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Abstract 
Introduction: Healthcare-associated harm represents a significant challenge, 
with an incidence of up to 6% across diverse healthcare settings. Medication-
related events represent a leading contributor. This study aimed to character-
ize the frequency and severity of potential perioperative drug-drug interac-
tions (pDDIs) in patients undergoing neurosurgical procedures. Materials and 
Methods: A retrospective observational study was conducted among patients 
undergoing neurosurgical procedures at Hospital Ángeles Lomas between Jan-
uary and June 2023. Data were collected from electronic medical records. All 
concomitant perioperative drug combinations recorded in the medical rec-
ord were analyzed using Micromedex®, and potential drug-drug interac-
tions (pDDIs) were identified and classified by severity as minor, moderate, 
or major. Results: Ninety-one patients were included in the final analysis, at 
least one pDDI was identified in all patients, with a median of 30 (IQR 20 - 
43). A positive correlation was observed between the number of medications 
and total pDDIs (rs = 0.796, p < 0.001). A higher pDDI burden was observed 
among patients aged ≥ 60 years and those with multiple comorbidities, alt-
hough these differences were not statistically significant. Patients receiving 
baseline pharmacological treatment had significantly more pDDIs than those 
without baseline treatment (p = 0.019). Differences were also observed accord-
ing to anesthetic technique (p = 0.026). Patients admitted to critical care set-
tings showed a higher median number of pDDIs compared with those in gen-
eral wards; however, these differences did not reach statistical significance (p 
= 0.130). Most patients (98.9%) were discharged with clinical improvement. 
Conclusion: Potential drug-drug interactions (pDDIs) were frequently iden-
tified among patients undergoing neurosurgical procedures and were associ-
ated with perioperative medication exposure, baseline pharmacological treat-
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ment and anesthetic technique. These findings highlight the substantial phar-
macological complexity of the perioperative neurosurgical setting and support 
the need for careful medication review during perioperative care.  
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1. Introduction 

Healthcare-associated harm represents a significant challenge, with an incidence 
of up to 6% across diverse healthcare settings [1] [2]. Among these events, medi-
cation-related harm is a leading contributor, accounting for up to 8%, with ap-
proximately one-third resulting in permanent disability or death [1]-[3]. 

Measuring harm and medication errors is essential to inform and guide pre-
ventive interventions and strategies [3]-[5]. The World Health Organization (WHO) 
has designated “Medication Without Harm” as the third Global Patient Safety 
Challenge, aligned with the International Patient Safety Goals (IPSG) developed 
by Joint Commission International, specifically Goal 3 [4] [6]. 

Medication-related harm occurs predominantly in specialized care settings [3] 
[7]. A perioperative incidence of 11.6% has been reported [7]-[9]. During the in-
traoperative phase, the administration of multiple drugs increases the risk of med-
ication errors and drug-drug interactions, with the theoretical potential to com-
promise treatment efficacy, safety, and patient outcomes [8] [10]. 

Drug-drug interactions may be classified as pharmacodynamic, when two or 
more drugs act at the same site, resulting in synergism or antagonism, or pharma-
cokinetic, when alterations in absorption, distribution, metabolism, and/or excre-
tion may increase toxicity or modify efficacy [8] [11]. They may also be classified 
by severity as minor, when they are tolerable and do not require medical interven-
tion; moderate, when they require treatment; and major, when they lead to ther-
apeutic failure, hospitalization, permanent harm, or death [12]. 

Characterizing potential perioperative drug-drug interactions is essential to 
prevent adverse events and guide decisions on discontinuation, dose adjustment, 
or drug selection, thereby ensuring safe anesthetic management and optimizing 
outcomes [11] [13] [14]. The main risk factors include polypharmacy, older age, 
the use of injectable medications, and drugs acting on the central nervous and 
cardiovascular systems, the latter classified as “high-risk” medications due to their 
potential to cause harm [3] [9] [15]. 

In this context, several recommendations have been issued, including the Royal 
College of Anaesthetists’ Guidelines for the Provision of Anaesthetic Services (GPAS) 
[3] [9]. In addition, advances in knowledge have led to the development of ana-
lytical tools to assess potentially harmful drug-drug interactions using electronic 
databases [8]. 
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2. Materials and Methods 

The study was reviewed and approved by the Research Ethics Committee of Hos-
pital Ángeles Lomas (protocol No. HAL 462/2023). The requirement for written 
informed consent was waived.  

A retrospective observational study was conducted among patients undergoing 
neurosurgical procedures at Hospital Ángeles Lomas between January and June 
2023. All patients who underwent neurosurgical procedures during the study pe-
riod and were recorded in the central operating room database were included. 
Patients younger than 18 years, those with an ASA physical status of V - VI, in-
complete medical records, or medicolegal cases were excluded. Data were col-
lected from electronic medical records, including sociodemographic variables 
(age, sex, alcohol, tobacco, and other substance use) and clinical and pharmaco-
logical variables: comorbidities and baseline pharmacological treatment, allergies, 
ASA physical status and NYHA classification, preoperative and postoperative in-
hospital medications, anesthetic technique and drugs administered (including an-
esthetics and adjuvants), diagnosis and surgical procedure, length of hospital stay, 
and discharge outcomes.  

Baseline pharmacological treatment documented at hospital admission, in-
traoperative anesthetic and adjuvant medications, and postoperative in-hospital 
medications administered until hospital discharge were considered part of the 
perioperative medication exposure. All concomitant drug combinations recorded 
throughout this period were screened using Micromedex® to identify potential drug-
drug interactions (pDDIs), defined as interactions that may occur based on con-
comitant drug exposure but are not necessarily clinically manifested. Each 
unique pDDI was counted only once per patient, regardless of repeated admin-
istration or occurrence across different phases of perioperative care. Severity 
classification (minor, moderate, or major) was assigned directly according to the 
Micromedex® database. No additional clinical adjudication was performed after 
database screening. Because the objective of the study was to characterize the over-
all perioperative pharmacological complexity, no temporal window for simulta-
neous drug administration was imposed; therefore, pDDIs were identified based 
on the complete perioperative medication profile rather than verified concurrent 
administration. 

Statistical analyses were performed using IBM SPSS Statistics (version 32; IBM 
Corp., Armonk, NY, USA). Categorical variables were summarized as frequencies 
and proportions. Continuous variables were summarized as means with standard 
deviations (SD) or medians with interquartile ranges (IQR), as appropriate. Var-
iables representing the number of potential drug-drug interactions (pDDIs) were 
summarized using medians and interquartile ranges. Group differences were as-
sessed using the Mann-Whitney U test or Kruskal-Wallis H test, as appropriate. 
When the Kruskal-Wallis test was statistically significant, pairwise post hoc com-
parisons were performed using Bonferroni adjustment. In addition, associations 
between count variables were evaluated using Spearman’s rank correlation coeffi-
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cient. A p value < 0.05 was considered statistically significant. 
This manuscript adheres to the applicable STROBE guidelines. 

3. Results 
3.1. Sociodemographic and Clinical Characteristics of the Study 

Population 

A total of 94 patient records were identified during the study period; three were 
excluded—two due to incomplete medical records and one involving a patient 
under 18 years of age. The mean age was 58.16 ± 15.98 years, and 54.9% were 
female (Table 1). 
 
Table 1. Sociodemographic and clinical characteristics. 

 n = 91 

Age, Mean ± SD 58.16 ± 15.984 

Age group, No. (%)  

18 - 59 years 45 (49.5) 

≥60 years 46 (50.5) 

Female sex, No. (%) 50 (54.9) 

Comorbidities, No. (%)  

Without comorbidities 29 (31.9) 

At least one comorbidity 30 (33) 

Two or more comorbidities 32 (35.2) 

Comorbidities, No. (%)  

Systemic arterial hypertension 30 (33) 

Thyroid disorders 20 (22) 

Dyslipidemias 14 (15.4) 

Diabetes mellitus 8 (8.8) 

Heart diseases 6 (6.6) 

Other comorbidities 25 (27.5) 

ASA physical status, No. (%)  

ASA I 20 (22) 

ASA II 57 (62.6) 

ASA III 10 (11) 

ASA IV 4 (4.4) 

Preoperative diagnosis, No. (%)  

Spinal canal stenosis 34 (37.4) 

Radiculopathies 30 (33) 
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Continued 

Tumors 8 (8.8) 

Hydrocephalus 4 (4.4) 

Hematomas 3 (3.3) 

Other diagnosis 12 (13.2) 

Anesthesia technique, No. (%)  

Balanced general anesthesia 56 (61.5) 

Total intravenous anesthesia 29 (31.9) 

Sedation 3 (3.3) 

Combined anesthesia 3 (3.3) 

Hospital stay, No. (%)  

General wards 79 (86.8) 

Intermediate care unit 4 (4.4) 

Intensive care unit 8 (8.8) 

Length of hospital stay, median [IQR] 3 [2 - 6] 

General wards 3 [2 - 6] 

Intermediate care unit 10 [2.25 - 21.75] 

Intensive care unit 6.5 [1.5 - 16] 

IMV, No. (%) 6 (6.6) 

Length of IMV, median [IQR] 5 [2 - 12.25] 

Discharged, No. (%)  

Clinical improvement 90 (98.9) 

Transferred 1 (1.1) 

 
Allergies were reported in 28.6% of patients; the most common were to NSAIDs 

and sulfonamides (6.6% each), followed by quinolones (3.3%) and beta-lactams 
(2.2%). Comorbidities were present in 68.2% of patients; 33% had at least one and 
35.2% had two or more. The most common comorbidities were systemic arterial 
hypertension (33%), thyroid disorders (22%), dyslipidemia (15%), and diabetes 
mellitus (8.8%). Patients were classified according to the American Society of An-
esthesiologists (ASA) physical status: 22% ASA I, 62.6% ASA II, 11% ASA III, and 
4.4% ASA IV (Table 1). 

The most common preoperative diagnosis was spinal canal stenosis (37.4%), 
followed by radiculopathies (33%), tumors (8.8%), and hydrocephalus and hema-
tomas (4.4% and 3.3%, respectively) (Table 1). Surgical procedures included spine 
surgery (68.1%), cranial surgery (11%), and ventriculoperitoneal shunt (VPS) 
placement (4.4%). 

Balanced general anesthesia was the most used technique (61.5%), followed by 
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total intravenous anesthesia (31.9%); sedation and combined general anesthesia 
with regional blockade were each used in 3.3%. Blood product transfusion was 
required in 15.4% of cases. A total of 86.8% were discharged to general wards, with 
a median length of stay of 3 days (IQR 2 - 6); 4.4% were admitted to the interme-
diate care unit (IMCU), with a median length of stay of 10 days (IQR 2.5 - 27.5); 
and 8.8% required admission to the intensive care unit (ICU), with a median 
length of stay of 6.5 days (IQR 1.5 - 16). Of those admitted to the ICU, 75% re-
quired invasive mechanical ventilation (IMV), representing 6.6% of the total co-
hort (Table 1). 

3.2. Pharmacological Burden and Potential Drug-Drug 
Interactions 

During the perioperative period, 14 - 48 medications were administered, with a 
median of 28 (IQR 23 - 32) and a mean of 28.3 ± 7.3. A positive correlation was 
observed between the number of medications and total pDDIs (rs = 0.796, p < 
0.001). During the hospital stay, up to 34 medications were used (median 10, IQR 
8 - 13). In the intraoperative period, 2 - 10 anesthetic drugs were administered 
(median 7, IQR 5 - 7), along with up to 15 adjuvant drugs (median 8, IQR 5 - 10). 

At least one pDDI was identified in all patients (Micromedex®), with a median 
of 30 (IQR 20 - 43). By severity, moderate and major pDDIs were observed in all 
patients, with medians of 6 (IQR 4 - 8) and 22 (IQR 14 - 35), respectively, whereas 
Mild pDDIs were identified in 25.2% of patients, ranging from 1 to 2 events per 
patient (Table 2).  
 
Table 2. Pharmacological burden and potential drug-drug interactions. 

n = 91 No. (%) Min - Max 
Median 
[IQR] 

p-value 

Baseline pharmacological treatment 67 (73.6) 1 - 13 3 [2 - 5]  

Hospital stay medications  4 - 34 10 [8 - 13]  

Intraoperative period medications 
(anesthetic drugs) 

 2 - 10 7 [5 - 7]  

Intraoperative period medications 
(adjuvant drugs) 

 0 - 15 8 [5 - 10]  

Perioperative period medications  14 - 48 28 [23 - 32]  

Potential drug-drug interactions     

Total 91 7 - 124 30 [20 - 43]  

Mild 23 (25.2) 1 - 2   

Moderate 91 1 - 40 6 [4 - 8]  

Major 91 5 - 101 22 [14 - 35]  
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Continued 

Age group     

18 - 59 years  9 - 106 28 [20 - 39] 0.201a 

≥60 years  7 - 124 35 [22 - 44]  

Comorbidities     

Without comorbidities  9 - 106 27 [19 - 36] 0.145b 

At least one comorbidity  7 - 87 30.5 [20 - 47]  

Two or more comorbidities  12 - 124 37.5 [23 - 43.5]  

Baseline pharmacological treatment     

Yes  7 - 124 33 [23 - 44] 0.019a 

No  9 - 106 23 [17 - 34]  

Anesthesia technique     

Balanced general anesthesia  9 - 124 32 [22.5 - 45] 0.026b 

Total intravenous anesthesia  7 - 104 26 [18 - 43]  

Sedation  8 - 17 9 [8.5 - 13]  

Combined anesthesia  28 - 36 33 [30.5 - 34.5]  

Hospital stay     

General wards  7 - 106 29 [20 - 42.5] 0.130b 

Intermediate care unit  14 - 124 62 [17 - 114]  

Intensive care unit  25 - 87 40 [34.5 - 49.5]  

Comparison of the number of potential drug-drug interactions across groups. Statistical 
significance was set at p < 0.05. aMann-Whitney U test; bKruskal-Wallis H test. 

3.3. Subgroup Analysis 

Total pDDIs were analyzed by age group; patients aged 18 - 59 years had a median 
of 28 (IQR 20 - 39), compared with 35 (IQR 22 - 44) in those aged ≥ 60 years (p = 
0.201). Median pDDIs were 27 (IQR 19 - 36) in patients without comorbidities, 
30.5 (IQR 20 - 47) in those with at least one comorbidity, and 37.5 (IQR 23 - 43.5) 
in those with two or more comorbidities. Median pDDIs were 33 (IQR 23 - 44) in 
patients receiving baseline pharmacological treatment and 23 (IQR 17 - 34) in 
those without (p = 0.019). Median pDDIs were 32 (IQR 22.5 - 45) with balanced 
general anesthesia, 26 (IQR 18 - 43) with total intravenous anesthesia, 9 (IQR 8.5 
- 13) with sedation, and 33 (IQR 30.5 - 34.5) with combined anesthesia (p = 0.026). 
By level of care, median pDDIs were 40 (IQR 34.5 - 49.5) in ICU patients, 62 (IQR 
17 - 144) in IMCU patients, and 29 (IQR 20 - 42.5) in general wards (p = 0.130). 
A moderate positive correlation was observed between length of hospital stay and 
total pDDIs (rs = 0.478, p < 0.001) (Table 2) (Figure 1). Overall, 98.9% of patients 
were discharged with clinical improvement, and one patient was transferred (Ta-
ble 1). 
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Figure 1. Potential drug-drug interactions. Comparison of the number of potential drug-drug interactions across groups. (a) Age 
group (p = 0.201). (b) Number of comorbidities (p = 0.145). (c) Baseline pharmacological treatment (p = 0.019). (d) Length of 
hospital stay (p = 0.130). (e) Anesthetic technique (p = 0.026): sedation vs combined anesthesia (p = 0.014) (Kruskal-Wallis H test; 
pairwise post hoc comparisons were performed using Bonferroni adjustment). 

4. Discussion 

This study demonstrated a high burden of potential drug-drug interactions (pDDIs), 
with universal exposure. The perioperative setting represents a highly complex 
pharmacological environment in which chronic therapies, anesthetic agents, ad-
juvants, and in-hospital treatments converge, creating an extensive network of 
potential interactions [8] [16]. These findings are consistent with the literature, 
which describes the perioperative setting as particularly vulnerable to medication-
related problems. During anesthesia and perioperative management, multiple 
drugs with potent physiological effects are administered, thereby increasing the 
likelihood of pDDIs [8] [16] [17]. In addition, the complexity of the operating 
room environment—characterized by the rapid and simultaneous administration 
of medications—has been identified as a risk factor for medication errors and 
medication-related adverse events [16] [18]. 

The frequency of potential drug-drug interactions observed in this study ap-
pears higher than that reported in general surgical populations. Rabba et al. re-
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ported a pDDI prevalence of 56% and a mean of 2.22 ± 3.76 interactions per hos-
pitalized surgical patient [19]. Similarly, studies in hospitalized surgical patients 
have identified at least one potential drug-drug interaction in approximately 17% 
of patients [20]. Although these studies differ in design and population, the higher 
pDDI burden observed in our study may reflect substantial perioperative phar-
macological complexity associated with neurosurgical care.  

Compared with critical care populations, the pDDI burden observed in our co-
hort appears substantial. ICU-based studies have reported prevalences of 58% - 
67%; however, direct comparisons are limited by differences in study design, pa-
tient populations, interaction detection methods, and definitions of pDDIs [21] 
[22]. Nevertheless, our findings highlight the extensive perioperative pharmaco-
logical exposure characteristic of neurosurgical patients. 

The positive correlation between the number of perioperative medications and 
pDDIs observed in this study is consistent with previous reports identifying 
polypharmacy as an independent predictor of drug-drug interactions [18] [21]. 
From a probabilistic perspective, the number of potential drug combinations in-
creases exponentially with the number of prescribed medications [18]. 

Patients receiving baseline pharmacological treatment had significantly more 
pDDIs than those without prior treatment. This finding is consistent with the 
available evidence, indicating that the coexistence of chronic medications with 
perioperative therapies increases the risk of drug-drug interactions and compli-
cates medication reconciliation during hospitalization [8] [17] [18]. 

The findings observed in patients receiving sedation, combined anesthesia, or 
admitted to the intermediate care unit should be interpreted with caution because 
of the limited number of patients in these subgroups. Consequently, these esti-
mates are exploratory and require confirmation in larger cohorts. 

In contrast, the number of pDDIs did not differ significantly by age, comorbid-
ity status, or length of hospital stay. Although previous studies have identified ad-
vanced age and multimorbidity as risk factors for medication-related problems, 
the lack of statistical significance in our study may be explained by the study de-
sign, sample size, or the total number of medications as the primary covariate [17] 
[23]. 

From a clinical perspective, it is important to recognize that not all drug-drug 
interactions have the same clinical relevance. In neuroanesthesia, certain drug 
combinations warrant particular attention given their pathophysiological plausi-
bility. However, this study assessed potential drug-drug interactions (pDDIs), and 
thus not all necessarily translate into clinically manifest events. 

Studies in hospital settings have shown that automated detection systems iden-
tify numerous potential interactions, although only a limited proportion are clin-
ically relevant [21] [24]. The utility of these systems lies in identifying high-risk 
scenarios and guiding preventive strategies, rather than directly predicting ad-
verse events. Strategies to improve medication safety in the perioperative setting 
include structured medication reconciliation, systematic medication review, and 
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clinical decision support systems to identify high-risk interactions in real time 
[16] [17] [25]. 

This study has several limitations, including its retrospective, single-center de-
sign, which may limit generalizability. In addition, drug-drug interaction identi-
fication relied on a single database, potentially introducing overestimation bias 
inherent to automated systems and variability depending on the database used. 
[26]. Finally, clinical adverse events attributable to the identified potential inter-
actions were not assessed; thus, a direct causal relationship with specific clinical 
outcomes cannot be established.  

Although the present study focused on the overall burden of potential drug-
drug interactions, further analyses are underway to characterize the most frequent 
and clinically relevant interaction pairs and their potential implications for peri-
operative anesthetic management. 

5. Conclusion 

Potential drug-drug interactions (pDDIs) were frequently identified among pa-
tients undergoing neurosurgical procedures and were associated with periopera-
tive medication exposure, baseline pharmacological treatment, and anesthetic 
technique. These findings highlight the substantial pharmacological complexity 
of the perioperative neurosurgical setting and support the need for careful medi-
cation review during perioperative care. Future prospective, multicenter studies 
are needed to determine the clinical relevance of these interactions and their as-
sociation with adverse clinical outcomes in this population. 
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