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ABSTRACT

Objective: This study was done to evaluate the current prescribing and usage pattern of antimicrobial agents (AMAs) in the neonatal intensive care 
unit (NICU).

Methods: A prospective, hospital-based, cross-sectional study (prescription audit) was carried out between May and August 2012 in the NICU of a 
Teaching Hospital. Data were collected by reviewing case records of all neonates admitted to the NICU during the study period.

Results: A total of 120 case records were reviewed and 100 were eligible to be included in the study. Out of the 100, no antimicrobial prescription 
was made in 35  case records. Remaining 65  (65%) were prescribed at least one AMA. 167 AMA prescriptions were made in total and average 
number of AMAs utilized per neonate was 1.670. Cefotaxime (24.6%) was the most commonly prescribed AMA followed by amoxicillin (23.4%). 
Aminoglycosides (43.7%) were the commonly prescribed group of AMAs followed by penicillins (28.7) and cephalosporins (24.6%). Most of the AMAs 
were prescribed to non-bacteriologically proven infections (50.5%). Among the 167 AMA prescriptions, 104  (62.28%) were made in their brand 
names and 63(37.72%) were made in their generic names.

Discussion and Conclusion: This study highlights current usage of AMAs in the NICU of a tertiary care teaching hospital in Puducherry. AMAs were 
found to be prescribed frequently without bacteriological evidence and in their brand names. This necessitates the need for motivating doctors to 
improve AMA prescriptions with supportive bacteriological evidence and in generic names.
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INTRODUCTION

Each year in India, over 1 million newborns die before they complete 
their first month of life, accounting for 30% of the world’s neonatal 
deaths [1]. Two-thirds of infant deaths in India occur in the first month 
of life (with one-third of all neonatal deaths associated with low birth 
weight) [2]. Newborn babies, who need intensive medical attention, are 
often admitted into a special area of the hospital called the Neonatal 
Intensive Care Unit (NICU). Most babies, admitted to the NICU are 
premature (born before 37 weeks of pregnancy), have low birth weight 
or have a medical condition that requires special care.

Globally, infection (36%) is the most common cause of mortality 
in neonates followed by preterm birth (28%) and birth asphyxia 
(23%) [3-5]. In India, prematurity, sepsis, and birth asphyxia contribute 
to 85% of neonatal mortality [6]. All babies having an infection and 
those who are suspected to be having infection will receive AMAs in 
the NICU. All low birth weight infants admitted to a NICU also receive 
an empirical antibiotic treatment in the initial postnatal days, in spite 
of sterile cultures and low incidence of culture-proven bacterial sepsis 
in this population.

Several authors have reported concern about the continuous 
indiscriminate and excessive use of antimicrobial agents (AMAs) 
that promote the emergence of antibiotic-resistant organisms [7,8]. 
Prescribing drugs is an important skill which needs to be continuously 
assessed and refined accordingly. It not only reflects the physician’s 
knowledge of pharmacology and pathophysiology but also his/her 
skill in diagnosis and selection of the most appropriate cost-effective 
treatment [9].

The study of prescribing patterns helps to monitor, evaluate and 
suggest alterations in practitioners’ prescribing habits so as to make 
medical care rational and cost-effective. Hence, the present study was 
done to evaluate the prescribing pattern of AMAs to the patients who 
were admitted to the NICU of a tertiary care hospital in Puducherry.

Objectives
To evaluate the prescribing pattern of AMAs in the NICU of a tertiary 
care teaching hospital located in Puducherry.

METHODS

A prospective, hospital-based, cross-sectional study (prescription 
audit) was conducted in the NICU of a tertiary care rural hospital. 
This study was carried out between May 2012 and August 2012. 
Considering the total number of admitted neonates in the NICU in the 
previous 3 years under the department of pediatrics, 120 neonatal case 
records were recruited and reviewed for the present study (expecting 
20% non-response and calculated sample size of 96). The study was 
carried out by the department of pharmacology in-collaboration with 
the Department Of Pediatrics.

Ethical clearance
Approval for the study was obtained from the Institutional Human 
Ethics Committee before the commencement of the study. Since 
the study did not involve any active intervention or participation of 
subjects, waiver for written informed consent was obtained from the 
institutional ethical committee. Subject confidentiality was maintained 
during and after data collection.
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Exclusion criteria
1.	 Incomplete patient case sheet
2.	 Discharged within 24 hrs of admission
3.	 Transferred to other specialty intensive care units
4.	 Death of patient before hospital discharge.

Data collection and procedure
Data were collected through review of case records of neonates admitted 
and treated in the NICU of pediatrics department. Consecutive 120 case 
records of neonates admitted and treated in the NICU between May and 
August 2012 were obtained from the medical records department of 
the hospital. To evaluate the drug prescribing pattern, a data collection 
pro forma sheet was prepared. The pro forma contained space for 
recording the following data which included.
a.	 Demographic data: Except name, other demographic data including 

age and sex of the baby and address were noted in the pro forma.
b.	 Provisional and final diagnoses.
c.	 Duration of stay in the NICU.
d.	 Group and type of antimicrobials prescribed: Different groups and types 

of AMAs prescribed in the case records were noted down in detail.
e.	 Dosage, durations, and frequency: Dose of all AMAs, their duration 

of prescription and frequency were recorded.
f.	 Route of administration: Details regarding the route and formulation 

of administration were noted.
g.	 Brand or generic drugs: Whether generic or brand names of the 

drugs were mentioned in the case records was noted.
h.	 Any adverse reaction to the antimicrobials as noted by the physicians 

in the case records.
i.	 Investigation results: Details of culture and sensitivity, commonly 

isolated organisms and their resistance pattern were analyzed from 
the reports attached to the case records. Details of other markers of 
infection (C-reactive protein, organisms/pus cells in urine, detection 
of vegetation in ECHO, relevant radiologic findings (Ultrasonography, 
X-ray, CT).

Drugs other than AMAs, fluids and electrolyte solutions, amino acids, 
glucose, oxygen, phototherapy and prophylactic ophthalmic treatment 
were not considered in data collection.

Categorization of AMA usage based on their indications
Antimicrobial therapy was categorized according to the indication 
for the antimicrobial use. Four antimicrobial usage groups of subjects 
were essentially defined according to the indication on which the 
antimicrobial drugs were prescribed to the neonates.
•	 Usage Group 1: Bacteriologically proven infection was considered as 

the indication for antimicrobial prescription if culture and sensitivity 
report suggested organism growth and their drug sensitivity.

•	 Usage Group 2: Non-bacteriologically proven infection/empirical 
was considered as the indication for antimicrobial prescriptions if 
investigation data such as urine routine and radiological findings, 
and clinical findings were suggestive of local or systemic infection 
but the causative organism and its sensitivity pattern were unknown.

•	 Usage Group  3: The antimicrobial therapy was considered as 
prophylactic if there was no evidence of infections and the agent 
was employed to prevent infection (e.g., in catheterized patients).

•	 Usage Group 4: Indication was considered as symptomatic if the 
records suggested that AMAs were prescribed based on the clinical 
symptoms and signs (e.g.,  treatment of fever in the absence of 
specifically suspected infection).

Statistical analysis
Collected data were entered in Microsoft_Office_Excel 2010 and 
analyzed using SPSS Inc. Statistical Software Version 17.0. Descriptive 
statistical analysis was done using proportion, percentages and 
mean ± standard deviation.

RESULTS

Out of the 120 records reviewed, 100 were eligible to be included in the 
study. Out of the 100, 54 (54%) were male babies and 46 (46%) were 

female babies. 9  (9%) babies were from Puducherry and 91  (91%) 
babies were from Tamil Nadu.

The most common diagnostic categories encountered were low birth 
weight (n-28), preterm (n-25), exaggerated physiological Jaundice 
(n-21), early onset neonatal sepsis (n-11), respiratory distress 
syndrome (n-9), intra uterine growth retardation (n-7), late onset 
neonatal sepsis (n-7), hydronephrosis (n-6), congenital heart disease 
(n-3), umbilical sepsis (n-2), pneumonia (n-3), and meconium 
aspiration syndrome (n-2).

Minimum duration of stay in the NICU in the study sample was 3  days 
and the maximum duration of stay was 17 days, and mean (±SD) duration 
of stay was found to be 7.87 (±2.58) days. Out of the 100 cases records, 
35  (35%) were not prescribed any antibiotics during their course of 
treatment. Remaining 65 (65%) were prescribed at least one AMA (Fig. 1).

Prescribing frequency of AMAs in the NICU
About 167 antibiotic prescriptions were made for the 65 babies who 
received AMAs. Eight different types of AMAs were utilized. (Fixed 
drug combinations such as imipenem + cilastatin and piperacillin + 
tazobactam prescriptions were considered as a single type of AMA 
for analysis). Cefotaxime (24.6%), ampicillin (23.4%), amikacin 
(23.4%), and gentamicin (20.4%) were the most frequently prescribed 
AMAs in the NICU (Table  1). As depicted in Table  2, aminoglycosides 
(43.7%), penicillins (28.7%), and cephalosporins (24.6%) were the 
predominantly utilized group of AMAs in the NICU. The majority of 
the admitted neonates received 2 to 4 numbers of AMAs during their 
course of treatment in the NICU as shown in the Fig. 2.

Indications for AMA use in the NICU
About 167 prescriptions made for the 65 babies were categorized 
into four usage groups, and the percentage of prescriptions based on 
usage was as shown in Table 3. AMAs were prescribed more frequently 
for non-bacteriologically proven infections (50.5%) followed by for 
symptomatic indication (33.3%). Only 11.8% of the antimicrobial usage 
was found to be based on the sensitivity pattern of the infective agents 
(Table 3).

Fig. 1: Percentage of neonatal in-patients who received 
antimicrobial agents in the neonatal intensive care unit

Table 1: Prescribing frequency of systemic antimicrobial agents 
in the NICU

S. No Drug Frequency (%)
1 Cefotaxime 41 (24.6)
2 Ampicillin 39 (23.4)
3 Amikacin 39 (23.4)
4 Gentamicin 34 (20.4)
5 Piperacillin+tazobactam 7 (4.2)
6 Metronidazole 3 (1.8)
7 Imipenem+cilastatin 2 (1.2)
8 Cloxacillin 2 (1.2)

Total 167 (100)
NICU: Neonatal intensive care unit
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Routes of administration of AMAs
All the 167 AMA prescriptions in the NICU were administered in 
injection form parenterally (intravenously [IV]).

Culture and sensitivity reports
Blood samples were sent for culture and sensitivity testing from 44 
in-patients. Out of these, seven blood culture samples were positive 
for bacterial growth (coagulase negative-Staphylococci - 4 times; non-
fermentum organisms  -  twice and klebsiella  -  once). All these were 
predominantly sensitive to AMAs such as cefotaxime, amoxicillin, 
amikacin and gentamicin. In one of the culture report, Staphylococcus 
was found to be sensitive to vancomycin, linezolid, and tetracycline; 
resistant to methicillin.

Percentage of AMAs prescribed in the generic name
Among the 167 AMAs prescribed, 63  (37.72%) were prescribed in 
generic names and the remaining 104  (62.28%) were prescribed in 
brand names. No adverse reaction to any prescribed AMA was noticed 
in the case records.

DISCUSSION

The study aimed at analyzing the prescribing pattern of AMAs in the 
NICU of a tertiary care teaching hospital. Male preponderance (54%) 
in admissions was noticed in the study. Mean duration of stay of 
neonates in the NICU was 7.87±2.58 days. Low birth weight, preterm 
and exaggerated physiological jaundice were the most frequently 
encountered diagnoses which necessitated admission of neonates to 
the NICU. 35% of the neonatal admissions did not receive any AMAs 
during their course of treatment. 65% of them were treated with 
at least one AMA. This is lesser than a German study finding which 
reported that 90.7% of neonatal patients were prescribed at least one 
AMA in NICU. Mostly, two AMAs were used for a patient, which is in 
accordance with the German study [10]. On an average 1.67 number 
of AMAs were prescribed per each neonate, which is lesser than the 
finding (3.4 AMAs/patient) of Natalie Schellack and Gous study done 
in South Africa [11]. The IV route (100%) was found to be the only 
route of drug administration in the studied NICU, whereas a little lesser 
proportion (92.1% of AMAs given IV) was given parenterally in a study 
done in Eastern India [12].

Eight different types of AMAs were prescribed for neonates in the 
NICU. Cefotaxime, amikacin, ampicillin and gentamicin were the most 
frequently prescribed AMAs in the NICU, which altogether constituted 
91.6% of AMA prescriptions. Ampicillin was found to be frequently 
coprescribed with gentamicin and cefotaxime with amikacin. The 
findings are comparable with other similar study findings that cefotaxime 
(a third generation cephalosporin), ampicillin and gentamicin were the 
most frequently utilized AMAs in the NICUs  [12-14]. In accordance 
with this study finding, the drugs belonging to the cephalosporins 
were found to be the predominantly prescribed AMAs in many of the 
European hospitals [15-18].

Aminoglycoside had been the most frequently (43.7%) utilized group 
of antimicrobials in the studied NICU. In combination with either a 
cephalosporin or penicillin, one of the aminoglycosides were prescribed 
to the majority of the neonates who received AMAs in the NICU. This is 
in accordance with other study reports, wherein gentamicin was found 
to be widely used in combination with β-lactam antibiotics, especially 
crystalline penicillin and ampicillin as this combination will provide 
synergistic activity against the most common pathogens isolated in 
early onset sepsis (e.g., Klebsiella pneumoniae and coagulase-negative 
Staphylococci) [19-21].

AMAs were found to be prescribed mostly (50.5%) on the basis of 
non-bacteriologically proven infections followed by symptomatic basis 
(33.3%). This shows that majority of the times it was not possible 
for the clinicians to detect the exact causative organism and their 
sensitivity pattern.

Only 37.72% of the utilized AMAs were prescribed in generic names, 
and 62.28% of antimicrobial prescriptions were made in brand names. 
This may increase the financial burden of patient families. Measures to 
improve prescribing drugs in generic names need to be implemented.

CONCLUSION

Based on the results, we conclude that cefotaxime and aminoglycosides, 
respectively, were the most frequently prescribed AMA and Group in the 
NICU studied. Only a small proportion (11.8%) of the AMA prescription 
was made based on bacteriological culture and sensitivity evidence. 
It was also noted in the study that culture and sensitivity testing was 
not done in the majority of the neonates who were treated with AMAs. 
Most (88.2%) of the AMA prescriptions were made based on clinical 
diagnosis, other investigation reports and the physician’s experiences 
based on symptoms. Efforts need to be undertaken for increasing the 
proportion of AMA prescriptions for bacteriologically proven infections 
based on their culture and sensitivity evidence. This will help in 
prevention of drug resistance to the frequently prescribed AMAs.

Fig. 2: Distribution of the neonates (treated with antimicrobial 
agents) based on the number of antimicrobial agents prescribed 

to them

Table 2: Utilization of various groups of AMAs in the NICU

S. No Group of AMAs AMA prescriptions N (%)
1 Aminoglycosides 73 (43.7)
2 Penicillins 48 (28.7)
3 Cephalosporins 41 (24.6)
4 Amebicides 3 (1.8)
5 Carbapenems 2 (1.2)

Total 167 (100)
AMAs: Antimicrobial agents, NICU: Neonatal intensive care unit

Table 3: Indication for AMA usage in the NICU

S. No Usage group Percentage
1 Usage Group 1: Bacteriologically 

proven infection
11.8

2 Usage Group 2: Non‑bacteriologically 
proven infection

50.5

3 Usage Group 3: Prophylaxis 4.4
4 Usage Group 4: Symptomatic 33.3
AMAs: Antimicrobial agents, NICU: Neonatal intensive care unit
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It is being evident from the study result that AMAs are prescribed 
predominantly in brand names in the NICU. Measures need to be 
undertaken to encourage physicians to prescribe AMAs in generic 
names to minimize health care cost.
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