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Abstract
	 Drug–drug interactions (DDIs) are a common concern in pediatric intensive care units (PICUs) 
and may increase the risk of medication-related adverse events. This study aimed to determine the fre-
quency, categories, and associated factors of potential DDIs in a PICU. We conducted a cross-sectional 
study between June 2022 and February 2023 among children admitted for at least 48 hours to medical 
or surgical PICUs who received two or more prescribed medications. Potential DDIs were identified and 
classified using Lexi-Interact®️. Demographic and clinical data, as well as medication-related information, 
were collected prospectively, and severity and reliability ratings were recorded. Associations with potential 
DDIs were analyzed using univariable and multivariable logistic regression. Among 345 included patients, 
1,858 potential DDIs were detected, including 1,248 (67%) category C interactions, 529 (29%) category D 
interactions, and 81 (4%) category X interactions. Potential DDIs were more frequent in the medical PICU 
than in the surgical PICU. The most frequent contraindicated (category X) interaction involved linezolid–
methadone. In multivariable analysis, the number of prescribed drugs, use of sedative agents, and PICU 
type were significantly associated with the occurrence of potential DDIs. In conclusion, potential DDIs 
were common in this PICU cohort. Polypharmacy, particularly involving sedative agents, was an important 
modifiable factor associated with potential DDIs. Enhanced monitoring and medication review may help 
identify and manage high-risk potential DDIs in critically ill pediatric patients.

Keywords: Pediatrics, Critical care, Intensive care unit, Drug Interactions, Medication Errors.

1. Introduction
	 Drug-drug interactions (DDIs) are one 
of the main reasons for medical errors which 

can cause a wide range of clinical outcomes, 
from minor to life-threatening effects (1). 
DDIs are defined as any alteration in a drug’s 
effect because of another drug. DDIs are main-
ly classified as pharmacokinetic and pharma-
codynamic interactions, although physico-
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chemical and pharmaceutical interactions are 
present, too. DDIs are an important compo-
nent of medication-related problems and are 
considered among the preventable causes of 
medication errors (2).
	 Drug–drug interactions have also been 
reported as a contributing factor to preventable 
adverse drug reactions leading to hospital ad-
mission (3). Drug-drug interactions represent 
an important cause of adverse drug events and 
may contribute to hospital admissions. Previ-
ous studies have reported that drug interac-
tions may account for up to 21% of adverse 
drug event-related hospital admissions (4). In 
the pediatric setting, the frequency of DDIs 
was found to be 59.4-75.2% which is similar 
to that reported in adult ICU (5-7).
	 As a result, this study aimed to identi-
fy, categorize, and analyze the prevalence and 
categories of potential DDIs in the pediatric 
intensive care unit (PICU) of Namazi Hospi-
tal, the largest referral center in the south of 
Iran.

2. Materials and Methods
2.1. Study design
	 This observational, cross-sectional 
study was conducted in Namazi Hospital, 
on hospitalized children in both medical and 
surgical intensive care units (ICU) from June 
2022 to February 2023. The medical PICU has 
18 and the surgical PICU has 8 beds. Inclusion 
criteria of this study were the age of 31 days 

to 18 years old, hospitalization of more than 
48 hours, and having at least two prescribed 
drugs. Patients with incomplete data were ex-
cluded. Ethics approval was obtained from the 
Ethics Committee of Shiraz University under 
the ethics code of IR.SUMS.REC.1401.384. 
In every step, the study’s actions were accord-
ing to the guidelines of the Declaration of Hel-
sinki (1975) (8).

2.2. Data collection
	 Demographic data including age, sex, 
cause of admission, and comorbidities, medi-
cal history, were collected by the pharmacist. 
Clinical and laboratory data including length 
of ICU stay, duration of mechanical ventila-
tion, and mortality were recorded during ICU 
admission, too.

2.3. DDIs evaluation
	 For the evaluation of potential DDIs, 
Lexi-Interact® online software was set as a 
reference, and based on this, category C, D, 
and X potential DDIs were chosen (Table 1). 
All prescribed medications for each patient 
were entered into the Lexi-Interact software 
and consequently, detected DDIs were report-
ed. The severity (major, moderate, and minor) 
and reliability (excellent, good, fair, and poor) 
of interactions were investigated, too. Since 
this study focused on software-detected po-

Table 1. DDIs classification and the definition of each class.
DDI classification Definition

Category A There is no interaction in the concomitant use of the drugs.
Category B There might be an interaction in concomitant use of the drugs, but it is not serious, and no 

intervention is required.
Category C In the case of concomitant use of the drugs, the patient should be monitored.
Category D There is a serious interaction in concomitant use of the drugs and further interventions are 

necessary.
Category X The concomitant use of the drugs is prohibited.

Minor Negligible clinical effect or an increase in the frequency and severity of adverse drug 
reactions might be observed, but there is no need for change in the basis of treatment.

Moderate Substitution of drugs is necessary, otherwise, the patient’s condition might be worsened.

Major Medical intervention is necessary to reduce adverse drug reactions, otherwise, it could be 
life-threatening.
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tential DDIs, clinically confirmed DDI-related 
outcomes were not systematically assessed.

2.4. Data analysis
	 Statistical analysis was performed us-
ing SPSS 22.0. Descriptive data were present-
ed as frequency and percentage for categorical 
variables. Quantitative variables with normal 
distribution were reported as mean ± standard 
deviation (SD), whereas non-normally distrib-
uted variables were presented as median (inter-
quartile range [IQR]). Comparisons between 
medical and surgical PICUs were performed 
using the independent t-test for continuous 
variables and the Chi-square test for categori-
cal variables. Potential risk factors of DDIs 
were evaluated using univariable and multi-
variable logistic regression analyses. Variables 
with a p-value <0.2 in the univariable analysis 
were entered into the multivariable logistic re-
gression model. A p-value <0.05 was consid-
ered statistically significant.

3. Results
3.1. Demographic and clinical data
	 In this 8-month study, 408 patients 
were admitted and among them, 63 were ex-
cluded due to prescription of one or no drugs 
or hospitalization for less than 48 hours, so, 
345 patients were included. 56.8% of patients 
were male and their mean age was 65±60 
months. 238 (69%) and 107 (31%) patients 
were hospitalized in the medical and surgi-
cal PICU, respectively. Pneumonia (27.8%), 
convulsion (10.1%), and gastro-enteral prob-
lems (GE) (9.7%) were the three top causes 
of admission among all patients. Cardiovas-
cular problems (3.8%), glucose-6-phosphate 
dehydrogenase (G6PD) deficiency (3.5%), 
and cerebral palsy (2.6%) were the most fre-
quent comorbidities. The mean length of hos-
pital and PICU stay were 32.4±26.8 days and 
12.57±10.35 days, respectively. Among all 43, 
127 investigated medical orders in both wards, 
16211 were pharmaceutical orders. Each pa-
tient had on average 134±125.3 medical or-

ders, ranging from 10 to 967. Among these, 
52.03±46.93 were drug orders, which ranged 
from 3 to 381. Among all patients, 33% had a 
CVC, 18.8% had an abdominal catheter, and 
73% had a urinary 
	 Catheter. Regarding clinical outcome, 
295 patients (85.5%) survived and 50 (14.5%) 
patients died. The demographic and clinical 
data of the study population are summarized 
in Table 2.
	 The five most prescribed drugs in 
medical PICU were Pantoprazole (n=210, 
88%), Vancomycin (n=170,71%), Meropen-
em (n=165, 69%), Potassium chloride (n=150, 
63%), and Sodium chloride (n=122, 51%). 
In surgical PICU, Potassium chloride (n=93, 
87%), Pantoprazole (n=90, 84%), Acetamino-
phen (n=74, 69%), Vancomycin (n=61, 57%), 
and Meropenem (n=58, 54%) were the most 
commonly prescribed drugs.

3.2. Drug-drug interactions
	 Among all 345 patients, 278 patients 
(80%) experienced at least one potential DDI. 
In total, 1,858 DDIs were detected, 1248 
(67.1%) were in the C category, 529 (28.5%) 
were in the D category, and 81 (4.3%) were 
in the X category. 1,490 (80.1%) DDIs were 
in medical PICU and 368 (19.8%) were in the 
surgical PICU. With respect to the category C 
potential DDIs, 81% were in the medical ICU, 
while the remaining 19% were in the surgi-
cal ICU. Regarding categories D and X, the 
percentage of DDIs in the medical ward was 
79.2% and 70.2%, respectively. The number 
of DDIs was significantly (p-value<0.001) 
higher in the medical ICU (N=205) in com-
parison to the surgical PICU (N=73) (Table 3).
	 A combination of multivitamins and 
Pantoprazole was the most frequent DDI in 
category C (N=40,3.3%). Midazolam +Fen-
tanyl (N=61, 11.53%) and Linezolid +Metha-
done (N=12, 14.8%) were the most frequent 
DDIs in categories D and X, respectively.
	 In the case of severity of the detected 
DDIs, among all the DDIs, 452 (24.32%) were 

95



Trends in Pharmaceutical Sciences and Technologies 2026: 12(1): 93-102.

Hosein Abbasi et al.

major, 1215 (65.39%) were moderate, and 
191 (10.27%) were minor. The reliability of 
the detected DDIs was analyzed, too. In cat-
egory C, 8.3% were excellent, 29.6% of them 
good, 59.3% fair, and 2.7% poorly reliable 
DDIs were found. These numbers for category 
D were 18%, 14%, 67%, and (1%), respec-
tively. The reliability of DDIs in category X 

was 7.5% good and 92.5% fair DDIs based on 
Lexi-Interact.
	 Linezolid + Methadone was the most 
common category X-type DDI (N=12, 14.8%), 
which may result in an increased possibility 
of serotonin syndrome. To prevent this DDI, a 
14-day interval between the administration of 
these drugs or the use of another narcotic has 

Table 2. Demographic and clinical data of pediatrics admitted to medical or surgical pICUs.
Variable Ward Categories N (%) -mean±SD p-value

Sex

Medical Male 128 (53.8)

0.101
Female 110 (46.2)

Surgical Male 68 (63.6)
Female 39 (36.4)

Age (Mean±SD) Medical N/A 63.46±61.71 0.377
Surgical 69.71±58.42

number of orders Medical N/A 151.27±146.66 < 0.001
Surgical 66.58±57.66

number of prescribed drugs Medical N/A 14.34±7.87 0.004
Surgical 11.87±6.18

Cause of admission

Medical

Pneumonia 73 (30.7)

0.612

Others 31 (13.0)
Seizure 34 (14.3)
DKA 29 (12.2)
CHD 15 (6.3)

Drug poisoning 14 (5.9)
Liver failure 13 (5.5)

GE 8 (3.4)
Sepsis 8 (3.4)

Renal failure 7 (2.9)
Trauma 6 (2.5)

Surgical

Trauma 27 (25.2)
GE 26 (24.3)

Pneumonia 23 (21.5)
Others 14 (13.1)
Liver 8 (7.5)

Hydatid cyst 7 (6.5)
CHD 1 (0.9)

Seizure 1 (0.9)

Status of life

Medical Alive 192 (80.7)

0.013
Expired 42 (17.6)

Surgical Alive 99 (92.5)

Expired 8 (7.5)
DKA: Diabetic ketoacidosis; GE: Gastroenteritis; CHD: Congestive heart failure. 
DDI: drug-drug interaction, p-value*; compare between two wards
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been suggested. Domperidone + Fluconazole 
and Domperidone + Methadone were the 
cause of 8.6% of category X-type DDIs (N=7). 
A combination of Fluconazole and Domperi-
done can increase the risk of QT prolongation. 
It is suggested to avoid the concomitant use of 
these drugs, whenever possible.
	 Diazepam + Metronidazole caused 
of X-type DDIs in 6 cases (7.3%), which is 
because of disulfiram-like reactions in the 
presence of Metronidazole and the parenteral 
formulation of Diazepam that contains propyl-
ene-glycol. There should be a 3-days interval 
between the administration of these drugs or 
the use of other benzodiazepines rather than 
diazepam. Oral Potassium chloride + Ipratro-
pium bromide (N=5, 6.2%) should be avoided, 
due to reduced gastric motility in response to 
anticholinergic drugs and increased ulcero-
genic side effects of Potassium chloride.

3.3. Potential risk factors of DDIs 
	 As shown in Table 4, patients who 
experienced DDIs had a significantly (p-val-
ue<0.001) higher number of medical orders 
(144.75±142.08 vs. 43.9±24.58), higher num-
ber of pharmaceutical orders (54.77±55.05 vs. 
14.69±8.90), and higher number of prescribed 
drugs (15.22±7.31 vs. 6.75±2.75) in compari-
son to those who did not. The number of seda-
tive (1.18±1.01 vs. 0.22±0.42, p-value<0.001) 
and anticonvulsant (1.01±1.37 vs. 0.06±0.23, 
p-value<0.001) drugs were significantly dif-
ferent in these groups, too. Length of hospital 

stay (27.74±31.79 vs. 23.06±35.7 days, p-val-
ue<0.001), length of ICU stays (12.08±13.42 
vs. 3.19±1.56 days, p-value<0.001), and dura-
tion of mechanical ventilation (6.67±11.05 vs. 
0.45±1.07 days, p-value<0.001) were among 
other variables that were significantly different 
between with and without DDIs patients. In 
the multivariable analysis, the number of pre-
scribed drugs, use of sedative agents, and type 
of PICUs (medical versus surgical) showed 
significant associations with the occurrence of 
potential DDIs.

4. Discussion
	 DDIs are actually an inevitable part 
of pharmacotherapy. They can cause adverse 
drug reactions, increase the duration of hospi-
talization, costs for patients and the health sys-
tem, and even death (7). Nevertheless, most 
DDIs are preventable (9). To our knowledge, 
this is the first study about DDIs in the PICU 
in Iran. Among 16, 211 investigated medical 
orders, 1,858 DDIs were found and 67.1% 
were category C, 28.5% were category D, and 
4.3% were category X.
	 About 81% of 345 patients included 
in the present study experienced at least one 
DDI. In a cross-sectional study on 411 patients 
at a PICU in Pakistan in 2017, DDIs were ex-
perienced by 59% of patients. Age, number of 
prescribed drugs, and duration of hospital stay 
were the most important risk factors for the 
occurrence of DDIs (6). In another study con-
ducted on 88 pediatric patients in Mexico in 

Table 3. Frequency of drug-drug interaction among pediatrics admitted to surgical or medical words.
Ward Variable Total (N) (range) Mean±SD per 

patient
p-value*

Medical

DDI 1491 6.26±6.93 ˂0.001
Number of DDI-C 1013 (0-25) 4.25±4.56 ˂0.001
Number of DDI-D 421 (0-11) 1.77±2.38 ˂0.001
Number of DDI-X 57 (0-3) 0.24±0.59

0.81
Surgical

Number of DDI 367 3.44±4.73
Number of DDI-C 235 (0-22) 2.20±3.53
Number of DDI-D 108 (0-5) 1.01±1.23

Number of DDI-X 24 (0-3) 0.22±0.52
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2020, it was found that 42% of patients experi-
enced at least one DDI . Smaller sample sizes, 

fewer average prescribed drugs (4.6±2.8) in 
the Mexico study (which reduces the odds of 

Table 4. Univariate and multivariate logistic regressions for risk factors on the occurrence of drug-drug 

interactions among pediatrics.

Variables

Patients with 
DDIs

Patients with-
out DDIs

Univariate regression Multivariate regression

Mean±SD Mean±SD Crud 
e odds 
ratio

95% 
C.I.

p- value Adjusted 
odds ratio

95% 
C.I.

p- value

Number of 
prescribed 

drugs

15.22±7.31 6.75±2.75 1.565 1.387- 
1.765

<0.001 1.357 1.154- 
1.597

<0.001

Number of 
orders

144.75±142.08 43.09±24.58 1.040 1.027- 
1.054

<0.001 0.991 0.956- 
1.027

0.607

Number of 
pharmaceu-
tic al orders

54.77±55.05 14.69±8.90 1.140 1.094- 
1.187

<0.001 1.033 0.933- 
1.145

0.529

Number of 
sedatives

1.18±1.01 0.22±0.42 4.755 2.856- 
7.919

<0.001 2.307 1.102- 
4.831

0.027

Number of 
anticonvul-

sant

1.01±1.37 0.06±0.23 7.111 2.813- 
17.976

<0.001 2.361 0.814- 
6.853

0.114

Number of 
previously 
used drugs

0.55±1.44 0.25±0.63 1.294 0.940- 
1.781

0.114 N/A N/A N/A

Length of 
hospitaliza-

tion

27.74±31.79 23.06±35.07 1.005 0.995- 
1.015

0.294 N/A N/A N/A

Length of 
ICU stay

12.08±13.42 3.19±1.56 1.757 1.460- 
2.114

<0.001 1.227 0.961- 
1.565

0.101

Length of 
ventilation

6.67±11.05 0.45±1.07 1.790 1.428- 
2.243

<0.001 0.914 0.635- 
1.315

0.629

Ward 
(medical)

238 (69%) 107 (31%) 2.893 1.672- 
5.007

<0.001 3.198 1.266- 
8.083

0.014

Sex (male) 196 (56.8%) 149(43.2%) 0.683 0.393- 
1.187

0.176 N/A N/A N/A

Comorbid-
ity (yes)

70 (18.6%) 275(73.3%) 0.472 0.214- 
1.041

0.063 N/A N/A N/A

CVC (yes) 114 (33%) 231 (67%) 5.363 2.364- 
12.168

<0.001 1.915 0.634- 
5.784

0.249

Urinary 
catheter 

(yes)

266 (77.1%) 79 (22.9%) 2.934 1.653- 
5.207

<0.001 0.949 0.400- 
2.252

0.905
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DDIs), and different references for the evalu-
ation of DDIs might be the reasons for less 
prevalence that is reported (10). 
	 Based on multivariate regression anal-
ysis, we found that the number of prescribed 
drugs, number of sedatives, and wards of hos-
pitalization were independent risk factors for 
DDIs. Similar results have been shown in the 
Choi et. Al retrospective study in PICU (7). 
A systematic review from Iran similarly high-
lighted the high prevalence of DDIs in both 
inpatient and outpatient settings and empha-
sized the importance of identifying factors as-
sociated with their occurrence (11).
	 These findings are in line with results 
of the study by Dai et al. on 54.549 pediat-
ric patients in PICU of 42 hospitals in the US. 
They found that sedative drugs were included 
in 30% of recorded DDIs. Similarly, the most 
used sedative drugs in this study were mid-
azolam and fentanyl (5).
	 Another factor associated with the oc-
currence of potential DDIs in this study was 
the type of ward. DDIs were more frequently 
observed in the medical PICU than in the sur-
gical PICU. Moreover, anticonvulsant drugs 
were used significantly more often in the med-
ical ward (p- value<0.001). Previous studies 
have also identified anticonvulsant medica-
tions as important contributors to potential 
DDIs in pediatric intensive care settings. In 
a study on Indian children hospitalized in a 
PICU, therapeutic failure associated with an-
ticonvulsant drugs interactions was reported 
as the third most important  common potential 
outcome of DDIs (12).
	 In this study, we could not find any sig-
nificant association between the demographics 
(age and sex) of patients and the occurrence 
of DDIs. Regarding age, Lima et al.’s study 
on 143 patients in PICU did not find any sig-
nificant link between demographics and the 
risk of DDIs (13). Similar results were found 
in a study on 384 Ethiopian children in ICU 
in 2016 (14). On the contrary, some studies 
found differences between the occurrence of 

DDIs in males and females (15-17). For in-
stance, in a study on 159 children in an ICU 
in Seoul, they found that the risk of DDIs was 
2.2-fold higher in boys in comparison to girls 
(7). 
	 The most common category X DDI in 
this study was the interaction between line-
zolid and methadone which methadone poten-
tiates the serotonergic effect of linezolid that 
could result in serotonin syndrome. Several 
case reports and case series have described se-
rotonin syndrome following the concomitant 
administration of linezolid and methadone, 
supporting the clinical relevance of this in-
teraction. These findings emphasize the im-
portance of careful monitoring when these 
medications are prescribed together (18, 19). 
In Choi et. al’s study, the interaction between 
sildenafil and nitroglycerin was the most com-
mon contraindicated DDI and the combination 
of midazolam and remifentanil was the most 
common DDI with major severity (7). The 
interaction between furosemide and genta-
micin was the most common DDI with major 
severity in Getachew et al. study (14). Dai et 
al. reported the interaction of fluconazole and 
ondansetron as the most common contraindi-
cated DDI (5). Different common causes of 
admission, diagnosis, co-morbidities, and the 
preference of physicians for choosing drugs 
are the main reasons for the variation in main 
DDIs between these studies. Moreover, it is 
important that these studies reported the DDIs 
only based on severity and reliability and did 
not categorize them based on common C, D, 
and X categories.
	 An important strength of this study is 
its attempt to investigate DDIs specifically in 
the critically ill pediatric population. On the 
other hand, this study has a number of limi-
tations, for example, we only investigated the 
frequency of DDIs in two ICUs. Moreover, 
only potential DDIs were addressed due to the 
type of study and the real clinical relevance of 
the detected DDIs remains unknown. There-
fore, the clinical significance of detected DDIs 

99



Trends in Pharmaceutical Sciences and Technologies 2026: 12(1): 93-102.

Hosein Abbasi et al.

and appropriate preventive strategies should 
be assessed individually.
	 Another limitation of this study was 
the lack of information regarding the exact 
onset time of potential DDIs during hospital-
ization. In addition, pharmaceutical incompat-
ibilities were not evaluated, and only poten-
tial drug–drug interactions identified through 
Lexi-Interact® were assessed.
	 Future multicenter studies with larger 
sample sizes are recommended to evaluate the 
clinical relevance of potential DDIs and to in-
vestigate the impact of DDIs on patient out-
comes in pediatric intensive care settings.

5. Conclusion
	  In this cross-sectional study, 80.6% of 
patients experienced at least one potential DDI 
during their hospitalization in either surgical 
or medical PICU. Among all the DDIs, 67.1% 
were category C, 28.47% were category D, 
and 4.3% were category X. The number of 
prescribed drugs, number of sedative agents, 
and type of PICUs (medical versus surgical) 
were independent risk factors of DDIs. The 
interaction between linezolid and methadone 
in category X, and midazolam and fentanyl in 
category D were the most common potential 
DDIs found in this study.
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