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Abstract  High-alert medications (HAMs) are 

associated with a heightened risk of significant harm when 

misused, yet data on their prescribing trends in Indian 

hospital settings remain limited. This study aimed to 

analyze HAM prescribing patterns to identify areas for 

improving patient safety and rational drug use. This 

prospective observational study was conducted over nine 

months at Paalana Institute of Medical Sciences, Kerala, 

involving patients aged 18 years and older from the 

Cardiology, Neurology, General Medicine, and Psychiatry 

departments. Data on demographics, prescriptions, and 

HAMs were analyzed using WHO core prescribing 

indicators, with HAMs classified pharmacologically and 

assigned ATC codes. Among the 193 patients, 

predominantly older adults (62.7%) and females (52.8%), 

75.1% were inpatients. General Medicine (44.6%) and 

Neurology (40.9%) had the highest HAM prescriptions, 

and oral administration (65.52%) was more common than 

parenteral administration (34.48%). Metformin, Insulin, 

and Ceftriaxone were the most frequently prescribed drugs. 

Prescribing patterns showed significant deviations from 

WHO standards, including polypharmacy (an average of 

3.45 drugs per encounter), low generic prescribing 

(14.54%), and high antibiotic (70.98%) and injectable 

(55.44%) use. These findings highlight critical gaps, such 

as over-reliance on brand-name drugs and insufficient 

adherence to essential drug lists, posing risks of adverse 

drug events and increased costs. Targeted interventions, 

such as promoting generics, antibiotic stewardship, and 

adherence to WHO guidelines, are necessary to enhance 

medication safety and cost-effectiveness. 

Keywords  High-Alert Medications (HAMs), 

Prescribing Patterns, Polypharmacy, ISMP, WHO 

Prescribing Indicators, ATC Code, Patient Safety 

1. Introduction

The National Institutes of Health (NIH) defines a drug as 

any chemical substance, apart from food, that is utilized to 

diagnose, treat, prevent, or manage the symptoms of an 

illness or abnormal condition. High-alert medications 

(HAMs) are a distinct group of drugs that present a greater 

risk of causing severe harm to patients if not administered 

properly [1,2]. These drugs are also referred to as high-risk 

medications. The Joint Commission (TJC) emphasizes that 

HAMs are frequently associated with significant harm, 

with misuse carrying a high potential for severe injury or 

death [3]. Based on reports received through the ISMP 

National Medication Errors Reporting Program (ISMP 
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MERP), the Institute for Safe Medication Practices (ISMP) 

has developed and periodically updated a comprehensive 

list of HAMs [4]. These medications often possess a low 

therapeutic index, posing a significant risk when 

administered via the incorrect route or in the presence of 

other system errors. Consequently, healthcare 

organizations are mandated to recognize high-risk 

medications utilized within their facilities and implement 

appropriate measures to guarantee their secure storage, 

prescription, dispensing, and administration [5,6]. 

In addition to HAMs, several good practices in 

medication management are essential for ensuring patient 

safety and rational drug use. These practices include the use 

of generic medications, adherence to Essential Drug Lists 

(EDL), and the promotion of antibiotic stewardship. While 

these practices are not classified as HAMs, they play a 

crucial role in minimizing medication-related harms and 

improving patient outcomes [7,8]. 

To ensure patient safety in hospital settings, it is 

imperative to appropriately identify and monitor 

prescribing trends for high-alert drugs. There has been 

limited research on the trends in the prescription of these 

drugs in hospitals, particularly in Indian settings, even 

though earlier studies have identified several high-alert 

medications and the hazards associated with them [1]. 

Unpredictable adverse effects may result from a lack of 

knowledge regarding the prescribing practices for HAMs 

in hospital settings. By analyzing prescription patterns for 

high-alert drugs in a hospital context, this study seeks to 

close the information gap. 

2. Methodology 

2.1. Study Design and Site 

A prospective observational study was conducted at 

Paalana Institute of Medical Sciences, Palakkad, Kerala, a 

tertiary care hospital. The study duration was nine months, 

from January 2024 to September 2024. 

2.2. Sampling and Inclusion Criteria 

A convenient sampling method was used to collect the 

desired study population based on study criteria. In this 

study, we included prescriptions of patients of both genders 

aged 18 years and above, outpatients and inpatients 

prescribed with HAMs from departments such as 

Cardiology, Neurology, General Medicine, and Psychiatry 

who were willing to participate in the study. We excluded 

pregnant and nursing mothers and discharged against 

medical advice (DAMA) patients. 

2.3. Ethical Considerations 

The Institutional Human Ethics Committee approved the 

study (PALIMS/EC/02/23), and informed consent was 

obtained from each participant prior to their inclusion. 

Patient data were retrieved from the hospital's Electronic 

Health Record Software and documented using a structured 

data collection form. This form was designed to capture 

key information, including patient demographics, medical 

and medication history, diagnoses, and treatment details. 

Data collection was conducted six days per week for 

inpatients while outpatient data were collected on a 

randomized schedule. 

2.4. Identification of HAMs and Good Practices 

The collected data were analyzed carefully to identify 

HAMs from the prescriptions based on the ISMP 

guidelines [4]. The drugs were primarily classified 

pharmacologically and allotted the respective Anatomical 

Therapeutic Chemical Code (ATC code). In addition to 

HAMs, we also evaluated good practices in medication 

management, including the use of generic medications, 

adherence to the Essential Drug List (EDL), and the 

prescription of antibiotics and injectables [7,8]. 

2.5. Prescribing Patterns Analysis 

Prescribing patterns of HAMs were evaluated using the 

WHO core Prescribing Indicators [7]. This includes mainly 

five indicators: 

1. Average number of drugs per encounter. 

2. Percentage of drugs prescribed by generic name. 

3. Percentage of encounters with an antibiotic prescribed. 

4. Percentage of encounters with an injection prescribed. 

5. Percentage of drugs prescribed from the EDL. 

The collected data were entered into MS Excel 2016. 

Statistical Package for the Social Sciences (SPSS) version 

21.0 was used to perform descriptive statistics, such as 

frequency and percentage. 

3. Results 

Our study included 193 prescriptions for patients who 

were prescribed HAMs during the data collection period. 

Upon age-wise distribution of the population, 31 (16%) 

patients were young adults (18-39), 41 (21%) patients were 

middle-aged adults, and the largest proportion of patients 

was in the older adults (geriatric category) (60-99), 

accounting for 121 (63%) patients (Fig. 1). This 

distribution highlights a predominant involvement of older 

adults in the study population. Most patients prescribed 

HAMs were female (102, 52.8%), followed by male 

patients (91, 47.2%) (Table 1). Out of the 193 patients, 145 

(75.1%) were inpatients, while 48 (24.9%) of them were 

outpatients (Table 2). 
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Figure 1.  Age-wise Distribution of the Study Population 

Table 1.  Gender wise distribution of the study population 

Gender 
Number of Patients 

(n = 193) 

Percentage 

(%) 

Male 91 47.2 

Female 102 52.8 

Table 2.  Distribution of study population based on hospital admission 

Patient Setting 
Number of Patients 

(n = 193) 

Percentage 

(%) 

Inpatients 145 75.1 

Outpatients 48 24.9 

The collected 193 prescriptions of HAMs were from 

various departmental specializations like Cardiology, 

General Medicine, Neurology, and Psychiatry. Among 

these, General Medicine accounted for the highest number, 

with 86 (44.6%) prescriptions, followed by Neurology with 

79 (40.9%) prescriptions, Cardiology with 15 (7.8%) 

prescriptions, and Psychiatry with 13 (6.7%) prescriptions 

(Table 3). 

Table 3.  Department-wise distribution of the study population 

Departments 
Number of Prescriptions 

(n = 193) 

Percentage 

(%) 

General Medicine 86 44.6 

Neurology 79 40.9 

Cardiology 15 7.8 

Psychiatry 13 6.7 

The study highlights a strong relationship between the 

presence of comorbidities and the utilization of HAMs. 

Among the 193 patients evaluated, a significant portion had 

multiple health conditions, with 44.6% experiencing two to 

four comorbidities and 7.8% having more than five. These 

findings underline the complexity of managing patients 

with various comorbidities, as they are more likely to 

require HAMs to address the overlapping treatment needs 

of various conditions. However, the use of HAMs in such 

scenarios demands careful consideration, as these patients 

are at an increased risk of drug-related problems and 

adverse outcomes due to the interplay of their conditions 

and the medications prescribed. Effective monitoring and 

tailored therapeutic strategies are essential to ensure patient 

safety while optimizing the benefits of HAMs in managing 

complex health profiles (Fig. 2). 

3.1. List and Frequency of HAMs Prescribed in the 

Study 

The Appendix provides the details of HAMs prescribed 

in the study site. Among the 193 prescriptions, 84 different 

HAMs were identified based on their system and 

pharmacological classifications, with 689 instances 

distributed across four departments, along with their ATC 

codes. These medications include adrenergic agonists, anti-

adrenergic agents, anti-arrhythmics, anticoagulants, 

anticonvulsants, antidepressants, antidiabetics, anti-

Parkinson’s agents, antipsychotics, systemic 

antimicrobials, antivirals, antifungals, thrombolytics, and 

other specific drugs. Among these, anticonvulsants and 

antidiabetic medications are the most diverse groups. 

Metformin was the most frequently prescribed drug (46 

prescriptions), followed by Insulin, Ceftriaxone, and 

Glimepiride, each of which has high utilization, indicating 

their significant role in managing chronic conditions like 

Diabetes Mellitus (DM). Other drugs, such as Cefixime, 

Sitagliptin, and Piperacillin with Tazobactam, also showed 

considerable prescription counts, reflecting their prevalent 

use in treating infections and other medical conditions. The 

frequency of prescriptions decreases, with some drugs such 

as Noradrenaline, Pramipexole, and Magnesium Sulfate 

were rarely prescribed. 
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Figure 2.  The number of comorbidities among the study population 

Out of the 193 prescriptions analyzed, 134 (69.43%) 

were HAMs without any fixed-dose combinations (FDCs), 

indicating a majority preference for non-combination 

treatments. A smaller portion, 2.07%, consisted of HAMs 

with FDCs only. Additionally, 28.50% of the prescriptions 

involved either a single HAM or a combination of HAMs, 

suggesting a substantial number of patients received multi-

drug therapies. This highlights a diverse prescribing pattern 

for managing HAMs (Table 4). 

Table 4.  Prescribing Pattern of HAMs 

HAMs Pattern in Prescription 

Number of 

Prescriptions  

(n = 193) 

Percentage 

% 

HAM Prescriptions without FDCs 134 69.43 

HAM Prescriptions with FDC only 4 2.07 

Prescriptions with single and a 

combination of HAMs 
55 28.50 

From the analysis of 134 prescriptions involving HAMs 

without FDC, the majority (29.85%) included two HAMs, 

while 26.12% contained three HAMs. Single HAM 

prescriptions accounted for 14.93%, indicating a notable 

number of patients receiving a minimal-risk approach. 

Prescriptions with four and five HAMs represented       

11.94% and 9.70%, respectively, while 7.46% had more 

than five HAMs. This distribution suggests a tendency 

towards combining multiple HAMs in prescriptions, 

highlighting the complexity of medication regimens for 

high-risk cases (Table 5). 

Table 5.  Pattern of HAMs prescription without FDC 

HAMs Per 

Prescription 

Number of Prescriptions 

(n = 134) 

Percentage 

(%) 

Single HAM 20 14.93 

Two HAMs 40 29.85 

Three HAMs 35 26.12 

Four HAMs 16 11.94 

Five HAMs 13 9.70 

Above Five HAMs 10 7.46 

The frequency of HAMs prescribed among the study 

population excluding individual HAMs from FDCs, was 

667. Among these, 570 (85.46%) were prescribed under 

brand names, while 97 (14.54%) were prescribed in generic 

names. This highlights a strong preference for brand-name 

medications, which may influence factors such as cost and 

patient accessibility in the utilization of HAMs (Table 6). 

Table 6.  HAMs prescribed in brand or generic name 
 

Number of HAMs 

(n = 667) 

Percentage (%) 

Brand Name 570 85.46 

Generic Name 97 14.54 
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Of the 667 HAMs prescribed, excluding individual drugs 

within FDCs, 437 (65.52%) were administered orally, 

while 230 (34.48%) were administered parenterally. This 

suggests that the majority of HAMs at the study site were 

prescribed for oral administration, reflecting a preference 

for non-invasive routes where feasible (Table 7). 

Table 7.  Route of administration wise HAMs in prescriptions 

Route of 

Administration 

Number of HAMs 

(n = 667) 
Percentage (%) 

Oral 437 65.52 

Parenteral 230 34.48 

The analysis of prescribing practices reveals significant 

deviations from the WHO reference values for rational 

drug use. The average number of drugs per encounter is 

3.45, which is considerably higher than the WHO-

recommended range of 1.6 to 1.8, indicating a trend 

towards polypharmacy. Only 14.54% of drugs were 

prescribed by their generic names, which falls significantly 

short of the ideal value of 100%, highlighting a reliance on 

brand-name drugs. Additionally, 70.98% of patient 

encounters involved an antibiotic prescription, far 

exceeding the WHO benchmark of 20% to 26.8%, 

suggesting potential overuse of antibiotics. The percentage 

of encounters involving an injection was 55.44%, 

compared to the recommended range of 13.4% to 24.1%, 

implying a higher-than-necessary use of injectable 

treatments. Furthermore, only 47.82% of prescribed drugs 

were from the EDL, significantly below the ideal of 100%, 

indicating a suboptimal selection of medications (Table 8). 

These findings suggest the need for interventions to align 

prescribing practices with WHO guidelines to promote 

safer, cost-effective, and rational drug use. 

Table 8.  Analysis of WHO core prescribing indicators in prescriptions 

Indicator Result 

WHO 

Reference 

Value 

Average Number of Drugs per Encounter 3.45 1.6 to 1.8 

Percentage of Drugs Prescribed by 

Generic Name 
14.54% 100% 

Percentage of Encounters with an 

Antibiotic Prescribed 
70.98% 

20% to 

26.8% 

Percentage of Encounters with an 

Injection Prescribed 
55.44% 

13.4% to 

24.1% 

Percentage of Drugs Prescribed from 

EDL 
47.82% 100% 

4. Discussion 

The predominant representation of older adults among 

participants indicates that this age group is at higher risk 

for HAM use, which correlates with their increased 

likelihood of multiple comorbidities and polypharmacy. 

The gender distribution shows that female patients, 

particularly in older age groups, are more prone to chronic 

conditions such as cardiovascular diseases, autoimmune 

disorders, and mental health issues, which often require 

HAMs. Cultural and social factors may also play a role, as 

women in some societies tend to be more proactive in 

managing health. The predominance of inpatients, 

especially ICU patients, implies that more complex cases 

requiring higher numbers of HAMs are typically managed 

within the hospital, and these results also showed similarity 

with the study conducted by Subbaiah M et al. [1]. 

The pharmacological diversity of HAMs and their 

extensive use in certain departments, such as General 

Medicine and Neurology, indicate the need for department-

specific guidelines to ensure the safe and effective use of 

these medications. Additionally, the significant reliance on 

brand-name medications rather than generics raises 

concerns regarding the cost-effectiveness of therapy and 

patient accessibility, suggesting a potential area for 

intervention to promote generic prescribing where possible, 

in line with WHO recommendations. 

The listing of HAMs in this study highlights the diverse 

range of HAMs used across various departments within the 

hospital, emphasizing their critical role in managing 

complex health conditions. The use of anticonvulsants and 

antidiabetic medications was predominant among the study 

population, and this diversity underscores the necessity of 

these drugs in treating a wide spectrum of medical 

conditions, including DM, seizures, and cardiovascular 

issues, which are particularly prevalent in the elderly 

population. The significant use of antibiotics such as 

ceftriaxone also points towards a high incidence of 

infection management, potentially complicated by the high 

prevalence of comorbidities. 

The use of HAMs without FDCs being predominant 

suggests a preference for individualized treatment 

approaches, allowing for greater flexibility in adjusting 

dosages and minimizing potential adverse effects from 

multi-drug combinations. However, the subset of 

prescriptions involving combinations of HAMs points to a 

substantial portion of patients receiving complex therapy, 

which requires careful monitoring to mitigate risks such as 

drug interactions and adverse effects. 

The WHO core prescribing indicators in this study reveal 

significant deviations from established standards for 

rational drug use, emphasizing areas for improvement to 

enhance patient safety and cost-effectiveness. The average 

number of drugs per encounter was 3.45, significantly 

exceeding the WHO-recommended range of 1.6 to 1.8, 

indicating a trend towards polypharmacy, especially 

among elderly patients with multiple comorbidities. This 

increases the risk of drug interactions, ADRs, and non-

adherence. Only 14.54% of drugs were prescribed by 

generic names, falling well below the WHO target of 100%. 

This reliance on brand-name medications increases costs 
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and reduces accessibility, highlighting the need to promote 

generic prescribing. Furthermore, antibiotics were 

prescribed in 70.98% of encounters, exceeding the 

recommended range of 20-26.8%, indicating potential 

overuse and the need for antibiotic stewardship programs. 

Injections were used in 55.44% of encounters, also above 

the recommended range of 13.4-24.1%, suggesting a 

preference for injectable over oral routes, which carries 

higher risks. Additionally, only 47.82% of drugs were 

prescribed from the EDL, compared to the ideal of 100%, 

indicating a need to focus on cost-effective, standard 

treatments. The study conducted by Chenchula S et al., [7] 

also gave almost similar results to this study. The study 

conducted by Galappatthy P et al. [8] also supports these 

findings. Addressing these issues requires educational 

programs on rational prescribing, promoting generics, 

reducing antibiotic overuse, and encouraging oral 

medication use. Implementing hospital-wide prescribing 

audits and feedback mechanisms can further align practices 

with WHO guidelines, ensuring safer and more effective 

drug use. 

5. Conclusions 

This prospective study on HAMs provides critical 

insights into prescribing trends within a tertiary care 

hospital. The findings reveal significant challenges, such as 

polypharmacy, an over-reliance on brand-name drugs, 

excessive use of antibiotics and injectables, and limited 

adherence to essential drug lists, all of which deviate from 

WHO guidelines for rational drug use. Older adults with 

multiple comorbidities were the predominant demographic, 

highlighting their vulnerability to adverse drug events. The 

study emphasizes the need for targeted interventions, 

including the promotion of generic prescribing, antibiotic 

stewardship programs, and educational initiatives to 

encourage rational prescribing practices. Hospital-specific 

guidelines and routine prescribing audits could further 

enhance medication safety, cost-effectiveness, and patient 

outcomes. The comprehensive analysis of HAMs 

underscores their critical role in managing complex 

medical conditions, while also calling for a more judicious 

approach to mitigate risks associated with their use. 

Implementing these recommendations can help align 

practices with global standards, ensuring safer healthcare 

delivery and improved quality of care for patients receiving 

HAMs. 

To address these areas, further studies should be 

conducted within the Indian healthcare system to support 

the development of a standardized list of HAMs along with 

comprehensive guidelines for their appropriate utilization 

and monitoring. Establishing such a framework will 

enhance medication safety, optimize therapeutic outcomes, 

and improve the overall quality of medication use across 

healthcare settings. 
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Appendix 

List and Frequency of HAMs Prescribed in the Study 

Total HAMs from the prescriptions = 84 

Pharmacological Classification Drugs under Classification 
Frequency Including Combinations 

(n = 689) 
ATC Code 

CARDIOVASCULAR SYSTEM 

Adrenergic Agonists (n=1) Noradrenaline 1 C01CA03 

Anti-adrenergic Drugs (n=2) 
Labetalol 2 C07AG01 

Metoprolol 12 C07AB02 

Anti-arrhythmic Drugs (n=3) 

Amiodarone 4 C01BD01 

Digoxin 7 C01AA05 

Verapamil 3 C08DA01 

BLOOD AND BLOOD FORMING ORGAN SYSTEM 

Anticoagulants-Therapeutic 

Heparin (n=2) 

Enoxaparin 10 B01AB05 

Heparin 17 B01AB01 

Oral Anticoagulants (n=3) 

Acenocoumarol 1 B01AA07 

Apixaban 1 B01AF02 

Warfarin 4 B01AA03 

NERVOUS SYSTEM 

Anti-convulsants (n=14) 

Carbamazepine 5 N03AF01 

Gabapentin 13 N03AX12 

Lamotrigine 1 N03AX09 

Levetiracetam 28 N03AX14 

Divalproex 2 N03AX01 

Clonazepam 26 N03AE01 

Lacosamide 5 N03AX18 

Pregabalin 16 N03AX16 

Phenytoin 3 N03AB02 

Clobazam 6 N05BA09 

Primidone 1 N03AA03 

Sodium valproate & Valproic 

acid 
6 N03AG01 

Oxcarbazepine 1 N03AF02 

Brivaracetam 5 N03AX23 

Antidepressants and Anti-anxiety 

drugs (n=12) 

Alprazolam 6 N05BA12 

Fluoxetine 3 N06AB03 

Sertraline 3 N06AB06 

Escitalopram 11 N06AB10 

Duloxetine 8 N06AX21 

Dosulepin 1 N06AA16 

Amitryptyline 1 N06AA09 

Mirtazepine 2 N06AX11 

Nortryptyline 2 N06AA10 

Sertraline 3 N06AB06 

Venlafaxine 1 N06AX16 

Lorazepam 11 N05BA06 

Etizolam 1 N05BA19 
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Continued 

Anti-Parkinson’s Drugs (n=3) 

Trihexyphenidyl 5 N04AA01 

Amantadine 3 N04BB01 

Pramipexole 1 N04BC05 

Anti-psychotics (n=5) 

Olanzapine 2 N05AH03 

Risperidone 6 N05AX08 

Quetiapine 11 N05AH04 

Haloperidol 9 N05AD01 

Aripiprazole 1 N05AX12 

ALIMENTARY TRACT AND METABOLISM SYSTEM 

Anti-diabetic Medications (n=8) 

Insulin 36 A10AB 

Dapagliflozin 6 A10BK01 

Glipizide 2 A10BB07 

Metformin 46 A10BA02 

Glimepiride 32 A10BB12 

Sitagliptin 27 A10BH01 

Vildagliptin 4 A10BH02 

Voglibose 2 A10BF03 

Teneligliptin 1 A10BH13 

IMMUNOMODULATORS 

Immuno-suppressants (n=1) Methotrexate 1 L04AX03 

SYSTEMIC ANTIMICROBIALS 

Beta-lactam Antibiotics (n=11) 

Amoxicillin with Clavulanic acid 10 J01CR02 

Penicillin G 1 J01CE01 

Ampicillin 1 J01CA01 

Piperacillin with Tazobactam 27 J01CR05 

Ceftriaxone 34 J01DD04 

Cefoperazone 27 J01DD02 

Cefixime 31 J01DD08 

Cefpodoxime 17 J01DD13 

Cefuroxime 1 J01DC02 

Meropenem 17 J01DH02 

Faropenem 15 J01DI03 

Fluoroquinolones (n=2) 
Levofloxacin 4 J01MA12 

Ciprofloxacin 7 J01MA02 

Nitro-imidazole Antimicrobial 

(n=1) 
Metronidazole 9 J01XD01 

Macrolides (n=1) Azithromycin 20 J01FA10 

Lincomycin (n=1) Clindamycin 4 J01FF01 

Tetracycline (n=1) Doxycycline 6 J01AA02 

Aminoglycoside (n=1) Amikacin 4 J01GB06 

Oxazolidinone (n=1) Linezolid 4 J01XX08 

Antivirals (n=1) Oseltamivir 16 J05AH02 

Antifungal Agents (n=1) Fluconazole 1 J02AC01 

Thrombolytics (n=1) Tenecteplase 1 B01AD11 

SPECIFIC MEDICATIONS 

 

Potassium Chloride 2 B05XA01 

Magnesium sulfate 1 B05XA05 

Promethazine Injection 1 R06AD02 

Tranexemic acid 6 B02AA02 
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