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INTRODUCTION

The therapeutic success of any medication
depends on its efficacy and safety of a drug
though the response depends on several other
factors. There are several factors responsible
for inter-individual variability in the dose to
obtain optimal therapeutic effect with minimal
adverse effects. The factors include co-
administration drugs, physiological variables,
pathological variables, genetic factors,
development of tolerance and desensitization.1
A drug-drug interaction (DDIs) can occur with
not only drugs but can occur with food, dietary

supplements, formulation excipients, environ-
mental factors or disease. DDIs may be
beneficial or harmful.2

Generally, patients benefit from pharmaco-
therapeutic interventions; however, adverse
events, ranging from minor side effects to death,
may occur. Any deviation from the intended
beneficial effect of a medication results in a
drug- related problem. Costs associated with
drug related problems can exceed the
expenditures for initial drug therapy. Johnson
and Bootman developed a decision-analytic
model for eight possible negative outcomes of
drug therapy, which includes drug interactions.3
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ABSTRACT
Background: Drug-drug interaction (DDI) is one important factor that influences relationship between prescribed
dose and drug-effects by interfering with either pharmacokinetics or pharmacodynamics of the co-administered drug.
DDIs can cause toxicity or inhibit the drug effect, both of which have deleterious effect on patient care. This study was
done to report the impact of prevention of DDIs.

Methods: In this retrospective study, demographic details, relevant clinical information of the cases with suspected
DDIs and the opinion given regarding suspected DDIs, with anticipated outcomes and further management were
recorded and analyzed.

Results: Of the 124 cases, 21 (16.9%) cases had suspected DDIs, among them 5 (23.8%) were pharmacodynamic and
13 (61.9%) were pharmacokinetic. Of the 21 DDIs, in 38.1% interactions, concomitant administration of interacting
drugs was to be avoided and in 33.3% interactions, monitoring of effect was necessary to guide dosage adjustment. In
ten (47.6%) cases, the DDIs were identified on day one and necessary action was taken to prevent the deleterious
outcome and in rest of the 11 (52.4%) cases, adverse events have occurred due to DDIs, for which most of the patients
were hospitalized.

Conclusion: The present demonstrated that early identification of DDIs on day one, could prevent undesired
consequences in 10 cases (47.6%). As DDIs is an important factor that can be prevented, if identified early, clinicians
should be vigilant regarding DDIs when more than two drugs are prescribed.
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Harmful DDIs can cause 10%–20% of the
adverse drug reactions (ADRs) requiring
hospitalisation.2 Elderly patients are especially
vulnerable, as evidenced by a strong
relationship between increasing age, the
number of drugs prescribed and the frequency
of potential DDIs.2

DDIs may be pharmacokinetic or
pharmacodynamic.  Pharmacodynamic DDIs
occur when interacting drugs have either
additive effect or antagonizing effect.
Pharmacokinetic DDIs occur when one drug
changes the concentration of another drug at
the site of action.2

Drug interactions always should be considered
when unexpected responses to drugs occur.
Prescribers should recognize that patients often
come to them with a legacy of drugs during
previous medical experiences, often with
multiple physicians who may not be aware of
all the patient’s medications. A meticulous drug
history should include examination of the
patient’s medications and, if necessary, call to
the pharmacist to identify prescriptions.
Understanding the mechanism of drug
interaction provides a framework for preventing
harmful DDIs.4

In this study, an effort is made to review the
data of cases with suspected DDIs with their
clinical outcomes at a tertiary care hospital, so
as to emphasize the importance of prevention
of drug-to-drug interactions.

MATERAIAL AND METHODS

This study is a retrospective analysis of two
years data of cases with suspected DDIs at the
department of Clinical Pharmacology and
Therapeutics at our tertiary care institute with
an objective to emphasize the importance of
prevention of drug-to-drug Interactions.

Clinical pharmacology department offers drug
information services at our institute which is a
tertiary care hospital. These services were

offered to clinicians. Clinicians referred cases
when they suspect drug-related therapeutic
issues, like dosage adjustment in special
populations like renal impairment, hepatic
dysfunction, pregnancy, paediatric cases,
geriat ric cases/ suspected drug-drug
interactions/suspected ADRs and/or
rechallenge options etc., for opinion to the
clinical pharmacologists.

For this study, demographic details, relevant
clinical information of the cases with suspected
DDIs and the opinion given regarding
suspected DDIs, with anticipated outcomes and
further management of the cases were recorded
and analyzed.

 Information on DDIs was given from the
updated label information of the medication and
case reports of a similar interaction. Once
identified, precautions were suggested to
prevent them. If the drugs were already co-
prescribed and an adverse event has occurred,
it  was documented and further line of
management of the ADR and alternative
strategy for treatment was advocated and follow
up was done till the patient was placed on safe
and effective regimen. All these details were
recorded and used for analysis.

Statistical analysis

The data are presented as mean  standard
deviation (SD) for continuous variables and
proportions for categorical variables.

RESULTS

During the two-year study period, 124 cases
were referred to Clinical Pharmacology and
Therapeutics Department for various drug-
related issues. Of the 124 cases, 21 (16.9%)
cases had DDIs. The cases with DDIs had a
mean age of 41.9 yrs, of them 11 (52.4%) were
males. The mean number of medications
prescribed was 6.5 in out-patients, 8.3 in in-
patients and 10.1 in intensive care unit (ICU)
patients.
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 Among the 21 suspected DDIs, 5 (23.8%) were
pharmacodynamic and 13 (61.9%) were
pharmacokinetic in nature. Of which, all 5
pharmacodynamic interactions and 8
pharmacokinetic interactions are known to lead
to adverse effects,  whereas the rest 8
pharmacokinetic interactions would lead to
either subtherapeutic effect or loss of
therapeutic effect. The details are shown in
Table 1.

Of the 13 DDIs for which the anticipated
outcome was an adverse effect, 5 (38.5%) were
CYP inhibitor mediated interactions, 2 (15.4%)
were multidrug-resistance protein (MRP)
inhibitor mediated, 3 (23.1%) were synergistic
and 3 (23.1%) were due to other mechanisms
and of the 8 DDIs which had the potential to
cause either loss of therapeutic effect or
subtherapeutic effect , 6 (75%) were

Cytochrome p450 (CYP) inducer mediated and
2 (25%) were chemical interactions. The details
of the same are shown in Table 2.

In the 21 suspected DDIs that we encountered,
there was one interaction in which concomitant
administration of interacting two drugs was
contraindicated; eight (38.1%) interactions in
which concomitant administrat ion of
interacting drugs was to be avoided; seven
(33.3%) interactions in which monitoring of
effect  was necessary to guide dosage
adjustment. Based on the monitoring, drug
dosage was tailored when the interacting drugs
were co-administered; three (14.3%)
interactions in which dosage was adjusted
according to guidelines when the drugs were
co-administered and two (9.5%) interactions in
which the interacting drugs were to be
administered at different times to avoid

Table 1: shows the details of anticipated outcome and the mechanism of the suspected DDIs

Nature of Interaction Suspected DDIs (n=21) Anticipated outcome

Pharmacokinetic Ganciclovir - tenofovir
Voriconazole - warfarin
Ritonavir - tenofovir
Ritonavir - atorvastatin
Ketoconazole - sulphonylureas Adverse effect
Amiodarone - digoxin
Ritonavir - rifabutin
Amiodarone - warfarin

Rifampcin - fluconazole
Rifampcin - voriconazole
Ritonavir - phenytoin
Carbamazepine - warfarin Loss of therapeutic effect
Rifampcin - lopinavir/r
Rifampcin - nevirapine
Fe + mulltivit - levofloxacin
Sucralfate - levofloxacin

Pharmacodynamic Pencillin V - warfarin
Amphotericin B - amikacin
Moxifloxacin - quetiapine Adverse effect
Ganciclovir - zidovudine
Ganciclovir - amphotericin B

DDI = drug-drug interaction
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Table 2: showing the mechanism of interaction and anticipated outcome of the suspected DDI

interaction and not to be administered at the
same time as shown in Table 3. Necessary
action was taken to prevent these interactions
on a case-by-case basis.

Of the 21 cases, in 10 (47.6%) cases, DDIs were
identified on day one and necessary action was
taken to prevent the deleterious outcome from
occurring. The details of the same are shown
in Table 4. In rest of the 11 (52.4%) cases,
adverse events have occurred due to DDIs, for
which most of the patients were hospitalized,
and taking appropriate action treated patient and
later after the patient was stabilized, they were
started on an alternative safe and effective
regimen.

DISCUSSION

This study clearly emphasizes the importance
of prevent ion of suspected drug-drug
interactions as most of the drug –drug
interactions are preventable once identified. We
have prevented deleterious outcomes, which
would result from 10 (47.6%) DDIs had the
adequate precautions not been taken.

Whenever a case was referred for any drug
related therapeutic issue, the prescription was
holistically reviewed for all possible concerns
related to drugs, including drug interactions.
In this way, identification of drug interactions
on day one of prescription became possible.

Mechanism of Interaction Suspected DDI (n=21) Anticipated outcome
CYP. inhibitor mediated Voriconazole -   warfarin

Ritonavir - attorvastatin
Ketoconazole - sulphonylureas
Ritonavir  -   rifabutin
Amiodarone -    warfarin

MRP. inhibitor mediated Ganciclovir - tenofovir
Ritonavir -     tenofovir

Synergistic Amphotericin B - amikacin
Moxifloxacin - quetiapine Adverse effect
Ganciclovir - zidovudine

Others Amiodarone - digoxin
Pencillin V - warfarin
Ganciclovir - amphotericin B
Rifampicin - fluconazole
Rifampicin - voriconazole

CYP. inducer mediated Carbamazepine - warfarin
Rifampicin - lopinavir/r
Rifampicin - nevirapine
Ritonavir - phenytoin Loss of therapeutic effect
Sucralfate - levofloxacin

Chemical Iron + Multivitamin - levofloxacin
CYP. = cytochrome p450; MRP. = multidrug resistance associated protein
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We observed that ten DDIs were encountered
in patients with dual infections, when first line
treatment for each of the infection was
prescribed in the best interest of the patient. A
patient diagnosed with pulmonary aspergillosis,
(Table 3) was prescribed voriconazole. Later
when sputum cultures showed mycobacterial
growth, the patient was started on first-line
antituberculosis therapy with isoniazid,
rifampicin, ethambutol and pyrazinamide. After
a month, the patient’s condition deteriorated
with increasing breathlessness. When the
patient was reevaluated, rifampicin-
voriconazole interaction was noticed and

immediately, voriconazole was withdrawn and
patient was started on amphotericin B for three
months and the patient responded. Rifampicin
(a CYP450 inducer; 600 mg once daily)
decreases the maximum plasma concentration
(Cmax) and area under the plasma
concentration-time curve within a dosing
interval (AUC) of voriconazole by 93% and
96%, respectively.  Coadministration of
voriconazole and rifampicin will result in a loss
of the therapeutic efficacy of voriconazole due
to the massive reduction of systemic
voriconazole exposure due to induced
metabolism.5

Suspected DDI
Rifampcin- voriconazole

Ganciclovir-tenofovir
Ritonavir-tenofovir
Ritonavir- attorvastatin
Ketoconazole-sulphonylureas
Amphotericin B-amikacin
Ganciclovir-amphotericin B
Rifampicin- lopinavir/r
Rifampicin-nevirapine

Voriconazole-warfarin
Rifampicin-fluconazole
Pencillin V-warfarin
Moxifloxacin-quetiapine
Ritonavir- phenytoin
Carbamazepine-warfarin
Ganciclovir-zidovudine

Amiodarone-warfarin
Ritonavir-rifabutin
Amiodarone- digoxin

Fe+Multivit-levofloxacin
Sucralfate- levofloxacin

Table 3: Precautions to be taken for DDIs that were encountered
Precaution to be taken
Concomitant administration of interacting two drugs was
contraindicated

Concomitant administration of interacting drugs was to be avoided

Monitoring of effect is necessary and based on the monitoring, drug
dosage needs to be tailored when the interacting drugs were co-
administered

Dosage needs to be adjusted according to guidelines when the
drugs are co-administered

Interacting drugs should be administered at different times to avoid
interaction but should not be administered at the same time

DDIs = drug-drug interactions
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In a patient with human immunodeficiency
virus (HIV) infection who was on tenofovir,
ganciclovir  was started for cytomegalovirus
(CMV) gastritis. Subsequent ly, patient
developed acute kidney injury (AKI), which
was later identified to be due to tenofovir-
ganciclovir interaction.6 Similarly, in another
case with HIV infection, ritonavir-tenofovir
interaction resulted in tenofovir induced
nephrotoxicity7; while interactions between
amphotericin B- amikacin, ganciclovir-
zidovudine, rifampicin- lopinavir/r, rifampicin
– nevirapine, rifampicin- fluconazole,
ganciclovir- amphotericin B  were identified
early and thus interactions were prevented. The
World Health Organization (WHO) guidelines

on use of antiretroviral drugs for treating and
preventing HIV infection, 2016, have referred
to interaction of lopinavir/r and nevirapine with
rifampicin among key drug interactions for
antiretroviral drugs.8

Four DDIs were identified with warfarin.
Usually in any case, when the patient is on oral
anticoagulant; the prescription is reviewed very
meticulously for any concern of interaction.
This approach helped us to identify interaction
between voriconazole- warfarin, penicillin V-
warfarin  and carbamazepine-warfarin on day
one of prescription and prevent adverse
outcomes. However, one case on treatment with
amiodarone and warfarin, presented with high
(INR) with no bleeding event. Warfarin was

Table 4: Details of ten drug to drug interactions that were identified on day one and necessary action that
was taken to prevent the deleterious outcomes

Suspected DDI Anticipated Outcome Action that was taken

Rifampicin- fluconazole Rifampcin decreases fluconazole levels Fluconazole was stopped
causing subtherapeutic effect

Ketoconazole- sulphonylureas Ketoconazole can increase sulphonylurea Ketoconazole was withdrawn
concentration, leading to hypoglycemic
events

Penicillin V –warfarin Penicillin by decreasing gut flora decreases INR monitored and warfarin
synthesis of Vitamin K, thereby increases dosage adjusted accordingly
efficacy of warfarin, causing bleeding episodes Voriconazole was withdrawn

Voriconazole-warfarin Voriconazole increases efficacy of warfarin by
increasing concentrations, can cause bleeding
episodes

Moxifloxacin - quetiapine Both the drugs prolong QTc, can cause QTc interval was intensively
Torsades pointes monitored

Ganciclovir- zidovudine Both cause pancytopenia, so can cause Complete blood picture was
synergistic toxicity monitored

Ritonavir – rifabutin Ritonavir increases rifabutin levels, leading Rifabutin dosage was reduced
to untoward effects and LFTs monitored

Rifampicin- lopinavir/r Rifampicin decreases ritonavir levels, thereby Lopinavir/r was withdrawn
contributing to loss of efficacy of lopinavir

Rifampicin - nevirapine Rifampicin decreases Nevirapine Nevirapine was withdrawn
concentrations, making it ineffective

Carbamazepine- warfarin Carbamazepine decreases warfarin levels INR monitored and warfarin
causing subtherapeutic effect dosage adjusted accordingly

DDIs = drug-drug interactions; LFT = liver function tests; INR = international normalized ratio
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stopped and when therapeutic INR was
attained, it was restarted and patient was
stabilized on a low dose of warfarin with careful
monitoring of INR. The interactions of warfarin
with voriconazole, antibiot ics,  azole
antifungals,9 amiodarone10 and carbamzepine
11 are known and have been reported.

Similarly,  with meticulous review of
prescription of any patient on treatment with
known CYP inducer or inhibitor, prevention of
two DDI between ketoconazole-sulphonylureas
and moxifloxacin- quetiapine became possible,
while ritonavir- phenytoin, amiodarone –
digoxin, ritonavir- atorvastatin interactions
resulted in adverse events. Similar interactions
were reported. 12,13, 14

Two DDIs of levofloxacin, one with sucralfate
and other with Fe-multivitamins were identified
and prevented. Absorpt ion of the
fluoroquinolones is markedly decreased by
ingestion of medications containing divalent
cations (calcium, iron, zinc),  including
antacids; supplements or vitamins containing
calcium, iron or zinc, sucralfate ; and the
chewable tablet formulation of didanosine.
These drug interactions can be avoided by
assuring that medications containing divalent
cations are ingested at least 2 hours apart from
doses of fluoroquinolones.15,16

The  (FDA) emphasizes in its teaching module
on Preventable Adverse Drug Reactions: A
focus on drug interactions, that the rate of ADRs
increase exponentially when a patient is on 4
or more medications. Although, efforts to
reduce polypharmacy are important, many a
times, the number of medications cannot be
reduced without doing harm. That is why it is
important to understand the basis for drug
interactions. This will allow us to make the
most appropriate choices in prescribing and
avoiding preventable ADRs by developing a
stepwise approach to identify them.17 Drug-
related morbidity and mortality continue to pose

a serious medical and economic problem for
society.3

More attention should be directed toward
developing solutions that reduce preventable
morbidity, mortality, and costs associated with
drug related problems. In a study done by Ernst
and Grizzle, on drug related morbidity and
mortality in 2000, it was estimated that the
drug-related morbidity and mortality cost-of-
illness was $177.4 billion annually, compared
with the $76.6 billion arrived at by Johnson and
Bootman in 1995 and concluded that since
1995, the costs associated with drug related
problems have more than doubled.3

Drug interactions always should be considered
when unexpected responses to drugs occur. It
is very important to review the ent ire
prescription for any drug-drug interaction
meticulously, if possible by a clinical
pharmacologist, especially if the patient has
multiple co-morbidities (HIV, tuberculosis,
fungal infections,  diabetes),  or if the
prescription contains drugs with narrow
therapeutic index (warfarin) and/or drugs which
are known potential CYP inhibitors
(voriconazole, amiodarone) or inducers
(rifampcin, carbamazepine).

In this study, it is demonstrated that early
identification of drug-drug interactions on day
one, could prevent undesired consequences in
10 cases (47.6%). As, drug- drug interactions
is an important factor that can be prevented, if
identified early, clinicians should be vigilant
regarding DDIs when more than 2 drugs are
prescribed.

It is very important to review the entire
prescription for any DDI especially if the patient
has multiple co-morbidities. More so, when the
patient is in intensive care unit under care of a
team of doctors from different specialties, in
order to promote rational use of medicines, to
reduce healthcare associated costs and prevent
deleterious outcomes in patients.
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