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ABSTRACT

Intravenous drug abuse rates in the United States have 
increased exponentially in recent years. Ohio is one of 5 states 
with the highest age-adjusted drug overdose death rates, 
with drug overdose causing 39.1 of every 100,000 deaths. In 
patients who survive, the associated morbidity poses a signifi-
cant public health burden. Infective endocarditis, defined as 
an infection of the endocardium of the heart, is a potentially 
lethal consequence of bacteremia related to intravenous drug 
abuse. Methicillin-sensitive Staphylococcus aureus (MSSA) 
is the most commonly implicated organism and may affect 
the tricuspid valve. Indications for surgery include failure of 
medical management, worsening embolization, heart failure, 
and arrhythmias—typically bradyarrhythmias from infec-
tious extension into the conduction system. Vegetation size 
and type of infection, such as drug-resistance pattern, fungal 
infection, and presence of prosthetic material, are becoming 
known risk factors for complications. 

Studies have demonstrated that early surgery tends to have a 
better prognosis than delayed intervention. Established guide-
lines for right-sided surgery are slowly evolving. Tricuspid valve 
surgery is becoming more common in these cases, but there is 
known risk for heart block owing to proximity of the conduction 
system to the tricuspid valve annulus. If patients develop complete 
heart block postoperatively, pacemaker placement may be indi-
cated. There may be reluctance to implantation because of the 
risk of device infection with infective endocarditis. In addition, 
many may recover conduction as infection and edema resolve. 
Generally, bradyarrhythmias are well tolerated. However, we 
present 2 cases of torsades de pointes related to post-tricuspid-
valve-replacement bradyarrhythmia. Torsades de pointes is a 
potentially lethal form of polymorphic ventricular arrhythmia 
associated with QT interval prolongation. Post-tricuspid-valve- 
replacement mortality may be secondary to induced lethal ven-
tricular arrhythmias.

INTRODUCTION

The lifetime prevalence of drug abuse in the United States 
is 7.7 percent [Compton 2007]. Risk factors for abuse include 
male gender, younger age, and lower socioeconomic status 
[Compton 2007]. Only 8.1 percent of patients diagnosed with 
a drug abuse disorder will receive treatment [Compton 2007]. 
The highest age-adjusted drug overdose death rates in 2016 
were reported in West Virginia, Ohio, New Hampshire, the 
District of Columbia, and Pennsylvania [Hedegaard 2017]. 
For every 100,000 deaths in Ohio, 39.1 are related to drug 
overdose [Hedegaard 2017]. The issue of drug abuse has 
become more prevalent over time, with a 21 percent increase 
in the age-adjusted drug overdose death rate from 2015 to 
2016 [Hedegaard 2017].

Infective endocarditis is a potentially lethal complication 
of intravenous drug abuse. Methicillin-sensitive Staphylococ-
cus aureus (MSSA) is the most commonly implicated organ-
ism and typically affects the tricuspid valve [Ji 2012]. Poorer 
outcomes are associated with infective endocarditis that 
develops secondary to methicillin-resistant Staphylococcus 
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Figure 1. CXR with bilateral pulmonary infiltrates.
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aureus (MRSA), coagulase-negative staphylococcus, strepto-
coccus, Pseudomonas aeruginosa, enterococcus, and HACEK 
organisms [Ji 2012]. Infective endocarditis is associated 
with higher rates of treatment failure and recurrence in 
intravenous drug abusers because of continued drug abuse  
[Ji 2012].

Early surgical intervention portends a better prognosis 
than delayed intervention. Indications for surgery include 
failure of medical management, worsening embolization, 

heart failure, and arrhythmias. Bradyarrhythmias typically 
result from infectious extension into the conduction system. 
As infection and edema resolve, many may recover conduc-
tion. Tricuspid valve surgery itself poses risk for heart block 
because of proximity of the conduction system to the tricuspid 
valve annulus. Pacemaker placement may be indicated in cases 
of postoperative heart block. In cases of infective endocarditis, 
pacemaker implantation bears risk of device infection. 

Although bradyarrhythmias are generally well tolerated, 
there is risk for progression to torsades de pointes. Torsades 
de pointes is a potentially lethal form of polymorphic ven-
tricular arrhythmia associated with QT interval prolongation. 
We present 2 cases of torsades de pointes related to post- 
tricuspid-valve-replacement bradyarrhythmia. 

Figure 3. MRI of the brain with a left lentiform nucleus ischemic infarct. 

Figure 5. TEE with large vegetations of the tricuspid valve and right-
ventricular pacemaker lead.

Figure 4. MRI of the spine with a left posterior paraspinal abscess.

Figure 2. TEE with a large tricuspid vegetation consistent with tricuspid 
valve endocarditis.
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CASE 1

A 33-year-old female with a history of methamphetamine 
abuse presented with fever, productive cough, and dyspnea. 
She was admitted with diagnoses of sepsis and MSSA bac-
teremia. Antibiotic therapy was initiated. Chest x-ray (CXR) 
demonstrated bilateral pulmonary infiltrates (Figure 1). 
Transesophageal echocardiogram (TEE) revealed a large tri-
cuspid vegetation consistent with tricuspid valve endocarditis 
(Figure 2). As a consequence of septic emboli, she developed 
a lentiform nucleus ischemic infarct (Figure 3), paraspinal 
abscess (Figure 4), and septic wrist and bilateral knee joints. 
She underwent tricuspid valve replacement with a 33-milli-
meter Medtronic tissue valve (Medtronic, Minneapolis, MN, 
USA), primary closure of an atrial septic defect, and bilat-
eral acute pulmonary embolectomy. Selection of a tricuspid 
tissue valve was based on the patient’s risk for noncompliance, 
eliminating the need for high-dose anticoagulation. Despite 
normal sinus rhythm in the early postoperative period, the 
patient went into complete heart block later in her postop-
erative course. Her heart block was attributed to inflamma-
tion surrounding the conduction system. With resolution of 
inflammation, resumed conduction was anticipated. For this 
reason, she was observed on antibiotic therapy. 

During readmission for a groin incision seroma, she 
experienced 2 episodes of torsades de pointes. These epi-
sodes were exacerbated by periods of ventricular bigeminy. 
Initial transvenous pacemaker placement was followed by 
permanent dual-chamber-pacemaker placement. Following 
discharge, the patient required readmission for sepsis sec-
ondary to Haemophilus parainfluenzae bacteremia. TEE dem-
onstrated large vegetations of her tricuspid valve and chronic 
right-ventricular pacemaker lead (Figure 5). She required 
cardiac decortication, implantation of a dual-chamber biven-
tricular pacemaker, and tricuspid valve replacement with a  
29-millimeter Medtronic tissue valve. She remained on anti-
biotic therapy and was discharged to a long-term acute care 

facility in stable condition. At 2-year follow-up, she remained 
free of infection without drug relapse. Recent device interro-
gation demonstrated pacemaker dependence, but no evidence 
of tachyarrhythmia.

CASE 2

A 25-year-old female with a history of hepatitis C and 
methamphetamine, heroin, and fentanyl abuse presented 
with generalized pain, malaise, and dyspnea. CXR demon-
strated bilateral pulmonary infiltrates (Figure 6). Subsequent 

Figure 6. CXR with bilateral pulmonary infiltrates, left greater than right.

Figure 7. CTA of the chest with bilateral focal pulmonary densities and 
left-sided loculated pleural abscesses.

Figure 8. CTA of the chest with bilateral focal pulmonary densities and 
bilateral loculated pleural abscesses. 
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computed tomography (CT) of the chest demonstrated bilat-
eral focal pulmonary densities and loculated pleural abscesses 
(Figures 7-8). She was admitted with diagnoses of sepsis, 
MRSA bacteremia, and septic pulmonary emboli. Antibiotic 
therapy was initiated. TEE revealed severe tricuspid regur-
gitation and large, mobile tricuspid vegetations (Figure 9). 
She initially underwent a left thoracotomy with drainage of 
pleural abscess and left lower lobe wedge resection. Because 
of clinical progression, she subsequently underwent tricuspid 
valve replacement with a 29-millimeter St. Jude tissue valve 
(Abbott Laboratories, Abbott Park, IL, USA) and right pul-
monary decortication. Tricuspid tissue valve selection again 
eliminated the need for high-dose anticoagulation in a patient 
at risk for noncompliance. In the early postoperative period, 
she remained epicardial-lead-pacemaker dependent. The 
decision was made to defer permanent pacemaker placement 
unless symptomatic bradycardia developed. 

Following discharge, she required readmission for symp-
tomatic loculated pleural effusions (Figure 10). She under-
went a right thoracotomy with complete decortication and 
wedge resections of right upper- and lower-lobe abscesses. 
Intraoperatively, she developed torsades de pointes and 
required defibrillation. She had several episodes of nonsus-
tained torsades de pointes in the early postoperative period as 
well. Her polymorphic ventricular tachycardia was attributed 
to bradyarrhythmia. She subsequently underwent permanent 
pacemaker placement and was discharged to a long-term 
acute care facility in stable condition. 

DISCUSSION

In cases of extension of infection into the cardiac septum, 
the conduction system may be affected, leading to arrhythmias 
[Mylonakis 2001]. Torsades de pointes is a form of polymor-
phic ventricular arrhythmia associated with QT interval pro-
longation [Tounsi 2012]. QT prolongation of 0.45 in males 
and 0.47 in females is diagnostic of long QT syndrome [Yuan 
2009]. Acquired QT prolongation may be attributed to elec-
trolyte abnormalities, such as hypokalemia, hypomagnesemia, 

and hypocalcemia [Yuan 2009; Tounsi 2012]. Certain medica-
tions, such as calcium channel blockers, psychiatric medica-
tions, antihistamines, antibiotics, immunosuppressants, and 
diuretics may cause QT prolongation as well [Yap 2003; Yuan 
2009]. Other causes of acquired QT prolongation include 
cocaine abuse, myocardial ischemia, subarachnoid hemor-
rhage, stroke, autonomic neuropathy, HIV infection, and 
chronic renal disease requiring dialysis [Khan 2002; Familoni 
2006; Yuan 2009].

The majority of cases are pause-dependent, character-
ized by bradyarrhythmia or sinus pause causing QT inter-
val prolongation and arrhythmia [Tounsi 2012]. In the cases 
described herein, the development of torsades de pointes was 
preceded by bradyarrhythmias, characteristic of the pause-
dependent subtype of QT prolongation. Magnesium sulfate 
is the treatment of choice for torsades de pointes [Hasegawa 
1991]. Lidocaine may also be used [Hasegawa 1991]. Serum 
electrolyte abnormalities should be corrected, with serum 
potassium maintained at a high normal level [Hasegawa 1991; 
Yuan 2009]. If these treatments are ineffective, defibrillation 
is required [Tounsi 2012]. In addition, patients may require 
temporary transvenous pacing, which is specifically effective 
in pause-dependent QT prolongation [Koo 2004]. Febrile 
infection has been identified as a predisposing factor for QT 
prolongation and torsades de pointes [Tounsi 2012]. With 
completion of antibiotic therapy for infective endocarditis, 
resolution of arrhythmia has been described [Tounsi 2012].

Torsades de pointes is an uncommon presentation of infec-
tive endocarditis, with very few cases reported in the litera-
ture. Tounsi et al described a 49-year-old male with prosthetic 
mitral valve MRSA endocarditis who developed bradyarrhyth-
mia, QT prolongation, and torsades de pointes [Tounsi 2012]. 
In this case, the patient’s corrected QT interval was markedly 
prolonged on admission, leading to multiple episodes of tor-
sades de pointes requiring cardiopulmonary resuscitation and 
defibrillation [Tounsi 2012]. His bradyarrhythmia, QT pro-
longation, and associated torsades de pointes resolved with 
completion of antibiotic therapy [Tounsi 2012].

Figure 10. CXR with bilateral pleural effusions and patchy infiltrates

Figure 9. TEE with severe tricuspid regurgitation and large, mobile tri-
cuspid vegetations.
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Sayar et al reported a case of Brucella endocarditis affecting 
a prosthetic mitral valve in a 58-year-old female who devel-
oped QT prolongation and torsades de pointes [Sayar 2006]. 
Her QT interval was prolonged on admission, and she had 
multiple episodes of torsades de pointes requiring defibril-
lation thereafter [Sayar 2006]. She required reoperation and 
ultimately experienced arrhythmia resolution following com-
pletion of antibiotic therapy [Sayar 2006]. 

Yuan et al described a case of aortic and mitral valve 
Streptococcus viridans endocarditis complicating hypertrophic 
obstructive cardiomyopathy in a 52-year-old female who later 
developed first degree atrioventricular block and QT prolon-
gation [Yuan 2009]. She required surgical intervention and 
experienced no further arrhythmias following completion of 
antibiotic therapy, beta-blockade, and potassium supplemen-
tation [Yuan 2009]. 

Finally, Irie et al reported a case of a 70-year-old male with 
infective endocarditis who developed QT prolongation and 
torsades de pointes secondary to hypoalbuminemia and pro-
pofol [Irie 2010]. The patient developed large, bilateral pleu-
ral effusions and required mechanical ventilation [Irie 2010]. 
After receiving a bolus of propofol for induction of sedation, 
he developed QT prolongation and torsades de pointes [Irie 
2010]. His laboratory results were significant for hypoalbu-
minemia, attributed to malnutrition and increased catabolism 
related to his underlying infection [Irie 2010]. His arrhythmia 
resolved with beta-blockade and discontinuation of propofol. 
The patient’s arrhythmia was attributed to the increased free 
propofol related to hypoalbuminemia and the effects of pro-
pofol on myocardial repolarization [Irie 2010].

The incidence of lead- and pocket-related complications 
associated with conventional transvenous pacemakers has 
given rise to the development of permanent leadless cardiac 
pacemakers. These devices are self-contained right-ventricu-
lar single-chamber pacemakers implanted by using a percuta-
neous femoral approach [Tjong 2017]. Leadless pacemakers 
comprise 15% to 30% of total pacemaker placement in West-
ern countries [Mond 2001]. Indications for placement include 
chronic atrial fibrillation and atrioventricular block [Tjong 
2017]. Short-term complication rates for leadless pacemakers 
are higher than complication rates for conventional pacemak-
ers at 4.8% and 4.1%, respectively [Tjong 2017]. Leadless 
pacemaker complications are often related to implantation 
and may be associated with the learning curve for the pro-
cedure [Tjong 2017]. These include femoral access site com-
plications, cardiac perforation, and pacemaker dislodgement 
[Tjong 2017]. In comparison, short-term complications 
of conventional transvenous pacemaker placement include 
pneumothorax, pocket hematoma, cardiac tamponade, and 
lead dislodgement [Tjong 2017]. In addition, transvenous 
leads have been associated with venous obstruction, tricuspid 
regurgitation, and endocarditis [Tjong 2017]. Mortality rates 
for transvenous lead-related endocarditis range from 12% to 
31% [Tjong 2017]. The comparison of leadless and conven-
tional pacemakers is limited by the lack of long-term outcome 
data. Randomized controlled trials are needed to definitively 
determine the role of permanent leadless cardiac pacemaker 
therapy in clinical practice. 

CONCLUSION

Intravenous drug abuse remains a significant public health 
issue in the United States. The development of infective 
endocarditis and its complications are associated with sub-
stantial morbidity and mortality. After the clinical diagnosis 
is made, antibiotic therapy is recommended for a duration 
of 4 to 6 weeks. Early surgery portends a better prognosis 
than delayed intervention. Torsades de pointes is a potentially 
lethal complication of infective endocarditis that may result 
from involvement of the cardiac conduction system. Tricus-
pid valve surgery also bears risk of heart block because of 
conduction system proximity to the tricuspid valve annulus. 
The initial approach to management addresses the underly-
ing etiology of arrhythmia. If medical management is unsuc-
cessful, defibrillation and transvenous pacing may be neces-
sary. In patients with infective endocarditis presenting with 
QT prolongation, the potential risk for progression to tor-
sades de pointes should be recognized early. Efforts should 
be made to identify and address potential inciting factors to 
prevent torsades de pointes as well. Although both patients in 
this report ultimately required permanent pacemaker place-
ment, observation with temporary transvenous pacing and 
antibiotic therapy is a reasonable initial approach to manage-
ment. Given the significant mortality rates of transvenous 
lead-related endocarditis, leadless pacemaker placement may 
provide a safe and effective alternative to conventional trans-
venous pacemaker placement. Randomized controlled trials 
are needed to define the role of leadless cardiac pacemaker 
therapy in the future. 
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