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Özet
Amaç: Bu çalışmanın amacı, Üniversite Eğitim ve  Araştırma Hastanesi Erişkin 
Yoğun Bakım Ünitesindeki hastalarda potansiyel ilaç-ilaç etkileşimleri türü ve sıklığı 
açıklamaktır. Gereç ve Yöntem: Bu çalışma Türkiye’de bulunan 18 yataklı erişkin Yoğun 
Bakım Ünitesine sahip Üniversite Eğitim ve  Araştırma Hastanesinde yürütülmüştür. 
Çalışmaya Ocak 2013 ve Haziran 2013 tarihleri arasında yoğun bakım ünitesine 
yatırılan 111 hasta alınmıştır. İlaçlar anatomiksel kimyasal tedavi sınıflandırılmasına 
göre sıralanmıştır.  Yoğun Bakım Ünitesine yatırılan 111 hasta çalışmaya dahil 
edildi. Potansiyel ilaç-ilaç etkileşimleri analizi için Lexi-Comp veritabanı kullanıldı.
Bulgular: Altı aylık bir dönemde, 1681 potansiyel ilaç-ilaç etkileşimi toplam 102 (% 
91.9) hastada belirlendi. 101 hastanın potansiyel ilaç-ilaç etkileşimlerinin en yaygın 
türü C tipidir (1232,% 73.2). Hastaların potansiyel ilaç-ilaç etkileşimleri ile polifarmasi 
varlığı, hastalık sayısı ve kalış süresi arasında anlamlı bir ilişki vardı. Potansiyel ilaç-
ilaç etkileşimleri olan hastalarda meydana gelen ölümsayısı 68 (% 66.7) ve yoğun 
bakım ünitesinden taburcu edilen hasta sayısı 34 (% 33.3)’ tür. D ve X-tipi potansiyel 
ilaç-ilaç etkileşimlerinin varlığı ile ilaçların sayısı ve yoğun bakımda kalış süresi 
arasında anlamlı bir ilişki vardı. Ayrıca ölüm oranı ile D-tipi ve X-tipi potansiyel ilaç-ilaç 
etkileşimleri arasında ilişki anlamlı derecede yüksekti. 49 (% 44.1) hastada adrenalin 
ve dopamin arasındaki etkileşim en sık görülen potansiyel ilaç-ilaç etkileşimleridir. 
Tartışma: Yoğun bakım hastalarında çoklu ilaç kullanımı ve hastalıkların sayısı; 
potansiyel ilaç-ilaç etkileşimleri ve polifarmasi görülme riskini, hastanede kalış süresini 
ve mortalite oranını artırmaktadır.

Anahtar Kelimeler: Potansiyel ilaç-ilaç etkileşimleri, yoğun bakım ünitesi, polimarfasi, 
mortalite

Abstract
Aim: The goal of this study is to describe the type and frequency of potential drug-drug 
nteractions in patients in the adult Intensive Care Unit of Research and Education 
University Hospital.Material and Method: This study was carried out in the research 
and education university hospital 18-bed adult Intensive Care Unit in Turkey. The study 
included 111 hospitalized patients in the Intensive Care Unit between January 2013 
and June 2013. The drugs were classified according to the anatomical therapeutic 
chemical classification.  Analysis of potential drug-drug interactions was performed 
using Lexi-Comp database.Results: In a six-month period, 1681 potential drug-drug 
interactions were detected in 102 (91.9 %) patients. In 101 patients the most common 
type of potential drug-drug interactions was C type (1232, 73.2%). The presence 
of potential drug-drug interactions and polypharmacy in patients had a significant 
relationship with the number of drugs, the number of diseases and the length of stay. 
In patients with potential drug-drug interactions, death occured in 68 (66.7%) patients 
and 34 (33.3%) patients were discharged from the intensive care unit. The presence 
of D and X-type potential drug-drug interactions had a significant relationship with the 
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Introduction

A process, when the effect of one drug is changed 
by the presence of another drug(s) is called drug-
drug interactions (DDIs) (1, 2). DDIs occur through 
basically two mechanisms pharmacodynamics (at 
level of receptors) and pharmacokinetic (absorption, 
distribution, metabolism and excretion) events (3). 
The investigation of potential drug-drug interactions 
(pDDIs) is quite important because of using several 
drugs in various treatment management and the 
presence of comorbid disease in patients in the 
intensive care units (ICU). There are some study 
examined the frequency of these pDDIs in the 
literature.  For example Uijtendaal et al. studied 
ICU patients and found 54% drug-drug interactions 
which two times more than the rate seen in patients 
in general wards (4). On the other hand, some of 
researchers examined types of pDDIs according 
to their clinical significance level (5). Besides, 
some studies investigated the relationship between 
polypharmacy defined as usage of 5 or more drugs, 
and pDDIs. Combined treatments are commonly 
associated with an excessive use of drugs, and their 
simultaneous use constitutes a risk factor for adverse 
drug reactions, interactions, medication errors, 
hospitalization, and diminishing adherence to drug 
therapy (6).The interactions between these drugs 
show their effects as synergism (additive effect) 
or antagonism that lead to loss of drug efficacy, or 
increase the drug toxicity in clinical conditions (7, 
8). The presence of these interactions especially 
with narrow therapeutic indexed drugs (phenytoin, 
warfarin, digoxin, etc.) which are used in cases of 
vital importance leads to an increase in the duration 
of hospital stay and economic costs (9, 10). Moura et 
al. reported that DDIs were associated with a longer 
length of stay and were an important indicator of 
the quality of health care delivered (9). In addition, 
the investigation and monitoring pDDIs in the adult 

ICU may improve the quality of the treatment and 
will increase the survival rate of patients. Moreover, 
the results of this study, taking into account cultural 
and characteristic differences in an ICU in Turkey, 
will make an important contribution to the literature. 
Such differences may relate to the provision of 
pharmaceutical care or the availability of intensive 
care physicians in the environment. For example, 
the high altitude of the average age, the low overall 
socio-economic level, limited diversity of drugs and 
comorbid secondary disease appear to occur more 
frequent in Turkey and act the way physicians treat.
Some databases and indexes have been developed 
to evaluate risk assessment of pDDIs and minimize its 
adverse effects (11). In several studies the database 
program Lexi-interact was used to determine pDDIs 
according to the interaction classification (12, 13).
The goal of this study is to describe the type and 
frequencies of pDDIs in patients in the adult ICU 
of the research and education university hospital 
and to give some recommendations to improve the 
management of the treatment. 

Materials and Methods

Ethical approval 

The study was approved by the Ethics Committee of 
Clinical Researches at Suleyman Demirel University 
(SDU), Isparta/Turkey (No: 02/04/2014-62). 

Study design
This retrospective study was carried out in a Research 
and Education University Hospital of Suleyman 
Demirel University in the 18-bed adult ICU in Isparta/
Turkey between the dates of 01 January 2013 to 30 
June 2013. 
The study included 111 of all hospitalized patients in 
the ICU who were hospitalized for more than 24 hours 
who stayed for more than 24 hours in ICU. So, 125 of 

between number of drugs used and the length of stay in the intensive care unit. Also death rate was significantly higher 
among D-type and X-type potential drug-drug interactions. Adrenaline and dopamine interactions were the most frequent 
potential drug-drug interactions in 49 (44.1%) patients. Discussions: In intensive care patients a multiple drug use and 
number of diseases increase potential drug-drug interactions, polypharmacy, the length of stay and the mortality rate. 
Additionally, the types of potential drug-drug interactions increased the same above mentioned parameter.

Keywords: Potential drug-drug interactions, intensive care unit, polypharmacy, mortality
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236 patients were excluded from the study because 
of staying less than 24 hours. The type of patients 
categorized as surgical, trauma, coronary and medical 
that includes neurology, chest disease, internal 
medicine and oncology. We analyzed these data; 
type of patients, age, disease, comorbid diseases, 
all prescribed drugs, the length of hospital stay, and 
mortality throughout the hospital stay of all eligible 
patients using the medical record system of hospital, 
the nursing record sheets and 
epicrisis. The patients’ medication 
records were checked daily. All 
drugs were classified according to 
the anatomical therapeutic chemical 
(ATC) classification. 
The mean number of drugs used 
daily was calculated as the sum of 
all drugs prescribed over all hospital 
days divided by the total number 
of hospital days for one patient. 
When a patient was prescribed a 
drug in different dosing regimens, 
the agent was counted only once. 
Combinations of drugs with a 
potential to interact which were 
prescribed for more than 1 day for 
the same patient were counted only 
once (14). 
Medications given by any route included enteral, 
peripheral intravenous, central venous catheter, or 
rectal administrations. Lipid solutions, nutritional 
supplements and formulation excipients, topical forms 
of the drugs received by patients, were also excluded 
from the study, but other drugs were included in the 
study. In related network database program, there was 
not any information about these drugs: ornidazole, 
lornoxicam, cefoperazone, piribedil, propylthiouracil, 
and metamizole sodium. According to this reason 
interactions of these drugs were not analyzed in 23 
patients. 
Analysis of pDDIs was performed using Lexi-Comp 
database (Lexi-Comp, Inc, Hudson, Ohio) and the 
software identified and classified the interactions into 
five categories according to risk rating as A, B, C, D, 
and X. The database was an electronic platform with 
sensitivity of  87–100 % and specificity of 80–90 % 
(15, 16). This database provides the classification of 

the interactions importance that was shown in Table 
1. The progression of interactions from A to X is 
accompanied by an increased urgency for responding 
to the data. In general, type A (not demonstrated either 
pharmacodynamics or pharmacokinetic interactions) 
and type B (no evidence of clinical concern) show low 
clinical significance degrees.

Table 1 . Classification of importance of interactions.*

Polypharmacy defined as patient received five or 
more drugs (17). Polypharmacy is the most common 
reason for pDDIs, and was calculated per patient 
receiving more than 5 drugs according to the nursing 
record sheets. The hospitalized patients’ entire 
demographic information (age, sex), the number and 
frequency of diseases, administered drugs according 
to ATC classification, the presence of polypharmacy 
and pDDIs, the number and type of pDDIs, the 
length of stay, the relationship with the presence of 
polypharmacy, the most frequent pDDI pairs, the 
presence of D and X type pDDIs relationship among 
the number of drugs, number of diseases, length of 
stay were observed. 

Risk 
Rating Action Description

A No Known 
Interaction

Data have not demonstrated either 
pharmacodynamic or pharmacokinetic 

interactions

B No Action 
Needed

May interact with each other, but there is no 
evidence of clinical concern

C Monitor Therapy The benefits of concomitant use of these two 
medications usually outweigh the risks

D Therapy 
Modification

Assess whether the benefits of concomitant 
therapy outweigh the risks or not

X Avoid 
Combination 

The risks associated with concomitant use 
outweigh the benefits

* Classification of importance of interactions were carried out using the 
software Lexi-Interact™ 2014
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Data Analysis

Variables were presented as frequencies, 
percentages, mean±standard deviations, 
median or min-max. The Kolmogorov–
Smirnov test was used to test the distribution 
of continuous variables and Levene test 
was used for homogeneity of variance. Data 
characterized by a normal distribution were 
expressed as mean and standard deviation. 
Parameters without such a distribution 
were expressed as median with minimum, 
maximum and interquartile range. The groups 
were compared using Pearson chi-square, 
Fischer’s exact test, and Mann-Whitney U 
test. The relationship among the number 
of pDDIs and the number of drug used, the 
number of diseases, and the length of stay 
in hospital was evaluated using Spearman 
Correlation Analysis.  p<0.05 was set as the 
value for significance. 

Results

There were 111 patients enrolled in the study 
within 236 patients between the specified 
dates. In total of 111 patients, 67 (60.4%) 
patients were male and 44 (39.6%) patients 
were female. The number of the patients types 
are 63 (57%) medical, 33 (30%) surgical, 11 
(10%) coronary and 4 (3%) trauma briefly. 
The mean age of the patients was 65.8±18.4. 
The median value of the length of stay was 
7 (2-100) days. The mean value of diseases 
was 3.8±1.6, and respiratory diseases were 
found to be the most common diseases in 
the ICU patients. The number of drugs per 
patient was 17.0±8.2 and drugs for peptic 
ulcer disease were the most commonly used 
drugs according to the ATC classification. 
The presence of polypharmacy was found in 
104 (93.6%) patients. Medications prescribed 
for patients in a six-month period were 1880 
difference drugs, and 1681 pDDIs were 
detected in 102 (91.9 %) patients. In 101 
patients the most common type of pDDIs was 
C type (1232, 73.2%). D type (241, 14.3%) 
and X type (44, 2.6%) pDDIs were also 
detected in 75 and 35 patients respectively (Table 2). 

Characteristic Value
Sex  

   Male, n (%) 67 (60.4)
   Female, n (%) 44 (39.6)

Age, median (min-max), interquartile range 71 (21-100), 28 
Length of stay, median (min-max), interquartile 

range
7 (2-100), 11

The number of diseases, median (min-max), 
interquartile range

3 (1-8),2 

The most frequent diseases, n (%)
- Respiratory Disease 100 (90.0)

- Cardiovascular Disease 47 (42.3)
- Neurologic Disease 17 (15.3)

- Malignancy 15 (13.5)
- Renal Disease 14 (12.6)

- Diabetes Mellitus 13 (11.7)
Number of medications, mean±SD* 17.0±8.2

The most frequently administered drug 
classes and individual drugs according to ATC 

classification, n (%)
  A02 - Drugs for acid related disorders 110 (99.1)
  R05 - Cough and cold preparations 104 (93.7)

  J01  - Antibacterials for systemic use 97 (87.4)
  C01 - Cardiac therapy 85 (76.6)

  B01 - Antithrombotic agents 85 (76.6)
  N05 - Psycholeptics 82 (73.9)

Presence of polypharmacy, n (%) 104 (93.6)
Presence of drug drug interactions, n (%)† 102 (91.9)

Number of drug interactions, median (min-max), 
interquartile range

13.5 (1-73), 19

Presence of type of interaction, n (%)†
    A 17 (15.3)
    B 62 (55.9)
    C 101 (91.0)
    D 75 (67.6)
    X 35 (31.5)

Table 2. Patient characteristics and incidence of clinically significant drug in-
teractions   (n=111)
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The relationship between the presence of pDDIs and 
the type of disease were not significant (The presence 
of pDDIs; for surgery 93.9%, for medical 91.4%, or 
coronary 90.0%, for trauma 90.0%, p = 0.960) 
There was no significant relationship between sex 
and pDDIs (Table 3). The number of pDDIs in women 
(18.1 ± 14.6) was more frequent than in men (13.5 ± 
11.4) (p>0.05).
The presence of pDDIs in patients had a significant 
relationship with the presence of polypharmacy 
(p<0.001) and mortality (p<0.001) (Table 3).

Table 3. Presence of pDDIs relationship between sex, presence of 
polypharmacy and mortality# 

The presence of polypharmacy and pDDIs 
relationships among the age, the number of drugs, 
the number of diseases and the length of stay were 
identified in Table 4. The median age of the patients 
with pDDIs was 71 (21-100) and the median age of 
patients without pDDIs was 52 (21-78).  The median 
age of the patients with polypharmacy was 71 (21-100) 
and the median age of patients without polypharmacy 
was 53 (21-78). The presence of pDDIs (p=0.061) 
and the presence of polypharmacy (p=0.098) had 
not significant relationship with age.  The presence 
of pDDIs in patients had a significant relationship with 
the number of drugs (r=0.80, p ≤0.001), the number 

of diseases (r=0.26, p=0.001) and the length of stay 
(r=0.60, p=0.001).  The presence of polypharmacy 
in patients also had a significant relationship with 
the number of drugs (r=0.80, p <0.001), the number 
of diseases (r=0.26, p<0.001) and the length of stay 
(r=0.60, p=0.001).
In this study, the presence of D and X-type pDDIs 
had a significant relationship between the number of 
drugs (p<0.001 for both types) used and the length 
of stay (p<0.001 for both types) in the ICU. There 
was no significant relationship between the number 
of diseases and the presence of D (p=0.121), and X 
(p=0.137) types pDDIs (Table 5).
In patients with pDDIs, death occurred in 68 (66.7%) 
patients and 34 (33.3%) patients were discharged 
from the ICU. The relationship between the death 
and presence of pDDIs was found significant 
(p<0.001).
In patients with the presence of D-type pDDIs, 
death occurred in 54 (72.0%) patients and 

Presence of pDDIs
Present 
(n=102)

Absent (n=9) P 
value**

n %* n %*
Sex
    Female (n=44)  41 93.2 3 6.8 1.000
    Male (n=67) 61 91.0 6 9.0
Presence of 
polypharmacy          
    Present (n=104) 101 97.1 3 2.9 <0.001
   Absent (n=7) 1 14.3 6 85.7
Mortality
   Present (n=68) 68 100.0 0 0.0 <0.001
   Absent (n=43) 34 79.1 9 20.9
#Verification of potential drug interactions was carried out 
using the software Lexi-Interact™ 2014.
*Row percentage,  ** Fisher’s exact test  

Presence of pDDIs Median (min-max) Presence of polypharmacy Median (min-max)
Present 
(n=102)

Absent
(n=9)

p value* Present
(n=104)

Absent
(n=7)

p value*

Age 71 (21-100) 52 (21-78) 0.061 71 (21-100) 53 (21-78) 0.098
Number of drugs 18 (4-46) 5 (2-10) <0.001 18 (6-46) 4 (2-5) <0.001

Number of diseases 4 (2-8) 2 (1-5) 0.001 4 (2-8) 2 (1-2) <0.001
Length of stay (day) 7.5 (2-100) 3 (2-9) 0.001 7.5 (2-100) 2 (2-4) <0.001
#Verification of potential drug interactions was carried out using the software Lexi-Interact™ 2014.
* Mann-Whitney U test.

Table 4. Presence of polypharmacy and pDDIs relationship between age, the number of drugs, the number of diseases and the length of 
stay#
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21(28.0%) patients were discharged from the ICU. 
In the presence of X-type, the death was occurred 
in 27 patients (77.1%) and 8 (22.9%) patients were 
discharged from ICU. The relationship between death 
and the presence of D type (p = 0.001) or X type

(p = 0.020) was significant.
The most common interactions observed in patients, 
possible clinical significance levels and their possible 
effects were shown in Table 6.

Presence of D type interaction
median (min-max)

Presence of X type interaction 
median (min-max)

Present
(n=75)

Absent
(n=36) p value* Present

(n=35)
Absent
(n=75) p value*

Number of drugs 21 (11-46) 14 (2-29) p<0.001 21 (11-46) 14 (2-29) p<0.001
Number of diseases 4 (2-8) 3 (1-8) p=0.121 4 (2-8) 3 (1-8) p=0.137
Length of stay 10 (2-100) 4 (2-95) p<0.001 13 (2-100) 5 (2-34) p<0.001
# Verification of potential drug interactions was carried out using the software Lexi-Interact™ 2014
* Mann-Whitney U Testi

Table 5. Relationship between the presence of D-X type of pDDIs and number of drugs, number of diseases and 
length of stay#

Table 6. Top ten medication therapeutic classes that caused pDDIs, number of pDDIs, clinical significance level and possible effects of 
pDDIs.*

Interacting drug pair

Patients 
with 

potential 
DDIs n (%)

Clinical 
significance
level (A-X)

Possible effects*

1- Adrenaline-
Dopamine 49 (44.1) C Sympathomimetics may enhance the adverse/toxic effect of other 

sympathomimetics (eg, increased blood pressure, tachycardia).
2- Furosemide-
Vecuronium + 
Rocuronium

40 (36.0) C Loop diuretics may enhance the neuromuscular blocking effect of 
neuromuscular-blocking agents.

3- Enoxaparin sodium- 
Potassium chloride 27 (24.3) C Heparin (Low Molecular Weight) may enhance the hyperkalemic 

effect of potassium salts.
4- Acetylsalicylic acid- 
Enoxaparin sodium 21 (18.9) C Each of these agents possess the potential to cause bleeding. 

Their combined use would seem to increase that potential.
5- Midazolam-
Tramadol 21  (18.9) C CNS depressants may enhance the adverse/toxic effect of other 

CNS Depressants.
6- Adrenaline- Sodium 
Bicarbonate 19 (17.1) C Sodyum bicarbonate may decrease the excretion of alpha/beta-

agonists.
7- Furosemide-Insulin 
NPH 17 (15.3) C Loop diuretics may diminish the hypoglycemic effect of 

hypoglycemic agent.

8- Dopamine-Linezolid 17 (15.3) D Linezolid may enhance the hypertensive effect of 
sympathomimetics.

9- Furosemide-
Tramadol 17 (15.3) C Analgesics (Opioid) may enhance the adverse/toxic effect of 

diuretics.
10- Adrenaline-
Linezolid 16 (14.4) C MAO Inhibitors may enhance the hypertensive effect of 

epınephrine.
# Verification of potential drug interactions was carried out using the software Lexi-Interact™ 2014
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Adrenaline and dopamine interactions were the 
most frequent pDDIs in 49 (44.1%) patients. The 
interactions between furosemide and neuromuscular 
agents (Vecuronium, Rocuronium) were observed 
in 40 (36.0%) patients. C-type pDDIs (moderate) 
was the most common type among the top 10 
pDDIs. Aminophylline-midazolam, esomeprazole-
carbamazepine, haloperidol-metoprolol are some 
examples of D-type pDDIs.  On the other hand 
there are serious X-type pDDIs that physicians 
should avoid. For example, the interactions between 
atropine-ipratropium bromide, esomeprazole-
clopidogrel, haloperidol- ipratropium bromide, 
carvedilol-salbutamol, amiodaron- ciprofloxacin and 
atropine-potassium chloride were seen. 

Discussion

The goal of this study was to describe the types and 
frequency of pDDIs in patients in the adult ICU of the 
Research and Education University Hospital, and give 
some recommendations to improve the management 
of the treatment. 
This study was performed on 111 patients in the 
ICU. In 104 patients, many significant findings 
were observed, such as the relationship between 
the presence and type of pDDIs and the number of 
drugs, the number of diseases and the length of stay. 
Additionally, the relationship between the type of 
pDDIs and the death rate was significant. 
pDDIs and the presence of comorbid diseases lead to 
serious complications in elderly patients. In our study 
participants were elderly and had more comorbid 
diseases. Respiratory diseases especially respiratory 
insufficiencies were the most frequent diseases 
in patients in the ICU. Because, the respiratory 
insufficiency is among the most common reason for 
admission to the ICU (18).
The ICU patients often have multiple comorbid 
diseases that require multidrug therapy. An increase 
in the number of administered drugs also causes 
an increase in severity and incidence of pDDIs. The 
occurrence of interactions also results in the increase 
of the length of stay (19). Parallel to this, there was 
a statistically significant relationship between the 
presence of pDDIs with the number of diseases and 
the length of stay in the ICU, as observed in this study. 

In a multicentered prospective study, comprising 
398 patients from Brazil in 2006, physicians found 
that ranitidine was the most commonly used drug in 
the pediatric ICU for stress ulcer prophylaxis (20). 
Similarly, ranitidine, H2 receptor blocker, was found 
as the most commonly used drug, in our study.
Polypharmacy increased the risk of pDDIs 
encountering according to the multidrug treatment. 
In this study polypharmacy was detected in high 
rate that contributed to the increasing of severity and 
incidence of pDDIs.
C type (moderate) pDDIs was the most frequent 
type among pDDIs types. In a prospective study 
in a teaching hospital in Iran, C type pDDIs was 
the most frequent type identified and the results 
were concordant with our study (21). In C type, the 
benefits often outweigh the risks in combination and 
physicians must monitor the patients with C type 
pDDIs to minimize the side or toxic effects. 
A few studies addressed the relationship between 
pDDIs and the other important factors, such as the 
length of stay, and the hospital mortality (22). In our 
study, increase in the number of diseases caused 
an increase in the number of drugs. The multiple 
medication use often resulted in polypharmacy and 
DDIs. Finally, all these parameters caused a prolonged 
length of stay. In addition, all of these factors may lead 
to a severe increase in the worsening of the patient’s 
condition worsen and hospital cost severely.
Type of pDDIs has high importance which can 
change the course of treatment. Clinical significance 
levels of type C, type D, or type X always require the 
physicians’ attention. Potential DDIs, especially D 
and X types were considered to be the major DDIs. In 
D type pDDIs; benefits of this interaction were greater 
than risks of these interacted drug pairs. Conversely, 
in X -type the risks were greater than benefits (23).
D and X types were defined as requiring therapy 
modification and avoiding combination respectively. 
For example, in several retrospective studies, an 
increased risk of negative cardiovascular-related 
outcomes associated with concurrent esomeprazole 
and clopidogrel was reported, because esomeprazole 
exhibited a statistically significant decrease in 
clopidogrel antiplatelet activity (24, 25). In this study; 
there were critical D and X type of pDDIs found in 
many patients. For instance, the concomitant use 
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of highest risk QTc-prolonging agent amiodarone 
with the other QTc-prolonging agent ciprofloxacin 
illustrates X type interaction because of increasing 
risk for serious toxicities, including the development 
of torsades de pointes or other significant ventricular 
tachyarrhythmias (26). Thus, physicians should avoid 
using of these drugs in combination. 
In our study, the prevalence of D and X types of 
interaction increased with the number of drugs used. 
Prolongation was observed in the length of stay due 
to the severity of this type of pDDIs. There was no 
significant relationship between the presence of D 
and X-type pDDIs and the number of diseases. This 
situation showed that the increase in the number of 
diseases did not affect the type of pDDIs.
The presence of pDDIs and D-X type’s affects 
mortality rate of patients (27). There was a relationship 
between the presence of D and X type pDDIs and 
the increase of deaths. These findings indicated that 
a severity of pDDIs may influence the condition of 
patients in the ICU. In a study performed on elderly 
patients in China, pDDIs were associated with an 
increased mortality (28).
As shown in Table 5, the most frequently pDDI was 
observed between dopamine-adrenaline in this study. 
These drugs have wide range usage in emergency 
situations in the intensive care. Both of these two drugs 
have sympathomimetic effects and the interaction is 
generally positive for the patient, increasing the heart 
rate (29).
Low doses of the commonly used loop diuretics appear 
to enhance blockade, whereas higher doses may 
diminish blockade. The mechanism of this interaction 
is unknown (30). Low molecular weight heparins 
(enoxaparin) suppress adrenal aldosterone secretion 
that has been widely reported as potential causes 
of hyperkalemia (31). So potassium levels must be 
monitored for preventing cardiac complications.
Both acetylsalicylic acid and enoxaparin sodium 
increase the potential of bleeding (32). That is why the 
diligence in monitoring diligence should be increased 
for signs and symptoms of bleeding if these agents 
are used concomitantly.
The usage of two central nervous system depressants 
midazolam and tramadol in combination will have 
more additive analgesic effects, ataxia, confusion, 
drowsiness, respiratory depression, and weakness 

(33, 34).
Sodium bicarbonate increases pH of urine which 
causes existing in a more absorbable non-ionized 
form of alpha/beta-agonist (35, 36). The loop diuretic 
furosemide diminishes the effect of insulin and might 
influence the glucose control, but it is unclear (37).
There are several mechanisms to avoid combinations 
of binary drugs which has D and X type interactions. 
For instance, if a concurrent use of ipratropium with 
any other drugs (atropine) cannot be avoided, it is 
necessary to monitor patients closely for evidence 
of anticholinergic-related toxicities (e.g., urinary 
retention, constipation, tachycardia, dry mouth, etc.).
The only one D type pDDIs in top ten interactions 
was dopamine and linezolid combination. In this 
combination, benefits of these two drugs are greater 
than risks. Linezolid primarily is an antibacterial 
drug that also has monoamine oxidase (MAO) 
inhibitory side effects (38). Administration of MAO 
inhibitors with dopamine or adrenaline can cause an 
accumulation of norepinephrine within adrenergic 
neurons at arterial blood vessels. So release of the 
stored norepinephrine by dopamine or adrenaline 
can increase blood pressure (39). To avoid or reduce 
the potential interaction between these drugs, it is 
necessary to reduce initial doses of sympathomimetic 
agents, and closely monitor for enhanced blood 
pressure elevations, in patients receiving linezolid. 
Specific dose adjustment recommendations are not 
presently available (15). 
 For furosemide and tramadol interaction; opioids 
may decrease the efficacy of diuretics causing the 
release of antidiuretic hormone (40). Although some 
opioids are also warned to cause the spasm of the 
sphincter of the bladder, which may lead to an acute 
urinary retention, especially in men with prostatic 
hypertrophy (41). Patients should be monitored for 
reduced efficacy of diuretics, and urinary retention 
when treated with both a diuretic and an opioid 
analgesic. So the best way to reduce the potential 
effects of pDDIs are monitorization of patients 
biochemically and clinically especially for D and X 
type of interactions. Although physicians must be 
aware of side effects and avoid from the use of these 
drug combinations.
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Conclusions

In conclusion, physicians can avoid DDIs by 
monitoring, reducing or increasing the doses of 
interacted drugs and changing them. All these 
findings show that the awareness of pDDIs is very 
important for ICU patients. In the intensive care, 
patients’ multiple drug use and the number of diseases 
increase pDDIs, polypharmacy, the length of stay and 
the mortality rate. Also the types of pDDIs increase 
the same parameters mentioned above. Physicians 
who work in these units should know the pDDIs and 
be careful for planning the treatment for patients. 
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