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Background: Vancomycin resistance has raised concerns about its effectiveness prospect in the 

treatment of patients with Gram-positive infections. The Healthcare Infection Control Practices 

Advisory Committee (HICPAC) has recently established guidelines to delineate improper use 

of vancomycin. In this light, we sought out to determine the appropriateness of vancomycin 

prescription using the HICPAC guidelines.

Setting: The study was carried out in two university-affiliated hospitals, Valiasr and Imam 

Reza, with 297 and 234 beds, respectively, from May 2012 to May 2013.

Methods: This retrospective study evaluated the vancomycin prescription and usage in the 

hospitals. Total vancomycin use was determined and expressed as vancomycin courses per 298 

admitted patients. The patient information was collected on a data collection sheet as follows: 

demographic variables, etiology and localization of infection, microbiological data, duration 

of vancomycin treatment, reasons for vancomycin prescription, prescribed antibiotic dosing, 

and patient regimen.

Results: The average age of the patients and vancomycin treatment duration were 55.965 years 

and 10.5 days, respectively. Septicemia (15.7%) was the most common cause of vancomycin 

administration. Vancomycin use was documented to be appropriate and inappropriate in 236 

(89.4%) and 28 (10.6%) patients, respectively. No statistically significant differences were found 

among the wards and hospitals (P values
 
=0.66 and 0.54, respectively) in terms of appropriateness 

of vancomycin use based on the HICPAC criteria. In addition, 29.21% and 62% of all patients 

exhibited complete and partial recovery, respectively. We found that 90% of the cases showed 

compliance with the HICPAC recommendations.

Conclusion: Comprehensive programs are required to improve the vancomycin use in the 

hospitals. Vancomycin use should be monitored due to its large-scale empiric use. The rate of 

improper use of vancomycin in the infection and intensive care unit services may be high, and 

pharmacists must take appropriate action to optimize the use of the drug.
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Introduction
Bacterial resistance to antibiotics has recently been considered as a “fundamental 

threat” to global health according to United Nations.1,2 Over the past ten years, it has 

been evident that several highly resistant bacterial pathogens have acquired effec-

tive mechanisms against different therapeutic agents.3,4 Staphylococcus aureus and 

Staphylococcus epidermidis are bacterial pathogens known as considerable points to 

healthcare professionals around the world. In the past eight decades, S. aureus and 
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S. epidermidis have been shown to be the most prevalent 

multi drug resistant pathogens worldwide,5 showing resis-

tance to several classes of antibiotics, including macrolides,6 

fluoroquinolones,7 β-lactam antibiotics,8 oxazolidinones,9 

and glycopeptides.10

Vancomycin is a glycopeptide antibiotic used as early 

stage of therapy for the methicillin-resistant S epidermidis, 

methicillin-resistant S. aureus (MRSA), and penicillin-

resistant enterococci.11 Vancomycin prevents biosynthesis 

of the bacterial cell wall by binding to D-alanyl-D-alanine 

precursors.12 The antibiotic may be promising in the preven-

tion of healthcare-associated infections (HAIs); However, 

widespread and irrational use of the antibiotic has led to a 

few serious drawbacks.13

The improper use of vancomycin augments various 

infections caused by multidrug-resistant organisms, which 

are correlated with adverse therapy outcomes, longer hospi-

talization, and higher treatment costs.14 Reduced sensitivity 

to vancomycin observed in an outbreak has crucial negative 

effect on the staff and patients,16–18 leading to considerable 

costs for healthcare.18 Therefore, there is an urgent need for 

surveillance of vancomycin use for targeted interventions to 

deal with such troubles.

Several research studies have been published on vanco-

mycin application both in critically ill adult and pediatric 

patients from developed countries.19–22 The studies identified 

inappropriate use of antibiotics in most of the patients and 

suggested strategies to reduce inappropriate prescription of 

antibiotics. This kind of surveillance results in antibiotic 

stewardship programs and appropriate use of the antibiotic. 

On the contrary, such data are not available in hospitals of 

developing countries, including Iran.

An increased incidence of vancomycin-resistant entero-

coccus (VRE) was highly correlated with large university-

affiliated hospitals (>200 beds).23 The Healthcare Infection 

Control Practices Advisory Committee (HICPAC) developed 

and published recommendations to prevent and control the 

spread of VRE as part of the continuing efforts to decline 

the inappropriate use of vancomycin and in response to 

the rapid emergence of VRE.24 The committee introduced 

statements that describe protocols considered to prevent 

and control HAIs, with three principal goals: protecting the 

healthcare workers, visitors, and others in the healthcare 

environment; protecting the patients; and accomplishing 

this in a cost-effective manner whenever possible.25 They 

are informed through a systematic review of evidence, and 

an assessment of the benefits and harms of alternative care 

options.26 In fact, the HICPAC of the Centers for Disease 

Control and Prevention has issued guidelines and criteria to 

prevent VRE spread, including measurements to ensure the 

careful use of vancomycin and outlining specific situations in 

which vancomycin therapy is appropriate or inappropriate.24 

HICPAC criteria offer better treatment results, decrease risks, 

and allow cost-effective clinical care.

Aim of the study
The goal of this study was to assess the usage of vancomycin 

according to HICPAC criteria in university-affiliated hospitals 

in Southern Khorasan Province (East Iran). This evaluation 

would help us develop appropriate strategies for the preven-

tion of the improper use of vancomycin, resulting in reduced 

cost and improved outcome of vancomycin therapy.

Ethics approval
The procedures used in this study were approved by the Eth-

ics Committee of Birjand University of Medical Sciences, 

Birjand, Iran (ir.bums.REC.1394.420). In addition, written 

informed consent was obtained from all participants included 

in the study. The study was performed in accordance with 

the Declaration of Helsinki and the Good Clinical Practice 

Guidelines of the European Commission.

Patients and methods
Hospital setting
The present study was carried out in two university-affiliated 

hospitals, Valiasr and Imam Reza, with 297 and 234 beds, 

respectively. In this study, we studied 298 patients treated with 

vancomycin in Valiasr Hospital (infectious diseases, internal 

medicine, pediatrics, and general intensive care unit [ICU] 

departments) and Imam Reza Hospital (surgical, orthopedic, 

and surgical ICU departments). Hospital physicians have to 

write all antibiotic orders for standard pharmacy protocols, 

but there are no restrictions for antibiotic use. The pharmacy 

maintains a permanent computerized record of all antimicro-

bial agents dispensed.

Design
We conducted a retrospective study to evaluate the vanco-

mycin prescription and usage in the hospitals.

Vancomycin use
The patient information was collected on a structured data 

collection sheet as follows: demographic variables (age and 

gender), clinical (etiology and localization of infection), 

laboratory, microbiological data, duration of vancomycin 

treatment, reasons for vancomycin prescription, prescribing 
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physician specialty, prescribed antibiotic dosing, patient 

regimen, serum creatinine, comorbidity, and prescription 

of other drugs according to the HICPAC criteria. A clinical 

pharmacist reviewed the medical records for indication of 

vancomycin use, medical services prescribing vancomycin, 

as well as culture and susceptibility data. The number of 

prescribed vancomycin was recorded for each patient during 

hospital length of stay. The indication for vancomycin use 

was classified by a clinical pharmacist as appropriate or inap-

propriate according to the HICPAC guidelines. These criteria 

were analyzed for each patient to assess the appropriateness 

of the vancomycin treatment. Inappropriate vancomycin 

use (based on HICPAC) was described in the cases, such 

as wrong dosage, duration, and indication. All concomitant 

medications were recorded.

Statistical analysis
Descriptive statistics were performed and data were analyzed 

using chi-squared test or Fisher’s exact test. IBM SPSS Statis-

tics version 20.0 (IBM Corp., Armonk, NY, USA) was used 

for the analysis of significant differences. Data are presented 

as the mean and SD. A P-value of ≤0.05 considered to be 

statistically significant.

Results
Study groups included 201 (67.4%) and 97 (32.6%) patients 

recruited from the Valiasr and Imam Reza hospitals, respec-

tively. The study was conducted from May 2012 to May 

2013. The average age of the patients was 55.96±12.6 years. 

The average weight of the patients was 58.79±27.5 kg and 

the average hospital length of stay was 11.4±10.3 days. The 

average dosing of vancomycin was 875±125 mg and the 

mean length of vancomycin treatment was 10.54±7.88 days 

(a range of 1–21 days). The average of creatinine clearance 

in patients before and after vancomycin use was 1.06±0.88 

and 80.73±42.65 mL/min, respectively (Table 1). Vancomycin 

use was documented as appropriate and inappropriate in 236 

(89.4%) and 28 (10.6%) of the patients, respectively. No suf-

ficient information was available for 35 cases (Figure 1). No 

statistically significant difference was observed among studied 

wards and hospitals (P value
 
=0.66 and 0.54, respectively) 

regarding appropriateness of vancomycin use based on the 

HICPAC criteria. It is also worth noting that 29. 21% and 

62% of all patients were completely and partially recovered, 

respectively. Other medications used together with vanco-

mycin are listed in Table 2. The most common wards where 

vancomycin was prescribed were infection disease, ICU, and 

internal medicine (Table 3).

Table 1 Variables and values of the study

Variable Value

Number of patients
Valiasr Hospital, n (%)
Imam Reza Hospital, n (%)
Total

 
201 (67.4%)
97 (32.6%)
298

Age, years, mean ± SD 55.96±12.6 years
Length of vancomycin treatment, mean ± SD 10.54±7.88 days
Distribution of vancomycin use by service, n (%)

Infection
Surgery
Internal medicine
ICU
Orthopedic
Pediatric
PICU
NICU

 
82 (27.4%)
29 (9.7%)
46 (15.4%)
54 (18.1%)
39 (13%)
32 (10.7%)
9 (3%)
7 (2.7%)

Comorbid patients, n (%)
Surgery
Malignancy
Diabetes
Immunosuppression
Transplantation

 
76 (41%)
29 (15.5%)
32 (17%)
47 (25.5%)
2 (1%)

Injection method, n (%)
Fast infusion
0.5-hour infusion
1-hour infusion
2-hour infusion
Unknown

 
3 (1.01%)
3 (1.01%)
32 (10.74%)
6 (2.01%)
254 (85.23%)

Treatment outcome, n (%)
Fully recovered
Partially recovered
Death
Reference

 
59 (21%)
174 (62%)
32 (12%)
14 (5%)

Side effect during injection, n (%)
Asthma
Rash
Erythema and itching

 
1 (0.3%)
1 (0.3%)
1 (0.3%)

Culture, n (%)
Sputum
Blood
Urine
Wound
Angiocath
CV line
Tumor discharge
Bronchoalveolar secretion
Synovial fluid
Body fluid

 
11 (7.5%)
108 (73.9%)
80 (47%)
3 (2%)
0 (0.0 %)
5 (3.5%)
1 (0.7%)
1 (0.7%)
1 (0.7%)
3 (2%)

Time of culture, n (%)
Simultaneous with vancomycin use
24 hours after vancomycin use
72 hours after vancomycin use
After 72 hours
Other time

 
88 (60.3%)
13 (8.9%)
15 (10.3%)
22 (15.1%)
8 (5.4%)

Reason for use, n (%)
Pneumonia
Catheter-related infections

2 (0.7%)
110 (36.7%)
29 (9.6%)

(Continued)
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Figure 1 Appropriateness of vancomycin utilization by hospitals (based on Healthcare Infection Control Practices Advisory Committee criteria).
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Table 2 Concomitant use of other antibiotics and drugs with 
vancomycin

Antibiotic Value, n (%)

Aminoglycosides 3 (5.7%)
Nonsteroidal anti-inflammatory drugs 11 (20.8%)
Cephalosporin 12 (22.6%)
Calcium channel blockers 15 (28.2%)
Cyclosporine 1 (1.9%)
Aminoglycosides and nonsteroidal anti-
inflammatory drugs

1 (1.9%)

Aminoglycosides and cephalosporin 2 (3.8%)
Nonsteroidal anti-inflammatory drugs and 
cephalosporin

4 (7.5%)

Nonsteroidal anti-inflammatory drugs and 
calcium channel blockers

2 (3.8%)

Cephalosporin and calcium channel blockers 1 (1.9%)
Nonsteroidal anti-inflammatory drugs and 
calcium channel blockers and cephalosporin

1 (1.9%)

Variable Value

Meningitis
Skin infection
Urinary tract infection
Peritonitis
Endocarditis
Septicemia, other

93 (31.1%)
7 (2.3%)
3 (1%)
3 (1%)
47 (15.7%)
50 (16.7%)

Abbreviations: CV, cardiovascular; ICU, intensive care unit; NICU, neonatal 
intensive care unit; PICU, pediatric intensive care unit.

Table 1 (Continued) Discussion
Results from our study showed that vancomycin use was 

documented to be appropriate and inappropriate in 236 

(89.4%) and 28 (10.6%) patients, respectively. Sufficient data 

were unavailable for 35 cases. No statistically significant dif-

ferences were found among the wards and hospitals (P values 

=0.66 and 0.54, respectively) in terms of appropriateness 

of vancomycin use based on the HICPAC criteria. It is also 

worth noting that 29.21% and 62% of all patients exhibited 

complete and partial recovery, respectively. It was found that 

90% of the cases (73) showed compliance with the HICPAC 

recommendations.

Vancomycin is currently one of a few effective drugs 

available for some life-threatening infections caused by an 

expanding list of resistant Gram-positive pathogens.27 Of 

note, vancomycin, daptomycin, teicoplanin (antibiotics of 

choice), ceftaroline, telavancin, and linezolid (alternative 

agents) are the most frequently used drugs for life-threat-

ening infections. The reason why vancomycin was chosen 

for this study was that vancomycin is an old antibiotic used 

for staphylococcal infections; in addition, the antibiotic is 

cheaper and more accessible than other antibiotics, which 

is used extensively, especially in developing countries.28,29 

Studies conducted at large universities and teaching hospitals 

have reported a significant increase in the frequent use of van-

comycin. Some institutions reported that more resources were 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug, Healthcare and Patient Safety 2019:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

33

Mahi-Birjand et al

invested on vancomycin when compared with other drugs 

on formulary.30,31 Otherwise, combinations of vancomycin 

with other antibiotics lead to increased toxicity in the study 

population, as depicted in Table 4. Vancomycin is frequently 

prescribed in an inappropriate manner, especially as empiri-

cal treatment. However, poor outcomes were documented 

for patients with MRSA bacteremia for whom appropriate 

therapy was delayed. In the guidelines of the Centers for 

Disease Control and Prevention (CDC) and the Infectious 

Diseases Society of America, it is strongly recommended that 

empirical vancomycin treatment be stopped when available 

culture results fail to reveal β-lactam-resistant Gram-positive 

bacterial infections; however, it is well known that empirical 

vancomycin use is inappropriately continued for a proportion 

of patients.32 Several studies evaluated the pattern of use of 

vancomycin, most of which were conducted in developed 

countries, and data on the utilization of vancomycin in 

developing regions remain to be elusive.33,34 Possible expla-

nation for this practice is that physicians may have decided 

to continue empirical use of vancomycin because MRSA 

might have not been undetected in cultures. Another reason 

for continuing vancomycin is convenience of use, as its 

spectrum covers many Gram-positive bacteria, especially in 

developing countries.35

Recent investigations have described that enhanced 

antibiotic resistance has been associated with increased 

virulence of several Gram-positive pathogens. This is, in 

part, associated with the fact that some of these pathogens 

have acquired resistance to vancomycin.31 In addition, various 

studies demonstrated that vancomycin use is a key determi-

nant in the development of vancomycin-resistant pathogens.36 

Because treatment options are finite and death due to such 

resistant bacteria may be significantly higher in patients,37 

studies on preventive strategies of VRE appear to ameliorate 

the survival of the patients.

In the past two decades, several studies assessed the 

vancomycin use according to the indications. In those stud-

ies, investigators reported inappropriate use of vancomycin 

up to 65% when compared with specific institution criteria 

and/or CDC recommendations.38,39 In a recent study from 

Brazil, application of the same guidelines has exhibited that 

vancomycin use within the first 24 hours and after 72 hours 

was appropriate only in 34.3% and 33.0% of the patients, 

respectively.40 A recent evaluation of prospective drug use in 

50 patients at a private hospital in the Minneapolis–St. Paul 

area has reported that vancomycin use is inappropriate based 

on the CDC criteria in 69% of the patients. Inconsistent with 

aforementioned studies, 10.6% of the vancomycin orders 

evaluated in our hospitals were due to inappropriate indica-

tions, which is considerably lower than the rates reported 

from previous studies. There are several possible explana-

tions for these different findings, including implementation 

of a restriction policy to prescribe in some services and 

educational programs on institutional prescribing patterns.

Results from studies, in Nemazee and Tabriz hospitals, 

showed that vancomycin was used inappropriately in 68.63% 

and 69.3% of the patients, respectively. In addition, some 

authors reported 65% of inappropriate empiric vancomycin 

prescription.41 Other studies showed that 69.3% of patients 

received vancomycin inappropriately. Fahimi et al reported 

that 97.7% of their study population had inappropriate indica-

tion and dosing regimen of vancomycin and they concluded 

that vancomycin irrational use was high compared with 

other countries.45 In a similar study, Misan et al reported that 

97% of the patients receiving vancomycin for prophylaxis 

purposes were classified as inappropriate use.42 Studies con-

ducted in Western countries showed that inappropriateness 

in the use of vancomycin did not exceed 40% of guidelines 

recommendations even in the absence of restriction policies.43

Studies showed that the interventions conducted by 

the clinical pharmacists and infectious diseases specialists 

lead to improvement of the antibiotic prescription to the 

hospitalized patients, subsequent promising outcomes, as 

well as decreased antimicrobial resistance and hospital-

acquired infections. The most common interventions include 

implementation of guidelines and compulsory order forms, 

Table 3 Appropriateness of vancomycin utilization by different 
wards (based on HICPAC criteria)

Ward Accordance, n (%) Nonaccordance, n (%)

Infection 73 (90%) 9 (10%)
Surgery 20 (83.3%) 4 (16.7%)
Internal medicine 38 (86.4%) 6 (13.6%)
ICU 45 (86.5%) 7 (13.5%)
Orthopedic 17 (94.4%) 1 (5.6%)
Pediatric 29 (96.7%) 1 (3.3%)
PICU 7 (87.5%) 1 (12.5%)
NICU 1 (100%) 0 (0.0%)

Abbreviations: HIPAC, Healthcare Infection Control Practices Advisory 
Committee; ICU, intensive care unit; NICU, neonatal intensive care unit; PICU, 
pediatric intensive care unit.

Table 4 Drug–drug interaction with vancomycin that may lead 
to increased nephrotoxicity in the study population (n=298)

Drug–drug interaction Percentage of total cases

Vancomycin + gentamicin 6.5%

Vancomycin + amikacin 12.5%
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acceleration of laboratory tests, expert approval (clinical 

pharmacists and infectious disease specialists), restriction or 

removal of drugs, review and correction of prescription by 

clinical pharmacists, as well as monitoring of the therapeutic 

drug.16,17 In our study, surprisingly, most of the inappropriate 

prescribing cases were observed in the infection and ICU 

services, demonstrating that the greatest vancomycin con-

sumers are in these units and excessive use of vancomycin 

was observed in many cases. This finding is probably due, 

in part, to the fact that the number of patients varies in dif-

ferent wards, ranging from 1 (neonatal intensive care unit) 

to 82 (infection). The authors suggested that the initiation of 

vancomycin therapy should be assessed in high-use services 

to reduce vancomycin use. Continued intensive education 

for hospital personnel and monitoring will result in further 

improvement. For example, the restriction of antibiotic use 

has been also found to be effective for reducing inappropri-

ate vancomycin use in inpatient settings.39 Although there 

are several approaches for antibiotic restriction, approval 

by the infectious disease specialists is the most common 

mechanism.44

Limitations of the study
There were several limitations in the present study. First, the 

study was a single-center study accomplished in a large uni-

versity hospital. Therefore, our results might not be represen-

tative to the centers that did not share similar characteristics. 

Second, it is possible that our methodology for evaluating the 

appropriateness of vancomycin use will lead to some misclas-

sification based on the objective criteria. This is due to the fact 

that our categorization should be viewed as a retrospective 

proxy estimate of appropriate vancomycin use, in the absence 

of reproducible prospective way to measure appropriateness.

Conclusion
In summary, the present study demonstrated that vancomycin 

was appropriately prescribed in most patients, compared with 

the other studies. Only 10.6% of the patients showed inap-

propriate vancomycin use according to the HICPAC criteria. 

Continued surveillance and larger patient samples, as well 

as multicenter studies, are recommended to overcome the 

limitations.

Acknowledgments
The authors would like to convey their appreciation to all 

patients who made this study possible. This work was sup-

ported by a research grant (623) from Birjand University of 

Medical Sciences.

Disclosure
The authors report no conflicts of interest in this work.

References
	 1.	 Holpuch A. UN Meeting Tackles the’ Fundamental Threat’ of Antibiotic-

Resistant Superbugs. UK: The Guardian; 2016.
	 2.	 Salehifar E, Nasehi M, Eslami G, Sahraei S, Alizadeh Navaei R. Deter-

mination of antibiotics consumption in Buali-Sina Pediatric Hospital, 
Sari 2010–2011. Iran J Pharm Res. 2014;13(3):995.

	 3.	 Laxminarayan R, Duse A, Wattal C, et al. Antibiotic resistance-the need 
for global solutions. Lancet Infect Dis. 2013;13(12):1057–1098.

	 4.	 Naderi A, Kasra-Kermanshahi R, Gharavi S, Imani Fooladi AA, 
Abdollahpour AM, Saffarian P. Study of antagonistic effects of Lac-
tobacillus strains as probiotics on multi drug resistant (MDR) bacteria 
isolated from urinary tract infections (UTIs). Iran J Basic Med Sci. 
2014;17(3):201–208.

	 5.	 Denoon D. Drug-resistant staph may get nastier: experts call for 
increased efforts to halt MRSA. WebMD Medical News. 2008.

	 6.	 Moran GJ, Krishnadasan A, Gorwitz RJ, et al. Methicillin-resistant S. 
aureus infections among patients in the emergency department. N Engl 
J Med. 2006;355(7):666–674.

	 7.	 Frazee BW, Lynn J, Charlebois ED, Lambert L, Lowery D, Perdreau-
Remington F. High prevalence of methicillin-resistant Staphylococcus 
aureus in emergency department skin and soft tissue infections. Ann 
Emerg Med. 2005;45(3):311–320.

	 8.	 Chambers HF. Community-associated MRSA—resistance and virulence 
converge. Mass Medical Soc. 2005;352(14):1485–1487.

	 9.	 Wilson P, Andrews JA, Charlesworth R, et al. Linezolid resistance in 
clinical isolates of Staphylococcus aureus. J Antimicrob Chemother. 
2003;51(1):186–188.

	10.	 Hagras M, Mohammad H, Mandour MS, et al. Investigating the 
antibacterial activity of biphenylthiazoles against methicillin- and 
vancomycin-resistant Staphylococcus aureus (MRSA and VRSA). J 
Med Chem. 2017;60(9):4074–4085.

	11.	 Ye ZK, Li C, Zhai SD. Guidelines for therapeutic drug monitoring of 
vancomycin: a systematic review. PLoS One. 2014;9(6):e99044.

	12.	 Javorska L, Krcmova LK, Solichova D, Solich P, Kaska M. Modern 
methods for vancomycin determination in biological fluids by methods 
based on high-performance liquid chromatography–a review. J Sep Sci. 
2016;39(1):6–20.

	13.	 Abbas Q, Ul Haq A, Kumar R, Ali SA, Hussain K, Shakoor S. Evalu-
ation of antibiotic use in pediatric intensive care unit of a developing 
country. Indian J Crit Care Med. 2016;20(5):291.

	14.	 Erbay A, Çolpan A, Bodur H, Çevik MA, Samore MH, Ergönül O. 
Evaluation of antibiotic use in a hospital with an antibiotic restriction 
policy. Int J Antimicrob Agents. 2003;21(4):308–312.

	15.	 Arda B, Sipahi OR, Yamazhan T, et al. Short-term effect of antibiotic 
control policy on the usage patterns and cost of antimicrobials, mor-
tality, nosocomial infection rates and antibacterial resistance. J Infect. 
2007;55(1):41–48.

	16.	 Garnacho-Montero J, Gutiérrez-Pizarraya A, Escoresca-Ortega A, et al. 
De-escalation of empirical therapy is associated with lower mortality 
in patients with severe sepsis and septic shock. Intensive Care Med. 
2014;40(1):32–40.

	17.	 Davey P, Brown E, Charani E, et al. Interventions to improve antibiotic 
prescribing practices for hospital inpatients. Cochrane Database Syst 
Rev. 2013;4(4).

	18.	 Spaulding TJ, Raghu TS. Impact of CPOE usage on medication man-
agement process costs and quality outcomes. Inquiry-J Health Car. 
2013;50(3):229–247.

	19.	 Ding H, Yang Y, Chen Y, Wang Y, Fan S, Shen X. Antimicrobial 
usage in paediatric intensive care units in China. Acta Paediatr. 
2008;97(1):100–104.

	20.	 Blinova E, Lau E, Bitnun A, et al. Point prevalence survey of antimi-
crobial utilization in the cardiac and pediatric critical care unit. Pediatr 
Crit Care Med. 2013;14(6):e280–e288.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug, Healthcare and Patient Safety 2019:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Drug, Healthcare and Patient Safety

Publish your work in this journal

Submit your manuscript here: https://www.dovepress.com/drug-healthcare-and-patient-safety-journal

Drug, Healthcare and Patient Safety is an international, peer-reviewed 
open access journal exploring patient safety issues in the healthcare 
continuum from diagnostic and screening interventions through to treat-
ment, drug therapy and surgery. The journal is characterized by the rapid  
reporting of reviews, original research, clinical, epidemiological and 

post-marketing surveillance studies, risk management, health literacy 
and educational programs across all areas of healthcare delivery. The 
manuscript management system is completely online and includes a very  
quick and fair peer-review system. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Dovepress

35

Mahi-Birjand et al

	21.	 Stocker M, Ferrao E, Banya W, Cheong J, Macrae D, Furck A. Antibiotic 
surveillance on a paediatric intensive care unit: easy attainable strategy 
at low costs and resources. BMC Pediatr. 2012;12(1):196.

	22.	 Floret N, Thouverez M, Thalamy B, Estavoyer JM, Talon D. Evaluation 
of vancomycin use in a large university-affiliated hospital in eastern 
France in 1999. Pharm World Sci. 2001;23(3):93–97.

	23.	 Centers for Disease Control and Prevention (CDC). Nosocomial entero-
cocci resistant to vancomycin–United States, 1989–1993. MMWR Morb 
Mortal Wkly Rep. 1993;42(30):597.

	24.	 Solomkin JS, Mazuski J, Blanchard JC, et al. Introduction to the Centers 
for Disease Control and Prevention and the Healthcare Infection Control 
Practices Advisory Committee guideline for the prevention of surgical 
site infections. Surg Infect. 2017;18(4):385–393.

	25.	 Wale M, Kibsey P, Young L, Dobbyn B, Archer J. New approaches to 
infection prevention and control: implementing a risk-based model 
regionally. Int J Qual Health Care. 2016;28(3):405–411.

	26.	 Pai MP, Neely M, Rodvold KA, Lodise TP. Innovative approaches to 
optimizing the delivery of vancomycin in individual patients. Adv Drug 
Deliv Rev. 2014;77:50–57.

	27.	 Spitzer ED, Tortora GT. Vancomycin-resistant gram-positive cocci. Lab 
Med. 1990;21(7):411–413.

	28.	 Benvenuto M, Benziger DP, Yankelev S, Vigliani G. Pharmacokinetics 
and tolerability of daptomycin at doses up to 12 milligrams per kilogram 
of body weight once daily in healthy volunteers. Antimicrob Agents 
Chemother. 2006;50(10):3245–3249.

	29.	 Figueroa DA, Mangini E, Amodio-Groton M, et al. Safety of high-dose 
intravenous daptomycin treatment: three-year cumulative experience in 
a clinical program. Clin Infect Dis. 2009;49(2):177–180.

	30.	 Fletcher C, Giese R, Rodman J. Pharmacist interventions to improve 
prescribing of vancomycin and tobramycin. Am J Health Syst Pharm. 
1986;43(9):2198–2201.

	31.	 Anagnostou T, Goundan P, Hoynack E. editors. Evaluation of Vancomy-
cin usage after Implementation of an Antibiotic Stewardship Program: 
Experience from a Community-Based Teaching Hospital. Open Forum 
Infectious Diseases: Oxford University Press; 2015.

	32.	 Kim NH, Koo HL, Choe PG, et al. Inappropriate continued empirical 
vancomycin use in a hospital with a high prevalence of methicillin-resis-
tant Staphylococcus aureus. Antimicrob Agents Chemother. 2015;59(2): 
811–817.

	33.	 Alfandari S, Levent T, Descamps D, et al. Evaluation of glycopeptide 
use in nine French hospitals. Med Mal Infect. 2010;40(4):232–237.

	34.	 Rybak M, Lomaestro B, Rotschafer JC, et al. Therapeutic monitoring 
of vancomycin in adult patients: a consensus review of the American 
Society of Health-System Pharmacists, the Infectious Diseases Society 
of America, and the Society of Infectious Diseases Pharmacists. Am J 
Health Syst Pharm. 2009;66(1):82–98.

	35.	 Istúriz RE, Carbon C. Antibiotic use in developing countries. Infect 
Control Hosp Epidemiol. 2000;21(6):394–397.

	36.	 Powell SL, Liebelt E. Appropriate use of vancomycin in a pediatric 
emergency department through the use of a standardized electronic 
guideline. J Pediatr Nurs. 2015;30(3):494–497.

	37.	 Cetinkaya Y, Falk P, Mayhall CG. Vancomycin-resistant enterococci. 
Clin Microbiol Rev. 2000;13(4):686–707.

	38.	 Askarian M, Assadian O, Safaee G, Golkar A, Namazi S, Movahed MR. 
Vancomycin use in a large teaching hospital in Shiraz, Islamic Republic 
of Iran, 2003. East Mediterr Health J. 2007;13(5):1195–1201.

	39.	 Dib JG, Al-Tawfiq JA, Al Abdulmohsin S, Mohammed K, Jenden PD. 
Improvement in vancomycin utilization in adults in a Saudi Arabian 
medical center using the hospital infection control practices advisory 
committee guidelines and simple educational activity. J Infect Public 
Health. 2009;2(3):141–146.

	40.	 Junior MS, Correa L, Marra AR, Camargo LF, Pereira CA. Analysis 
of vancomycin use and associated risk factors in a university teaching 
hospital: a prospective cohort study. BMC Infect Dis. 2007;7(1):88.

	41.	 Vazin A, Mahi Birjand M, Darake M. Evaluation of vancomycin therapy 
in the adult ICUs of a teaching hospital in southern Iran. Drug Healthc 
Patient Saf. 2018;10:21–26.

	42.	 Misan GM, Martin ED, Smith ER, Somogyi AA, Bartholomeusz RC, 
Bochner F. Drug utilization review in a teaching hospital: experience 
with vancomycin. Eur J Clin Pharmacol. 1990;39(5):457–461.

	43.	 Kern WV, de With K, Gonnermann C, et al. Update on glycopeptide 
use in German university hospitals. Infection. 2004;32(3):157–162.

	44.	 Fridkin SK. Vancomycin-intermediate and -resistant Staphylococcus 
aureus: what the infectious disease specialist needs to know. Clin Infect 
Dis. 2001;32(1):108–115.

	45.	 Fahimi F, Soleymani F, Tavakoli-Ardakani M. Vancomycin Utilization 
Evaluation in a teaching hospital: A case-series study in Iran. J Pharm 
Care. 2013:51–4.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com

	_GoBack

	Publication Info 4: 


