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Abstract
Lopinavir-ritonavir combination is being used for the treatment of SARS-CoV-2 infection. A low dose of ritonavir is added to
other protease inhibitors to take advantage of potent inhibition of cytochrome (CYP) P450 3A4, thereby significantly increasing
the plasma concentration of coadministered lopinavir. Ritonavir also inhibits CYP2D6 and induces CYP2B6, CYP2C19,
CYP2C9, and CYP1A2. This potent, time-dependent interference of major hepatic drug-metabolizing enzymes by ritonavir
leads to several clinically important drug-drug interactions. A number of patients presenting with acute coronary syndrome and
acute heart failure may have SARS-CoV-2 infection simultaneously. Lopinavir-ritonavir is added to their prescription of multiple
cardiac medications leading to potential drug-drug interactions. Many cardiology, pulmonology, and intensivist physicians have
never been exposed to clinical scenarios requiring co-prescription of cardiac and antiviral therapies. Therefore, it is essential to
enumerate these drug-drug interactions, to avoid any serious drug toxicity, to consider alternate and safer drugs, and to ensure
better patient care.

Keywords COVID-19 . SARS-CoV-2 . Drug interactions . Lopinavir-ritonavir . Cardiovascular therapy

Introduction

On December 31, 2019, the World Health Organization office
in China was informed of a few cases of pneumonia of un-
known cause originating from the city of Wuhan, Hubei prov-
ince in China [1]. Over the next 3 months, severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2) infection, com-
monly called COVID-19 rapidly evolved into a pandemic. Pre-
existing cardiovascular (CV) disease (14.5%) and CV risk fac-
tors like hypertension (31.2%) and diabetes (10.1%) are com-
monly present in these patients [2, 3]. In addition, there are
several potential mechanisms for acute effects of SARS-CoV-
2 infection on the CV system causing acute cardiac injury [4].
Some patients presenting with acute coronary syndrome (ACS)

and/or acute heart failure (AHF) for the first time turn out to be
positive for COVID-19. They may rapidly develop symptoms
of SARS-CoV-2 pneumonia and require the addition of antivi-
ral therapies. Unmonitored use of antiviral therapies is known
to cause cardiac complications [5]. Protease inhibitor (PI) rito-
navir (RTV) is competitive and non-competitive, irreversible
inhibitor of CYP3A4 leading to important drug-drug interac-
tions (DDI). The data from other cytochrome inhibitors like
ketoconazole may not be extrapolated to RTV as ketoconazole
is only a competitive reversible inhibitor of CYP3A4. The
DDIs of PIs are common but avoidable and impose a significant
increase in healthcare costs. In a study of people living with
HIV, 16.8% had at least one DDI in a year time with a signif-
icantly higher risk in those receiving PIs [6]. This study aims to
extract all the available data on DDI between lopinavir/ritonavir
(L/R) and various cardiac drugs from studies in the HIV popu-
lation and other groups of patients, for the judicious and safe
use of combination therapy.

Methods

The electronic database of PubMed was searched using med-
ical subject headings (MeSH) terms and all articles reporting
interactions between lopinavir-ritonavir and individual
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cardiac medications were considered. Articles that were pub-
lished after 1980 until present were considered.

An additional literature search was done through the refer-
ence list and citations of selected articles. Published articles
and guidelines were given priority over product monograph of
drugs to extract relevant information. The flow diagram for
101 articles included in this study is shown in Fig. 1.

Discussion

Lopinavir/Ritonavir

A number of clinical trials are underway to assess the efficacy
and safety of antiviral therapies in SARS-CoV-2 infection. It
has been shown that PIs bind to the active site of SARS-CoV
Mpro (main protease), a key enzyme for coronavirus replica-
tion [7, 8]. Lopinavir/ritonavir (L/R), an HIV-based PI, is also
undergoing many clinical trials (ClinicalTrials.gov identifier:
https://clinicaltrials.gov/ct2/show/NCT04261270, https://
clinicaltrials.gov/ct2/show/NCT04295551, https://
clinicaltrials.gov/ct2/show/NCT04275388, NCT04372628
and NCT04328012). There are conflicting reports about the
efficacy of these drugs. A recently published randomized,
controlled, open-label trial comparing L/R with standard care
therapy in patients with severe COVID-19 failed to show a
difference in, time to clinical improvement (HR 1.31) or mor-
tality (19.2% vs. 25.0%; difference, − 5.8 percentage points;
95% CI, − 17.3 to 5.7) at 28 days [9]. However, in a modified
intention to treat analysis, the median time to clinical improve-
ment was reduced in the active drug group and mortality was

also reduced in patients treated early after symptom onset.
Similarly, in a previously published study [10] in patients with
SARS-CoV, early treatment with L/R was associated with a
reduction in mortality (2.3%) and intubation rates (0%) com-
pared with matched controls (15.6% and 11.0% respectively,
p < 0.05) and these benefits of L/R were lost in patients who
received it as rescue therapy. Thus, the high-quality evidence
is currently lacking; however, its use in COVID-19 continues
in many countries approved by the local relevant authorities.

Most of the current day knowledge about L/R is derived
from its use in patients of acquired immune deficiency syn-
drome (AIDS). These patients are at higher risk of coronary
heart disease than the general population [11] and over years,
experience has accumulated about co-management of cardio-
vascular diseases in HIV patients.

Lopinavir/Ritonavir + Antiplatelet Agents

Dual antiplatelet therapy comprising of a P2Y12-receptor in-
hibitor with aspirin is the critical component of the manage-
ment of patients with ACS. In addition, a large number of
patients with diabetes mellitus, atherosclerotic cardiovascular,
and peripheral vascular disease are on antiplatelet drugs [12].
Protease inhibitor use was associated with increased platelet
reactivity and higher rate of high on-treatment platelet reactiv-
ity (HTPR). Following DDIs have been observed between L/
R and antiplatelet agents.

Aspirin Aspirin is rapidly deacetylated to salicylic acid and
then metabolized by glucuronidation. The inducing effect of
RTV on glucuronidation may have an impact on the clearance
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of salicylate [13], but clinically significant consequences have
not been reported. Aspirin has been shown to worsen
ritonavir-induced intestinal injury in experimental animals
[14]. In another study, RTV was shown to cause ≥ 50% inhi-
bition of platelet aggregation in response to arachidonic acid;
however, it was not associated with an increase in bleeding
time [15].

Dipyridamole Dipyridamole is metabolized by uridine
glucuronosyltransferases (UGT), specifically of 1A subfami-
ly. Coadministration with L/R may potentially decrease
dipyr idamole exposure due to the induc t ion of
glucuronidation, thereby reducing the antiplatelet effect but
clinically significant interaction is unlikely.

Clopidogrel Clopidogrel is a prodrug. It is converted to an
active metabolite (AM) in a two-step hepatic bioactivation
by multiple CYP450 isoenzymes. L/R may cause an increase
in clopidogrel concentration through CYP3A4 inhibition but a
reduction in the active metabolite formation. A study on the
effect of RTV on clopidogrel AM in 12 healthy volunteers
showed tha t RTV decreased the area under the
concentration-time curve AUC0-4h of clopidogrel AM by
51% (p = 0.0001), and the average platelet inhibition de-
creased from 51% without RTV to 31% with RTV (mean
difference 90% CI − 27% to − 12%, p = 0.0007) [16]. The
maximal platelet inhibition by clopidogrel was also reduced
from 60 to 40% with concurrent RTV (mean difference 90%
CI − 29% to −11%). Thus, inhibition of platelet aggregation
by clopidogrel was significantly reduced by RTV. A dimin-
ished clopidogrel response after exposure to RTV may in-
crease the risk of stent thrombosis [17].

Close clinical and laboratory monitoring for evidence of
diminished antiplatelet effects is recommended.

Prasugrel Prasugrel is a prodrug that requires conversion to an
AM by CYP3A4 and 2B6 before binding to platelet P2Y12
receptor to irreversibly inhibit platelets. A pharmacokinetic
(PK) study monitoring the effect of RTV on prasugrel AM
in healthy volunteers showed that RTV significantly de-
creased prasugrel AM AUC0–6h and maximum concentration
(Cmax) by 45% and 38%, respectively, while time to Cmax (t-
max) and half time (t1/2) were not affected [18]. However, only
a single dose of prasugrel was given and the effect of the
interaction on platelet inhibition was not assessed. An
in vitro study by Daali et al. also found significant inhibition
of prasugrel bioactivation by RTV [19]. The impact of RTV
on the comparative efficacy of prasugrel vs. clopidogrel AMs
and their PKs was studied by Marsousi et al. [20]. The AUC
and Cmax of prasugrel AM were reduced by 52% and 43%
respectively in HIV patients on RTV compared with healthy
volunteers on prasugrel only. However, it did not translate into
insufficient platelet inhibition by prasugrel. Conversely, RTV

decreased the exposure to clopidogrel AM significantly (3.2-
fold lower AUC and Cmax) and resulted in inadequate platelet
inhibition in 44% of HIV patients. This differential impact of
RTV on platelet inhibition by clopidogrel and prasugrel is
possibly a reflection of the higher antiplatelet effect of
prasugrel compared with clopidogrel in patients of stable cor-
onary artery disease [21], ACS [22], including those undergo-
ing percutaneous coronary intervention [23]. In a case report
by Bravo et al., clopidogrel was replaced by prasugrel, after a
patient on aspirin and clopidogrel with RTV developed stent
thrombosis [17]. Subsequently, there was no further major
adverse cardiac event.

Thus, prasugrel may be preferred to clopidogrel in the pres-
ence of RTV-boosted regimens, unless patients have a clinical
condition (history of transient ischemic attack or stroke, age >
75 years, and body weight < 60 kg), which contraindicates its
use. In such a clinical scenario, an alternative antiplatelet agent
should be considered with dose adjustment by platelet func-
tion monitoring.

Ticagrelor Ticagrelor is a direct-acting, reversible P2Y12-
receptor antagonist. It is not a prodrug and does not require
metabolic activation for antiplatelet activity. Still, it is exten-
sively metabolized by CYP3A4 and 3A5 and its active and
approximately equipotent metabolite is about a third that of
ticagrelor. Inhibition of CYP3A-mediated metabolism of
ticagrelor by L/R may increase the antiplatelet effects of
ticagrelor [24]. In a study of human volunteers, platelet inhi-
bition was nearly complete despite the administration of a
fourfold lower dose of ticagrelor [25]. The absolute platelet
reactivity unit (PRU) was 11.8 (4.7–18.9), 4 h after a single
dose of 180 mg ticagrelor compared with 18.1 (5.3–30.8) after
45mg ticagrelor coadministered with 100 mg RTV (p = 0.15).
In patients on CYP3A4 inhibitors (RTV or cobicistat), the
half-life of ticagrelor is significantly increased and it may take
up to 10 days for P2Y12 test results to be restored to normal
[26]. Thus, it is suggested to avoid concomitant use of
ticagrelor with L/R, consider alternative antiplatelet agent, or
possibly use a fourfold lower dose.

Cangrelor It is the only intravenous P2Y12 inhibitor available
and is deactivated by dephosphorylation in the circulation.
Cangrelor and its major metabolites do not inhibit CYP iso-
enzymes, and there is no interference with the hepatic metab-
olism of any drug.

Vorapaxar Prescription of L/R in patients on vorapaxar is ex-
pected to increase vorapaxar levels and coadministration is not
recommended [27].

Glycoprotein IIb/IIIa Inhibitor Tirofiban and eptifibatide are
the commonly used GPIIb/IIIa inhibitors. Metabolism of
tirofiban is very limited. A majority of the drug is recovered
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unchanged in the urine and feces. A majority of eptifibatide is
excreted in the urine as eptifibatide and deaminated
eptifibatide. Chances of DDI with L/R are unlikely.

Lopinavir/Ritonavir + Lipid-Lowering Therapies

Statins Most statins are metabolized by the CYP450 enzyme
system in the liver. Lipophilic statins (e.g., lovastatin, simva-
statin, atorvastatin) are substrates for CYP450, particularly
CYP3A4. Hydrophilic statins (e.g., pravastatin and
rosuvastatin) are not significantly metabolized by CYP450
[28]. Lopinavir/ri tonavir are strong inhibitors of
permeability-glycoprotein (P-gp) transporter also. In addition,
two transporters, organic anion-transporting polypeptide 1B1
(OATP1B1) and breast cancer resistance protein (BCRP), also
known as ATP-binding cassette (ABC) transporter G2, are
also inhibited by PIs affecting transporter-mediated interac-
tion of statins [29, 30]. All statins gain entry into hepatocytes
for their pharmacologic activity and metabolism via
OATP1B1 and are eliminated through bile via the ABC trans-
porter family. It is also known that different PIs have a differ-
ential effect on the metabolism of the same statin. At the same
time, statins have little or no effect on PKs of L/R. PIs reduce
the lipid-lowering efficacy of statins.

Simvastatin should not be used as it is highly dependent on
CYP3A4 for metabolism in addition to OATP1B1-mediated
uptake of the simvastatin acid. When coadministered with
RTV-boosted saquinavir, the simvastatin AUC and Cmax in-
creased by 30-fold [28]. Rosuvastatin is minimally exposed to
CYP2C9 (≤ 10% of total disposition). In a study of
rosuvastatin, its AUC0–∞ and Cmax were increased 2.1- and
4.7-fold, respectively when coadministered with L/R [31].
Samineni et al. reported nearly similar results with co-
prescription of darunavir/RTV and rosuvastatin [32]. This
high degree of interaction may be due to significantly higher
inhibition of BCRP observed with lopinavir in vitro [29].
Inhibition of BCRP decreases hepatobiliary excretion and in-
creases intestinal absorption of rosuvastatin and atorvastatin.
A higher BCRP activity in the Caucasian population com-
pared with Asians may translate to an ethnic difference in
DDI susceptibility [33]. The sodium-taurocholate
cotransporting polypeptide (NTCP) is also involved in part,
in the hepatic uptake of rosuvastatin [34], and RTV is an
inhibitor of NTCP. Atorvastatin coadministration with L/R
increased its AUC0–24 and Cmax by 5.9- and 4.7-fold, respec-
tively [35] with a decrease in the formation of active metabo-
lites. Thus, statins with a lower likelihood of interactions need
to be considered.

Pitavastatin is metabolized by glucuronidation with
CYP2C9 playing a minor role and the potential of DDI is
least. A PK study of L/R (400 mg/100 mg twice daily) in
combination with pitavastatin 4 mg once daily showed that
coadministration was safe and well tolerated [36]. At steady

state (4 h after dosing), pitavastatin peak exposure (Cmax) was
unchanged and total exposure (AUC0-τ) was reduced by 20%.
Similarly, no significant DDI or safety issues were noted be-
tween pitavastatin 2 mg daily and darunavir/RTV [37].
Pravastatin is mainly metabolized by glucuronidation with
the CYP3A4 system playing a minor role. It is the least
protein-bound statin, giving it a low systemic exposure.
Administration of pravastatin with L/R results in a 33% in-
crease in pravastatin AUC [27] and dose adjustment is not
required. Fluvastatin is metabolized via CYP2C9. Ritonavir
is an inducer of CYP2C9 and may lead to decreased
fluvastatin efficacy [38]. Pravastatin [35] and fluvastatin [39]
do not have significant DDI with L/R and there is no dose
limitation; for other statins (atorvastatin and rosuvastatin),
start at the lowest dose, titrate carefully, and monitor for side
effects.

Ezetimibe L/R may cause a possible reduction in ezetimibe as
it is metabolized by glucuronidation; however, it can be used
safely with L/R.

The DDIs of statins with L/R are likely to bemore severe in
elderly patients, Asians, and patients with multiple medica-
tions. Rhabdomyolysis has been reported after the coadminis-
tration of atorvastatin and L/R with other drugs [40]. Patients
of SARS-CoV-2 pneumonia with ACS, who need intensive
lipid lowering, may be given a combination of pitavastatin and
ezetimibe with L/R safely for maximum lipid lowering with-
out risk of any significant DDI. The addition of ezetimibe to
statin therapy resulted in a significant reduction of lipid pa-
rameters in HIV patients not on goal despite therapy with low-
dose statin prescribed with L/R [41].

Fibrates Coadministration of fenofibric acid (145 mg, single
dose) with L/R (400/100 mg, twice daily) or RTV alone
(100 mg, twice daily) was studied in 13 healthy volunteers
in a cross-over study. Compared with baseline, RTV de-
creased fenofibrate AUC by 11% (p > 0.05) and Cmax was
unchanged, and L/R decreased fenofibrate AUC by 13%
(p > 0.05) and Cmax was unchanged. The authors concluded
that fenofibrate can safely be given with either L/R or ritonavir
alone [42]. The same authors reported a significant 41% re-
duction in gemfibrozil exposure after 2 weeks of L/R
administration.

Fish Oil Patients, who are taking prescription fish oil and
fenofibrate, either alone or in combination for hypertriglyc-
eridemia, may continue it during L/R therapy. Fish oil was
found safe and effective, without any adverse effect on the
pharmacokinetics of L/R [43].

PCSK9 InhibitorsEvolocumab and alirocumab are monoclonal
IgG antibodies. Elimination occurs primarily via proteolytic
catabolism throughout the body. Coadministration with L/R
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has not been studied but based on metabolism and clearance a
clinically significant interaction is unlikely.

Lopinavir/Ritonavir + Anticoagulants

Non-vitamin K Oral Anticoagulants Rivaroxaban and
apixaban are metabolized through a variety of pathways, in-
cluding CYP3A4 and BCRP. Renal elimination of
rivaroxaban is P-gp dependent further complicating coadmin-
istration. In healthy volunteers, steady-state RTV increased
rivaroxaban mean AUC by 153% and mean Cmax by 55%
after a single dose of 10 mg of rivaroxaban [44]. In a report
of a postoperative patient on darunavir/RTV, a single dose of
rivaroxaban 10 mg caused symptomatic bleeding from the
surgical site. The prothrombin time was increased and the
rivaroxaban trough level increased by eight times (75 ng/mL
compared with 9 ng/mL, 24 h after a single dose of 10 mg)
[45]. L/R prescription with rivaroxaban may lead to increased
risk of bleeding and their concomitant use was not permitted
in the ROCKET AF trial (Rivaroxaban Once-daily, oral, di-
rect factor Xa inhibition Compared with vitamin K antago-
nism for prevention of stroke and Embolism Trial in Atrial
Fibrillation).

Apixaban manufacturer recommends a dose reduction to
2.5 mg twice a day when co-administering with L/R [46]. If
the patient is already on a 2.5 mg dose, concurrent use should
be avoided. In a case series of 6 patients, reduced dose
apixaban was used successfully with RTV or cobicistat-
boosted regimens [47]. Dabigatran is not metabolized by
CYP450 and is primarily cleared through renal elimination,
so significant interactions are not anticipated. However, the
prodrug, dabigatran etexilate, is a substrate of P-gp and renal
multidrug and toxin extrusion-1 (MATE-1) transporter. Both
the transporters are inhibited by RTV. Coadministration with
L/R may result in an increase in the bioavailability of
dabigatran. Peak plasma dabigatran concentration occurs ~
3 h after administration. Thus, DDI may be minimized by
giving L/R after 3–4 h of dabigatran [48]. In another study,
dabigatran was given either simultaneously or 2 h before RTV
[49]. Given simultaneously, there were no statistically signifi-
cant changes to dabigatran AUC or Cmax. However, dabigatran
AUC and Cmax decreased by 29% and 27%, respectively,
when coadministered separately to RTV. There were no sig-
nificant changes to thrombin time in either arm. The authors
hypothesize that no significant effect on dabigatran pharmaco-
kinetics was seen with RTV due to its mixed induction and
inhibitory effect on P-gp. CYP3A4 is minimally involved (<
4%) in the metabolism of edoxaban; however, the drug is a
substrate for P-gp. In theory, no dose adjustment is required for
coadministration with potent CYP3A4 inhibitors, but no defi-
nite data is available. The European product label for edoxaban
suggests a dose reduction of edoxaban to 30 mg with strong P-

gp inhibitors; however, the US product label recommends no
dose modification.

In a study by Testa et al. [50], the C-trough level of non-
vitamin K oral anticoagulants (NOACs) was measured in 12
patients of SARS-CoV-2 after 2–4 days of L/R or darunavir/
RTV administration and compared with those recorded before
hospitalization. A marked increase in NOACs plasma level
was seen, of which the maximum was noted for rivaroxaban,
followed by edoxaban.

It is suggested to assess serum drug concentrations or anti-
Xa levels (for factor Xa inhibitors) in guiding the dose in
patients with chronic kidney disease, and concomitant use of
CYP3A4 and/or P-gp inhibitors. However, it may not be fea-
sible to get these test results quickly. Thus, in critically sick
patients, it will be prudent to replace NOAC with a parenteral
anticoagulant.

Vitamin K Oral Anticoagulants Warfarin is a racemic mixture
of two enantiomers in equal parts. (S)-warfarin (potent form)
is metabolized primarily by CYP2C9, and the (R)-isomer is
metabolized by CYP1A2, CYP2C19, and CYP3A4 [51].
Genetic polymorphism of CYP2C9 may be a potentially com-
plicating factor. In healthy subjects, 10 days of L/R therapy
increased CYP2C9 activity by 29% and CYP1A2 by 43%
[52]. The induction of these cytochromes by L/R may result
in increased warfarin metabolism and a reduction in the inter-
national normalized ratio (INR). The CYP enzyme induction
may take 1 week or longer. The dose of warfarin was in-
creased by almost three times in a patient with stable INR after
starting L/R therapy [53]. In many other case reports, the dose
of warfarin was increased from 40 to 140% to maintain ther-
apeutic INR. However, intermittent RTV administration may
result in inhibition of CYP2C9 metabolism. It resulted in
supratherapeutic INRs on days the patient took warfarin with
RTV and subtherapeutic INRs on days when the patient
abstained from RTV administration [54].

Similarly, in a case report of a patient of the prosthetic heart
valve, RTV severely decreased the anticoagulant effect of
acenocoumarol. It was not possible to maintain the desired
INR despite a threefold increase in acenocoumarol dose, ulti-
mately requiring discontinuation of RTV [55].

Initial frequent monitoring of the INR during initiation or
discontinuation of L/R in patients on vitamin K oral anticoag-
ulant therapy is recommended.

Parenteral Anticoagulants L/R coadministration with heparin
has not been studied. Heparin is eliminated via the reticuloen-
dothelial system. Thus, a clinically significant interaction is
unlikely.

Enoxaparin is desulfated and depolymerized in the
liver and excreted predominantly renally. A clinically
significant interaction is unlikely based on metabolism
and clearance.
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Fondaparinux is excreted unchanged by the kidneys, lim-
iting its DDIs.

Lopinavir/Ritonavir + Calcium Channel Blockers

All calcium channel blockers (CCB) are metabolized by
CYP450, predominantly CYP3A4 (exception being
nisoldipine).

Nifedipine Coadministration with RTV is reported to cause
hypotension, tachycardia, edema, and pre-renal acute kidney
injury [56, 57]. Clinical monitoring and a 50% dose reduction
may be considered.

Amlodipine Amlodipine is a substrate for oxidative aromati-
zation of its dihydropyridine ring by CYP enzymes. In a study
of RTV/indinavir with amlodipine, the median amlodipine
AUC increased by 89.8% [58]. A physiologically based phar-
macokinetic (PBPK) model study showed that a 50% reduced
dose of amlodipine given with RTV was enough to maintain
the same plasma level of amlodipine as with its full dose
without RTV. The full dose of amlodipine can be resumed
either immediately after stopping RTV or 5 days later under
clinical monitoring [59].

Lacidipine Lacidipine is oxidized to pyridine derivatives in the
liver by CYP3A4 with no parent drug detected in the urine or
feces. Coadministration has not been studied. In a case report
of a patient receiving multiple cardiac drugs including
lacidipine and metoprolol, the addition of L/R resulted in se-
vere hypotension and syncope within 48 h [60]. Lacidipine
exposure may be significantly increased by L/R via inhibition
of CYP3A4 and P-gp. It should be used with caution and dose
titration of lacidipine should be considered.

Lercanidipine Lercanidipine is metabolized by CYP3A4.
Ketoconazole, a strong CYP3A4 inhibitor, causes a 15-fold
increase of the AUC and an 8-fold increase of the Cmax for the
eutomer (S)-lercanidipine. Co-prescription of L/R and
lercanidipine is contraindicated [39, 61].

Cilnidipine Cilnidipine is a potent N-type Ca2+ channel
blocker attenuating norepinephrine release from sympathetic
nerve endings. Dehydrogenation of dihydropyridine ring of
cilnidipine occurs via CYP3A4 and is crucial in its elimina-
tion. Ketoconazole competitively inhibited the metabolism of
cilnidipine and a similar interaction is expected with L/R also
[62].

Diltiazem Diltiazem is largely metabolized through N-
demethylation by CYP3A to an active metabolite N-
desmethyldiltiazem. A non-CYP pathway metabolism gener-
ates another active metabolite, N-desacetyldiltiazem. RTV/

indinavir combination increased median diltiazem AUC by
26.5% [58]. Desmethyldiltiazem AUC decreased by 27.4%
(p = 0.01) and desacetyldiltiazem AUC increased by 102.2%
(p = 0.001). Compared with amlodipine, diltiazem has lesser
interaction with RTV.

Verapamil In vitro metabolic studies indicate that verapamil is
metabolized by CYPs 3A4, 1A2, 2C8, 2C9, and 2C18. RTV
has significant interaction with verapamil [63] causing eleva-
tion of verapamil plasma levels [27] and a decrease in dose
may be required.

Coadministration of CCB with RTV requires caution and
close monitoring for toxicity (i.e., vital signs, electrocardiog-
raphy (ECG) monitoring for PR interval). CCB should be
initiated at a lower dose and careful dose escalation should
be carried out.

Lopinavir/Ritonavir + Antiarrhythmics

Cardiac arrhythmias were noted in 16.7% of hospitalized
COVID-19 patients and were more common in ICU patients
compared with non-ICU patients (44.4% vs. 6.9%) [2].

Amiodarone Amiodarone is metabolized by CYP3A4,
CYP2C8, and CYP1A1 to an active metabolite [mono-N-
desethylamiodarone (MDEA)]. It is a substrate for P-gp.
Amiodarone and MDEA also inhibit CYPs 1A1/2, 2A6,
2B6, 2C9/19, 3A4, 2D6, and P-gp potentially causing accu-
mulation of PIs. Serious side effects have been reported with
its coadministration with indinavir and darunavir [64, 65].
Amiodarone has a narrow therapeutic index and a number of
side effects. It is suggested not to use it with RTV or to use the
lowest dose to achieve therapeutic effect [27, 66]. Serial mon-
itoring of amiodarone serum levels until steady state is
reached and frequent ECGs need to be done.

Ritonavir coadministration is contraindicated with
dronedarone, encainide, flecainide, propafenone, and quini-
dine [67].

Lidocaine (Lignocaine) Lignocaine undergoes oxidative N-
dealkylation in the liver by CYP3A4 forming numerous me-
tabolites. RTV coadministration with lidocaine may increase
plasma concentration of lidocaine by more than threefold [68,
69].

The European summary of product information contraindi-
cates coadministration while caution and therapeutic concen-
tration monitoring are recommended in the USA [70].

Lopinavir/Ritonavir + Beta-Blockers

Atenolol is a hydrophilic drug. Only 5% is metabolized by the
liver and it is excreted unchanged by the kidneys. The metab-
olism of bisoprolol is insensitive to liver enzyme (CYP3A4)
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inhibition because it has a balanced hepatic and renal clear-
ance. The potential interaction is of weak intensity, not requir-
ing dose adjustment [39]. Thus, atenolol [27] and bisoprolol
can be used safely with RTV.

Propranolol is metabolized by 3 routes (aromatic hydrox-
ylation by CYP2D6, N-dealkylation followed by side-chain
hydroxylation via CYPs 1A2, 2C19, 2D6, and direct
glucuronidation). RTV may increase propranolol concentra-
tion although to a moderate extent. No dose adjustment is
required.

Labetalol is mainly glucuronidated by UGT 1A1 and 2B7.
Coadministration may decrease labetalol exposure due to the
induction of UGT2B7 by RTV. Drug effect should be moni-
tored and doses increased if needed.

Carvedilol, metoprolol [39], and nebivolol are metabolized
by CYP2D6 and 1A2 pathway. Coadministration may result
in increased levels of these beta-blockers to a moderate extent.
The risk of carvedilol toxicity with PIs (especially in CYP2D6
slow metabolizers) exists.

L/R may increase the PR interval in ECG in some patients.
The clinical significance of coadministration of L/R with beta-
blockers on PR interval in ECG is unclear. ECGmonitoring is
advisable [39].

Lopinavir/Ritonavir + Drugs for Pulmonary Hypertension

Phosphodiesterase-5 Inhibitors In a study of normal male vol-
unteers, RTV increased sildenafil AUC and Cmax by 11-fold
and 3.9-fold respectively [71]. However, the PK of RTV was
not affected by sildenafil. A lower sildenafil dose of 25 mg
every 48 h has been suggested for patients receiving RTV
[39]. However, WHO guidelines [70] and product insert of
L/R [66] do not advise concomitant use of sildenafil with
darunavir/RTV and L/R in patients of pulmonary arterial hy-
pertension (PAH) due to the potential of sildenafil-associated
serious adverse events.

Coadministration of tadalafil (20 mg single dose) and RTV
(200 mg twice daily) increased tadalafil AUC by 124% with-
out modifying the Cmax [72]. In a PK study, the tadalafil level
was increased significantly (2.33 (2.02–2.69)) when adminis-
tered with the first dose of tipranavir/RTV, but not when
tipranavir/RTV steady state was reached (1.01 (0.83–1.21))
[73]. In patients on therapy with tadalafil, it is recommended
to stop tadalafil at least 24 h prior to starting L/R. Once a
steady state of L/R is reached, preferably after at least 1 week
of its initiation, the tadalafil can be resumed at 20 mg once
daily dose. The dose can be further increased to 40 mg once
daily based upon individual tolerability [66].

Concomitant use of avanafil or vardenafil with RTV is
contraindicated [66]. It is important to note that recommenda-
tions for coadministration of phosphodiesterase-5 inhibitors
and PIs are different for patients with PAH than those with
erectile dysfunction.

Endothelin-1 Receptor AntagonistsBosentan is a substrate for
CYP3A4 and OATP. Co-prescription with L/R increased
bosentan concentration up to 48 times (+ 4700%) on day 4,
gradually dropping to 5 times at a steady state. The combina-
tion is poorly tolerated [74]. In patients on bosentan, discon-
tinuation of its use is advised at least 36 h prior to initiation of
L/R. Depending on individual tolerability, bosentan should be
resumed at 62.5 mg once daily or every other day after at least
10 days of initiation of L/R [66]. Bosentan is a CYP3A4
inducer and slightly reduces the exposure of L/R.

Ambrisentan is metabolized by glucuronidation via several
UGT isozymes (UGT1A9, UGT2B7, UGT1A3) and to a lesser
extent by CYP3A4 and CYP2C19. It is a substrate of P-gp and
OATP1B1 also. Ambrisentan (5 mg once daily) in combination
with RTV (100 mg once daily) was studied in healthy volun-
teers (n = 42) for 10 days [75]. There was no clinically relevant
effect on ambrisentan (Cmax increased by 7%; AUC decreased
by 5%) or ritonavir (Cmax decreased by 2%; AUC decreased by
3%). No dose adjustment was required. Thus, the patients on
bosentan therapy may be safely transitioned to ambrisentan
[76] before starting L/R to avoid adverse events.

Macitentan is metabolized mainly by CYP3A4 and to a
lesser extent by CYPs 2C19, 2C9, and 2C8. RTV could po-
tentially increase macitentan exposure. As macitentan is not a
substrate of OATPs, the magnitude of interaction is lower than
that seen with bosentan. No dose adjustment is recommended,
but caution is required [77].

RiociguatRiociguat is a soluble guanylate cyclase (sGC) stim-
ulator indicated for the treatment of adult patients with PAH.
Riociguat is metabolized by CYP1A1, CYP3A4, CYP3A5,
CYP2C8, and CYP2J2. Riociguat and its main active metab-
olite are also substrate of P-gp and BCRP. Ritonavir is expect-
ed to increase riociguat exposure. In a study of 9 HIV-infected
adults, riociguat exposure was slightly increased when admin-
istered with an RTV-boosted triple regimen [78]. It may be
because CYP1A1 is the predominant enzyme in metabolic
clearance of riociguat. The European and US prescribing in-
formation recommend to start riociguat at a dose of 0.5 mg
three times daily in patients on stable doses of RTV and to
monitor for signs and symptoms of hypotension [79, 80].
However, no information is available on starting RTV in pa-
tients with PAH and on a stable dosage of riociguat.

Lopinavir/Ritonavir + Angiotensin-Converting Enzyme
Inhibitors

The majority of angiotensin-converting enzyme inhibitors
(ACEIs) except lisinopril are converted by hepatic
carboxylesterases to their active diacid metabolite.

Captopril and ritonavir DDIs are not known and un-
likely. Captopril is largely excreted in urine (about half
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is excreted unchanged and rest as disulfide and other
metabolites).

Lisinopril is excreted entirely unchanged into the urine via
glomerular filtration. Thus, a significant interaction with L/R
is unlikely.

Enalapril is hydrolyzed in the liver to enalaprilat and both
compounds are excreted in urine and feces. The DDI with
RTV has not been studied but unlikely.

Ramipril and perindopril are hydrolyzed to AMs. Based on
metabolism and clearance, clinically significant interactions
with RTV are unlikely.

No DDI between currently used ACEIs and L/R is reported
[39].

Lopinavir/Ritonavir + Angiotensin II Receptor Blockers

Losartan may have increased effect when coadministered with
ritonavir and nelfinavir because of the induction of CYP2C9
and the expected increase in the formation of the active me-
tabolite, E-3174 [39].

The CYP 450-mediated drug interactions between
valsartan and RTV are unlikely because of the low extent of
metabolism of valsartan. In vitro studies indicate that valsartan
is a substrate of OATP1B1 and the hepatic efflux transporter
MRP2. Coadministration of the inhibitor of the efflux trans-
porter (e.g., RTV) may increase the systemic exposure to
valsartan [81]. RTV inhibits OATP1B1 in vitro but is unlikely
to inhibit it in vivo, in the range of concentrations obtained
when used as a PK enhancer.

Telmisartan is not metabolized by CYP450 isoenzymes
and is mostly excreted unchanged in feces. There is no poten-
tial for any significant interaction with RTV.

Candesartan is mainly eliminated unchanged via urine and
bile. A clinically significant interaction with L/R is unlikely
based on metabolism and clearance.

There is a potential of the reduced effect of irbesartan and
no change for olmesartan when co-prescribed with L/R [39].

Lopinavir/Ritonavir + Positive Inotropic Agents

Digoxin Digoxin is eliminated in urine (60%) mainly by passive
filtration with P-gp-mediated excretion playing a lesser role.
Approximately 25% is secreted into bile by P-gp in the canalic-
ular membrane of the hepatocytes. Digoxin is also a substrate for
OATP-8 located on hepatocytes. Ritonavir causes P-gp and
OATP inhibition in the liver leading to increased digoxin level.
In a study by Ding et al. in healthy male volunteers, a single IV
dose of digoxin (0.5 mg) was given on the third day of RTV
(300 mg twice daily). Ritonavir increased digoxin AUC by 86%
and volume of distribution by 77%; non-renal and renal digoxin
clearance were decreased by 48% and 35%, respectively.
Digoxin terminal half-life in plasma was increased by
156% [82]. In another study, a single oral dose of digoxin

(0.4 mg) was given on day 14 of RTV (200 mg twice
daily). Ritonavir increased digoxin AUC by 22% and
had no effect on Cmax. Overall, 75% (9/12) of subjects
had higher concentrations of digoxin after RTV adminis-
tration [83]. Thus, a significant impact of RTV on renal
clearance of digoxin is seen in initial days and it reduces
gradually over 2 weeks. Similarly, 2 weeks of saquinavir/
RTV (1000/100 mg twice daily) with a single oral dose of
digoxin (0.5 mg) on day 14, resulted in a 1.27-fold in-
crease in digoxin Cmax and a 1.49-fold increase in AUC0–

72. The changes were more marked in females than males.
A trend of a longer PR interval was noted on ECG [84].

Digoxin dose should be halved in patients on digoxin, be-
fore starting L/R. Their clinical, ECG, and serum digoxin
levels need intensive monitoring.

Dopamine Dopamine is metabolized by monoamine oxidase
and catechol-O-methyltransferase to inactive compounds.
There is little potential for dopamine to have DDI with L/R.

Lopinavir/Ritonavir + Diuretics

Furosemide Furosemide is glucuronidated mainly in the kid-
neys by UGT1A9 and to a lesser extent in the liver by
UGT1A1. A large part of furosemide is also eliminated un-
changed by kidneys. The potential of a clinically significant
interaction with L/R is unlikely.

Torasemide Torasemide is metabolized mainly by CYP2C9.
Ritonavir may decrease torasemide exposure as it is a modest
inducer of CYP2C9. No dosage adjustment is recommended
[39].

Thiazide Diuretics Hydrochlorothiazide, chlorothiazide, and
hydroflumethiazide are excreted unchanged by the kidneys
via organic anion transporter (OAT1). A clinically significant
interaction with L/R is unlikely [70].

Thiazide-Like Diuretics Metolazone and chlorthalidone are
largely excreted unchanged in the urine. A clinically signifi-
cant interaction with L/R is unlikely.

Indapamide is extensively metabolized by CYP3A4 [85].
Coadministration with RTV may increase indapamide concen-
trations. It is recommended to reduce the dose of indapamide.

Lopinavir/Ritonavir + Mineralocorticoid Receptor Antagonists

Spironolactone Spironolactone is metabolized by
carboxylesterases and flavin-containing monooxygenases.
Spironolactone is known to induce CYP3A4 and UGTs.
However, its metabolites inhibit CYP3A4 and UGT2B7.
Coadministration with L/R has not been studied but a clinical-
ly significant interaction is unlikely [39].
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Eplerenone Eplerenone is metabolized by CYP3A4. The DDI
with L/R has not been studied. However, following a single
dose of eplerenone 100 mg and another potent CYP3A inhib-
itor ketoconazole 200 mg twice a day, eplerenone’s Cmax was
1.7-fold and AUC was 5.4-fold compared with eplerenone
alone [86]. With moderate CYP3A inhibitors (e.g., verapamil,
erythromycin, saquinavir, fluconazole), the maximum recom-
mended dose of eplerenone is only 25 mg. A significant DDI
between L/R and eplerenone is expected to substantially in-
crease eplerenone exposure and thereby increase the risk of
hyperkalemia. Thus, it is prudent to switch eplerenone to
spironolactone before initiating L/R therapy.

Lopinavir/Ritonavir + Direct-Acting Vasodilators

Hydralazine Hydralazine is converted to acetylated and hy-
droxylated metabolites. In vitro, hydralazine may weakly in-
hibit CYPs 3A4, 1A2, 2B6, and 2D6 [87]. A clinically signif-
icant interaction with L/R is unlikely [70].

Minoxidil Minoxidil is metabolized by the liver primarily by
glucuronidation, hydroxylation, and sulphation. The metabo-
lism of minoxidil can be increased when combined with RTV.
The major metabolites of minoxidil are pharmacologically
active but less than that of the parent compound. Thus, a
clinically significant interaction with RTV is unlikely.
However, the addition of a beta-blocker to minoxidil therapy
as a pretreatment to suppress the reflex sympathetic activation
may prolong the PR interval in ECG during coadministration
with L/R.

Organic Nitrates Biotransformation of glyceryl trinitrate and
isosorbide dinitrate to nitric oxide is mediated by aldehyde
dehydrogenase and CYP3A4 respectively. Nitric oxide for-
mation from isosorbide dinitrate was strongly inhibited by
ketoconazole in an in vitro study [88]. Therefore, the clinical
effect of nitrates may be potentially reduced by L/R. The clin-
ical relevance of this DDI is not known, and monitoring is
advised. No clinically significant interaction was noticed be-
tween L/R and amyl nitrite when the latter was used as a
recreational drug by patients with AIDS [70].

NicorandilBioactivation of nicorandil involves denitration via
the nicotinamide/ nicotinic acid pathway. It is unlikely to have
DDI with L/R.

Lopinavir/Ritonavir + Fibrinolytic Agents

Streptokinase Streptokinase is metabolized proteolytically in
the liver and eliminated via the kidneys. Streptokinase is un-
likely to affect the disposition of L/R, or to be affected if
coadministered with L/R. Metabolism of other fibrinolytic
agents is similar to streptokinase.

Fibrinolytic therapy has been suggested as a viable option
for stable patients of ST-elevation myocardial infarction with
confirmed COVID-19 infection [89]. There is no potential
interaction of L/R with fibrinolytic agents; however, concom-
itant antiplatelet and anticoagulation therapy need a careful
decision to avoid bleeding.

Miscellaneous Medications

Ranolazine Ranolazine is extensively metabolized by
CYP3A4 and to a lesser extent by CYP2D6. It is a P-gp
substrate also. Ketoconazole raises the AUC of ranolazine
by 3.9-fold [90]. A significant interaction with L/R is likely.
Ranolazine inhibits IKr which prolongs the ventricular action
potential and QT interval. The co-prescription with L/R is
contraindicated.

Ivabradine Ivabradine is metabolized by CYP3A4 [91]. A
case of severe symptomatic bradycardia precipitated by
adding ivabradine in a patient on RTV has been reported
[92]. Coadministrat ion of ivabradine and L/R is
contraindicated.

Sacubitril Sacubitril is converted to LBQ657 (sacubitrilat-
active metabolite) by carboxylesterases. Sacubitril inhibits
OATP1B1 and LBQ657 is a substrate of OATP1B1/3,
OAT1, and OAT3. Ritonavir is an inhibitor of OATP1B1
in vitro but is unlikely to inhibit it in the dose used with
lopinavir. Coadministration has not been studied but a clini-
cally significant interaction is unlikely [93].

Methyldopa Methyldopa is excreted in urine by glomerular
filtration, primarily unchanged and as the mono-O-sulfate
conjugate. It is unlikely to have any DDI with L/R.

Colchicine Colchicine is being used in the treatment of acute
pericarditis. Coadministration of RTV (100mg twice daily for
5 days) and colchicine (0.6 mg single dose) significantly in-
creased colchicine Cmax and AUC by 2.7-fold and 3.5-fold,
respectively [94]. Life-threatening and fatal DDIs have been
reported in patients with renal and/or hepatic impairment treat-
ed with colchicine and RTV. A reduction in colchicine dosage
by half or an interruption of colchicine treatment is recom-
mended in patients with normal renal or hepatic function.

Prazosin The major route of metabolism of prazosin is via O-
dealkylation and glucuronide formation. There is no DDI with
L/R involving cytochrome enzyme system. However,
prazosin and L/R both inhibit the activity of organic cation
transporter 1 (OCT1) expressed on hepatocytes where it me-
diates uptake of several drugs from the blood [95]. L/R ther-
apy is one of the exclusion criteria for patients of SARS-CoV-
2 pneumonia being enrolled for prazosin therapy in the
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currently ongoing “Prazosin to Prevent COVID-19
(PREVENT-COVID) trial” [96].

ECG Changes with Lopinavir/Ritonavir

PR Interval Prolongation L/R prolongs the PR interval in
some patients. Cases of second- or third-degree atrioven-
tricular block have been reported. In a study with thera-
peutic (400/100 mg BID) and supratherapeutic (800/
200 mg BID) doses of L/R for 3 days, the maximum mean
(95% upper confidence bound) differences from placebo,
in the PR interval after baseline correction, were 24.9
(21.5, 28.3) and 31.9 (28.5, 35.3) ms respectively [97].
L/R should be used with caution in patients with under-
lying structural heart disease, pre-existing conduction ab-
normalities, ischemic heart disease, or cardiomyopathies,
as these patients may be at an increased risk for develop-
ing cardiac conduction abnormalities [66]. The impact on
the PR interval of coadministration of L/R with other
drugs that prolong the PR interval (including CCB, beta-
adrenergic blockers, and digoxin) has not been evaluated.
Therefore, caution is necessary with the coadministration
of these drugs [39]. Clinical and ECG monitoring is
recommended.

QT Interval Prolongation Most of the studies on the effect of
PIs on QT interval have been reported in HIV-positive pa-
tients with prolonged duration of PI therapy [98, 99]. HIV
positivity is a confounding factor as PI-naive HIV patients

with higher viral load and lower CD4 cell count have a high
prevalence of QT interval prolongation [100]. In a study in-
volving normal healthy volunteers [101], supratherapeutic
doses of darunavir/RTV demonstrated the greatest time match
increase in heart rate corrected QT (Fridericia’s) interval of
1.6 ms on day 7 of the study. The effect of PIs on QT interval
may get exacerbated by concomitant use of quinolone and
macrolide antibiotics, antiarrhythmics, chloroquine,
hydroxychloroquine, and many other drugs [66]. It is advised
to avoid using L/R in patients with congenital long QT syn-
drome and hypokalemia [70]. Baseline and follow-up ECG
are suggested.

Conclusion

Ritonavir-boosted therapy leads to several important DDIs
with cardiac medications. Patients with SARS-CoV-2 infec-
tion require antiviral therapy for a shorter period of time com-
pared with patients with AIDS; there still exists a potential of
serious DDIs. They are summarized in Table 1. Several car-
diac medications, e.g., ranolazine, dronedarone, colchicine,
simvastatin, and sildenafil, should not be used with L/R. For
many other medications, a switch to a different molecule with-
in the same group/class of drugs will help in the safe and
effective co-prescription of these therapies. The knowledge
of these potential drug interactions leads to appropriate mon-
itoring and early identification of adverse events, avoiding
iatrogenic complications.

Table 1 Key recommendations based on drug-drug interactions of lopinavir-ritonavir and cardiac medications

Cardiology drugs 
class

Drug interactions with Lopinavir/Ritonavir
No significant 

interaction

Caution and 

monitoring required

Contraindication

Antiplatelet agents Aspirin, Prasugrel [20], 

Cangrelor, GPIIb/IIIa

Clopidogrel [16, 17] Ticagrelor [24-26], 

Vorapaxar

Lipids lowering agents Pitavastatin [36, 37], 

pravastatin, Fluvastatin, 

Ezetimibe, Fenofibrate

[42], PCSK9inhibitors

Atorvastatin [35], 

Rosuvastatin [31, 32]

Simvastatin [28]

Anticoagulants Edoxaban, 

Unfractionated  

heparin, Enoxaparin, 

Fondaparinux

Apixaban [47],  

Dabigatran [48, 49], 

Warfarin [53], 

Acenocoumarol [55]

Rivaroxaban [44, 45]

Calcium channel 
blockers

Nifedipine [56, 57], 

Amlodipine [58, 59], 

Lacidipine ,  

Cilnidipine, Diltiazem

[58], Verapamil [63]

Lercanidipine [61, 39]

Antiarrhythmic 
agents

Amiodarone [64, 65], 

Lignocaine [69, 70], 

Mexiletine

Dronedarone [67], 

Encainide, flecainide, 

Propafenone, Quinidine

Beta-blockers Atenolol [27], 

Labetalol, Bisoprolol

[39]

Carvedilol, Metoprolol, 

Nebivolol , Propranolol

Pulmonary 
hypertension drugs

Ambrisentan [75] Tadalafil, Bosentan, 

Macitentan, Riociguat

Sildenafil [70, 71], 

Vardenafil, Avanafil

ACE inhibitors All ACE inhibitors [39]

Angiotensin II 
receptor blockers

Candesartan, Valsartan

[39], Telmisartan [39], 

Olmesartan [39]

Losartan [39], 

Irbesartan

Diuretics Furosemide, 

Torasemide, Thiazide 

diuretics [70], 

Metolazone, 

Chlorthalidone

Indapamide [85]

MRAs Spironolactone [39] Eplerenone [86]

Vasodilators Hydralazine, Nitrates

[70], Nicorandil

Miscellaneous drugs Sacubitril, Methyldopa,  

Fibrinolytic agents

Digoxin [82-84], 

Colchicine [94], 

Prazosin [96]

Ranolazine [90], 

Ivabradine [92]

ACE angiotensin-converting enzyme, MRAs mineralocorticoid receptor antagonists
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