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ABSTRACT

Background: Emergence of bacterial resistance in hospital settings due to the
liberal use of antibiotics which led to an altered impact on its therapeutic efficacy
and outcome, thereby increasing the treatment costs in patients. In this regard the
study aims to evaluate the cephalosporins utilization and compliance to the
hospital antibiotic policy in general medicine ward.

Methods: A prospective observational study was carried out over an eleven-
month period in patients prescribed with cephalosporins. Clinical data of
inpatients were collected and evaluated by using World Health Organization
(WHO) core prescribing indicators and defined daily dose per 100 bed-days. The
comparison between the cephalosporins prescribed in the chart records to the
recommendations mentioned in the institutional antibiotic policy v.2.0, help to
determine the deviations in their usage pattern.

Results: A total of 370 patients were enrolled in the study, of which 54.6% were
females. Cephalosporins were empirically prescribed in 240 (64.9%) cases. The
average number of total antibiotics and cephalosporins per encounter was 1.6 and
1 respectively. Among the total antibiotics, 63.7% were cephalosporins. Third
generation cephalosporins (98.4%) were commonly prescribed, with ceftriaxone
(93%) in parenteral form for respiratory tract infections (31.9%). Total parenteral
antibiotics prescribed were found to be 68.8% of which 88.6% were
cephalosporins. Utilization pattern of cephalosporins amounted to be 4.95
DDD/100 bed-days. Overall compliance was achieved in 191 (51.6%)
prescriptions.

Conclusions: The rate of prescribing of cephalosporins was marginally high.
There was a low rate of compliance towards policy which reflects the urgent need
for repetitive intervention to comply antibiotic policy.

Keywords: Antibiotics utilization evaluation, Antibiotic policy, Compliance,
Cephalosporins

INTRODUCTION

Over the decades, antibiotics have conventionally been
used to treat infectious diseases in the hospital settings,
which resulted in dramatic changes in the prognosis of
patients with severe infections.' There are trends showing
an excessive or irrational use of antibiotics leading to the
emergence of bacterial resistance, that had an altered
impact on effective therapy and outcomes that led to

www.ijbcp.com

increase in length of hospitalization and treatment costs in
patients.*® Various studies demonstrated that the sales of
antibiotics have increased by 40% wherein the majority of
the antibiotics were cephalosporins (60%).°

Cephalosporins are commonly used ‘beta-lactam agents’
which are preferred over other antibiotics due to its lower
hypersensitivity reaction, broad spectrum of action,
cheaper cost and better outcomes.”® In general, gram-
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positive microorganisms are more sensitive towards lower
generation  cephalosporins,  while  gram-negative
microorganisms show more sensitivity towards higher
generation cephalosporins.®® The availability of
cephalosporins antibiotics and their various formulations
along with their expanded indications have an impact on
prescribing patterns in hospitals.®

In order to measure the drug use, WHO developed
ATC/DDD (Anatomical Therapeutic Chemical/Defined
Daily Dose) index as a specific standardized method which
is periodically updated. The DDD is the assumed average
maintenance dose per day for a drug used for its main
indication in adults.** DDD/100 bed-days provide a rough
estimate of consumption of drugs among hospital
inpatients.:12

The irrational use of antibiotic is more common in
developing countries because of the societal
marginalization and risk of a disease outbreak, due to
unhealthy environmental conditions and inadequate
nutritional intake, leading towards unauthorized and large
volume sale of antibiotics.* Despite these facts, there are
rare Indian studies indicating the rational use of
cephalosporins in accordance with antibiotic policy. Thus,
the study was to evaluate the cephalosporins utilization
and compliance with the hospital antibiotic policy in
general medicine of an Indian tertiary teaching hospital.
This study was undertaken to understand the quality of
prescribing and compliance to antibiotic policy.

METHODS

A prospective observational drug utilization study was
carried out over an eleven month period at Bharati Hospital
and Research Centre, Pune, Maharashtra, India. The
criteria used for the antibiotic selection incorporates
antibiotic with a risk of usage abuse and high consumption
rate. This study was approved by institutional ethics
committee. The study population were patients admitted to
the general medicine ward, of age group > 18 years, and
were prescribed with cephalosporins alone or in
combination with other antibiotics which was recognized
manually.

A self-pre-designed form was developed for collecting the
patient’s details prospectively, such as demography,
clinical diagnosis, lab investigation and data on prescribed
cephalosporins from time to time until the patient got
discharged. Cephalosporins use was classified as for
definitive (based on culture reports), empirical (clinical
evidence of infection without organisms being isolated)
and prophylactic (without evidence of infection) therapy.
The data were processed and analysed by using WHO
criteria for Drug Utilization Evaluation (DUE) namely,
indication, dose, route, frequency and duration of
treatment as major measurements against the antibiotic
policy. Additionally, the data were assessed for the WHO
core drug prescribing indicators and slight modification
was made to make it according to the hospital scenario

before using in this study. The formula adopted from the
WHO’s manual includes:®

e An average number of antibiotics per encounter =
Number of antibiotics prescribed / Number of
encounters surveyed.

e  Percentage of cephalosporins within antibiotic
prescribed = (Number of cephalosporins prescribed /
Total number of antibiotics prescribed) x 100.

e An average number of parenteral antibiotics per
encounter = Number of parenteral prescribed /
Number of encounters surveyed.

e  Percentage of parenteral antibiotic prescribed =
(Number of parenteral antibiotics / Total number of
antibiotics prescribed) x 100.

e  Percentage of antibiotics prescribed by generic name
= (Number of antibiotics prescribed by generic name
/ Total number of antibiotics prescribed) x 100.

Drug utilization was also studied with the application of
DDD concept and Antibiotic Consumption Index (ACI).
DDD values of each cephalosporin calculated separately,
the average maintenance dose for an adult weight 70 kg is
prepared in main indications and the active substance
should be taken as grams or 1.U.* The method used for
inpatients is the ratio of the total DDD per 100 bed-days.
This index is called ACI of the population.*

ACI=DDD / bed-days x 100

In this study, DDDs of anti-infective agents are listed for
systemic use according to ATC/DDD 2016 index.** The
study was carried out for a period of 335 days; the total
number of inpatients beds was 150 with occupancy index
0.82.

The data were evaluated for the compliance of therapy
with the hospital antibiotic policy (version 2.0. 2016),
framed two years back which is in accordance with
national treatment guidelines for antimicrobial use in
infectious diseases (version 1.0.2011).1>1 The evaluation
of compliance with the policy was reviewed as per the
steps mentioned in Figure 1. The given therapy is said to
be compliant if the prescribed antibiotic follows the right
indication, dose, frequency and duration as per the policy.
If there is deviation from the above-mentioned
prescription pattern, then the prescribed antibiotic was
considered to be non-compliant towards the policy. Data
pertaining to antibiotic treatment for infectious diseases
which were not mentioned in the policy or evaluation for
compliance could not be performed was considered as
non-assessable. Compliance was calculated as the
percentage of compliant prescriptions divided by total
number of prescriptions. The deviation was documented
and the reason for it was ascertained from the prescriber
through direct verbal access.

Data were analysed by chi-square and Fisher's exact test
and expressed as mean, median, standard deviation and
percentage. A p value of <0.05 was accepted as
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statistically significant for the study. Microsoft Excel,
2010 was used for statistical data collection.
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Figure 1: Steps for reviewing the records to evaluate
the compliance to hospital antibiotic policy.

RESULTS

A total of 370 patients were prescribed cephalosporins,
alone or in combination with other antibiotics during the
study period. The demographic characteristics of patients
who received cephalosporins and factors related to
infection and treatment in the study population are shown
in Table 1. Gender wise distribution showed that 202
(54.6%) of patients were females. The mean age was found
to be 47£19.9 years.

Table 1: Characteristics of study population treated
with cephalosporins.

patients enrolled in the stud

Characteristics n (%)

Male 168(45.4)
Gender Female 202(54.6)
Age: Mean+SD* (Range)  47+19.99 (18-90 years)
Empiric 240(64.9)
Definitive 110(29.7)
Prophylactic 20(5.4)
Bacteriological investigations
Done 158(42.7)
Not done 212(57.3)

Hospitalization period of patients receiving antibiotics

(Mean+SD)

Only one antibiotics (n= 166, 44.8%) 5.68+2.94

Two antibiotics (n=190, 51.3%) 5.73+£2.89

Three antibiotics (n=14, 3.8%) 9.62+3.96
*SD-Standard Deviation

From the total cephalosporins prescribed for 370 patients,
240 (64.9%) patients were administered empirically, 110
(29.7%) for definitive purposes and 20 (5.4%) patients
were prescribed cephalosporins as prophylactic therapy.
The median length of hospital stay was 5 days. In this
study, hospitalization period of patients who received
single or two antibiotics together were similar but the
hospitalization period of patients receiving three
antibiotics was longer (9.62+3.96). Bacteriological
investigations were not done in most of the patients
(57.3%) to determine the aetiology of the suspected
infection. Out of the 158 (42.7%) cases in which the
microbial test was done, growth was observed in 44
(27.8%) cases only.

By interpreting the data collected during the study, it was
seen that the third generation cephalosporins (98.4%) were
commonly prescribed followed by the second generation.
Ceftriaxone (93%) was found to be the most commonly
prescribed third-generation cephalosporins (3GCs) with a
daily dose of 2 gm in parenteral form. The mean duration
of treatment with cephalosporins was 4.87 days (range 1-
7 days). The most common indication for cephalosporins
use was respiratory tract infections (31.9%) followed by
urinary tract infections (15.7%). In 214 (57.8%) patients
co-prescribed with other antibiotics, azithromycin (45.8%)
was most commonly used.

The drug prescriptions were analysed by using WHO core
indicators for usage pattern as shown in Table 2. The
average number of overall antibiotics and cephalosporins
per encounter was found to be 1.6 and 1 respectively. The
percentage of cephalosporins prescribed in comparison to
other antibiotics was found to be 63.7%. The parenteral
administration of overall antibiotics was found to be
68.8% of which 88.6% were cephalosporins. The total
number of antibiotics prescribed in generic name was
found to be 125 (21.1%).

Table 2: WHO core indicators assessing the drug
prescriptions.

Core indicators :r?ttii)liotics Cephalosporins
% of a_ntibiotics 100% 63.7%
prescribed

Average no. of

parenteral antibiotics ~ 1.09 1

per encounter

o o el 68.8% 88.6%
antibiotics prescribed

% of antibiotics

prescribed in generic  21.1% 0

name

Figure 2 shows the ACI of cephalosporin antibiotics in
general medicine ward. The overall utilization pattern of
cephalosporins amounted to be 4.95 DDD/100bed-days of
which, 3GCs were commonly used (4.88DDD/100 bed-
days).
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Figure 2: Antimicrobial consumption index
of cephalosporins.

Figure 3: Situational analysis of
cephalosporins prescriptions.

Table 3: Distribution of cephalosporin prescriptions by indication and level of compliance to antibiotic policy.

Indication gt();:g)llance rl:lc()(;;:ompllance

RTI 118(31.9) 70(59.3) 8(6.8) 40(33.9) <0.001
UTI 58(15.7) 56(96.5) 2(3.4) -- <0.001
Fever 50(13.5) 10(20) 24(48) 16(32) 0.040
AGE 46(12.4) 2(4.3) 44(95.7) -- <0.001
Typhoid 36(9.7) 36(100) -- - <0.001
Skin and Soft tissue Infection  16(4.3) 6(37.5) 2 (12.5) 8(50) --
CVS infection 10(2.7) 8(80) - 2(20) 0.071
Intra-abdominal Infections 10(2.7) 6(60) 4(40) -- --
Meningitis 8(2.2) 6(60) 2(25) - 0.631
Others 18(4.9) 4 (22.2) 6(33.3) 8(44.4) -

NA: non-assessable; RTI: respiratory tract infection; UTI: urinary tract infection; AGE: acute gastroenteritis

+ Viral infections, Dengue, Rickettsial fever

* p Value (excluding non-assessable) - Chi square test and Fishers exact test

Table 4: Distribution of cephalosporins and level of
compliance based on DUE™ criteria.t

DUE criteria gc();:);)llance rI:Ic()g}o():ompllance
Indication 204(55.1%) 92(24.9%)

Dose 204(55.1%) 92(24.9%)
Frequency 204(55.1%) 92(24.9%)
Duration 191(51.6%) 105(28.4%)

*DUE: Drug Utilization Evaluation
tExcluding non-assessable cases

The situational analysis of all cephalosporin prescriptions
is interpreted in Figure 3. The compliance of
cephalosporins administration according to the antibiotic
policy (version 2.0. 2016) was evaluated for indication,
dose, frequency and duration of administration in a total of
370 patients.’®> Among the total 191 (51.6%) were

compliant, whereas 105 (28.4%) cases were non-
compliant and the rest 74 (20%) of the data was non-
assessable.

Table 3 and 4 shows the distribution of cephalosporin
prescriptions by DUE criteria and level of compliance of
therapy with the antibiotic policy. From the total of 105
(28.4%) non-compliant cases, 92 (87.6%) elicited
differences in indication, duration, dose and frequency,
whereas, 13 (12.4%) shows non-compliance only in
duration of therapy as per the policy.

DISCUSSION

Cephalosporins are the most widely used class of
antibiotics that need careful monitoring to ensure their
rationale use in this era where there is an increased threat
due to microbial resistance.® The present study shows the
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marginally higher utilization of cephalosporins in general
medicine (63.7%) which was similar to the studies
reported by Gururaja et al, and Reddy et al, where most of
the study patients belonged to medicine department.>’
Gender wise distribution of inpatients shows that
cephalosporin use in female (54.6%) was more than male
(45.4%) population. This may be due to the fact that
women are more susceptible towards bacterial infections,
especially Urinary Tract Infections (UTIs), and
Respiratory Tract Infections (RTIs). This is similar to the
results obtained in Sri Ramachandra Hospital, Chennai
which shows a female predominance (61.8%) over male
(38.2%) population.t” Whereas, various studies have
reported that cephalosporin use in the male population is
more as compared to female.”18-20

The present study revealed that 240 (64.9%) patients
received cephalosporins as empirical prescriptions. This is
because the microbiological results cannot be availed
within 24-72hrs. The initial therapy is started on the basis
of physician's clinical judgment, patient's clinical
condition, and laboratory parameters. This is similar to the
studies conducted at a University hospital in West Indies,
where two-thirds of the patients (67.9%) were treated with
empiric antibiotics and Babu et al, where 74.26% was of
empiric therapy.??2 In this study, it was observed that
29.7% of patients were prescribed cephalosporins on the
basis of culture results and confirmatory diagnostic tests.
In many cases, no microbial growth was detected; this may
be the reason for the low percentage usage of
cephalosporins for the definitive therapy.

Bacteriological investigation was done only on 158
(42.7%) patients who had severe infection or shows
unresponsiveness to therapy. Whereas in other patients
investigations were usually not suggested due to non-
affordability, prior initiation of antibiotic therapy and
delay in attaining results. The findings were similar to the
studies conducted at the Tikur Anbessa specialized
hospital and university hospital of West Indies.?!2

Certain factors such as drug or host-related response
pertaining to antibiotic therapy may lead to the failure of
treatment. The number of antibiotics use may lead to an
increment in treatment cost incurring a financial loss due
to increased length of stay in hospitalized patients.* In this
study, the hospitalization period of a patient who received
three antibiotics was high (P = 0.003); this may increase
the hospital infection risk and treatment cost. This was
similar to the study conducted in Turkey where the use of
three antibiotics was inappropriate and the incidence of
hospital stay was twice in patients.*

The study reveals that the 3GCs (98.4%) were most
commonly prescribed, followed by second generation
(1.1%). This result is in agreement with the results of
various other studies that were reported.>”?* Another
similar study conducted by Jonathan et al shows higher
usage of 3GCs (95.85%), whereas a study conducted in a
teaching hospital in Nepal shows a low use of 3GCs.!8%

This higher use may be due to its broad spectrum of
activity against most of the bacterial species, responsible
for causing infections, especially against gram-negative
microorganisms as well as the routine availability of these
drugs in this setup. They have been successfully used in
controlling and treating infections. Their rapid use in
hospital settings to treat various infections has increased,
exerting a significant influence over the rates of multi-
drug-resistant nosocomial pathogens.? It was observed
that ceftriaxone (93%) was the most commonly prescribed
cephalosporins, due to its high anti-bacterial potency, wide
spectrum of activity and low potency of toxicity.3%2
Similar  results were obtained from  various
studies.”1%2427.28 Byt it was quite different from the results
of a study conducted by Kaliamoorthy et al, in a tertiary
care hospital, in which ceftriaxone was ranked third in
terms of utilization rate (19.5%) following cefixime
(32.7%) and cefotaxime (31.3%).17 The use of
cephalosporins was found to be high for the treatment of
RTIs. The findings were similar to results obtained from
various studies,?23-2527-28

The present study reveals that the mean duration of
treatment with cephalosporins in the hospital was 4.87
days. The duration of antibiotics depends on the severity
of the infections. Mild-moderate conditions such as UTI,
typhoid, RTIs required 1-7 days of treatment duration.
This signifies that the treatment duration of cephalosporins
in such conditions was in accordance with the antibiotic
policy. This finding was similar to the results obtained
from the study conducted by Reddy et al, where the
duration was 5 days.’

It was observed that an average number of overall
antibiotics and cephalosporins prescribed per encounter
were found to be 1.6 and 1 respectively. The percentage of
cephalosporins prescribed (63.7%) compared to other
antibiotics, was higher than the standard (20.0%-26.8%)
derived to be ideal.® This may promote bacterial
dissemination and resistance which suggests a need for
antibiotic  regulation in  cephalosporin  prescribing
pattern.?® A high percentile of antibiotics prescribed in this
study may be due to patient’s expectation to receive
antibiotics or the prescriber’s belief that the therapeutic
efficacy of antibiotic is low. Parenteral antibiotics
prescribed were found to be 68.8% of which 88.6% was
cephalosporins. The results of this study were high as
compared to the standards recommended by WHO
(13.4%-24.1%).** In  this  hospital, parenteral
cephalosporins are mostly preferred according to the
antibiotic policy. Once the antibiotics administered to
patients were switched from parenteral to oral therapy, the
patients recovered faster and were unwilling to stay any
further. Myths amongst patients regarding faster efficacy
and recovery due to parenterally administered antibiotics
when compared to its oral form prompt the physician to
administer parenteral antibiotics. This will increase the
cost as well as the risk of transmission of potentially
serious diseases through the unhygienic use of injectables.
Antibiotics were prescribed in their brand names instead
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of generic names. This value is less as compared with the
standards of WHO (100%).13-2°

The use of cephalosporins has widely been assessed in the
hospital by measuring quantitative pharmacy data to
calculate the number of DDD per number of bed-days.**
The ACI of cephalosporins was 4.95 DDD/100 bed-days
of which, 3GCs were commonly used (4.88DDD/100 bed-
days). The wuse of first and second generation
cephalosporins was low, and that of the 3GCs was higher
than that reported in Nepal study.'® The DDD values were
slightly higher than those previously reported from the
medicine ward of the Manipal Teaching hospital.’®
Ceftriaxone was the most commonly consumed (4.55
DDD/100 bed-days) parenteral cephalosporin and its
frequent use may lead to drug resistance.

The major goal and challenge of antibiotic policies is the
proper assessment and evaluation of patient’s disease
condition and rational prescribing pattern of antibiotics by
the physician, and proper medication adherence by the
patients. This approach would help to prevent antibiotic-
microbial resistance, diminish cost, improves quality of
patient life and antibiotic usage.® In this study, 191 of the
370 patient’s charts (51.6%) were found to be complying
for an overall evaluation of indication, dose, and frequency
and duration of treatment according to the antibiotic
policy. The majority (28.4 %) of the non-compliance to the
policy were related to differences in indication, dose,
route, frequency, and duration of administration between
practice and the policy. Wrong uses of cephalosporins in
the assessments of acute gastroenteritis (AGE), rickettsial
fever, complicated UTI, viral conditions, Chronic
Obstructive Pulmonary Disease (COPD), and Bronchitis
for which the policy recommends no indication of the drug
was noticed in the study. Co-trimoxazole or piperacillin-
tazobactam (blood in stool or culture) is recommended,
instead of ceftriaxone for the management of AGE as per
the policy. In a similar manner, the choice of antibiotic for
complicated UTI is meropenem whereas for rickettsial
fever is doxycycline or azithromycin. The possible reasons
for the non-compliance are the consideration of antibiotics
for speedy recovery leading to the lack of awareness and
ignorance, exerting pressure on physicians to empirically
prescribed antibiotics. This may prompt the rise of the
bacterial resistance which in turn compromises antibiotic
effectiveness leading to treatment failure, increased
treatment cost as well as risk to the patient safety.
Limitations of the study include inadequacy of information
given by physicians regarding deviations from policy,
inaccurate or missing data’s from patient charts and
insufficient data capturing due to prospective study type.

CONCLUSION

The increased use of cephalosporins in the hospital settings
is a matter of concern. Our study highlights the trend of
marginally higher utilisation of cephalosporins especially
3GCs. A significant number of patients received
cephalosporins, which was not in accordance with the

hospital antibiotic policy. The recommendations that could
improve the compliance are quickening the availability of
culture and sensitivity reports, accessibility of guidelines
on the hospital information system, repetitive audits to
monitor antibiotic misuse and update physician knowledge
regarding rational prescribing. Involvement of a clinical
pharmacist, in order to enhance compliance and rational
antibiotic therapy may improve the quality of patient care.
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