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INTRODUCTION 

Antibiotic resistance is dangerously rising to alarming 

levels in all parts of the world, putting the achievements of 

modern medicine at risk. The rapid spread and emergence 

of new resistance mechanisms threaten our ability to treat 

even the most common of infectious diseases such as 

pneumonia, tuberculosis, urinary tract and genital 

infections, fungal skin infections and sepsis.1 

The emergence and spread of resistance is made worse by 

lack of or non-adherence to standard treatment guidelines 

and over-prescription of antibiotics by health workers; 

inappropriate self-medication of antibiotics without a 

prescription- often in inadequate dosage or for non-

bacterial infections; and non-adherence to dosing regimens 

by the public; apart from non-human use of antimicrobials 

in veterinary care and agriculture.2 

There has been a recent surge in efforts to rationalize the 

use of antimicrobials due to increasing antimicrobial 

resistance and a dwindling pipeline of new drugs under 

clinical development.3 These measures include increasing 

awareness, surveillance, research and investment in 

countering antimicrobial resistance. Among the key issues 

raised by the WHO is irrational prescription behaviour by 

health care workers.4 To address the problems of irrational 
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use of drugs, the first step is to measure and document the 

drug use, identify problem areas, analyse it and understand 

the underlying causes.5  

Hence a short term study of the prescription patterns was 

conducted in a Paediatric Intensive Care Unit (PICU) of a 

tertiary care, government run general hospital with the 

objectives of analysing the prescription pattern and 

determining the rationality of antimicrobial use. 

METHODS 

After obtaining Institutional Ethical Committee approval, 

a prospective observational study was conducted in the 

PICU of a tertiary care teaching hospital in South India for 

a period of 3 months. This was a typical government run 

general hospital in a limited resource setting where most 

antibiotics were available free of cost and the PICU had 8 

beds. 

All case records of patients who were admitted in the PICU 

for a minimum of 24 hours during a 3 month study period 

were considered for the study. Patients who were 

transferred to other departments and those who were 

discharged against medical advice were excluded from the 

study. The final analysis was done only for those patients 

who received at least one antimicrobial prescription. The 

definition of an antimicrobial was broad and included any 

antibacterial, anti-mycobacterial, antiviral, antifungal or 

any anti-parasitic according to the WHO ATC 

classification.  

Demographic data such as subject’s initials, age and 

gender were recorded. Subject’s provisional diagnosis, 

relevant investigations, results of culture and antibiotic 

sensitivity, duration of stay, complete prescription for the 

entire duration of stay at the PICU and clinical outcomes 

were recorded in a pretested format. Care was taken to 

maintain confidentiality and anonymity of the subject’s 

data.  

The hospital formulary list relevant to the PICU and 

procurement cost of those drugs was obtained from the 

central drug store of the hospital. Average market price of 

the drug was used to calculate cost for such drugs that were 

not from the hospital formulary list.  

Rationality of antimicrobial use was evaluated using 

USAID/WHO indicators for antimicrobial use in 

hospitals.6 Specific hospital indicators and indicators 

describing surgical prophylaxis were not included as 

surgical cases were not admitted to the PICU. The relevant 

indicators used were: 

Prescribing indicators 

• Percentage of hospitalizations with one or more 

antimicrobials prescribed. 

• Average number of antimicrobials prescribed per 

hospitalization in which antimicrobials were 

prescribed. 

• Percentage of antimicrobials prescribed consistent 

with the hospital formulary list. 

• Average cost of antimicrobials prescribed per 

hospitalization in which antimicrobials were 

prescribed. 

• Average duration of prescribed antimicrobial 

treatment. 

• Percentage of patients with pneumonia who are 

prescribed antimicrobials in accordance with 

standard treatment guidelines. 

• Percentage of antimicrobials prescribed by generic 

name. 

Patient care indicators 

• Percentage of doses of prescribed antimicrobials 

actually administered. 

• Average duration of PICU stay of patients who 

receive antimicrobials. 

Supplemental indicator 

• Number of antimicrobial drug sensitivity tests 

reported per hospital admission with curative 

antimicrobials prescribed. 

The data from this study was analysed with Descriptive 

statistics such as Mean, Standard deviation, Frequency, 

Percentage, and Proportions.  

RESULTS 

Demographic background 

A total of 126 case records were analysed prospectively 

during the period of 3 months, from which the complete 

case details and prescriptions were recorded from 104 case 

records meeting the study criteria.  

The age of the patients varied from 2 months to 16 years 

with an average age of 4.52 years. The maximum number 

of patients (43.27%) were between 1 to 5 years old. 25% 

of the patients were below the age of 1 year. There was a 

total of 50 male and 54 female children. (Table 1). 

Table 1: Demographic background. 

Age  Male Female Total % 

Less than 1 16 10 26 25.00% 

1 to 5 20 25 45 43.27% 

6 to 10 6 9 15 14.42% 

Greater than 

10 
8 10 18 17.31% 

Total 50 54 104 100.00% 
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The 5 most common causes for admission to the PICU 

were Pneumonia (39.18%), Sepsis (11.34%), CNS 

Infections (11.34%), Seizure disorder (7.22%) and 

Respiratory infections other than pneumonia (5.15%).  

Prescription pattern 

At least one antimicrobial was prescribed to 93.27% 

(N=97) and these 97 cases were included in the final 

analysis.  

A total of 25 different antimicrobials were used in the 97 

patients. The most common antimicrobials used were 

Ceftriaxone (24.51% of the total number of antimicrobials 

prescribed), Amikacin (17.83%), Meropenam (8.91%), 

Oseltamivir (7.52%) and Linezolid (7.24%). A similar 

pattern was seen in prescriptions of children less than 1 

year. 

Ceftriaxone was prescribed to 84.62% of the patients 

followed by Amikacin (61.5%), Meropenam (30.8%), 

Oseltamivir (26%) and Linezolid (25%). The most 

common antimicrobials prescribed with their ATC 

classification are described in Table 2. 

Table 2: Antimicrobials prescribed with                            

ATC classification. 

Drugs % drugs % patients ATC 

Ceftriaxone 24.51 84.62 J01DD04 

Amikacin 17.83 61.54 J01GB06 

Meropenam 8.91 30.77 J01DH02 

Linezolid 7.24 25.00 J01XX08 

Oseltamivir 7.52 25.96 J05AH02 

Vancomycin 6.69 23.08 J01XA01 

Acyclovir 5.01 17.31 J05AB01 

Amoxicillin + 

Clavulanic acid 
2.79 9.62 J01CR02 

Azithromycin 2.23 7.69 J01FA10 

Piperacillin + 

Tazobactam 
2.23 7.69 J01CR05 

% Drugs - % of total drugs prescribed 

% Patients - % of patients prescribed  

ATC - Anatomical Therapeutic Chemical (ATC) Classification 

System 

USAID indicators 

Prescribing indicators 

A total of 338 antimicrobials were prescribed to 97 patients 

and the average number of antimicrobials prescribed per 

patient was 3.48±1.95 antimicrobials. Of the 97 patients, 

58.65% of the patients were prescribed 3 or more 

antimicrobials and the maximum number antimicrobials 

prescribed per patient was 9 antimicrobials (Figure 1). 

89% of the prescriptions for antimicrobials were consistent 

with the hospital formulary list. The generic name was 

used for 89.07% of the prescribed antimicrobials.  

The average duration of prescribed antimicrobial treatment 

was 4.88±4.49 days and ranged from 1 to 35 days. 

Linezolid was prescribed for 35 days in one of the case 

records initially via parenteral route and later via oral 

route. 

Table 3: USAID/WHO indicators for antimicrobial 

use in hospitals. 

A Prescribing indicators Results 

1 

Percentage of hospitalizations with 

one or more antimicrobials 

prescribed 

93.27% 

2 

Average number of antimicrobials 

prescribed per hospitalization in 

which antimicrobials were 

prescribed 

3.48 

(±1.95) 

3 

Percentage of antimicrobials 

prescribed consistent with the 

hospital formulary list. 

89.07% 

4 

Average cost of antimicrobials 

prescribed per hospitalization in 

which antimicrobials were 

prescribed. (INR) 

414.78 

(±502.61) 

5 
Average duration of prescribed 

antimicrobial treatment 

4.88 

(±4.49) 

6 

Percentage of patients with 

pneumonia who are prescribed 

antimicrobials in accordance with 

standard treatment guidelines 

34.21% 

7 
Percentage of antimicrobials 

prescribed by generic name 
88.64% 

B Patient care indicators Results 

8 
Percentage of doses of prescribed 

antimicrobials actually administered 
100% 

9 
Average duration of PICU stay of 

patients who receive antimicrobials 

6.91 

(±6.4) 

C Supplemental indicator Results 

10 

Number of antimicrobial drug 

sensitivity tests reported per 

hospital admission with curative 

antimicrobials prescribed 

5.01 

(±*) - Standard deviation 

The average cost (based on hospital procurement rates) of 

antimicrobial treatment per prescription was 

414.78±502.61 INR and ranged from 15.85 INR to 2091.5 

INR per prescription. The most expensive antibiotics were 

Meropenam, Vancomycin, Piperacillin-Tazobactum, 

Linezolid and Amoxi-clav in that order. Antibiotics 

contributed to 70% of the total cost of the medication 

expenses. 

Pneumonia was the most common cause for admission to 

the PICU (N=35, 39.18%). The Standard Treatment 

Guidelines (STG) for pneumonia was followed only in 

34.19% of the cases. Most of the patients with pneumonia 

were treated empirically with Ceftriaxone (92.11%) and 

Amikacin (86.84%) as against the recommended Amoxi-
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Clav (18.42%). The most common drugs prescribed were 

Ceftriaxone, Amikacin, Oseltamivir, Meropenam, and 

Linezolid (Figure 2).  

 

Figure 1: Number of antimicrobials prescribed. 

 

Figure 2: Antibiotic use in pneumonia. 

Patient care indicators 

100% of the patients received the prescribed 

antimicrobials. This was based on treatment charts and 

nursing records. The average duration of stay of the 

patients in the PICU was 6.91±6.4 days.  

Supplemental indicator 

Blood samples were sent for culture and sensitivity in 

almost all cases (96%). Results of Culture and sensitivity 

was present in 22.68% of the case records but meaningful 

results that would help in the prescription of curative 

antimicrobials was obtained only in 5% of the cases. 

Prescription trends 

A common trend emerged where for most infections an 

empirical treatment of Ceftriaxone and Amikacin was 

initiated. If no response was seen by day 2 the antibiotics 

were changed to higher antibiotics such as Meropenam, 

Linezolid, Vancomycin or Piperacillin- Tazobactam, on 

day 3. On further lack of response, the antibiotics were 

changed on day 5. Other antibiotics, Anti-Virals or Anti-

TB medications were prescribed on a patient to patient 

basis. 

Mortality 

There was no correlation between mortality to the duration 

of hospital stay. Mortality was highest in the initial 3-4 

days of admission to PICU. But the % mortality increased 

with number of drugs prescribed (Table 4). 

Table 4: % Mortality with number of antibiotics. 

No. of 

antibiotics 
Death Improved Total 

% 

mortality 

1 1 15 16 6.25% 

2 3 17 20 15.00% 

3 4 15 19 21.05% 

4 5 10 15 33.33% 

5 4 4 8 50.00% 

6 6 6 12 50.00% 

7 1 3 4 25.00% 

8 0 2 2 0.00% 

9 1 0 1 100.00% 

Total 25 72 97 25.77% 

DISCUSSION 

In this study, 68% of the patients were below the age of 5 

years, which is the most vulnerable age group in any 

population, which further underlines the importance of this 

study analysing the effects of drugs in such a vulnerable 

population.  

The percentage of patients receiving at least one 

antimicrobial was high (93.27%). But this is predictable 

considering firstly that they were acutely sick patients 

requiring intensive care, secondly the nature of illness 

comprising most commonly of pneumonia, CNS 

infections and sepsis and finally admission in the ICU may 

warrant prophylactic antibiotics in high risk patients.7  

The most common antimicrobials prescribed were 3rd 

generation Cephalosporins namely ceftriaxone, followed 

by Aminoglycosides (Amikacin), Imipenams 

(Meropenam), Anti-Influenza Antiviral (Oseltamivir) and 

Oxazolidinones (Linezolid). Similar trends were seen in 

other studies.8,9  

The relatively high use of Anti-Influenza agents was 

because the period of the study coincided with an outbreak 

of H1N1 flu that occurred in the region between late 2016 

and early 2017. 

On an average, a patient was prescribed 3.5 drugs, but 

nearly 60% of the patients received 3 or more 

antimicrobials during their course of stay in the PICU. This 
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could arbitrarily mean that most of the patients did not 

respond to the most common empirical combination of 3rd 

generation Cephalosporin with an Aminoglycoside or 

Amoxi-clav. This seems to suggest resistance to these 

antibiotics, though definitive laboratory evidence was not 

available. 

The duration of prescribed treatment averaged nearly 5 

days. The recommended duration of treatment with 

linezolid is 10 – 28 days. Longer duration of treatment is 

associated with haematological toxicity, optic neuropathy, 

peripheral neuropathy and lactic acidosis.10,11 

As mortality was highest in the initial 3-4 days of 

admission, there was no correlation between mortality to 

the duration of hospital stay or number of antibiotics 

prescribed.  

Community acquired pneumonia accounted for 15% of 

deaths in children globally in 2015 and is a common cause 

for childhood morbidity and mortality.9 Pneumonia was 

the most common cause for PICU admission in this study 

too and therefore warranted the need for further specific 

analysis. The National Treatment Guidelines for 

Antimicrobial Use in Infectious Diseases, 2016 - India 

recommend IV Amoxi-Clav or IV Ceftriaxone for 

pneumonia.12,13 STG was followed only in 34.19% of the 

cases. Most of the patients with pneumonia were treated 

empirically with a combination of Ceftriaxone (92.11%) 

and Amikacin (86.84%).  

The usual trend was to prescribe antibiotics empirically 

usually a combination of Ceftriaxone and Amikacin to 

cover both gram positive and negative and sequentially 

switching to higher antibiotics if there was no response 

after 2 days of antibiotic administration. This was done 

until the results of culture and sensitivity were available.  

But with meaningful culture and sensitivity results 

available in a mere 5% of the patients, physicians had little 

to base their treatment on and thus the patients continued 

to have their antibiotics escalated until a clinical response 

was seen. This led to patients receiving up to even 10 

different antibiotics within a very short span of time. This 

overuse of antibiotics can have a serious implication in 

such a vulnerable population and can contribute to the 

development of resistance.  

But in light of the critical nature of illness and paucity of 

resources, physicians are left with few alternatives. Thus, 

the need of the hour to combat resistance and improve 

patient safety is to develop sensitive and low cost solutions 

that could aid superior decision making and targeted 

therapy.14 This study also highlights the need to develop 

and implement strict antibiotic stewardship programmes in 

such government run general hospitals to check the 

unrestricted availability of higher antibiotics. 

A recent WHO report confirms that the world is running 

out of antibiotics as there is a serious lack of new 

antibiotics under development. The report found very few 

potential treatment options for those antibiotic-resistant 

infections identified by WHO as posing the greatest threat 

to health, including drug-resistant tuberculosis.3 

The overuse, underuse or misuse of antimicrobials results 

in wastage of scarce resources, widespread health hazards, 

unacceptable treatment outcomes and increased economic 

burden to patients and society in the form of costlier drugs, 

longer hospital stays and increased mortality.15 

Hence there is an urgent need to change the way physicians 

prescribe and use antibiotics. Without behaviour change, 

we are headed for a post-antibiotic era, where once again 

minor infections and injuries can become fatal.  
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