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Background Based on the analysis of infections and antibiotic usage in the years
2013 and 2014, an evidence-based antibiotic protocol was developed and imple-
mented in our cardiac surgical intensive care unit (CSICU). This study intends to study
the impact of this new protocol on the sensitivity profiles of common gram-negative
bacteria in our CSICU.

Methods The medical records of patients who underwent cardiac surgery at our
center, between |anuary 2017 and December 2018, were reviewed and the inci-
dence of different hospital-acquired bacteria and their antibiotic sensitivity profiles
were recorded. The antibiotic-sensitivity profiles of common gram-negative bacteria,
for the years 2017 and 2018, were compared with the published data of 2013 and
2014 from our department.

Results There was a significant decrease in the incidence of Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli, and Pseudomonas aeruginosa resistant to car-
bapenems during 2017 and 2018. The incidence of colistin-resistant A. baumannii and
P. aeruginosa also decreased significantly in 2017 and 2018. A significant increase in
the proportion of amikacin resistant A. baumannii and E. coli and A. baumannii resistant
to B lactam/B lactamase inhibitors also occurred.

Conclusion Antibiotic stewardship can reverse the antibiotic resistance of common
gram-negative bacteria in the ICU.

highest priority for the research and development of new
antibiotics against these bacteria.!? The problem, which was

Antibiotic resistance is increasing day by day. Carbapenem-
resistant (CR) Acinetobacter baumannii, CR Pseudomonas
aeruginosa, and third-generation cephalosporin and CR
Enterobacteriaceae are considered to be an urgent threat
for the world. The World Health Organization accorded the
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earlier limited to the intensive care units, is now a public
health problem.>* The scoping report on India's antimicro-
bial resistance has emphasized the emergence of colistin
resistance in India.> According to a study by Kaur et al, blood-
stream infections caused by organisms resistant to both
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carbapenems and colistin lead to 69.3% mortality in Indians.®
The ICMR AMR (Indian Council of Medical Research antimi-
crobial resistance) surveillance data suggests that resistance
to fluoroquinolones and third-generation cephalospo-
rin is more than 70% in A. baumannii, Escherichia coli, and
Klebsiella pneumoniae, and more than 50% in P. aeruginosa.
Similarly, 70% of A. baumannii, 57% of K. pneumoniae, 41% of
P. aeruginosa, and 16% of E. coli were resistant to carbapen-
ems.® A study was done in the Department of Cardiothoracic
and Vascular Surgery (CTVS), AIIMS, New Delhi, including
patients from the years 2013 and 2014 that reported the
incidence of nosocomial infections and sepsis-related mor-
tality as 4.6 and 1.9%, respectively.” The authors of this study
also reported 28 and 18% resistance to colistin in E. coli
and Acinetobacter spp., respectively. Gandra et al reported
a 3 to 4% resistance to colistin in Klebsiella, E. coli, and
Acinetobacter in 2016.

The “Scoping report on antimicrobial resistance in India”
published in 2017 focused on the burden of antibiotic resis-
tance in various groups (e.g., neonates) in different health-
care settings and recommended developing and studying the
impact of antimicrobial stewardship activity in healthcare
facilities.> We designed and implemented an evidence-based
antibiotic protocol in our intensive care unit (ICU) in 2015. This
study intends to evaluate this antibiotic protocol's impact on
the incidence and resistance patterns of common gram-nega-
tive bacteria in our cardiac surgical intensive care unit (CSICU).

Methodology

This study's primary objective was to elucidate the change
in the incidence of common gram-negative bacteria's
antibiotic resistance in our CSICU after implementing an
evidence-based antibiotic protocol.

After obtaining permission from the institute ethics commit-
tee, this retrospective study was conducted at our CSICU. The
reference number for ethical clearance is IEC 132/06.03.2020;
RP-31/2020.

The medical records of patients who were operated in the
Department of CTVS between January 2017 and December
2018 (2 years) were reviewed. Patients who developed an
infection (of any site) were included in this study. A frequency
of more than 10% (out of total samples included in the study)
was used as a cutoff to define common gram-negative bacte-
ria. Infection was defined as a significant growth (on culture
media) of an organism from bodily fluids or tissue sent for
bacterial cultures.

For analysis, the incidence of different hospital-acquired
bacteria and their antibiotic sensitivity profiles is recorded.
The samples sent for culture were tracheal secretions,
bronchoalveolar lavage fluid, blood (central venous and/or
arterial), urine, fluid from intercostal drainage tube, peri-
toneal dialysis catheter, mediastinal tube, and tissue from
surgical site. Reports of patients with different pathological
bacteria in separate samples were logged in as independent
reports for analysis. Reports, where multiple bacteria were
identified in one sample, were very few and excluded from
the analysis.
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A descriptive study by Sahu et al was conducted in 2015 to
study the incidence of different hospital-acquired infections
and causative bacteria in our CSICU. Based on the analysis of
infection and antibiotic usage in the years 2013 and 2014,
evidence-based antibiotic protocol (=Fig. 1) was designed for
the CSICU at our center. This antibiotic protocol was imple-
mented in 2015, but it took almost a year for the protocol
to be entirely in place. Since 2016, this protocol is routinely
followed in our CSICU.

This study analyzed the effect of this antibiotic protocol on
the incidence of different hospital-acquired bacterial infec-
tions and the change in these bacteria's resistance patterns to
the available antibiotics. To evaluate the effect of this new anti-
biotic protocol, the incidence of various infective bacteria and
their antibiotic-resistant profiles for the year 2017 and 2018
was recorded and compared with the published data of 2013
and 2014 from our department only. However, for comparison,
only common gram-negative bacteria whose resistance profile
was published earlier by Sahu et al were included in this study.’
In contrast to the study of Sahu et al, which included postoper-
ative patients from ICU only, our study included patients from
both ICU and high dependency units and patients who were
readmitted to wards or ICUs after discharge?

Chi-squared test was used to compare proportions of
resistant and nonresistant bacteria between the years 2013
to 2014 and 2017 to 2018. A p-value of <0.05 was considered
significant for intergroup comparisons.

Results

The reports for a total of 1,080 samples were included in
the study. =Table 1 shows the different bacteria identified
in various samples. Gram-negative bacteria with >10% prev-
alence were statistically analyzed. Acinetobacter baumannii,
K. pneumoniae, E. coli, and P. aeruginosa were common bac-
teria with a percentage of 29.0, 23.2, 18.3, and 11.8% respec-
tively. Other species of Acinetobacter and Klebsiella were
not included in the analysis as the number of patients was
very less (4-10). =Table 2 details the resistance profiles of
these common gram-negative bacteria for the years 2013 to
2014 and 2017 to 2018.

Chi-squared test was used to compare the antibiotic resis-
tance between the years 2013 to 2014 and 2017 to 2018
(=Table 2). All four gram-negative bacteria were 100% resis-
tant to cefotaxime and ceftazidime, in the reported samples,
in 2013 to 2014. The chi-squared test could not calculate
p-value for three organisms (A. baumannii, K. pneumoniae,
and E. coli) for the above two antibiotics. The resistance
of A. baumannii, K. pneumoniae, and E. coli to cefotaxime
decreased by 4.4, 8.5 and 0.6%, and for ceftazidime decreased
by 5.8, 5.3, and 1.1%, respectively.

Acinetobacter baumannii

In comparison to 2013 to 2014, there was a statistically
significant increase of 10.7 and 26.4% in the resistance
of Acinetobacter to amikacin (p < 0.001) and piperacillin
tazobactam (p < 0.001), respectively, in 2017 to 2018. The
decrease in resistance to ciprofloxacin (5.9%, p = 0.08) and
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Antibiotics after cardiac surgery (ABACAS) protocol

OPD patient
no evidence | suspicion of infection

Level 1
4

LN AWN=

Any of following 2 present:

Evidence/suspicion of infection within last 30 days.
Intravenous antibiotics for 48 hrs within last 30 days.

CPB more than 4 hrs.

Sternum open with or without ECMO.

Hospitalization for more than 48 h within last 30 days.
Repeat CPB within 24 hrs.

Thoracoabdominal surgeries.

Emergency procedures.

May be considered for prolonged and repeated

surgeries.

Within last 30 days history of - Any of following 2 present:

1, Hospitalization more than 5 days.

2. Intravenous antibiotics for more than 5days.
3. Blood transfusion

4. Repeated invasive procedures.

5. Central access intravenous catheters [multiple
interventions requiring vascular access.

6. Mechanical ventilation more than 48 hrs.

Cefotaxime + Amikacin < 3 days

l

Level 2 ,

Level 3
(Cefoperazone - Sulbactam) +/-

Imipenem/Meropenem + Levofloxacin +/- Teicoplanin
+/- Fluconazole < 3 days

—

Evidence of infection l —

(Piperacillin - Tazobactam) + Ofloxacin +/- Vancomycin
+[- Clindamycin < 3 days

Yes Evidence of
infection

Y

A,

Evidence of infection

Evidence of infection

F

Any 2 of 3 present - Yes E\{icll(enc_e of
non am‘bulatlng ) Send cultures Anv 2 of 3 B n ect:on Any 2 of 3 present -
patient; chest tubes; ny 2 of 3 present non ambulating
central lines l l non ambulating patient; chest tubes; Send cultures
patient; chest tubes; Send cultures central ’Iines '
Cultures Culture central lines
o | [ ] | R | [oegetive | | 3 3 "
o ultures negetive
spectrum Yes No Culgl{res Cultu‘re m positive:
antibiotics ’F\’lﬂs't'VEZ negetive l Narrow
arrow
. spectrum
Continue Continue one spectrum : a?\tibiotics Evidence of
one Stop antibiotic and Stop antibiotics Continue one Stop infection
antibiotic antibiotics reassess antibiotics antibiotic and | antibiotics
andr T l

Level 4 | Linezolid +/- Colistin +/- Tigecycline
+[- Amphotericin-B/ Voriconazole/
Caspofungin

Fig. 1 Antibiotic protocol. CPB, cardiopulmonary bypass; ECMO, extracorporeal membrane oxygenation; OPD, outpatient department.

Table 1 Bacteria grown on culture of various samples
(n=1,080)
S. No. | Bacteria n(%)
1 Acinetobacter baumannii 314 (29.0)
2 Klebsiella pneumoniae 251(23.2)
3 Escherichia coli 198 (18.3)
4 Pseudomonas aeruginosa 128(11.8)
5 Staphylococcusspp. (including CONS) | 97 (8.9)
6 Enterobacterspp. 29 (2.6)
7 Chryseobacteriumspp. 11(1.0)
8 Stenotrophomonas maltophilia 16 (1.5)
9 Proteusspp. 6(0.5)
10 Aeromonas hydrophila 3(0.3)
11 Burkholderia cepacia 4(0.3)
12 Citrobacter spp. 1(0.1)
13 Shewanella putrefaciens 2(0.2)
14 Providencia rettgeri 5(0.4)
15 Serratia marcescens 4(0.3)
16 Morganella morganii 5(0.4)
17 Elizabethkingia meningoseptica 4(0.3)
18 Alcaligenes faecalis 1(0.1)
19 Ralstonia pickettii 1(0.1)
Total 1080
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netilmicin (12.2%, p = 0.15) was not statistically significant.
However, compared with 2013 to 2014, in 2017 to 2018,
there was a statistically significant decrease in the resistance
to amoxicillin-clavulanic acid, cefoperazone sulbactam, imi-
penem, meropenem, colistin, and tigecycline (=Table 2).

Klebsiella pneumoniae

In 2017 to 2018, compared with 2013 to 2014, the resistance
of K. pneumoniae decreased significantly for amikacin, cip-
rofloxacin, cefoperazone sulbactam, imipenem, meropenem,
netilmicin, and piperacillin tazobactam (=Table 2). The
decrease in resistance for colistin was not statistically signif-
icant (p = 0.08). There was no significant increase in resis-
tance for tigecycline (12.5 vs. 10%). No statistical significance
could be calculated for amoxicillin-clavulanic acid because of
100% resistance in 2013 to 2014 reports (nonresistant bacte-
ria were zero).

Escherichia coli

The resistance of E. coli, in 2017 to 2018, increased signifi-
cantly for cefoperazone sulbactam and piperacillin tazobac-
tam. The resistance significantly decreased for amikacin,
imipenem, meropenem, and netilmicin. The decrease in
resistance of E. coli for antibiotics ciprofloxacin, colistin,
and tigecycline was not statistically significant (=Table 2).
The resistance of E. coli for amoxicillin-clavulanic acid was
similar for both 2013 to 2014 and 2017 to 2018 (96%).
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Pseudomonas aeruginosa

The decrease in resistance of P. aeruginosa, in 2017 to 2018,
for amikacin, cefotaxime, ceftazidime, cefoperazone sulbac-
tam, imipenem, meropenem, netilmicin, piperacillin tazo-
bactam, and colistin was statistically significant (~Table 2).
There was no significant decrease in the resistance for amox-
icillin clavulanic acid, ciprofloxacin, and tigecycline.

Discussion

Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Escherichia coli are the four most common
(>10% prevalence) gram-negative bacteria in our ICU. Twelve
antibiotics (=Table 2) were chosen for statistical analysis
because there were adequate samples for these antibiotics
to derive any conclusion. In our study, the incidence of
antibiotic resistance in these four gram-negative bacteria
is similar to reported by Feretzakis et al for all antibiotics
(Aminoglycosides, Fluoroquinolones, B lactam/ B lactamase
combinations, and carbapenems) except Colistin.®

Regarding resistance, in gram-negative bacteria, the
antibiotics that have been at the center of research are
Cephalosporins, carbapenems, and colistin. An earlier study
published from our institute documented the incidence of
various antibiotic-resistant bacteria in our CSICU (=Table 2).
Following this previous study, an antibiotic protocol was
formulated and implemented to optimize antibiotic use and
prevent any increase in the antibiotic-resistant bacteria. The
current study demonstrated that, after implementing the
protocol, there was a significant decrease in the incidence of
A. baumannii, K. pneumoniae, E. coli, and P. aeruginosa resis-
tant to carbapenems. There was a significant decrease in the
incidence of colistin-resistant A. baumannii and P. aeruginosa
(p £0.001 and <0.05, respectively) in 2017 to 2018. The inci-
dence of colistin-resistant K. pneumoniae and E. coli in 2013
to 2014 was 4 and 2%, respectively. Therefore, no significant
decrease could be demonstrated in 2017 to 2018 for these
two bacteria as the number was very less. However, the
reversal of resistance to carbapenems has led to a decreased
use of colistin in recent years.

The very use of antibiotics increases the possibility of
developing antibiotic resistance. The use of the same com-
bination of antibiotics for prolonged periods and more fre-
quent use of one antibiotic ultimately results in resistance to
the entire class.® Antibiotic cycling does not decrease anti-
biotic resistance in ICU patients. On the other hand, antibi-
otic stewardship reduces selection pressure on one class of
antibiotics and decreases antibiotic resistance.'®!'' Zhang et al
showed a decrease in multidrug-resistant strains of K. pneu-
moniae (34.3 to 20%) and E. coli (35.2 to 19.0%) with antibiotic
stewardship. Similarly, antibiotic stewardship decreased the
incidence of carbapenem-resistant strains of K. pneumoniae,
P. aeruginosa, and A. baumannii from 94 to 6%, 91 to 83%, and
38 to 2.5%, respectively.® Feretzakis et al® also demonstrated
a reciprocal increase in the incidence of nonresistant isolates
of above GNB, during the period, when resistant strains were
decreasing.
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Strict surveillance should be followed for the emer-
gence of new resistant pathogens while implementing a
new antibiotic protocol.*'? In our study, most of the resis-
tant bacterial strains decreased in number, but there was
a significant increase in the proportion of amikacin-resis-
tant A. baumannii and E. coli and A. baumannii resistant to
B lactam/B lactamase inhibitors. With the implementation
of a new protocol, the use of aminoglycosides and B lact-
am/B lactamase inhibitors (1st- and 2"-level antibiotics) in
our CSICU increased. This increased usage could be respon-
sible for the increase in A. baumannii and E. coli resistant to
the above antibiotics. Similar findings for carbapenems have
been reported as increased usage leads to the emergence of
CR Enterobacteriaceae.

Newer antibiotics, B lactam/B lactamase inhibitors, and
non-B lactam, for treating antibiotic-resistant gram-negative
bacteria, are being evaluated for safety and efficacy.'“ Therefore,
in the current scenario, antibiotic stewardship and infection
control practices are the mainstay to prevent morbidity and
mortality due to antibiotic-resistant bacteria.™*

Conclusion

Antibiotic stewardship can reverse the antibiotic resistance
of common gram-negative bacteria in the intensive care unit.
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