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Abstract

Background Antibiotic resistance is a rapidly growing problem. Methicillin-resistant staphylococcus aureus

(MRSA) and vancomycin-resistant enterococci (VRE) are major worries, particularly in developing nations where
cost-effectiveness is essential. Use of vancomycin must be restricted to prevent resistant to it. Examining the
appropriateness rate of vancomycin use in light of the recommendations of the Infectious Disease Society of America
(IDSA) in the cardiac surgery ward was the aim of this study.

Methodology This study was a retrospective analysis of the medical records of patients who received

vancomycin over the previous year, from January 2023 to December 2023. The collected patient data included
demographics, indications for vancomycin use, culture and sensitivity test results, concurrent antibiotic medications,
vancomycin serum levels, and diagnoses. The appropriateness of vancomycin use was classified according to the
recommendations of the Infectious Diseases Society of America (IDSA).

Results A total of 294 patients received vancomycin. The appropriate use of vancomycin was significantly higher
than its inappropriate use (p=0.001). Approximately 41% (n=120) of patients were administered vancomycin for
treatment purposes, while the remainder received it empirically, but not as surgical prophylaxis. Appropriate use of
vancomycin was observed in 89.1% (n=262) of patients. However, there remained a notable rate of inappropriate
vancomycin use (n=32, 10.9%). The most common reason for inappropriate use was the continuation of vancomycin
beyond 72 h without further evidence of a Gram-positive infection (n=21, accounting for 65.6% of all inappropriate
use).

Conclusions The current study demonstrated that 89.1% of vancomycin use was appropriate, while approximately
10% was inappropriate, potentially contributing to vancomycin resistance. The majority of inappropriate use stems
from frequent empirical prescribing, which requires further review and monitoring.
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Introduction

Vancomycin is a glycopeptide antibiotic that is clini-
cally utilized to treat severe infections caused by bacteria
resistant to other antibiotics. It is particularly effective
against Gram-positive bacteria. However, over the past
decade, there has been a notable increase in vanco-
mycin resistance [1]. Factors contributing to this rise
include the overuse of vancomycin and prolonged ther-
apy. Decreased susceptibility to vancomycin may lead to
clinical treatment failures. Consequently, various strate-
gies have been implemented to mitigate the risk of van-
comycin resistance [2]. Numerous studies have examined
the use of vancomycin in critically ill adult and pediatric
patients from developed countries [3]. The majority of
patients in these studies exhibited inappropriate vanco-
mycin use, prompting researchers to recommend mea-
sures to reduce unnecessary vancomycin prescriptions
[4].

The inappropriate use of vancomycin associated with
vancomycin-resistant enterococcus (VRE) is a result of
the rapid growth of VRE. In response to this, the IDSA
committee published recommendations to stop and
manage the spread of VRE [5].

Objectives

The objectives of this study were to evaluate vancomycin
usage at a tertiary care hospital’s cardiac center, calculate
the percentage of vancomycin prescriptions that align
with IDSA guidelines based on objective data obtained
from chart reviews, and identify clinical correlates or pat-
terns of inappropriate vancomycin use that could inform
future interventions.

Methods

This study was a retrospective study done on the medi-
cal records of patients who received vancomycin over the
previous year from the beginning of January 2023 to the
end of December 2023. Data from the pharmacy infor-
mation system was used to identify the patients. Patient
data gathered, including demographics, vancomycin
indications, culture and sensitivity tests, concurrent anti-
biotic medications, vancomycin serum levels, and diag-
nosis. Patients whose medical records were incomplete
were not included in the study. The medical research and
ethics committee gave its approval for the study.

o Ethics approval and consent to participate The
research had been approved; IRB registration number
with King Abdulaziz for Science and Technology, King
Saudi Arabia (KACST, KSA): H-01-R-012. IRB registra-
tion Number with Office of Human Research Protection
(OHRP/NIH ), USA :IRB 00010471, Approve Number
Federal Wide Assurance NIH, USA: FWA 00018774, IRB
Log No: 21-395.
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+ All methods were performed in accordance with the
Declaration of Helsinki guidelines and regulations.

IDSA guidelines for Vancomycin usage was utilized to
categorize the appropriateness of vancomycin use.

Data Analyses was done with the appropriate inferen-
tial and descriptive statistics using the Statistical Package
for Social Sciences (SPSS) version 22 for Windows. The
association between variables and outcome was assessed
using a suitable contingency table test (X 2 test or Fisher’s
exact test) at a confidence interval of 95%. Statistical sig-
nificance was defined as a probability value less than 0.05
(p 0.05).

Appropriate use criteria

If the clinical indication meets the IDSA criteria, treat-
ment should be administered to patients with risk factors
as empirical therapy for methicillin-resistant Staphylo-
coccus aureus (MRSA) when justified by hospital epide-
miology or :

a. Treatment of serious infections caused by -lactam-
resistant, gram-positive organisms.

b. Treatment of infections caused by gram-positive
microorganisms in patients with allergies to f-lactam
antibiotic.

c. Prophylaxis, in patients with high risk for
endocarditis, as recommended by the American
Heart Association.

d. Prophylaxis for major surgical procedures involving
implantation of prosthetic materials or devices at
hospitals that have a high rate of infections caused
by MRSA or methicillin-resistant Staphylococcus
epidermidis.

Inappropriate use was subdivided into

e

Empiric therapy without risk factors.

b. Continued empirical treatment of patients whose
samples did not reveal the presence of beta-lactam-
resistant Gram-positive bacteria.

c. Therapy for infections brought on by Gram-
positive bacteria that are responsive to beta-lactam
antibiotics and have no history of allergic reactions
to them.

d. If other blood cultures obtained over the same
period turn out to be negative, treatment in response
to a single positive blood culture for coagulase-
negative staphylococcus.

e. Preventing infection or colonization of indwelling

central or peripheral intravascular catheters through

systemic or local measures [5].



Mekdad et al. Journal of Cardiothoracic Surgery (2024) 19:669

Table 1 Variables and value of the study

Number of patients

Age, mean +/- SD 52.5+/-149

Comorbidities :

Diabetes 21874.14%

Ischemic heart disease 198 67.4%

Congestive heart failure 113.7%

Valvular disease 113.7%

ID Consultation Yes ; 220 74.8%
No: 74 25.2%

Culture Done: 292 99.3%
Not done: 22.7%
MRSA 186.1%

B-Lactam allergy 80.7%

Renal function Crcl more than 90 ml/min 140 47.6%
Crcl 60-90 ml/min 50 17%
Crcl less than 60 ml/min 104 354%
Crcl 30-60 ml/min 30 10.2%
Crcl less than 30 ml/min 34 11.6%
Patient on CRRT 14 4.8%

Patient on intermittent dialysis 26 8.8%

SD: Standard deviation
Crcl : Creatinine clearance

CRRT : Continuous renal replacement therapy

Results

Patient demographics

Patient demographics: The study included 294 patients
in total; (67.3%, n=198) of them were men, and (32.7%,
n=96) were women. The mean age of patients was 52.5
+/- 14.9, the mean duration of Vancomycin therapy was
11.6 +/- 2.5 days. About (52.4%, n=154) of our popula-
tion had renal impairment identified as creatinine clear-
ance less than 60 ml/min. Other co-morbidities identified
in the study were diabetes mellitus (#=218, 74.14%),
Ischemic heart disease (n=11, 67.4%), congestive heart
disease (n=11, 3.7%) and vulvar heart disease were other
co-morbidities found in the study, allergies to beta-lac-
tams were observed in 8 (2.7%) patients (Table 1).

Appropriateness of vancomycin

Overall, 294 patients were treated with vancomycin. The
appropriate use of vancomycin was higher than inap-
propriate use (p=0.001). Appropriate use of vancomy-
cin was observed in 89.1% (n=262) of patients, and the
rate of inappropriate use was 10.9% (n=32) (p=001).
Culture was done in 292 (99.3%) of patients treated with

Table 2 Results of Vancomycin audit
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vancomycin. Empirical vancomycin therapy was given
to 174 (59%) patients, and 153 (87.9%) of them were
stopped after 72 h because of negative culture. A total
of 52 (17.7%) patients were given vancomycin as mono-
therapy antibiotic, while 242 (82.3%) patients were given
combination treatment with other antibiotics (Table 2).
Culture was positive in 90 patients. 18 patients had
MRSA positive, and 55 patients had culture positive for
methicillin-susceptible Staphylococcus aureus bactere-
mia (MSSA). (Fig. 1).

Vancomycin serum level

Therapeutic drug monitoring of vancomycin was per-
formed in 286 patients (97.3%). Out of the 286 patients
who were monitored, 256 (87.1%) were found to be
within the therapeutic range. Only 20 (6.8%) patients
were found to have sub-therapeutic levels, which mean
low trough level less than 10 umol/l, about ten patients
achieving potentially toxic levels, more than 20 umol/l 10
(3.4%) (Table 3).

Combination therapy

78.9% of our patients use vancomycin with B-Lactam
antibiotics, 3.4% use Aminoglycosides with vancomycin,
which increases the risk of nephrotoxicity (Table 3).

Discussion

Vancomycin is one of the few medications used to treat
certain potentially fatal and life-threatening infections
caused by methicillin-resistant Staphylococcus aureus
(MRSA) and other Gram-positive, beta-lactam—resistant
bacteria as a first-line agent of choice [6]. It is widely uti-
lized, particularly in developing nations, where it is more
affordable and readily available than other antibiotics.
Emergence of secondary resistance to Vancomycin in a
major clinical concern [7].

In the past twenty years, nosocomial infections in
Western Europe and the United States are increasingly
caused by vancomycin-resistant enterococci (VRE9), [9]
In the last decade, the number of infections reported to
the Centers for Disease Control and Prevention (CDC)
has increased more than twentyfold [11]. The co-col-
onization prevalence of MRSA and VRE in patients in
intensive care units (ICUs) rose from 0.4—14% [12, 13].
Vancomycin-resistant bacteria (VRE) pose a threat of

Use N(%)
Appropriate 262 (89.1%)
Inappropriate 32 (10.1%)
a. Continue to use beyond 72 hours without further evidence of Gram-positive infection 21
b.Treatment of beta-lactam-sensitive microorganisms 9
c.Systemic prophylaxis for non-penicillin allergy patient 2

Chi-squared test; *p-value < 0.05 considered significant
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N=300 patients

14_

N=294 patients
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Excluded (n=6), Death (n=4)

Transfer to other facility before
culture result (n=2)

Culture was done in 292 ( 99.3 % ) , Vancomycin used in 2 patients without culture .

Positive culture n=90

Gram-positive bacteria
that are responsive to
methicillin —susceptible
Staphylococcus (MSSA)
have no history of
Vancomycin allergy n=64

Allergy
to B-
lactam
antibiotic
n=8 (A)

De-escalating to narrow
spectrum antibiotic

N=55
(A)

Fig. 1 CONSORT diagram: The overall flow of patients

resistance to multiple antibiotic strains and the potential
transfer of resistance to other Gram-positive bacteria,
including S. aureus [14].

Since vancomycin exposure has been identified as a
significant risk factor for VRE colonization and infec-
tion, several American studies have evaluated the
appropriateness of vancomycin use in the absence of

| |

Empirical therapy
n= 174

MRSA
Positive
(n= 18)
(A)

Continue beyond
72 hours n=21
(IA)

Stop after
culture
n=153 (A)

Infective
Endocarditis, n=28
(A)

restriction policies, with findings ranging from 20-50%
[14]. Research conducted at universities and teaching
hospitals has demonstrated a significant increase in the
frequency of vancomycin use [15]. Furthermore, these
studies indicate that the combination of vancomycin
with other antibiotics heightens the risk of toxicity [16].
In contrast patients with MRSA bacteremia who received
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Table 3 Vancomycin therapeutic drug monitoring in the study
population (h=294)
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Table 4 Drug-drug interaction with Vancomycin may lead to
increase in nephrotoxicity risk, (1=294)

Characteristics n( %)

Drug-drug interaction Percentage of total cases

Monitoring provided

Yes (n=286,97.3%)

No (n=8,2.7%)

Vancomycin levels (n=286, 97.3%)
Sub-therapeutic, less than 10 mg/L (n=20, 6.8%)
Therapeutic, 10-20 mg/L (256, 87.1)

Potential toxic, more than 20 mg /L (=10, 3.4%)
Chi-squared test; *p-value <0.05 considered significant

delayed vancomycin therapy often experienced poor out-
comes. Therefore, appropriate use of Vancomycin is of
pivotal importance [17]. The Infectious Diseases Society
of America strongly recommends use of baseline cultures
and sensitivities and discontinuing empirical vancomy-
cin treatment when culture and sensitivity results do not
indicate the presence of p-lactam-resistant Gram-posi-
tive bacterial infections.

In our cardiac center, improper indications accounted
for 11% of vancomycin orders,, even in cases where a
Gram-positive bacterial infection was not identified
within 72 h

Vancomycin was continued empirically despite nega-
tive cultures, and its administration was maintained due
to the patient’s critical condition. )

However, it is well-documented that a significant per-
centage of patients continue to receive empirical vanco-
mycin treatment inappropriately. [19-21].

In various other studies, researchers found that, com-
pared to specific institutional criteria and/or IDSA
recommendations, up to 65% of vancomycin use was
inappropriate [21].

These differing results may be attributed to several
factors, including the prevalence of infectious disease
consultations, the introduction of a policy restricting
prescriptions, implementation of guidelines and manda-
tory order forms [24].

Similar to our study a research conducted at an Ira-
nian hospital, revealed that 89.4% of the patients received
appropriate treatment, while 10.6% received inappropri-
ate treatment, according to the HICPAC recommenda-
tions. However, it is well-documented that a significant
percentage of patients continue to receive empirical van-
comycin treatment inappropriately. (19,20,21 ) In vari-
ous studies, researchers found that, compared to specific
institutional criteria and/or IDSA recommendations, up
to 65% of vancomycin use was inappropriate [21].

Other possible reason for this behavior could be that
doctors continue to use vancomycin empirically, despite
the absence of MRSA in the cultures and the convenience
of its use, as it effectively targets many Gram-positive
bacteria, particularly in developing countries [22]. The
broad spectrum of action against various Gram-positive

23278.9%
10 3.4%

Vancomycin +B-Lactam antibiotics
Vancomycin + Aminoglycosides

bacteria further incentivizes its continued use, especially
in developing nations [23, 24].

One of the most common reasons for administering
vancomycin was septicemia, accounting for 15.5% of
cases [25]. In our study, vancomycin was prescribed to
294 patients, of whom 174 (59.2%) received it empirically.
Additionally, vancomycin was administered as a mono-
therapy to 52 patients (17.7%), while the remaining 242
patients (82.3%) did not receive it (Table 4).

Due to the drug’s limited therapeutic range, monitor-
ing serum concentrations of vancomycin is essential dur-
ing its administration to minimize the risk of toxicity or
sub-therapeutic levels in a clinical setting. Nephrotox-
icity and ototoxicity are two of the primary side effects
associated with vancomycin [26, 27]. In our study, van-
comycin levels were monitored in 96.6% of the patients.
The combination of vancomycin with other nephrotoxic
medications increases the risk of nephrotoxicity. In our
study, more than 72% of the patients received vancomy-
cin in conjunction with other renally excreted antibiotics,
such as aminoglycosides and B-lactam antibiotics [28].

Even so, there is ongoing debate regarding the monitor-
ing of vancomycin, particularly in patients with normal
renal function and uncomplicated infections. However,
current guidelines indicate that monitoring serum van-
comycin levels is essential for all patients receiving treat-
ment for more than three to five days. This practice aims
to reduce the risk of toxicity and achieve the target thera-
peutic trough level [29, 30].

In our study, approximately 52.4% of the patients exhib-
ited renal impairment, indicated by a creatinine clearance
of less than 60 ml/min. Of all the patients, 97.3% had
their vancomycin levels monitored. Among those who
were assessed, 82.5% had values within the therapeutic
range. Only 12 patients (4.2%) presented with sub-ther-
apeutic levels, while 8 patients (2.7%) reached potentially
toxic levels (Table 3). For patients treated with vanco-
mycin over an extended length of time, a multimodal
intervention to establish a vancomycin dosage and moni-
toring guideline greatly improved prescribing, monitor-
ing, pharmacokinetic, and safety outcomes [32].

Controlling the inappropriate use of vancomycin
requires a collaborative, multidisciplinary, institution-
wide effort to ensure that physicians are aware of the
Infectious Diseases Society of America (IDSA) stan-
dards. Educational lectures for physicians that explain
the IDSA guidelines, and stewardship strategies may con-
tribute to reducing the inappropriate use of vancomycin.
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Additionally, a labor-intensive approach used in some
institutions involves obtaining verbal consent from an
infectious diseases specialist before administering vanco-
mycin [33].

Study limitations

Study limitations. This study has several limitations.
Firstly, the small sample size may reduce the significance
of the results. Another limitation is the data sampling
from only one hospital, which limits the generalizability.
In addition, the retrospective design was also a limitation

Conclusion

The current study showed that there was inappropri-
ate use in about one-tenth of all vancomycin use, which
could potentially contribute to vancomycin resistance.
Most of the inappropriate use is due to frequent empiri-
cal use, with lack of follow up and modifications accord-
ing to cultures and sensitivities. Findings from this study
provide a basis for improving and strengthening the use
of vancomycin in order to conform to the guidelines. In
addition, the implementation of IDSA guidelines and
monitoring protocol at each hospital would be extremely
important. More research in this specific area may lead
to firmer guidelines that can be used to optimize the use
of vancomycin in patients undergoing heart surgery
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