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ABSTRACT
Objective: To analyze the various Potential Drug-Drug Interactions in ICU 
patients with the ultimate goal of raising awareness among clinicians on 
safe medication usage. Materials and Methods: This was a Cross-section-
al study conducted at a tertiary care hospital. The medical records of the 
patients admitted to the ICU of the hospital from January 2017 to June 2017 
formed material for the study, were analyzed using the database from Lexi-
comp ® Solutions android mobile application for Potential Drug-Drug Inter-
actions. Results: Among the 176 patients,81.39% had Potential Drug-Drug 
Interactions, with cardiovascular drugs (22.6%) being the majority group 
followed by respiratory drugs (17. 97%). Among these 73.2% of the inter-
actions were clinically relevant with the majority being moderate (72.26%) 
in severity with fair (72.6%) documentation and belonging to Category C 
(61.080%) in risk rating. The pharmacodynamics type of interactions was 
more (59.31%) than pharmacokinetic type (36.13%). Conclusion: The high 

prevalence of Potential Drug-Drug in the ICU setting emphasizes the need 
for effective medication management and pharmacological consultation to 
reduce the adverse effect and improve the therapeutic outcome in these 
patients.
Key words: Potential Drug-Drug Interaction, Severity,Documentation,Risk 
rating,Mechanism.

Correspondence

Dr. Swathi Acharya, Assistant Professor, Department of Pharmacology, K.S. 
Hegde Medical Academy, NITTE (Deemed to be university), Deralakatte, Man-
galore, Karnataka, INDIA.

Phone: +91-9964498738

Email: acharyaswathi4@gmail.com

DOI: 10.5530/jyp.2019.11.41

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

INTRODUCTION
Drug-Drug Interaction (DDI) is an event in which effect of one drug is 
modified due to the concomitant administration of another drug. These 
interactions can lead to reduced, null, increased drug effect or adverse ef-
fects.1 DDIs influences the therapeutic efficacy of drugs that may lead to 
life-threatening adverse reactions or therapeutic failure. Many factors are 
responsible for Potential Drug-Drug Interactions (pDDI) like the num-
ber of drugs prescribed, age and comorbid disorders. Other determinant 
factors include the pharmacokinetic profile and the pharmacological 
characteristics of the medications.2 According to studies the prevalence 
of potential drugs interaction is 3-5% in patients receiving 3-10 drugs.3 
Lima et al. showed that the incidence of DDIs increases by 10%–20% in 
patients using 10–20 drugs.4

DDIs are common causes of adverse drug effects that may affect patient 
health; A study showed that 23% of clinically significant adverse events 
in ICU were related to drug interactions.5 Adverse drug reactions signifi-
cantly prolong the length of hospital stay and cost of treatment and ele-
vate the risk of death. In a study, 5-20% of serious adverse drug reactions 
due to DDIs resulted in hospitalization or death.6 Hence, it is important 
to identify and prevent the of Potential Drug-Drug Interactions (pDDIs) 
which can improve patient safety.7

The ICU patients are particularly susceptible to the development of drug 
interactions, due to the severity of disease, polypharmacy, co-morbid 
conditions, chronic diseases, complex therapeutic regime and frequent 
modification in therapy.8

Prevalence of pDDI is varying in different parts of the world, 46.3% of 
ICU prescriptions included pDDIs in a study conducted in the USA.9 
The prevalence of pDDI in Brazilian studies were around 67% or 70%.10 
Indian studies it is ranging between 70.06% to 90.02%.11 It is difficult to 

recognize the symptoms of DDI in these patients as the symptoms get 
masked by their disease symptoms due to which pDDI go unnoticed; 
hence DDI poses a significant challenge to health care providers and may 
affect morbidity, mortality and patient’s quality of life.12 Therefore, Con-
sideration of DDIs for patients in the ICU is critical for their treatment.
There is a need for the continuous assessment of pDDI in intensive care 
unit which helps in the early detection and reduction in the prescrip-
tion of drugs with potential interactions.13 To conduct education actions 
linked to the awareness on the use of computerized systems to detect the 
presence of drug interactions and their implication in treatment. How-
ever, studies from the southern part of India are scarce and limited which 
necessities the need for critical evaluation of the prevalence of pDDIs 
in ICU. Hence the study was planned with the objective to assess the 
frequency of potential drug-drug interaction (pDDIs). To evaluate the 
clinically relevant pDDIs, document the frequently interacted drug com-
binations, categorize them according to onset, severity, documentation 
and based on the mechanism of interaction with the intention of helping 
to better the knowledge and awareness of intensivists in this area and 
minimize the adverse effects due to pDDIs.

MATERIALS AND METHODS
Methods
The present study was a Cross-sectional, observational study conducted 
at a tertiary care hospital. After obtaining the approval of the Institution-
al Ethics Committee, the data from the medical records of the patients 
admitted into the Intensive Care Unit (ICU) of the hospital from January 
2017 to June 2017 were reviewed and one prescription per patient (As a 
convenient sampling process) was collected retrospectively and assessed 
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as part of the study. The Prescription within 48 hrs of admission to ICU 
was selected in all cases.
The data was entered into a performa designed for the study. Section1 
included the demographic and patient identification information such as 
Ip.no, age, gender and information about ICU admissions such as medi-
cal diagnosis, date of admission and no of days of hospital stay. Section 
2 included the information of the drugs prescribed such as their name, 
dosage and frequency of administration. The Quantification and clas-
sification of the pDDIs were done using the database from Lexicomp® 
Solution android mobile application version 4.1.2. 
The data collected from patients’ records were evaluated for:
a. The frequency of total pDDIs and clinically relevant pDDIs are clas-
sified according to ATC class, b. pDDIs were categorized into different 
levels as follows: Onset: Rapid/Delayed, Severity: Contradicted/ Major 
/Moderate/ Minor, Scientific evidence (Documentation): Excellent/
Good/Fair/Unlikely, Risk rating as X: Avoid combination, D: Therapy 
modification, C: Monitor therapy, B: No action needed, A: No known 
interaction. c. The frequently interacted drug-combinations, d. Based 
on the mechanism into pharmacokinetic, pharmacodynamics and not 
established/unclear. These data were transferred to the master chart and 
later subjected to analysis.
Drugs such as nutritional supplements, hydro-electrolytic components 
and vitamins were excluded from the analysis.
The descriptive statistical analysis was done using SPSS 21.0 for Win-
dows. ‘p’ value <0.05 was considered statistically significant. The correla-
tion between the incidence of drug-drug interactions with age, number 
of days of hospital stay, number of diagnoses and the number of drugs 
prescribed was analyzed using the Spearman correlation coefficient. 

RESULTS
Total of 176 patients was included for the study admitted during the 
study period, 104 were males (59.1%) and 72 were females (40.9%) with 
age ranging from 19 years to 90 years with mean age of 56.09 ± 15.39 
years. Majority of the patients were diagnosed with respiratory disor-
der (17.11%) with most of them presenting with COPD with LRTI with/
without respiratory failure. Cardiovascular disorder (9.31%) being the 
second most common presentation with an associated disorder like 
HTN (9.3%) and Diabetes Mellitus (7.98%). 
The total number of the drugs prescribed were 1399 with the average 
number of drugs prescribed being 7.95±3.07 and the number of pDDI 
was 907, among this 712 (78.505%) were clinically relevant interactions. 
Around 81.2% of the patients had at least one pDDI interaction with 
the majority of the patients having drug interaction in the range of 1-5 
(58.33%). (Table 1, Figure 1).
The correlation between incidence of drug-drug interactions with age, 
number of drugs, number of diagnosis were + 0.378 (p=0.0001), + 0.813 
(p= 0.0001) and + 0.329 (p=0.0001) indicating the positive relationship 
between the variables. Whereas, the Spearman correlation between Drug 
interaction and Numbers of days in ICU is – 0.188 (p=0.013), which in-
dicates that there is a negative relationship between the variables (Figure 
2).
Out of 907 pDDI, 1.8% of the interactions had rapid development and 
0.88% had delayed development. In the Severity scale, the majority of 
interactions were of Moderate severity (72.26%) followed by Major 
(17.42%), Minor (9.15%) and NA (1.32%). Concerning the documenta-
tion of pDDI 72.26% had Fair documentation in literature followed by 
21.27% good documentation and 4.41% excellent documentation. In risk 
rating majority were belonging to “C” Category (61.08%) followed by “B” 
(19.95%), “D” (16.64%), “A” (1.54%) and “X” (0.66%). About 60.41% of 
the interactions were of pharmacodynamics mechanism and 36.16% of 

pharmacokinetics mechanism with a statistically significant difference 
among them. (Table 2)
The frequency of the drug interactions was more with the drugs be-
longing to cardiovascular drugs (22.6%) followed by respiratory drugs 
(17.97%). (Figure 3) But in the clinically relevant drug interaction ma-
jority were belonging to Cardiovascular drugs (25.9%) followed by drugs 
affecting Hormonal system (13.32%). 
Among the 907 drug interactions, more frequently interacted drug com-
binations were Salbutamol + Budesonide (6.64%) followed by Aspirin+ 
Clopidogrel (3.79%) shown in Table 3. The clinically relevant pDDI seen 
more frequently with Aspirin + Clopidogrel followed by Azithromycin 
+Salbutamol and Clopidogrel +Pantoprazole. 

DISCUSSION
Our study showed a high prevalence of pDDI (81.2%) along with the 
presence of polypharmacy and the majority of pDDI were clinically rel-
evant (75.08%) which was almost similar to the studies done by Hamidy 
et al.14 Valizade et al.15 Gupta et al.16 in critically ill patients stressing to 
the need for increased awareness about the pDDI in health care provid-
ers. The reason may be due to the increased number of drugs prescribed 
per patients with the average number being 7.95±3.07. Male patients had 
experienced more pDDI compared to female patients which were simi-
lar to the findings in Gupta M et al.16 but were contrast to the results of 
Bleich et al.17 This difference may be due to the increased number of male 
patients enrolled in our the study. In our study a positive correlation was 
seen between age and the incidence of pDDI which was similar to oth-
er study findings12,16 this may be due to alteration in the physiological 
state, associated comorbid disorders in elderly leading to the variation 
in pharmacodynamics and pharmacokinetic responses. A positive cor-
relation was also present between the number of drugs and the number 
of diagnosis with the number of pDDI in our study which was similar to 
the findings in other studies.16,18,19 Increase in the number of diagnosis 
increases the number of prescribed drugs leading to increased chances of 
drug interactions and alteration in therapeutic response. 

Table 1: Patient Characteristics Like Age, Number of Days in Hospital 
and Number of Drugs Involved in Interactions.

Mean average age 55.88±15.33

Mean number of days in the hospital 12.215±_9.67

Average number of diagnosis 2.98

Mean number of drugs prescribed per 
patient

7.95±3.07

Mean number of drug interaction per 
patient

5.19±_6.16

Mean number of clinically relevant pDDI 4.085±5.13

Table 2: Different Mechanism of Drug Interaction.

Mean ±SD Pearson Chi-square 
value

P Value

PK 2.25±2.41 770.50 0.0001

PD 2.87± 4.51
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According to the severity scale, around 72% of the drug interactions in 
our study were of moderate severity similar to other studies.16-18 Where 
the medical intervention will be needed to treat the effects hence treating 
physician should be able to differentiate the drug interaction from the 
new onset of disease for the proper management in these patients. Fol-
lowed by 17.42% of the major severity where effects may result in death, 
hospitalization, therapeutic failure or permanent injury hence strict vigi-
lance is required while administering the drugs causing this kind of in-
teractions. Knowledge of Risk rating is important to minimize or prevent 
interactions, in our study around 61.08% interactions were under “C” 
category indicating the need of monitoring therapy which was similar to 
findings by Gupta et al.14 Haji Aghajani et al.20 and around 16.64% were 
under “D” category which requires the modification in the treatment.
 Discussing on the reliability of these interactions majority of the interac-
tions (72.26%) had fair documentation in the literature followed by good 
documentation (21.27%) like other studies.16,20,21 Indicating good knowl-
edge and a sophisticated computer-based drug interaction check soft-
ware in the emergency settings with the good training to the health care 
providers can help in avoiding the drug interactions which are harmful a 
to these patients and also helps in optimizing treatment to them.
The majority of interactions were due to pharmacodynamics mecha-
nisms similar to studies by Gupta et al. Bista et al. and Kothari et al.16,22,23 
indicating the need of the proper knowledge of the drugs while adminis-
tering in critical settings which can prevent the many of the interactions 
and reduce the adverse consequences.
The majority of patients presented with the diagnosis of respiratory dis-
orders (17.11%) followed by cardiovascular diseases (9.31%), but the 
most common group of drugs involved in interactions were cardiovas-
cular drugs (22.6%) followed by respiratory drugs (17.97%) this may 
be due to the increased drug prescription for comorbid disorders like 

hypertension and diabetes in patients suffering from cardiovascular dis-
orders. This finding was similar to the other studies by Gupta et al. Bista 
et al. Bleich et al.16-18

Cardiovascular drugs were mainly responsible for clinically relevant 
drug interaction. Antiplatelet drugs were most commonly involved 
drugs, mainly Clopidogrel with Aspirin and Clopidogrel with Pantopra-
zole followed by anti-infective drug Azithromycin with Salbutamol this 
was in similar to the findings of Baniasadi et al.24 but this was in contrast 
to the Valizade et al.14 were most commonly involved drugs were Ra-
nitidine followed by Cephalosporin. Variations in patient’s presentation, 
diagnosis, practices and use of medications between ICU settings may 
lead to different pDDIs patterns.9 Proton pump inhibitors are routinely 
used for critically ill patients to prevent stress-related mucosal damage. 

Table 3: Few Important Drug Combinations Responsible for More Frequently Occurred Drug Interactions.

Sl.no First drug Second drug Number 
(percentage)

Risk
rating

Severity Documentation Mechanism

1 Salbutamol Budesonide 46(6.46%) B Moderate Fair Steroid increases the 
hypokalaemia effect of ß2 

agonists

2 Aspirin Clopidogrel 27(3.79%) C Moderate Fair The increasing Antiplatelet effect 
increases the risk of bleeding

3 Clopidogrel Atorvastatin 20(2.8%) B Moderate Fair Atorvastatin reduces the 
antiplatelet effect of Clopidogrel

4 Salbutamol Hydrocortisone 20(2.8%) B Moderate Fair Steroid increases the 
hypokalemic effect of ß2 agonists

5 Azithromycin Salbutamol 20(2.8%) C Moderate Fair Qtc Prolongation

6 Clopidogrel Pantoprazole 17(2.3%) D Major Fair Pantoprazole inhibits the 
metabolic activation of 

Clopidogrel

7 Ondansetron Metronidazole 16(2.2%) C Moderate Fair Qtc Prolongation

8 Furosemide Aspirin 11(1.5%) C Moderate Fair Salicylates reduces the diuretic 
effect

9 Tramadol Ondansetron 10(1.4%) C Moderate Good Antiemetic reduces the analgesic 
effect

10 Hydrocortisone Azithromycin 10(1.4%) C Moderate Fair Azithromycin inhibits the efflux 
of hydrocortisone and increases 

the concentration

Figure 1: Categorization of Patients Depending on the Number of Drug 
Interactions Occured.
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Figure 2: Association between Drug Interaction with Different Parameters 
like Age (A), Number of Drugs Prescribed (B), Number of Diagnosis (C) and 
Number of Days in ICU (D).

Figure 3: The Percentage of Drug Interactions Caused by Different Groups of 
the Drugs.

But these might cause potential drug interaction either by neutralizing 
pH of the stomach which alters the absorption of drugs or by inter
fering with activation of the concurrently administered drug. Azithro-
mycin + Salbutamol mainly a pharmacokinetic interaction leading to 
Qtc prolongation. Qtc prolongation is one of the important interactions 
to be dealt with as many other drugs are responsible for these adverse 
effects like Ondansetron and Metronidazole etc. 
Hence our study necessitates the importance of knowledge on important 
drug interactions in the critical care setting to improve therapeutic ef-
ficacy and to reduce adverse consequences.
This study had a few limitations one of them being a retrospective study 
with limited time duration and small sample size without any interven-
tion component and absence of clinical correlation. 

CONCLUSION
There is an increased prevalence of pDDI in critical care setting with 
the majority of them being clinically significant. With polypharmacy be-

ing a common problem due to the increased number of diagnosis and 
associated comorbid disorders in critically ill patients there is a need 
for increased special safety measures to monitor and prevent potential 
drug-drug interaction. Using suitable software or with the help of clinical 
pharmacist who will be responsible for monitoring of drug interaction 
and their notification to a physician about potential problems can reduce 
the prevalence. There is also a need for specialized studies with clinical 
correlation and continued education program for health care providers 
in optimizing therapeutic regimens to provide better health care quality.
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