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ARTICLE INFO ABSTRACT
Article history: Introduction: Antiretrovirals have immensely increased the average life expectancy of HIV-positive pa-
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Results and discussion: HIV-positive patients with high viral load, low CD4 count, chronic inflammation,
Keywords: and autonomic neuropathy can develop QT interval prolongation. Another factor prolonging QT interval
g_ll_\_/lf; Sl_l‘fg‘l'e includes exposure to the HIV transactivator protein, which inhibits hERG K (+) channels controlling IKr K
Torsades de pointes (+) currents in cardiomyocytes. Protease inhibitors inhibiting the CYP3A4 enzyme can also lead to QT
Sudden cardiac death interval prolongation. QT interval prolongation can potentially be exacerbated by opioids, antipsychotics,
Antiretroviral antibiotics, and antifungals, the adjunct medications often used in HIV-positive patients. Hepatic
insufficiency in seropositive patients on antiretrovirals may also increase the risk of QT interval
prolongation.

Conclusion: Baseline and follow-up EKG in the susceptible population is suggested.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Key points

Question: Which factors may contribute to QT interval prolongation among HIV-positive patients?

Findings: Evidence from various epidemiological studies and case reports suggests that seropositive status, CD4 cell count,
autonomic neuropathy, drugs inhibiting cytochrome P-4503A (CYP3A) enzyme, and hepatic dysfunction may be some of the
factors leading to QT interval prolongation among seropositive patients.

Meaning: Management of HIV-positive patients should be approached with caution because seropositive status, CD4 cell count,
autonomic neuropathy, cytochrome P-4503A (CYP3A) enzyme inhibiting drugs, and hepatic dysfunction may be some of the
contributing factors for QT interval prolongation.

1. Introduction

Advances in the field of highly active antiretroviral therapy
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this cohort.> QT interval prolongation is a precursor for fatal heart
rhythm disorders, including ventricular fibrillation and torsades de
pointes. QT interval prolongation is commonly encountered
among seropositive patients. Patients with prolonged QT interval
are relatively more prone to sudden cardiac death (SCD).*> The
mean rate of SCD was 4.5 times higher in the HIV-positive popu-
lation as compared to the healthy population.® The associations
between seropositivity, adverse effects of HAART, and heart rhythm
disorder among HIV and AIDS patients are a major concern.”®

While the exact mechanisms of fatal heart rhythm disorders
leading to a higher rate of SCD among HIV-positive patients
remain unknown, it has been hypothesized that alteration in car-
diomyocyte channel currents and cardiac depolarization can cause
QT interval prolongation.'® Several case reports and epidemiolog-
ical studies have reported a higher prevalence of prolonged QT
interval among HIV-positive patients.'"'”> However, detailed liter-
ature and more comprehensive studies on this topic remain sparse.
We aim to provide a critical review of the current literature to
summarize and elucidate the different factors and mechanisms
contributing to QT interval prolongation among HIV-positive adult
patients in order to provide a better understanding of the
phenomenon.

2. Methods

Our literature search strategy involved searching for articles on
Pubmed and Google Scholar using the search terms “HIV and QT
interval,” “AIDS and QT interval,” “HIV and QTc,” and “AIDS and
QTc.” Articles describing and reporting evidence on QT interval
prolongation in HIV and/or AIDS patients published after the year
1990 till 2019 were selected. Additional literature cited in the
selected articles encompassing the topic of interest were also
considered.

3. Results and Discussion
3.1. HIV viral load and CD4 count

Prevalence of QT interval prolongation is higher in patients with
higher HIV viral load and lower CD4 cell count.'® A cross-sectional
cohort study involving 802 HIV-positive patients was conducted to
identify the association between HIV seropositivity and QT interval
prolongation. It was observed that HIV-positive patients exhibited a
20% higher prevalence of prolonged QT interval as compared to the
HIV-negative population (12). A research team in Nigeria obtained
similar results and concluded that HIV-positive patients had a
higher prevalence of QT interval prolongation as compared to HIV-
negative subjects.”* Furthermore, the incidence of QT interval
prolongation  increased as the  patients  progressed
toward developing acquired immunodeficiency syndrome (AIDS).'
As stated earlier, lower CD4 cell count can be a contributing factor
or even an independent factor for QT interval prolongation.”” A
prospective cohort study conducted in Thailand found that HIV-
positive patients on combination antiretroviral (ARV) drugs and
with lower CD4 cell counts had higher rates of QT interval pro-
longation.'® A recent study conducted in 2017 involved 351 patients
at two primary prevention clinics in Italy. Lower CD4 cell count
(defined as CD4 count below 200 cells/ul) was consistently asso-
ciated with prolonged QT interval. Also, the mean age was higher in
patients with prolonged QT interval, as compared to those with QT
in normal ranges."”

A retrospective cohort study conducted at the Bronx Lebanon
Hospital suggested that seropositivity and a low CD4 cell count
could potentially predispose patients to prolongation of QT inter-
val. The study included a total of 5892 African-American HIV-

positive patients who visited the clinic or were admitted to the
hospital from 2009 through 2014. Out of 5892 HIV-positive pa-
tients, 2356 met the criteria for AIDS. Based on electrocardiogram
(EKG) readings, almost 17% (1009 participants) of the study popu-
lation was found to have a prolonged QT interval. The mean CD4
count of the study population was 124. Hence, it was concluded
that lower CD4 cell count is also significantly associated with pro-
longed QT interval.'®

3.2. Inflammation and autonomic neuropathy

The explicit mechanism through which HIV infection affects QT
interval remains unknown. Several studies have proposed that
chronic inflammation, persistent circulation of inflammatory
components, and activated immune system cells are possibly the
reasons for autonomic neuropathy, subclinical cardiomyopathy, or
subclinical myocarditis, eventually leading to heart rhythm disor-
ders."” Autonomic neuropathy is often observed among HIV-posi-
tive patients and possibly the cause for alterations in cardiac
innervation and QTc prolongation. To assess the correlation,
noninvasive cardiovascular reflex tests and EKGs were utilized to
assess the autonomic functions and QT interval changes among 57
HIV-positive patients and 23 HIV-negative patients. Autonomic
neuropathy and significantly longer QT interval were observed
among 37 HIV-positive patients in comparison to the 23 HIV-
negative patients. The study concluded that HIV-positive patients
are more prone to alterations in autonomic functions and that QT
interval is a reliable parameter for screening purposes. Since QT
interval prolongation is a precursor of fatal ventricular arrhythmias,
such patients should be managed with greater caution.?’

3.3. Biochemical mechanisms

AlIDS-associated cachexia has also been reported as a potential
cause for heart disease in HIV-positive patients. EKG indices such as
heart rate, QTc interval, T wave inversion, and ST-segment
depression increased, while the systolic and diastolic blood pres-
sure measurements fell significantly with the reduction in BMI in
AIDS patients. Hence it was suggested that biochemical changes
involved in cachexia and reduction in BMI might be contributing
factors for QT interval prolongation in AIDS patients.”! A deeper
look into the pathways suggested that HIV infection significantly
reduces outward K+ currents, ultimately leading to delayed ven-
tricular repolarization.”?

A study conducted in 2011 proposed a detailed molecular
mechanism associating HIV infection with long QT syndrome. Hu-
man ether-a-go-go-related gene coding for hERG K (+) channels
controls IKr K (+) currents in cardiomyocytes. Inhibition of these
currents causes delayed repolarization of cardiomyocytes, leading
to prolongation of QT interval. An HIV virus transactivator protein
called HIV Tat protein also plays a pivotal role in this process. Cells
incubated with HIV Tat protein had a considerably different re-
covery and inactivation time for hERG K (+) channels. Increasing
the duration and dose of exposure to HIV Tat protein caused a
significant inhibition of hERG K (+) currents. HIV Tat protein in vivo
treatment of guinea pig cardiomyocytes reduced IKr currents and
also caused prolongation of the action potential. Based on the
aforementioned evidence, it was concluded that hERG K (+) cur-
rents and its protein expression are inhibited by HIV Tat protein
possibly causing QT interval prolongation in HIV-positive pa-
tients.>>** Another study conducted a few years later published
similar results after examining the effect of HIV Tat protein in rats.
In HIV-1 infection, as the concentration of HIV Tat protein
increased, there was an increase in the signal of Tat-mediated
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pathways. It was clear that increased concentration of HIV Tat
protein promoted bradycardia and QT interval prolongation.””

3.4. Medications

Adverse effects of medications and drug—drug interaction are
also fairly common factors leading to arrhythmias, especially in
patients who are on multiple-drug regimes.® Seropositive patients
on HAART are frequently treated with adjunct antibiotics, anti-
fungals, opiates, and several other medications for complications of
AIDS or for collateral conditions observed in the cohort with AIDS.
Collateral conditions may include drug abuse, psychiatric condi-
tions, and chronic pain. Medications that are commonly used in
seronegative and seropositive patients, which carry proar-
rhythmogenic properties, are listed in Table 1.

3.5. HAART

A study was conducted to investigate the association of QTc
interval with HAART. Study subjects consisted of HIV-positive pa-
tients on HAART, HIV-positive HAART-naive patients (HIV-positive
patients but not on HAART), and a control group. A breakdown of
the results showed that the prevalence of QT interval prolongation
in seropositive patients on HAART was 18.2%, and it was 16.4% in
seropositive HAART-naive patients. Hence, it was concluded that
HIV-positive patients on HAART have a higher prevalence of QT
interval prolongation as compared to HIV-positive HAART-naive
patients. One of the possible explanations can be treatment with
lopinavir (LPV) and zidovudine (ZVD) in seropositive patients.>'
Shavadia et al. noticed similar findings. They suggested that
HAART predisposes HIV-positive patients to QTc interval prolon-
gation as compared to the ART-naive controls (HIV-positive pa-
tients who were not taking antiretroviral therapy [ART]). The
analyses were conducted after controlling for CD4 cell count and
other confounding factors such as age, sex, comorbidities, risk
factors for cardiovascular diseases, alcohol intake, and smoking
status. However, it is difficult to draw an exact causal association
and list the precise etiologies for prolonged QT interval.>> These
results illustrate variances between ARV and their adverse effects
on QT interval. Further studies are needed for a better under-
standing of this issue.

Hyperlipidemia, hyperglycemia, and lipodystrophy are some of
the adverse effects reported with the use of protease inhibitors
(PIs). Hyperlipidemia is the most commonly observed adverse ef-
fect with a prevalence of almost 50% in patients on Pls.>*>>* Most Pls

are potent inhibitors of cytochrome P-4503A (CYP3A) enzyme.
Concomitant use of PIs with drugs that share the CYP3A metabolic
pathway can potentially propel asymptomatic electrocardiographic
abnormalities and precipitate dangerous arrhythmias.>®

Several case reports and in vitro data have implied that PIs are a
potential cause for QT interval prolongation and/or torsades de
pointes. Ritonavir (RTV), a potent cytochrome P-4503A4 (CYP3A4)
inhibitor, when used in combination with saquinavir (SQV) caused
a significant prolongation of QT interval in studies comparing their
effects in seropositive patients, as well as in healthy volunteers who
served as a control group.>® Anson et al. found an association be-
tween QTc prolongation and/or torsades de pointes with the use of
PIs in 24 patients in the Food and Drug Administration's voluntary
adverse event reporting system. It was suggested that LPV, nelfi-
navir (NFV), RTV, and SQV displayed dose-dependent blockage of
hERG K+ channels in human embryonic kidney (HEK 293) cells
in vitro. They further suggested that LPV induced blockage of
repolarizing potassium current (IKr) channels in neonatal mouse
cardiac myocytes lead to QTc prolongation.’” Another study pre-
sented similar evidence by stating that atazanavir (ATZ) blocks
hERG K+ channels, directly predisposing the subjects to QT interval
prolongation.®® Chinello et al. conducted multivariate analysis and
found that NFV increases the risk of QTc interval prolongation (odds
ratio [OR], 6.61; 95% confidence interval [CI], 1.79—24.38; p < 0.005)
after adjusting for the plasma concentration of sodium, potassium,
and calcium.*

Atazanavir, although a PI, has more desirable effects on serum
lipid profile as compared to other PIs. It was administered to 21
patients and the results showed that QTc was prolonged 2 h after
the first dose of ATZ (mean + standard deviation 3.19 + 8.0 ms; 95%
Cl, —0.47 to +6.85 ms; p = 0.084). However, the difference was not
statistically different between QTc values and QTd values at base-
line.*° Moreno et al. conducted an observational study to investi-
gate the prevalence and factors associated with prolongation of QT
interval in asymptomatic HIV-infected patients. It was observed
that the likelihood of QT prolongation was lower in patients treated
with ATZ as compared to those treated with other Pls.*! Results of
this study concur with the results presented by the previous
research studies.

Another study conducted by Zhang et al. examined the role of
SQV/RTV combination on QT interval. The association was studied
at therapeutic and supratherapeutic doses of the combination. It
was reported that SQV/RTV combination administration in healthy
patients and in HIV-infected patients is proarrhythmogenic and can
potentially prolong QT interval. RTV and SQV, both administered

Table 1
Drugs with QT interval prolonging properties.
Class Drug names
Antiviral Ritonavir, Atazanavir ?/, Saquinavir 2%
Opiates Methadone, Levomethadyl ?’, Oxycodone, Tramadol 2°
Antibiotic Moxifloxacin, Levofloxacin, Ofloxacin, Gatifloxacin, Ciprofloxacin, Erythromycin, Azithromycin, Clarithromycin, Trimethoprim-
Sulfamethoxazole %/, Metronidazole °
Antifungal Ketoconazole, Fluconazole, Itraconazole, Voriconazole 27
Antiemetic Ondansetron, Granisetron, Dolasetron %’

Antihistamine Diphenhydramine, Terbinafine, Astemizole *”

Antidepressant
Mirtazapine 2’

Antipsychotic

Antiarrhythmic

Diuretic, antihypertensive

Antianginal

Decongestant

Bronchodilator

Muscle relaxer

Nonsteroidal anti-

inflammatory

Ranolazine, Bepridil 27

Pseudoephedrine, Phenylpropanolamine 27
Tizanidine ?’

Diclofenac, Celecoxib, Ketorolac %°

Fluoxetine, Paroxetine, Sertraline, Citalopram, Escitalopram, Amitriptyline, Nortriptyline, Imipramine, Desipramine, Doxepin, Venlafaxine,
Haloperidol, Thioridazine, Clozapine, Risperidone, Quetiapine, Chlorpromazine 2’

Sotalol, Amiodarone, Quinidine, Procainamide, vDisopyramide, Flecainide, Dofetilide, Dronedarone 2’
Hydrochlorothiazide, Indapamide, Nicardipine 27, Furosemide >°

Albuterol, Salmeterol, Metaproterenol, Terbutaline, Levalbuterol, Ephedrine 2’
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individually, also have the potential to prolong QT interval. With
the SQV/RTV combination, ART is frequently used to boost the
therapeutic effect, but it can also impose an additional adverse
effect on QT prolongation. Hence, it was concluded that HIV-
positive patients should be pretested with EKG before initiating
the SQV/RTV combination. Patients with a QT interval >450 ms
should not be recommended this combination. A PR and QT interval
prolongation “Warning and Precautions” insert was added to the
SQV package based on the findings of this study.*’> A large-scale
study by Soliman et al. recruited 3,719 study subjects from the
Strategies for Management of Antiretroviral Therapy (SMART)
study. In this study, 1,879 randomized participants received inter-
mittent ART (drug conservation group) while the remaining
received continuous drug therapy (viral suppression group). Mul-
tiple treatment regimes with Pls in combination with RTV were
used in the drug conservation group. Another combination used in
this group was PIs with nonnucleoside reverse transcriptase in-
hibitors (NNRTIs). QT interval was measured at 12 months and 24
months of follow-up in both groups. After careful investigation, it
was concluded that all combinations with PIs showed a similar
effect on QT interval prolongation, while NNRTI combination re-
gimes did not show QT interval prolongation.*> Dolutegravir, an
integrase inhibitor and a novel HAART drug, has proven effective-
ness against HIV with no significant adverse effects on cardiac
repolarization, even with supratherapeutic doses.**

The mechanism for arrhythmogenic effects of PIs remains un-
clear, mostly because of the lack of large randomized controlled
trials. Current data and literature suggest an association between
HAART and QT prolongation, but these suggestions are mostly
drawn based on the results from in vitro studies or studies with
small sample size. None of the larger prospective studies have
demonstrated any significant increase in QT interval following
exposure to PIs. Ogunmola conducted a case-controlled study that
involved HIV-positive patients on ART, HIV-positive patients not on
ART, and HIV-negative subjects. They found that there was signif-
icant QT prolongation in HIV-positive patients both on ART and not
on ART, as compared to the HIV-negative subjects. Although QT
prolongation was relatively greater in HIV-positive patients on ART,
it was not significantly different in comparison to the HIV-positive
patients not on ART. These findings led researchers conclude that
QT prolongation may not be entirely related to ART administration
and that seropositivity may also play a significant role in QT interval
prolongation.*® This finding was similar to previous studies, which
stated that ARV medications were not independently associated
with prolonged QTc in HIV-infected patients.*64”

3.6. Methadone

The predisposition of HIV-positive patients to QT interval pro-
longation and torsades de pointes with methadone use is a well-
established association.*® Frequently, HIV-positive patients are
also opioid drug abusers and require methadone maintenance
therapy along with concomitant use of drugs that are potent in-
hibitors of CYP 3A4 (for example, Pls). It is of critical importance to
meticulously evaluate HIV-positive and hospitalized patients
before initiating PIs with methadone.

Case reports from other institutions reported similar results.
Four HIV-positive patients developed prolonged QTc and torsades
de pointes while being treated with ART and methadone.*’ Kao
et al. conducted analyses on registry data to further explore this
association. Study participants consisted of documented
methadone-associated ventricular arrhythmias (1646 patients) and
methadone-associated long QT interval (379 patients). It was re-
ported that methadone is very commonly coadministered with
ART, placing HIV-positive patients at risk of potentially fatal heart

rhythm disorders.’® Vallecillo et al. aimed to determine the prev-
alence and factors associated with long QTc interval in a cohort of
seropositive opioid-dependent patients on methadone mainte-
nance treatment. They found that almost 37% of seropositive pa-
tients on methadone therapy had prolonged QT interval. The
adverse effect of QT interval prolongation can even further amplify
if PIs are coadministered with methadone in patients with coex-
isting hepatic damage. Multiple regression analysis showed that
methadone doses, chronic hepatitis C—induced cirrhosis, and ART-
naive status were all significantly associated with QT interval pro-
longation (p = 0.005, p = 0.008 and p = 0.036, respectively).’’
However, buprenorphine alone, a partial opioid agonist, is
approved for opioid dependence treatment and has shown only a
minimal effect on QTc prolongation.>?

3.7. Other opioids

A prospective case-crossover study was conducted to examine
the effects on QT interval in HIV-negative opioid-dependent pa-
tients. The control group was administered buprenorphine/
naloxone (an antagonist of mu opioid receptors) combination while
the intervention group was coadministered a combination of
buprenorphine/naloxone with ARV drugs. Antiretrovirals included
in the study were efavirenz (EFV), NFV, RTV, LPV/RTV combination,
and delavirdine (DLV). The objective was to single out the cause for
QT prolongation in opioid-dependent patients. Buprenorphine/
naloxone alone did not cause any significant alteration in QT in-
terval (despite the recent use of cocaine in some subjects). On the
other hand, buprenorphine/naloxone in combination with ARV
showed statistically significant prolongation of QT interval but with
limited clinical significance. QT interval prolongation was the
greatest with buprenorphine/naloxone combined with RTV and
DLV. The explanation for QT interval prolongation stated that
opioid receptor activity manipulation coupled with the CYP3A4
inhibition potential of RTV can precipitate fatal rhythm disorders,
even in HIV-negative subjects.”?

3.8. Adjunct medications

The advent of newer, more potent ARV drugs has caused a sig-
nificant decrease in the incidence rate of HIV-associated opportu-
nistic infections and cancers. Nevertheless, this is still not an
uncommon phenomenon in the current era of HAART. There are
circumstances when the HAART regimen fails due to drug resis-
tance, poor patient adherence, or advanced disease status. Anti-
infective, antineoplastic, and antihistamines are often recom-
mended in addition to palliative support with HAART. Multiple
studies and case reports have been published that suggest that
coadministration of HAART with anti-infective, antineoplastic,
antihistamine, and antipsychotic drugs changes myocardial action
potential and potentially prolongs QT interval. Acquired QT interval
prolongation increases the risk of torsades de pointes, a poly-
morphic ventricular arrhythmia that can quickly degenerate into
ventricular fibrillation and cause SCD.>”

Shimabukuro-Vornhagen et al. reported the case of a seroposi-
tive patient with pneumonia treated with a macrolide antibiotic
who developed long QT syndrome and eventually, torsades de
pointes.”> Vallejo reported the case of an HIV-positive patient
treated with intravenous cotrimoxazole and clarithromycin for
HIV-associated opportunistic infections developing QT prolonga-
tion and ventricular arrhythmia.>* Antipsychotic drugs are also
commonly used to combat the mental conditions in HIV-infected
and AIDS patients. Certain psychiatric medications such as halo-
peridol, clothiapine, phenothiazines, citalopram, and escitalopram
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have been shown to induce QT prolongation in adult psychiatric
patients with HIV infection or viral hepatic infection.>”

3.9. Hepatic dysfunction

Hepatitis C coinfection is a common phenomenon observed
among patients infected with HIV. Concomitant hepatitis C infec-
tion and liver damage further increase the risk of QT prolongation,
most likely due to inadequate functionality of hepatic drug meta-
bolism pathways.’® Interestingly, both HIV and hepatitis C in-
fections can be independent predisposing risk factors for prolonged
QTc interval. A study reported that hepatitis C coinfection with HIV
nearly doubled the risk of QTc interval prolongation (29.6% vs 15.8%,
p < 0.001)°7 Unfortunately, many seropositive patients have
coexisting liver damage and a history of alcohol abuse further
exaggerating the adverse effects. A case report revealed that an
HIV-positive woman on HAART with coexisting hepatitis B and
hepatitis C infections developed prolonged QTc and torsades de
pointes after initiation of methadone therapy for opioid depen-
dence, even though she had no prior history of any cardiac abnor-
malities.”® Hence, it is important to consider the possibility of
hepatic coinfection or compromised hepatic function in all HIV-
positive patients to prevent induction or worsening of QT interval
prolongation.'® EKG is a fairly simple yet effective screening test to
screen the population susceptible to EKG abnormalities.*?

4. Conclusion

HIV-infected individuals are at a high risk of developing QT in-
terval prolongation and potentially fatal arrhythmias. The most
likely reason for this may be the progression of the HIV disease
status, presence of comorbidities, and coadministration of various
medications with the potential to cause electrophysiological dis-
turbances. Despite this, the frequency of QTc monitoring by EKG
among HIV-infected patients remains low. It is of critical impor-
tance to consider the risk of QTc interval prolongation in patients
with HIV infection. Although close monitoring with baseline and
follow-up EKGs in seropositive patients may seem to be an un-
necessary precaution, it should be considered in patients with
multiple comorbidities treated with PIs and medications with
proarrhythmic potential. Larger prospective cohort studies and
trials are needed to further elucidate the mechanism of long QTc in
HIV-positive patients.
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