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ABSTRACT
Context: Sepsis is one of the leading causes of death in hospital settings. Timely
administration of rational and effective antimicrobial therapy, as per hospital’s antibiotic
policy, is one of the components of antimicrobial stewardship program. In absence of
definitive pathogen identification and susceptibility pattern, initial antibiotic regimen is
selected which is defined as empirical antibiotic therapy. Although an empirical antimicrobial
policy is in place at our institute, it has not been evaluated since its inception for its
effectiveness.
Aims: To assess the adherence to the empirical antimicrobial policy for sepsis and to evaluate
its effectiveness on clinical outcome of sepsis in adult critical care patients.
Setting and study design: A prospective, cross-sectional study was conducted in adult non
covid critical care units of Shree Krishna Hospital.
Methodology: Following approval from Institutional Ethics Committee, prospective cross-
sectional study was conducted from 1% August-2021 to 31st July-2022 at non-covid intensive
care units. The adherence to the empirical antibiotic policy was calculated as percentage of
patients with sepsis in whom antimicrobial agent was started as per the policy. The
effectiveness of the antimicrobial policy was assessed on the basis of the improvement in the
clinical and laboratory parameters as well as Sequential organ failure assessment (SOFA)
score of the patient over a period of five days.
Statistical analysis: Microsoft Excel 2019, Version 2209 was used for data entry and data
analysis. Proportions were calculated using descriptive analysis. Data was analysed using
Chi-square calculation. Significance was considered at P-value <0.05.
Results: The adherence to the antimicrobial policy in sepsis was 59.80%, (n = 61 out of 102)
whereas adherence to initiation of antimicrobial agent within one hour of diagnosis of clinical
sepsis was 96.07% (n =98 out of 102). The antimicrobial agent started as per antibiotic policy
was susceptible in culture report in 55.31% (n = 26 out of 47) of patients. Effectiveness of
empirical antimicrobial policy in patients with sepsis in adult critical care units based on
improvement of SOFA score after five days of diagnosis of clinical sepsis was 51.06%,
(n=24 out of 47). There was no significant correlation (P >0.05) found between age groups,
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gender, risk stratification categories, type of blood stream infections and type of organisms
isolated, i.e., Gram negative and Gram positive with regards to effectiveness of empirical
antimicrobial policy. There was no significant difference noted between improvement in
SOFA score of the patients in whom antimicrobial agent was started as per policy and in
whom the antimicrobial agent was not started as per policy (P = 0.72).

Conclusion: The adherence to antimicrobial policy for sepsis was low and further studies to
evaluate the reasons for low compliance need to be conducted. Although the effectiveness
was not significantly different when the antimicrobial agent was started as per policy
compared to when it was not started as per policy, we still recommend using antimicrobial
agent as per policy in order to avoid non uniformity in prescriptions and development of
antimicrobial resistance.

Key-words: Antimicrobial policy, Antimicrobial stewardship, Antimicrobial resistance,
SOFA Score, Sepsis, Blood stream infection, Blood culture

Introduction

Sepsis 1s one of the leading causes of death in hospital settings and a major healthcare
problem which is affecting millions of people around the world every year and killing as
many as one in four.' Timely administration of rational and effective antibiotic therapy is
must in management of sepsis.” At the time of hospital admission of patients with suspected
sepsis in critical care units, the etiological agent of sepsis is not known. As a result, empirical
antimicrobial therapy targeting wide range of etiological agents, is started before sending
blood cultures.'

Over prescribing broad-spectrum antimicrobials as part of empirical therapy not only increase
antimicrobial resistance, but also fail to treat infections and increase mortality; therefore,
optimizing the use of antimicrobials is critical.'” Critical care unit is an area of healthcare
facility where maximum antibiotics are used and therefore chances of antibiotic resistance are
more in these areas.* Antimicrobial resistance is directly proportional to the use of antibiotics
and antibiotic stewardship program can help reducing the spread of antimicrobial
resistance.”®’ Several studies have been performed to evaluate the impact of antimicrobial
stewardship program on antimicrobial resistance.’®”

In our hospital, an antimicrobial policy for various infections is in place. However, the policy
has not been evaluated since its inception. The present study was conducted to assess the
adherence to the antibiotic policy as well as its effectiveness in treating the patients with
sepsis.

Methods:

A prospective, cross-sectional study was conducted in the non-COVID Adult Critical Care
Units for a period of 1 year (1" August-2021 to 31% July-2022) following approval from
Institutional Ethics Committee at Shree Krishna Hospital, Karamsad. The source of data
includes inpatient records of patients admitted in non-COVID adult critical are units as well
as laboratory information system (LIS).All adult participants admitted in non-COVID adult
critical care units with suspected sepsis or who develop sepsis during their stay in these units
AND having a laboratory confirmed bloodstream infection (LCBI) were included in the
study. The identification of pathogen and its susceptibility pattern was done using Vitek-2
automated system. Antimicrobial agents were chosen and reported as per CLSI guidelines.
Participants in whom blood culture grew an isolate that had been previously isolated from
blood culture of the same participant and was suggestive of persistent infection with the same
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isolate, were excluded from the study. Blood culture samples that grew skin contaminants
were excluded after clinical correlation.

Empirical antimicrobial therapy was initiated by the clinician after collection of blood culture
sample. The empirical therapy was expected to be started as per the hospital’s antibiotic
policy. After receiving blood culture report from Microbiology lab, the antimicrobial therapy
was continued or escalated or deescalated as per the isolated organism and its antibiogram. A
structured proforma was used for collection of the data.

Once the participant was confirmed of having an LCBI, the investigator visited the critical
care unit to look into the risk stratification, details of the empirical antimicrobial agent started
in the participant, clinical details and laboratory workup of the participant.

Risk stratification of patients: The participants were stratified into one of the four risk
categories which is part of antibiotic policy described as per Table 1. The risk stratification
would help the clinician to assume the probable pathogens of sepsis and thereby select an
antimicrobial agent defined for the risk category in which the participant falls.

Table 1: Risk stratification categories of the patients

Patient Type 1 (CAI)

No contact with health care system in last 90 days
No prior antibiotic treatment in last 90 days
Patient young with no or few co-morbid conditions

Patient Type 2 (HCAI)

Recent contact with health care system (hospital / nursing home admission, CAPD) without
major invasive procedure

Antibiotic treatment in last 90 days

Patient old (> 65 years) with few co-morbidities.

Patient Type 3 (NI)

Hospitalization >5 days + infections following major invasive procedures
Recent & multiple antibiotic therapies

Patient old (> 65 years) + multiple co-morbidities (e.g. structural lung disease,
immunodeficiency)

Patient Type 4 (NI)

Type 3 patient with fever despite antibiotic therapy (>5days) with no obvious source / after
appropriate source control

+ severe sepsis/septic shock

Plus >1 of the following (but not limited to) risk factors for invasive fungal infections:
Total Parenteral Nutrition (TPN)

Haemodialysis

Immunodeficiency of variable origin

Major abdominal surgery

multi-focal candida colonization

Diabetes

Details of the empirical antimicrobial agent: The investigator looked whether the empirical
antimicrobial agent/s was started as per the antimicrobial agents defined for each risk
stratification. The antibiogram of the blood culture isolate was looked upon to see whether
the empirical antimicrobial agent initiated in the participant falls into the ‘susceptible’
category.

Clinical and laboratory details: The clinical details were recorded from the inpatient
record/direct observation and the laboratory workup was recorded from the laboratory
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information system. The clinical details and the laboratory parameters were collected for five
days with day one being the day of onset of clinical sepsis.

Effectiveness of the antibiotic policy: The effectiveness of the empirical antimicrobial policy
was evaluated on the basis of the improvement in the clinical and laboratory parameters as
well as SOFA score of the participant over a period of five days. Day one and two being the
two days prior to the day on which the isolate and its antibiogram was reported by laboratory.
Day three was the day on which the isolate was reported by laboratory. Day four and day five
being the two days after the day on which the isolate was reported.

Statistical Analysis: Microsoft Excel 2019, Version 2209 was used for data entry and data
analysis. Proportions were calculated using descriptive analysis. Data was analysed using
Chi-square calculation. Significance was considered at P-value <0.05.

Results:

A total of 3001 blood culture samples were received during the period from 1* August 2021
to 31% July 2022, of which 1922 (64.04%) were negative. From 1079 (35.95%) positive
cultures, 418 (38.73%) were true pathogens and 661 (61.26%) were contaminants. Out of 418
positive blood cultures, 102 blood cultures belonged to ICU patients and were included in the
study. Of the 102 patients who became eligible for the further study, 19 patients took
discharge against medical advice before completion of five days of evaluation period and
therefore SOFA score on the 5™ day of diagnosis of sepsis could not be evaluated in them.
Hence these patients were excluded during further analysis pertaining to effectiveness of
antimicrobial policy. Compliance and effectiveness rates are as described in table 2A and 2B.

Table 2: Compliance and effectiveness rates for empirical antimicrobial policy in patient with
suspected sepsis (n=83)

Table 2A: Patients who completed five days evaluation period.
Parameter assessed Percentage of total

compliance (n = 83)

Primary bloodstream infections 4.81%, (n=4)

Secondary bloodstream infections 81.92%, (n=68)
Unknown source bloodstream infections 13.25%, (n=11)
Participants in whom antimicrobial agent was started as per policy 48.19%, (n=47)

Participants in whom antimicrobial agent was started as per policy 96.07%, (n=83)
and within 1 hour of diagnosis of sepsis

Effectiveness of empirical antimicrobial therapy irrespective of 49.39%, (n=41)
whether antimicrobial agent was started as per policy or not

Table 2B: Patients in whom anti-microbial agent was started as per policy.
Parameter assessed Percentage of total
compliance (n = 47)
Participants in whom antimicrobial agent was started as per policy 100%, (n=47)
and within 1 hour of diagnosis of sepsis
Effectiveness of empirical antimicrobial therapy in whom  51.06%, (n=24)
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antimicrobial agent was started as per policy

Effectiveness of empirical antimicrobial therapy for patients in
whom antimicrobial agent was started as per policy in various risk
stratification categories:

Categoryl 60%, (n=3)
Category 2 64.28%, (n=9)
Category 3 41.66%, (n=5)
Category 4 0%, (n=0)

Percentage of participants in whom antimicrobial agent was started = 55.31%, (n=26)
as per policy and the antimicrobial agent was susceptible in the
antibiogram report

Escherichia coli (43%, n = 44) was most commonly isolated followed by Klebsiella
pneumoniae subspp. pneumoniae (17%, n = 18), Staphylococcus aureus (8.82%, n = 9),
Pseudomonas aeruginosa (4.9%, n = 5), Acinetobacter baumannii (4.9%, n = 5),
Burkholderia cepacia and Enterococcus faecalis (2.94%, n = 3), Enterococcus faecium
3.92%, n = 4), Staphylococcus hominis, Salmonella typhi, Stenotrophomonas maltophilia,
and Streptococcus pneumoniae (1.93%, n = 2); Proteus mirabilis, Staphylococcus
hemolyticus and Achromobacter xylosoxidans (0.98%, n = 1).

The highest number of patients with sepsis belonged to risk stratification 2 (50.6%, n = 42)
followed by risk stratification 3 (33.73%, n = 28), risk stratification 1 (12.04%, n = 10) and
risk stratification 4 (3.61%, n = 3).

There was no significant association found between age group of the patients and
effectiveness of empirical antimicrobial policy (n=83, P=0.31).

There was a significant association between effectiveness of antimicrobial policy and number
of comorbidities present in the patient as decribed in table 3(n=83, P=0.026).

There was no significant association found between risk stratification of the patients and
effectiveness of empirical antimicrobial policy as seen in figure 1.(P=0.32)

Table 3:Effectiveness of policy based on co-morbidities

Number of comorbidities Effectiveness Ineffectiveness P-value
0 7(8.43%) 15(18.07%) 0.026

1 11(13.25%) 13(15.66%)

2 20(24.09%) 8(9.63%)

3 3(3.61%) 6(7.22%)

Total 41(49.39%) 42(50.60%)
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Effectiveness of empirical antimicrobial policy based on risk
stratification (n = 83)
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Figure 1: Effectiveness of empirical antimicrobial policy based on risk stratification
(n =83, P=0.32)

When compared effectiveness of the policy in gram negative and gram-positive organisms,
effectiveness was less in gram positive 46.66% (n=7) compared to gram negative organisms
50%(n=34). There was no significant correlation between effectiveness and type of organism
(n=83, P=0.81).

There was no significant difference (n=83, P=0.72) in effectiveness whether antimicrobial
agent was started as per policy or not, based on the improvement in SOFA score on the 5
day of initiation of antimicrobial agent. The effectiveness of antimicrobial therapy was only
0.86 times more if the antimicrobial therapy was started as per the policy when compared to
antimicrobial agent started was not as per policy (Relative risk: 0.93, Odds ratio: 0.86).

Discussion:

The antibiotic policy isthe set of strategies and activities undertaken to organize the
antimicrobial treatment in the hospital and to achieve health outcomes for patients. The basic
principles are to be direct evidence-based medicine, local epidemiology and freedom for
prescribing physicians.

To decrease the morbidity and mortality is the main aim of hospital antimicrobial policy due
to infection by antimicrobial-resistant bacteria; and to preserve the effectiveness of AMA in
the treatment and prevention of communicable diseases. Our study aims to evaluate the
adherence and effectiveness of hospital antibiotic policy in our institute.

During the entire study period from 1% August-2021 to 31st July-2022, a total of 3001 blood
culture samples were received of which includes 1079 (35.95%) positive cultures. Out of
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them, 418 (38.73%) were true pathogens which included 102 blood cultures which belonged
to ICU patients and were included in our study. Of the 102 patients who became eligible for
the further study, 19 patients took discharge against medical advice before completion of five
days of empirical antimicrobial therapy and therefore SOFA score on the 5™ day of diagnosis
of sepsis could not be evaluated in them. Hence these patients were excluded during further
analysis pertaining to effectiveness of antimicrobial policy.

Clinical isolates in sepsis in adults in critical care:

Organisms commonly isolated are of utmost important as antibiotic policy has to be framed
depending upon the nature of the pathogen and its resistance pattern in geographical area and
also for timely administration of appropriate antimicrobials. Based on the primary site of
infection and severity of infection, there are diverse pathogens isolated in blood culture. Most
commonly isolated pathogen in present study was Escherichia coli (43%, n = 44) followed by
Klebsiella pneumoniae sub spp pneumoniae (17%, n = 18), Staphylococcus aureus (8.82%, n
=9) and Pseudomonas aeruginosa (4.9%, n =5).

When compared with other studies, we found that most Indian studies identified gram
negative organisms as predominant pathogens in causing blood stream infections with most
common being Escherichia coli.**'*"!

However, several studies from western countries showed contradictory results as gram
positive organisms particularly Staphylococcus aureus and CoNS (Coagulase negative
Staphylococcus) being the most common pathogens.lz’B’M’15

Early initiation of empirical antimicrobial therapy for sepsis:

Percentage of participants in whom antimicrobial agent was started within one hour of
diagnosis of sepsis was 95.18% for 83 patients in whom effectiveness of empirical
antimicrobial policy was evaluated. The overall patients (n = 102) in whom antimicrobial
agent was administered within one hour of diagnosis of sepsis was 96.07%.

Adherence to empirical antimicrobial policy:

In our hospital, the hospital antibiotic policy was developed based on a locally developed
hospital-specific antibiogram built using data obtained from microbiological sampling of
patients. The policy specifies that the empiric therapy of infections should be based on the
possible clinical syndrome, primary site of infection and the possible pathogens, taking into
account the risk of drug-resistant pathogens based on host characteristics and disease
severity.

The overall compliance for all 102 patients was 59.61% to the adherence of empirical
antimicrobial policy in sepsis in adult patients admitted in our intensive care units. When 19
patients who did not complete five days evaluation period for effectiveness of antimicrobial
policy were excluded, the compliance was found to be 48.19% in the remaining 83 patients.
Various studies have been conducted in the past which have evaluated compliance to their
local antimicrobial policy.

As seen in Table 4 below, adherence to empirical antimicrobial policy in various studies has
been inadequate. Few studies did identify reasons for the poor adherence to the empirical
antimicrobial therapy.'®'” As the objective in the present study was to assess the adherence
rate to the antimicrobial policy, we did not assess the reasons behind the lack of compliance
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to the policy. As there is a lot of scope to improve the compliance rate in our institute, we
would recommend conducting further study to assess the reasons for poor compliance.
Table 4: Comparison of present study with others with regards to compliance of
hospital antibiotic policy

Studies Compliance to Specific criteria
respective hospital
antibiotic policy

Pillay et al"® 15% (n=67) All acute admissions in hospital

Banerjee et al”’ 21.18% (n=170) Only ICU patients irrespective of
culture reports

Aldeyab et al’ 31% (n=183) Surgery ward patients

Eticha et al”! 36.4% (n=217) Only patients with community acquired
pneumonia

Chowdhury et al’ 41.8% (n=280) Only patients from SICU and CCU

Aly et al” 52.7% (n=1,112) All indoor patients

Present study 59.80% (n=102) Only adult patients with culture
confirmed BSI in ICU

Wathne et al*? 62% (n=1,756) Medical wards of three different
hospitals

Metz et al” 63% (n=101) Only patients from general paediatric
wards

Dixit et al’® 72% (n=304) Only patients from general wards of
internal medicine

Thomas et al”’ 77.7% (n=4,871) All patients of Surgery, Orthopaedics

and Gynaecology department

Effectiveness of empirical antimicrobial policy:

In the present study, the effectiveness of the empirical antimicrobial policy was evaluated by
following SOFA score of the patient from two days prior to the positive blood culture results
and two days after the blood culture results. Empirical antimicrobial therapy is started at this
point in the patient while the results of blood culture are awaited. An inappropriate selection
of empirical antimicrobial agent may affect the patient’s outcome in the initial 48 hours till
the culture results are available. Once the causative pathogen and its antimicrobial
susceptibility pattern is available within next 48 — 72 hours, the definitive therapy replaces
the empirical therapy based on the culture results. If one needs to assess the effectiveness of
the empirical antimicrobial agent, one should be looking into the improvement of clinical and
laboratory parameters. The overall effectiveness of the empirical antimicrobial agent based
on SOFA score in the present study was found to be 51.06%(n=24 out of 47).

We have found very few studies who have evaluated the effectiveness of empirical
antimicrobial policy.”**® In the present study, the effectiveness of our antimicrobial policy
was found to be 51.06 % with end point being improvement in the SOFA score of the patient
after 5 days of initiation of empirical therapy. Present study did not evaluate route of
administration, rate of infusions and dosage of antimicrobial agent used in the patient, which
have been found to be important factors in a successful outcome in the patient and could have
influenced the rate of effectiveness in the present study.23 26

There was no significant difference noted in the effectiveness of the policy with regards to
various risk stratification categories (P = 0.32). Effectiveness of the policy as per risk
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stratification categories was necessary as changes in the current policy need to be targeted
only to the categories where ineffectiveness was significantly higher compared to the other
categories. Similarly, there was no difference noted in effectiveness of antimicrobial policy
on gender of the patient (P = 0.44).

When the effectiveness of the empirical antimicrobial policy was evaluated as per various age
groups of patients in the present study, there was no significant correlation noted between age
group and effectiveness of the empirical antimicrobial policy (P=0.31).

A primary bloodstream infection is the one where source of infection is located in the
intravascular system e.g., infective endocarditis or presence of an intravascular catheter.
Focus of bloodstream infection when located outside the cardiovascular system, e.g., urinary
tract, respiratory tract, etc. leads to secondary bloodstream infection. When neither of the two
are identified, we label the bloodstream infection as having an unknown source. We
evaluated the effectiveness of antimicrobial policy for various types of bloodstream infection.
Although the difference was not found to be statistically significant (P = 0.39), the results
would have a bias as most of (81.92%) our bloodstream infections were secondary
bloodstream infections.

The effectiveness of empirical antimicrobial policy did not depend on the causative pathogen
being gram positive or gram-negative organism (P = 0.81). The possible reason would be the
inclusion of antimicrobial agent in the policy that has a wider spectrum of activity, i.e.,
against both gram positive and gram-negative organisms.

The effectiveness of antimicrobial therapy was only 0.86 times more if the antimicrobial
therapy was started as per the policy when compared to antimicrobial agent started was not as
per policy (Relative risk: 0.93, Odds ratio: 0.86). Although there was not much difference in
the effectiveness in both the groups, we would still recommend adhering to the empirical
antimicrobial policy for selection of antimicrobial agent in order to prevent non uniform use
of antimicrobials as this could further increase antimicrobial resistance.

Conclusion:

There was no significant difference noted between improvement in SOFA score of the
patients in whom antimicrobial agent was started as per policy and in whom the antimicrobial
agent was not started as per policy (P = 0.72). We still recommend using antimicrobial agent
as per policy in order to avoid non uniformity in prescriptions and development of
antimicrobial resistance.
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