
World Journal of 
Cardiology
World J Cardiol  2018 November 26; 10(11): 191-249

Published by Baishideng Publishing Group Inc

ISSN 1949-8462 (online)



 

World Journal of 
CardiologyW J C

Contents Monthly  Volume 10  Number 11  November 26, 2018

IWJC|www.wjgnet.com November 26, 2018|Volume 10|Issue 11|

           EDITORIAL
191	 Thin and crush: The new mantra in left main stenting?

Rigatelli G, Zuin M, Dash D

196	 Revisiting endovascular treatment in below-the-knee disease. Are drug-eluting stents the best option?

Spiliopoulos S, Kitrou PM, Brountzos EN

201	 Coronary spasm: It’s common, but it’s still unsolved

Teragawa H, Oshita C, Ueda T

           REVIEW
210	 Clinical applications of feature-tracking cardiac magnetic resonance imaging

Muser D, Castro SA, Santangeli P, Nucifora G

           ORIGINAL ARTICLE

Clinical Trials Study

222	 Safety and efficacy of frequency-domain optical coherence tomography in evaluating and treating 

intermediate coronary lesions

Khurwolah MR, Meng HY, Wang YS, Wang LS, Kong XQ

Observational Study

234	 Incidence and risk factors for potentially suboptimal serum concentrations of vancomycin during cardiac 

surgery

Cotogni P, Barbero C, Rinaldi M

           META-ANALYSIS
242	 Surgical left atrial appendage occlusion during cardiac surgery: A systematic review and meta-analysis

Atti V, Anantha-Narayanan M, Turagam MT, Koerber S, Rao S, Viles-Gonzalez JF, Suri RM, Velagapudi P, Lakkireddy D, 

Benditt DG



Contents
World Journal of Cardiology

Volume 10  Number 11  November 26, 2018

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                            Responsible Science Editor: Ying Dou
Responsible Electronic Editor: Yun-XiaoJian Wu    
Proofing Editor-in-Chief: Lian-Sheng Ma

7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, 
USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
November 26, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the views, 
opinions or policies of  the BPG, except where otherwise 
explicitly indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
http://www.f6publishing.com

IIWJC|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

NAME OF JOURNAL 
World Journal of  Cardiology

ISSN
ISSN 1949-8462 (online)

LAUNCH DATE
December 31, 2009

FREQUENCY
Monthly

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1949-8462/editorialboard.htm

EDITORIAL OFFICE
Jin-Lei Wang, Director
World Journal of  Cardiology
Baishideng Publishing Group Inc

Editorial Board Member of World Journal of Cardiology, Rodrigo Bagur, FAHA, MD, 
PhD, Assistant Professor, Attending Doctor, Division of Cardiology, London Health 
Sciences Centre, Department of Medicine, Western University, ON N6A5A5, Canada

World Journal of  Cardiology (World J Cardiol, WJC, online ISSN 1949-8462, DOI: 10.4330) 
is a peer-reviewed open access journal that aims to guide clinical practice and improve 
diagnostic and therapeutic skills of  clinicians.
    WJC covers topics concerning arrhythmia, heart failure, vascular disease, stroke, 
hypertension, prevention and epidemiology, dyslipidemia and metabolic disorders, 
cardiac imaging, pediatrics, nursing, and health promotion. Priority publication will 
be given to articles concerning diagnosis and treatment of  cardiology diseases. The 
following aspects are covered: Clinical diagnosis, laboratory diagnosis, differential 
diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis, 
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical 
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional 
treatment, minimally invasive therapy, and robot-assisted therapy. 
    We encourage authors to submit their manuscripts to WJC. We will give priority to 
manuscripts that are supported by major national and international foundations and 
those that are of  great basic and clinical significance.

World Journal of  Cardiology (WJC) is now abstracted and indexed in Emerging Sources 
Citation Index (Web of  Science), PubMed, PubMed Central, Scopus, China National 
Knowledge Infrastructure (CNKI), and Superstar Journals Database.

INDEXING/ABSTRACTING 

Proofing Editorial Office Director: Jin-Lei Wang

November 26, 2018|Volume 10|Issue 11|



which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Corresponding author to: Paolo Cotogni, MD, MSc, Adjunct 
Professor, Doctor, Department of Anesthesia, Intensive Care 
and Emergency, Molinette Hospital, University of Turin, C.so 
Bramante, 88/90, Turin 10126, Italy. paolo.cotogni@unito.it
Telephone: +39-338-7018496
Fax: +39-11-5171634

Received: July 9, 2018 
Peer-review started: July 10, 2018
First decision: August 2, 2018
Revised: September 2, 2018
Accepted: October 11, 2018
Article in press: October 11, 2018
Published online: November 26, 2018

Abstract
AIM
To investigate the incidence and risk factors for van
comycin concentrations less than 10 mg/L during 
cardiac surgery.

METHODS
In this prospective study, patients undergoing cardiac 
surgery received a single dose of 1000 mg of van
comycin. Multiple arterial samples were drawn during 
surgery. Exclusion criteria were hepatic dysfunction; 
renal dysfunction; ongoing infectious diseases; solid 
or hematologic tumors; severe insulin-dependent 
diabetes; body mass index of < 17 or > 40 kg/m2; 
pregnancy or lactation; antibiotic, corticosteroid, or 
other immunosuppressive therapy; vancomycin or non
steroidal anti-inflammatory drug therapy in the previous 

Paolo Cotogni, Department of Anesthesia, Intensive Care and 
Emergency, Molinette Hospital, University of Turin, Turin 10126, 
Italy

Cristina Barbero, Mauro Rinaldi, Cardiovascular Surgery, 
Department of Surgical Sciences, Molinette Hospital, University 
of Turin, Turin 10126, Italy

ORCID number: Paolo Cotogni (0000-0002-4930-8984); 
Cristina Barbero (0000-0003-3431-9143); Mauro Rinaldi (0000- 
0002-7092-8619).

Author contributions: Cotogni P designed the study and drafted 
the manuscript; Barbero C participated in the study design, 
carried out the study and helped to draft the manuscript; Rinaldi 
M participated in the study design and coordination and revised 
it critically for important intellectual content; all authors read and 
approved the final manuscript.

Supported by the Public Health Program of Regione Piemonte 
(Italy), No. 2472/DA2001 (to Paolo Cotogni, in part).

Institutional review board statement: The study protocol was 
reviewed and approved by our Institutional Ethics Committee 
(Comitato Etico Interaziendale A.O.U. San Giovanni Battista di 
Torino - A.O.C.T.O. Maria Adelaide di Torino) (approval No. 
0078553).

Informed consent statement: All patients provided written 
informed consent before their enrollment in the study.

Conflict-of-interest statement: All authors have no conflicts 
of interest to disclose.

Data sharing statement: No additional data are available.

STROBE statement: The authors have read the STROBE 
Statement - checklist of items, and the manuscript was prepared 
and revised according to the guidelines of the STROBE Statement.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 

ORIGINAL ARTICLE

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.4330/wjc.v10.i11.234

234 November 26, 2018|Volume 10|Issue 11|WJC|www.wjgnet.com

World J Cardiol 2018 November 26; 10(11): 234-241

ISSN 1949-8462 (online)

World Journal of 
CardiologyW J C

Paolo Cotogni, Cristina Barbero, Mauro Rinaldi

Incidence and risk factors for potentially suboptimal serum 
concentrations of vancomycin during cardiac surgery

Observational Study



2 wk; chemotherapy or radiation therapy in the previous 
6 mo; allergy to vancomycin or cefazolin; drug abuse; 
cardiac surgery in the previous 6 mo; previous or 
scheduled organ transplantation; preoperative stay in 
the intensive care unit for more than 24 h; emergency 
procedure or lack of adequate preparation for surgery; 
and participation in another trial.

RESULTS
Over a 1-year period, 236 patients were enrolled, and a 
total of 1682 serum vancomycin concentrations (median 
7/patient) were measured. No vancomycin levels under 
10 mg/L were recorded in 122 out of 236 patients (52%), 
and 114 out of 236 patients (48%) were found to have 
at least 1 serum sample with a vancomycin level < 10 
mg/L; 54 out of 236 patients (22.9%) had at least 5 
serum samples with a vancomycin level lower than 10 
mg/L. Vancomycin infusion was administered for 60 min 
in 97 out of 236 patients (41%). In 47 patients (20%), 
the duration of infusion was longer than 60 min, and in 
92 patients (39%) the duration of infusion was shorter 
than 60 min. The maximum concentration and area 
under the concentration-time curve were significantly 
higher in patients with no vancomycin levels less than 
10 mg/L (P < 0.001). The multivariate analysis identified 
female gender, body mass index (BMI) > 25 kg/m2, and 
creatinine clearance above 70 mL/min as risk factors for 
vancomycin levels less than 10 mg/L.

CONCLUSION
Results of this study identified female gender, BMI > 25 
kg/m2, and creatinine clearance above 70 mL/min as risk 
factors for suboptimal vancomycin serum concentration 
during cardiac surgery; no relationship was found bet
ween infusion duration and vancomycin levels less 
than 10 mg/L. These findings call attention to the risk 
of facilitating the emergence of vancomycin-resistant 
methicillin-resistant Staphylococcus aureus strains.

Key words: Cardiopulmonary; Bypass; Surgical site 
infections; Vancomycin pharmacokinetics; Antibiotic 
therapy; Methicillin-resistant Staphylococcus aureus  

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The aim of this study was to investigate the 
incidence and risk factors for vancomycin concentrations 
less than 10 mg/L during cardiac surgery. Over a 1-year 
period, 236 patients were enrolled, and a total of 1682 
serum vancomycin concentrations were measured. A 
total of 48% of patients were found to have ≥ 1 sample 
with a vancomycin level < 10 mg/L. The maximum 
concentration and area under the concentration-time 
curve were significantly higher in patients with no 
vancomycin levels less than 10 mg/L (P  < 0.001). The 
multivariate analysis identified female gender, body 
mass index > 25 kg/m2, and creatinine clearance above 
70 mL/min as risk factors for vancomycin levels less than 
10 mg/L.
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INTRODUCTION
Surgical site infections (SSIs) related to methicillin-
resistant Staphylococcus aureus (MRSA) after cardiac 
surgery continue to cause substantial morbidity and 
mortality[1-3]. Therefore, the prevention of this feared 
complication, particularly in terms of antimicrobial pro
phylaxis, is a matter of discussion in the literature. The 
practice guidelines from the Society of Thoracic Surgeons 
on antibiotic prophylaxis in patients undergoing cardiac 
surgery suggests combining a β-lactam (cefazolin) with 
a glycopeptide (vancomycin) for antimicrobial prophylaxis 
in the scenario of an established “high incidence” of 
MRSA; a dose of 1 to 1.5 g or a weight-adjusted dose 
of 15 mg/kg of vancomycin administered intravenously 
over 1 h, with the infusion ending within 1 h from the 
incision of the skin, is recommended[4,5]. Likewise, the 
2011 guidelines of the American College of Cardiology 
and the American Heart Association recommend that 
vancomycin should be initiated 2 h before cardiac 
surgery and administered by a slow infusion[6]. However, 
a detailed protocol of administration with dose and levels 
of vancomycin to reach and maintain during the surgical 
procedure is still not reported.

In addition, evidence highlights that in the current 
practice there is often a gap between the duration of 
administration or timing of antimicrobial prophylaxis 
recommended in the guidelines and what is practiced[7,8]; 
this may increase the risk of potentially suboptimal 
serum vancomycin levels during surgery, jeopardizing 
the efficacy of antimicrobial prophylaxis. Indeed, low 
serum vancomycin concentrations-lower than 10 mg/L - 
seem to be related with the emergence of vancomycin-
resistant MRSA strains: vancomycin-resistant Sta
phylococcus aureus (VRSA), vancomycin-intermediate 
Staphylococcus aureus (VISA), and heteroresistant VISA 
(hVISA)[9-11]. To date, strains of VRSA, VISA, and hVISA 
have been reported from many countries, including the 
United States, Japan, Australia, France, Scotland, Brazil, 
Korea, Hong Kong, and others[10-12].

Our group has already analyzed intraoperative 
vancomycin pharmacokinetics (PK) in 236 patients un
dergoing cardiac surgery over a 1-year period[13]. In this 
study, and in the same study population, the incidence of 
potentially suboptimal vancomycin levels during cardiac 
surgery was investigated.

The primary objective of the present study was 
to investigate the incidence of vancomycin levels less 
than 10 mg/L during cardiac surgery. The secondary 
objective was to identify risk factors for intraoperative 
vancomycin levels less than 10 mg/L.
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MATERIALS AND METHODS
Study design
Over a 1-year period, a prospective study was carried 
out in the Department of Cardiovascular Surgery of a 
1200-bed tertiary care university hospital, where appro
ximately 850 cardiac operations are performed every 
year. The study design has been described previously[13]. 
The inclusion criteria included adult patients undergoing 
cardiac surgery, who were receiving a single 1000 mg 
vancomycin dose as prophylaxis, diluted in 100 mL 0.9% 
NaCl solution and administered by intravenous infusion 
over 60 min, with a skin incision made between 16 and 
120 min after the end of the vancomycin infusion, as 
recommended by Garey et al[14]. The exclusion criteria 
included hepatic dysfunction (bilirubin ≥ 2 mg/dL); 
renal dysfunction [creatinine > 1.5 mg/dL or crea
tinine clearance (CrCl) ≤ 30 mL/min, estimated by 
the Cockcroft-Gault formula]; infectious diseases that 
required antibiotic therapy 2 wk prior to the procedure; 
solid or hematologic tumors; severe insulin-dependent 
diabetes; a body mass index (BMI) < 17 or > 40 kg/
m2; pregnancy or lactation; antibiotic, corticosteroid, or 
other immunosuppressive therapy; vancomycin or non-
steroidal anti-inflammatory drug therapy 2 wk prior to 
the procedure; chemotherapy or radiation therapy in the 
previous 6 mo; allergy to vancomycin or cefazolin; drug 
abuse; cardiac surgery in the previous 6 mo; previous or 
scheduled organ transplantation; a preoperative stay in 
the intensive care unit for more than 24 h; an emergency 
procedure or lack of adequate preparation for surgery; 
and participation in another trial.

Our protocol of antimicrobial prophylaxis is also 
designed for a single 1000 mg cefazolin dose, diluted 
in a 20 mL 0.9% NaCl solution, initiated 30 to 60 min 
before surgery and administered as a slow intravenous 
bolus. Three further doses of 1000 mg of cefazolin at 
8-h intervals were given postoperatively, while no further 
doses of vancomycin were administered postoperatively. 
Since 2005, our protocol has allowed the choice to 
combine cefazolin with vancomycin for antimicrobial 
prophylaxis in patients undergoing cardiac surgery[13,15]. 
The rationale for using vancomycin was due to an 
increased prevalence of MRSA infections, which exceeded 
60% hospital-wide, and to the identification of isolates 
in cardiac surgery patients with SSIs. The vancomy
cin protocol and timing of administration were chosen 
based upon recommendations of our Hospital Infection 
Control Committee and guidelines from the Society of 
Thoracic Surgeons[5,13,15].

A healthcare provider (i.e., physician, nurse or car
diovascular technician) was required to document the 
exact time the antibiotic infusion was initiated, as well as 
anesthesiologists or cardiac surgeons who recorded the 
exact time of the first skin incision and skin closure.

The study protocol was reviewed and approved by our 
Institutional Ethics Committee (approval No. 0078553), 
and patients provided written informed consent before 
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their enrollment. The work was conducted in compliance 
with the Institutional Review Board/Human Subjects 
Research Committee requirements.

Vancomycin assay and pharmacokinetic analysis
The vancomycin assay and PK analysis have been 
reported previously[13].Briefly, for the on-pump group, 
arterial samples were drawn from the arterial catheter 
before cardiopulmonary bypass (CPB) [end of infusion 
maximum concentration (Cmax) and skin incision (Cincision)], 
during CPB (5, 30, 60 min after the CPB start, and 
subsequently every 60 min to the CPB end: C5, C30, 
C60, C120, C180, and C240), and after CPB [wound closure 
(Cclosure)]. For the off-pump group, some arterial samples 
(i.e., C5, C30, C60, C120, C180, and C240) were drawn and 
time-matched to the CPB period of the on-pump group.

According to the Centers for Disease Control and 
Prevention guidelines, the definition of SSI requires 
positive culture results of surgical sites or drainage from 
the mediastinal area or evidence of infection during 
surgical re-exploration or fever, sternal instability, and 
positive blood culture results[16]. SSIs were classified as 
(1) superficial (infection above the sternum with no bone 
involvement); (2) deep (infection involving the sternum 
and organ/space such as mediastinitis); and (3) leg 
donor site infections[16].

Statistical analysis
The receiver operator characteristic (ROC) curve analysis 
was used to investigate the relationship between the 
duration of drug infusion and the occurrence of van
comycin concentrations under 10 mg/L. PK characteris
tics were compared between patients with vancomycin 
levels constantly above 10 mg/L and patients with at 
least 1 vancomycin level lower than 10 mg/L using 
the Fisher’s exact test for categorical variables and the 
Mann-Whitney test for continuous ones. All reported 
P-values were obtained by the 2-sided exact method, 
at the conventional 5% significance level. A multivariate 
binary logistic model was used to predict risk factors 
for vancomycin levels less than 10 mg/L. Data were 
analyzed using R 3.4.0 (The R Foundation for Statistical 
Computing, Vienna, Austria http://www.R-project.org). 
The statistical methods of this study were reviewed by 
R Passera, a biomedical statistician.

RESULTS
Two hundred thirty-six cardiac surgery patients were 
enrolled in this study. The patients’ characteristics 
are shown in Table 1. During the study, 1682 serum 
vancomycin concentrations were measured, and 7 
(median; range 6-9) blood samples per patient were 
collected. Vancomycin PK during cardiac surgery has 
been reported previously[13]. Out of the 1682 serum 
samples, vancomycin levels were lower than 10 mg/L 
in 443 cases, between 10 and 20 mg/L in 821 cases, 
between 20 and 30 mg/L in 192 cases, between 30 and 
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40 mg/L in 73 cases, between 40 and 50 mg/L in 50 
cases, and higher than 50 mg/L in 103 cases.

Three SSIs were recorded (1.3%): one was a 
superficial wound infection, and 2 were deep wound 
infections; no SSIs were detected at the donor site. 
Pathogens isolated in SSIs included two gram-negative 
bacteria or fungi and one methicillin-sensitive Staphy
lococcus aureus.

Figure 1 shows that, between the Cmax time and Cclose 
time, no vancomycin levels less than 10 mg/L were 
recorded in 122 out of 236 patients (52%) and that 114 
out of 236 patients (48%) were found to have at least 
1 sample with a vancomycin level < 10 mg/L. Fifty-
four out of 236 patients (22.9%) had at least 5 serum 
samples with vancomycin levels lower than 10 mg/L.

Vancomycin infusion was administered for 60 min 
in 97 out of 236 patients (41%). In 47 patients (20%), 
the duration of infusion was longer than 60 min, and in 
92 patients (39%) the duration of infusion was shorter 
than 60 min (Figure 2).

The ROC curve analysis showed no influences of 
duration of drug infusion on the occurrence of vancomy
cin concentrations less than 10 mg/L. No significant 
relationships were found between the number of 
episodes of vancomycin levels less than 10 mg/L and the 
clusters of duration of infusion (P = 0.089).

No significant differences were observed in terms 
of the SSI rate between patients with vancomycin 
levels constantly above 10 mg/L (2 out of 3 cases) and 
patients with at least 1 level less than 10 mg/L (1 out of 
3 cases).

Vancomycin PK parameters were estimated and 
compared between above versus under 10 mg/L pa
tient groups (Table 2): Cmax and the area under the 
concentration-time (AUC) curve were significantly higher 
in patients with no vancomycin level under 10 mg/L, 
while the apparent total body clearance (Cl) and the 
apparent volume of distribution during the terminal 
phase (Vd) were significantly higher in patients with at 
least 1 episode of vancomycin concentration under 10 
mg/L.

The multivariate binary logistic model identified 
female gender, BMI higher than 25, and creatinine clea
rance above 70 mL/min as risk factors for vancomycin 
levels less than 10 mg/L (Tables 3 and 4).

DISCUSSION
SSI is still one of the most serious complications after 
cardiac surgery, and one of the main strategies for 
prevention is the use of an appropriate antibiotic pro
phylaxis[17]. The spectrum of microorganisms related 
to SSIs varies among institutions; however, in the 
literature, MRSA and methicillin-resistant S. Epidermidis 
are the leading pathogens, and this brings attention to 
vancomycin as the prophylactic drug of choice[1-3].

Vancomycin has been one of the most investigated 
antimicrobial drugs as well as one of the most used 
antibiotics for the prevention and treatment of infections 

Table 1  Patients’ characteristics n  (%)

Characteristics

Patients 236
Age, median (range) 70 (25-86)
Male gender                149 (63)
BMI, kg/m2, median (range) 26 (18-40)
Diabetes                  46 (19)
COPD 0
Hypertension                151 (64)
Smoke                   28 (12)
Surgical time, min, median (range)   249 (119-593)
Surgical procedure
   CABG                   72 (30.5)
   Valve                 113 (47.9)
   CABG+Valve                   34 (14.4)
   Other1                   17 (7.2)
Off-pump CABG                   21 (8.9)
Left IMA                   53 (22.4)
Both IMA                   17 (7.2)
EUROscore add, median (range)                     5 (1-6)
EUROscore log, median (range) 4.8 (1-7.74)
Mechanical ventilation, d, median (range)   7 (2-912)
ICU stay, d, median (range) 1 (1-24)
RBC transfusions, n, median (range)                     2 (0-9)

1Aortic, atrial or ventricular septal defect repair, and congenital surgery. 
BMI: Body mass index; CABG: Coronary artery bypass grafting; COPD: 
Chronic obstructive pulmonary disease; EUROscore: European System 
for Cardiac Operative Risk Evaluation; add: Additive; log: Logistic; ICU: 
Intensive care unit; IMA: Internal mammary artery; RBC: Red blood cell.
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Figure 2  Distribution of patients according to the duration of vancomycin 
infusion. The target time for the duration of vancomycin infusion is 60 min.

Figure 1  Distribution of patients without serum samples with a vancomycin 
level < 10 mg/L and of those with 1 or more serum samples with a 
vancomycin level < 10 mg/L during cardiac surgery.
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in which AUC is more effective than the drug level[10]. 
PK results of our study are in line with reports in the 
literature, even when administering vancomycin in 
the case of treating infections rather than antibiotic 
prophylaxis[10,21]; in particular, in our study, AUC was 
wider in the group of patients with no vancomycin levels 
less than 10 mg/L.

Larsson et al[22] simulated an in vitro model in which 
free vancomycin peak concentrations of 40, 20, 10, 
and 5 mg/L reported no significant difference in the 
corresponding bacterial kill curves for Staphylococcus 
aureus. On the other hand, to date, increasing evidence 
supports that Staphylococcus aureus exposure to 
trough serum concentrations of vancomycin lower than 
10 mg/L can generate MRSA strains with vancomycin-
resistant characteristics[5,10,11,23]. Sakoulas et al[24] have 
determined that the emergence of hVISA or VISA 
occurred when MRSA was exposed to suboptimal 
vancomycin concentrations (<10 mg/L); in this in 

in cardiac surgery[10]. Several studies have investigated 
the association between vancomycin use as an anti
microbial prophylactic drug and the rate of SSIs in this 
surgical population. Different studies have analyzed 
vancomycin PK during cardiac surgery and the effects 
of CPB on serum vancomycin concentrations[13,18-20]. 

Other studies were carried out examining the timing of 
antibiotic prophylaxis, and in particular, the relationship 
between the end of vancomycin infusion and the first 
skin incision[14,15].

However, to date, no general agreement exists 
regarding guidelines for the dose and duration of anti
microbial prophylaxis administration, and, particularly, 
the level of vancomycin to reach and maintain during the 
surgical procedure for effective antimicrobial prophylaxis. 
Moreover, whether or not suboptimal intraoperative 
vancomycin levels are a cause of postoperative SSIs is 
still controversial. Studies have suggested that vancom
ycin operates in a concentration-independent fashion 

Table 3  Risk factors for vancomycin levels under 10 mg/L - univariate binary logistic model

Table 2  Pharmacokinetic comparison between patients with at least 1 serum sample with a vancomycin concentration <10 mg/L (in 
the left column) and patients without serum samples with a vancomycin concentration <10 mg/L (in the right column)

Vancomycin levels < 10 mg/L (n  = 114) Vancomycin levels ≥ 10 mg/L (n  = 122)  P -value

Cmax (mg/L)   33.2 (6.2-122.0)     57.9 (14.6-210.0) <0.001
AUC (mg*h/L)   119.2 (28.3-247.7)   191.7 (95.8-467.8) <0.001
t1/2 (h) 3.9 (1.6-9.2) 4.0 (1.3-9.8)   0.437
CL (L/h)   8.4 (4.0-35.3)   5.2 (2.1-10.4) <0.001
Vd (L)     47.2 (16.5-195.2)   29.8 (12.4-63.3) <0.001

AUC: Area under the curve; CL: Total body clearance; Cmax: Maximum concentration; t½: Elimination half-life; Vd: Volume of distribution.

OR 95%CI P -value

CPB (off-pump vs on-pump)   0.51 0.20-1.30 0.156
Vancomycin infusion (stopped vs non-stopped) 0.6 0.17-2.10 0.421
Age at surgery (> 70 yr vs ≤ 70 yr)   0.54 0.32-0.92 0.021
Gender (Female vs male)   0.44 0.26-0.76 0.003
BMI (> 25 vs ≤ 25) 2.3 1.36-3.88 0.002
Fluid balance (> 2000 mL vs ≤ 2000 mL)   1.44 0.86-2.41 0.163
CrCl (> 70 mL/min vs ≤ 70 mL/min)   2.56 1.51-4.34                <0.001
Vancomycin dosage (> 15 mg/kg vs ≤ 15 mg/kg)   0.38 0.21-0.66 0.001
Vancomycin infusion duration 0.237
   50-59 min vs < 50 min 0.5 0.21-1.21 0.123
   60 min vs < 50 min   0.63 0.28-1.42 0.26
   61-70 min vs < 50 min   0.48 0.14-1.69 0.254
   > 70 min vs < 50 min 1.2 0.44-3.31 0.719

BMI: Body mass index; CPB: Cardiopulmonary bypass; CrCl: Creatinine clearance.

Table 4  Risk factors for vancomycin levels under 10 mg/L - multivariate binary logistic model

OR 95%CI P -value

Age at surgery (>70 yr vs ≤ 70 yr) 0.69 0.36-1.28 0.245
Gender (Female vs male) 0.54 0.30-0.97 0.039
BMI (> 25 vs ≤ 25) 1.99 1.15-3.45 0.015
CrCl (> 70 mL/min vs ≤ 70 mL/min) 1.92 1.09-3.40 0.024
Vancomycin dosage (>15 mg/kg vs ≤ 15 mg/kg) 0.75 0.36-1.57 0.451

BMI: Body mass index; CrCl: Creatinine clearance.
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In conclusion, evidence in the literature suggests 
that the exposure to low vancomycin levels should be 
considered a risk factor in the selection of MRSA strains 
with vancomycin-resistant characteristics. The present 
study on vancomycin PK in cardiac surgery patients 
has reported an incidence of intraoperative potentially 
suboptimal concentrations of vancomycin in almost 
50% of patients. Our data analysis shows that female 
gender, BMI higher than 25, and creatinine clearance 
above 70 mL/min were risk factors for potentially 
suboptimal concentrations of vancomycin. Overall, 
these findings call attention to the risk of potentially 
suboptimal serum concentrations of vancomycin during 
cardiac surgery. However, further studies are needed to 
better define the threshold level of serum intraoperative 
vancomycin concentration associated with the risk for 
the emergence of vancomycin resistance.

ARTICLE HIGHLIGHTS
Research background
Based on evidence suggesting that Staphylococcus aureus exposure to low 
vancomycin concentrations can produce vancomycin-resistant strains, it is 
recommended that trough therapeutic serum concentrations of vancomycin are 
maintained above 10 mg/L.

Research motivation
There are no recommendations in the literature indicating target vancomycin 
concentrations to maintain intraoperatively for effective antimicrobial 
prophylaxis.

Research objectives
The aim of this prospective study was to evaluate the incidence and risk factors 
for vancomycin concentrations under 10 mg/L in adult patients undergoing 
cardiac surgery.

Research methods
In this study, the frequency of suboptimal vancomycin levels intraoperatively 
was investigated in samples collected from cardiac surgery patients receiving a 
single 1000 mg vancomycin dose.

Research results
We found an incidence of intraoperative potentially suboptimal concentrations 
of vancomycin in almost 50% of these patients. The multivariate analysis 
identified female gender, body mass index > 25, and creatinine clearance 
above 70 mL/min as risk factors for vancomycin levels less than 10 mg/L.

Research conclusions
Although we arbitrarily considered vancomycin levels of 10 mg/L as a cut-off, 
the findings of our study are interesting because they suggest a high incidence 
of potentially suboptimal serum concentrations in the case of antimicrobial 
prophylaxis.

Research perspectives
Further studies will be necessary to define the cut-off of intraoperative 
vancomycin levels representing the optimal concentration of vancomycin for 
appropriate antimicrobial prophylaxis in patients undergoing cardiac surgery.

ACKNOWLEDGEMENTS
We thank Roberto Passera, PharmD, PhD, biomedical 
statistician at the Nuclear Medicine Unit, Molinette 

vitro study the minimal inhibitory concentration (MIC) 
increased from 1 to 8 mg/L. Tsuji et al[25] evaluated 
Staphylococcus aureus accessory gene regulator 
groups Ⅰ - Ⅳ exposed both to suboptimal and optimal 
vancomycin doses (1.5-10 mg/L) and reported that 
exposure to low vancomycin doses produced increases 
in the MIC to that of the VISA range.

In the present study, 114 out of 236 patients were 
found to have at least 1 value of vancomycin level 
lower than 10 mg/L between the Cmax time and Cclose 
time. The relatively small sample size and the low 
incidence of SSIs in this surgical population (1.3%, 3 
out of 236 cases) make it difficult to obtain a significant 
relationship between vancomycin concentrations during 
surgery and the incidence of SSIs. However, this finding 
may be considered an indicator of the risk of selection of 
MRSA strains with vancomycin-resistant characteristics.

The multivariate analysis showed that female 
gender, BMI higher than 25, and creatinine clearance 
above 70 mL/min were risk factors for potentially 
suboptimal vancomycin concentrations. Regarding 
the BMI as a risk factor, our results are in line with 
other reports that highlight the efficacy of weight-
based vancomycin dosing[26,27]. Recently, the European 
Medicines Agency claimed that the starting dose of 
vancomycin by infusion should be calculated according 
to the age and weight of the patient[28].

Strengths and limitations of the study
The study has many important characteristics. First of 
all, the results were obtained through a clinical trial and 
not from an analysis of a registry or database. Second, it 
was a prospective study. Third, only patients undergoing 
cardiac surgery were included. Fourth, information 
regarding antibiotic timing was gathered in “real-time” 
in the operating theater and not from the patient chart. 
Finally, the same protocol of antimicrobial prophylaxis 
was administered to all patients. Moreover, to the best 
of our knowledge, this is the first study investigating 
the incidence and risk factors for potentially suboptimal 
serum concentrations of vancomycin during cardiac 
surgery with such a large number of measured serum 
vancomycin concentrations (i.e., 1682).

This study has some limitations. First, no statistical 
analysis was performed on the number of patients 
enrolled since the study was planned by our statistician 
to be continuous over 12 mo. Second, it was a single-
center trial. Third, we considered vancomycin levels of 
10 mg/L as an arbitrary cut-off for potentially subop
timal serum concentrations when an antimicrobial 
prophylaxis has been administered, referring to the level 
reported in the literature in the case of antimicrobial 
therapy. Finally, a larger study should be carried out 
to investigate clinical variables; indeed, the number of 
subjects was appropriate for a pharmacokinetic study 
but insufficient to find statistically significant differences 
in the SSI rate between patient groups with vancomycin 
levels above or under 10 mg/L.
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