Results of our investigation are consistent with a previous cross-sectional analysis of on-site
QTc interval screening?! that did not incorporate an actual cardiac safety intervention. The
study included 55 patients in whom baseline and one-year ECG was obtained. Overall, 6%
developed a QTc interval >500 ms, a proportion similar to the current and previous OTP
studies.1719 Albeit smaller in scope, this corroborates the feasibility of systematically
implementing ECG in the OTP setting. Other authors have reported that methadone patients
were less likely to comply with off-site ECG performance, reinforcing the importance of
ECG screening within the OTP itself.22

A number of objections to universal ECG in OTPs have been raised including costs and the
potential to limit access to care.9-11.23 However, the primary scientific argument against
universal ECG is predicated on the assumption that patients likely to develop torsade de
pointes can be reliably identified by their clinical risk factor profile.14:15 Prior reports have
suggested that illicit drugs,?! methadone dose,24 and comorbidities?® are associated with
QTc-prolongation, which would support a risk factor-based approach to arrhythmia
prevention. However, other than the QTc interval and methadone dose, we were unable to
identify any baseline clinical risk factors independently associated with the magnitude of the
change in QTc interval. Both the magnitude of the QTc interval change from baseline and
the frequency of crossing an absolute QTc threshold of > 500 ms are considered essential
regulatory metrics for proarrhythmic drug liability.26 We observed that subjects with lower
baseline QTc values exhibited a higher QTc increase at follow-up, suggesting that the
change in QTc could be considered by clinicians in addition to evaluating absolute QTc
thresholds. Our finding that lower baseline QTc is associated with a larger magnitude
change is consistent with regulatory QTc studies among patients without structural heart
disease.26

With regard to the magnitude change in QTc interval from baseline, one prospective study
demonstrated a mean increase of 34 ms during methadone-maintenance.8 Similar to our
study, a pooled analysis suggests that methadone increased mean QTc, by 15 ms at doses of
120 mg/day.2” Another Ik,—blocking drug, sotalol, leads to a similar (10-40 ms) increase in
mean QTc interval.28 Presently, the package insert for methadone mentions QTc-
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prolongation and advocates “careful monitoring of cardiovascular status, including QTc-
prolongation and dysrhythmias”, but provides no clear recommendations regarding ECG.2°
By contrast, QTc-prolonging drugs such as droperidol and sotalol carry specific instructions
regarding universal ECG monitoring.28:30 Given increasing reports of torsade de pointes
associated with methadone,” QTc interval monitoring in methadone treatment would be
commensurate with the labeling of other marketed Ik.-blocking drugs.

A number of study limitations merit consideration. Most importantly, this is a pilot
implementation study without dedicated resources, whereby only a portion of patients
received pre-treatment ECG. Although we targeted a goal of performing repeat ECG within
30-days of methadone initiation, this benchmark was not achieved until the end of the study.
Because clinical algorithms for dose-adjustment and medication changes were not utilized,
program effectiveness in reducing the QTc interval among high-risk patients was likely
diminished. Patient education materials, satisfaction surveys, and formal physician training
were not provided. Drug interactions were not quantitated; however, physician interventions
addressing drug interactions were tabulated among those with marked QTc-prolongation as
recommended.8:14 We were unable to quantify the exact contribution of any single clinical
action taken for marked QTc-prolongation on arrhythmia risk mitigation since the majority
had more than one clinical action taken.

Not all patients in our cohort with marked QTc-prolongation achieved a reduction in QTc
interval below the 500 ms threshold on subsequent ECG. This suggests that a system as
implemented in this pilot study is likely to decrease, but not eliminate, the risk of torsade de
pointes during long-term methadone treatment. Although the current study was large, it was
underpowered to discern weak clinical predictors of QTc-prolongation, and a substantially
larger sample would be required to ascertain the true impact of any ECG-based program on
arrhythmia incidence. For example, if 4% of patients develop marked QTc-prolongation
(>500 ms) as observed in the current study, and projecting an annual arrhythmia incidence
of 5%, 13,000 patients would be required to detect a 50% reduction in arrhythmia events
over 2-years with 80% power. In conclusion, our study supports a population-based ECG
monitoring approach rather than a targeted comorbidity-based approach. Broader replication
of an ECG-based cardiac safety program among OTPs to confirm our single center
experience seems warranted.
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Figure 1.

QTec Interval Changes from Baseline to Follow-up.
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Figure 2.

Time to Follow-Up ECG in Patients with a Pretreatment ECG. The dot represents the mean
number of days to ECG; the middle bar represents the median. The minimum, maximum,
25t and 75t percentiles are depicted with the boxplots. Period 1 is 9/1/09-2/28/10, Period 2
is 3/1/10-8/31/10, Period 3 is 9/1/10-2/28/11, and period 4 is 3/1/11-8/31/11. No newly
enrolled patients had a pretreatment ECG during Period 1 of the study. Median days to
follow-up ECG during periods 2-4 were 101, 47, and 29 days respectively (p< 0.0001 using
ranked data and linear regression).

AmJ Cardiol. Author manuscript; available in PMC 2015 March 16.



Page 12

Katz et al.

‘21N|1ey LUBSY PUB ‘UOIIIRUI [RIPIRI0AW ‘BseasIp AlaLie A1euolod sapnjou|

p

‘%00T Buijelo) Jou sabeuaalad ui Buiinsas ANDIUYIS pUR 808 BUO URY) 810W 103[3S-}|8S PIN0d ﬂcma_o_tmn_o

"sa|qelen [eaLiofs1ed aredwod 0} pasn aIam s1sal
10BX9 S,48UslH "(STz=wopaal} Jo 9a163p ‘G/ z—=1) asop auljaseq pue ‘(yTz=Wwopasi} Jo aaibap ‘¢ T—=1 onsnels 1sa1) abe 1oy s1sa1-1 BuiAjdde Aq pasedwod asam sdnoib sw 005<D 1O pue SW 66705 = o._.OQ

dnoJb yoes ur (u) sjuanied JO Jaguinu [e10) UO paseq aJe momﬂcmeon_m

59000
VN

98.0°0
000'T
000T

000'T

000'T

190T°0

¥¥00°0
¥S8T°0
19¢0'0
06000
§G€S0°0
0000°T
L2970
8TT¢0

€€9T°0

(9°€9) 528
(€729) 0°667

(%evT) €
(%00) 0
(%0'0) 0
(%00) 0

(%0'0) 0
(%T°28) 2T
(%0'0) 0
(%r128) 2T
(%81 T
(%0°67) ¥
(%5'6) ¢
(%6'2v) 6
(%00) 0
(%8'7) T
(%6'2v) 6
(%9°L¥) 0T
(%b29) TT
(Tsn) oLy

(L'6v) 6°0G
(9'6T) Z'8SY

(%Tv)8
(%17€) 9
(%12 ¥

(%1€) 9

(%ST) €
(%5°8€) 6L
(%00) 0
(%9'52) 05
(%S0 T
(%97) 6
(%00) 0
(%2'99) 62T
(%12 ¥
(%92) &
(%.'82) 95
(%L6Y) 26
(%.'8v) 56
(ezT) 9ey

(e9v) 07w
(€'82) 565V

(%t 2t
(%z'T) 2
(%2°0) ¥

(%z'T) 2

(%50) €
(%v'91) €6
(%0°0) 0
(%T°TT) €9
(%ro) e
(%eT) €T
(%L0) ¥
(%T1'v9) ¥9€
(%T'T) L
(%z'v) ve
(%t'62) 29T
(%9'2v) eve
(%2'99) zze
(Ten) ey

(bw) asoq auopeys N
(sw) renssul 910
(as) ueaw ‘ejeq auijaseg
sanjalnig/anisuaadAynuy
sbnip oLneIYdASd
sauldazelpozuag
sbnup Butbuojoid 91O
SUOITeIP3IN
SnIIA Adualolyapounwiw] uewinH
joseasiq JonI]
selwse3odAH
uoisuauadAH
SNH[ISN Ssleqeld
paseasiq Jenasenolpsed
2908y J8yl0
UM
9AIIEN BYSE|\//UeIpU| UedLswy
UBdLIBWY UBDdLYpioe|g
oune-/oluedsiH
afeway
afeIN
(s1ea A) (as) uesw ‘aby

genlend

(Tz=u)swo5=21d

(S6T = U) sw 667 — 067 91O

(895 = u) sUaNed IV

edlgeLIen

UONUSAJBIU| 0] J0LId WeB01psed01108]3 8UQ 1SBaT 1V YLIM S1UBIEd JO SoNsLaloeieyd [ealul)d pue aiydesbowaq

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Cardiol. Author manuscript; available in PMC 2015 March 16.



Page 13

Katz et al.

[0z] sbnup Buibuojoad-o1 O Jo AnsiBal d1weuAp e WoJy paurelqo sanoydAsdiue ‘syjuessaidapiue ‘sonolqrue ‘saaws-nue wmu:_oc_m
Ananisodouas snaia O sniedaH mmu:_oc_%
7/b3w o' > wnisseiod EEmmm

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

AmJ Cardiol. Author manuscript; available in PMC 2015 March 16.



