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Abstract 

Background: Infective endocarditis (IE) is a relatively rare disease but with significant rates of morbidity and mortality. Vancomycin and 
teicoplanin are bacteriostatic glycopeptide antibiotics used for the treatment of methicillin-resistant Staphylococcus aureus (MRSA) 
infections.     
Objectives: The current study aimed to compare the efficacy and adverse effects of vancomycin and teicoplanin in the treatment of 
patients with MRSA-IE. 
Methods: This parallel, randomized, and controlled trial study was carried out on the efficacy and safety of teicoplanin versus vancomycin 
in the treatment of MRSA endocarditis within August 2012 and April 2017. The present study recruited adult patients with a definite or 
possible diagnosis of IE based on the Modified Duke Criteria. Vancomycin was intravenously administered at a dose of 30 mg/kg/day in 
two doses. Teicoplanin was administered at a loading dose of 6-12 mg/kg every 12 h in four doses and then continued once a day. 
Results: Out of 86 patients with suspected IE, 66 patients were randomly assigned to the vancomycin (n=33) and teicoplanin (n=33) 
groups. The mean age values of the study subjects were 41±11.8 and 39±13.1 years in the vancomycin and teicoplanin groups, 
respectively. In addition, 27 patients (81.8%) in the vancomycin group met the criteria for microbiological cure, compared to 25 subjects 
(89.3%) in the teicoplanin group. In this regard, the observed difference was not statistically significant (P=0.41). Overall, the patients in 
the vancomycin group experienced more adverse events in comparison to those of the teicoplanin group (P=0.04). The rate of acute 
kidney injury over time, especially in the first week of therapy, was higher in the vancomycin group than that reported for the teicoplanin 
group (P=0.05). 
Conclusion: It was concluded that the administration of vancomycin or teicoplanin does not significantly change the outcome of patients 
undergoing empirical treatment for MRSA-IE. 
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1. Background 

Infective endocarditis (IE) is a relatively rare 
disease but with significant rates of morbidity and 
mortality. In 2010, IE caused more than 1.5 million 
disability-adjusted life years globally (1). The 
epidemiology of IE is variable both in terms of 
incidence and causative agents. A 2013 systematic 
review of studies mainly on industrialized countries 
demonstrated a trend toward staphylococci (mainly 
Staphylococcus aureus) in comparison to streptococci 
(mainly Streptococcus viridans) as the predominant 
causative agent of IE in recent decades (2). A similar 
trend has been observed in Iran, which might be 
attributed to an increase in intravenous drug abusers 
(3,4).  

Although the data regarding the prevalence of 
identified organisms involved in IE differ, S. aureus is 

considered a major agent and in many studies 
recognized to be the most prevalent (2,4-7). In-
hospital mortality is reported within the range of 14-
24% (6-11), and 1-year mortality is as high as 50% 
(12). Furthermore, IE due to S. aureus infection is 
associated with an increased rate of mortality (7,13). 
Methicillin-resistant Staphylococcus aureus (MRSA) is 
becoming a more frequent subgroup of S. aureus 
endocarditis worldwide and is associated with 
persistent bacteremia (14).  

The goal of IE treatment is to eradicate the foci of 
infection, including antimicrobial therapy with or 
without surgery. The treatment is usually initiated 
empirically immediately after obtaining blood 
samples and tailored to the identified organism after 
receiving culture and antimicrobial susceptibility 
results (15). The decision on the selection of an 
empirical therapy regimen is diverse based on the 
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patient characteristics, such as age, intravenous drug 
abuse, presence of prosthetic heart valve, prior 
antimicrobial therapy, and comorbidities (15). 

 

2. Objectives 

Vancomycin and teicoplanin are bacteriostatic 
glycopeptide antibiotics used for the treatment of 
MRSA infections, including MRSA-IE, and patients 
allergic to penicillin who are infected with 
methicillin-sensitive S. aureus. Teicoplanin, which is 
not available in the United States, has been shown to 
have similar efficacy in comparison to vancomycin in 
the treatment of MRSA infections, but with fewer side 
effects, including nephrotoxicity, skin rash, and red 
man syndrome (16,17). However, to the best of our 
knowledge, a limited number of studies were carried 
out on the comparison between these two drugs in 
MRSA-IE patients (18). Therefore, the current study 
aimed to compare the efficacy and adverse effects of 
vancomycin and teicoplanin in the treatment of 
patients with MRSA-IE. 

 

3. Methods 

3.1. Study design 
This parallel, randomized, controlled trial study 

was carried out on the efficacy and safety of 
teicoplanin versus vancomycin in the treatment of 
MRSA endocarditis within August 2012 to April 
2017. The current study was conducted by a multi-
disciplinary team consisting of intensivists, 
cardiologists, internists, and infectious disease 
specialists of Masih Daneshvari Hospital in Tehran, 
Iran. The study protocol was approved by the 
Research Ethics Committee of Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. The 
trial was registered at the Iranian Registry of 
Clinical Trials (IRCT2016022220592N4). 

 
3.2. Study population 

The present study recruited adult patients with a 
definite or possible diagnosis of IE based on the 
Modified Duke Criteria (19). The participants were 
patients referred from other hospitals, admitted to 
the general and surgical wards or intensive care unit 
of the hospital for other reasons, and admitted to the 
emergency department of the hospital. In addition, 
patients in whom further workup ruled out the 
diagnosis of IE, whose blood culture revealed 
organisms other than MRSA, and with known allergy 
to either of the study drugs were excluded from the 
study. Patients with confirmed endocarditis, over the 
age of 65 years, and acute kidney injury (AKI) at 
presentation were also excluded and received 
linezolid as the main antimicrobial regimen.   

The study subjects were provided with accurate 
information about the study protocol. Then, informed 
written consent was obtained from the patients. After 

a complete physical examination, comprehensive 
laboratory tests were performed, and blood cultures 
were drawn. Antibiotic susceptibility testing was 
performed for all the cultures. All the patients 
underwent transthoracic echocardiography, carried 
out by experienced cardiologists. Transesophageal 
echocardiography was performed when indicated.  

 
3.3. Study interventions 

The eligible patients were randomly assigned to 
receive either teicoplanin or vancomycin.  

 
3.4. Randomization and masking 

A central computer-generated random number 
list was used to allocate the patients (1:1) to the 
treatment with teicoplanin or vancomycin. The 
allocation was concealed in sealed numbered 
envelopes that were opened by a nurse before the 
initiation of therapy. The participants, study 
investigators, research coordinators, outcome 
assessors, and data analysts were blinded to the 
treatment allocation. The nurses and attending 
physicians providing care to the patients who were 
not blinded; however, they had no access to study 
data and results.  

Vancomycin was intravenously administered at a 
dose of 30 mg/kg/day in two doses. Teicoplanin was 
administered at a loading dose of 6-12 mg/kg every 
12 h in four doses and then continued once a day. For 
the patients with prosthetic valves, combined 
antibiotic treatment with intravenous rifampin (1200 
mg/day in two doses for at least 6 weeks) and 
intravenous gentamicin (3 mg/kg/day in two doses 
for 2 weeks) was administered. The treatment was 
continued for at least 6 weeks or until the clinical and 
laboratory parameters of infection returned to 
normal and there was no sign of vegetation on follow-
up echocardiography. 

Antibiotics were intravenously administered in 
the hospital. Monitoring of the serum levels of 
vancomycin was not possible as a result of 
international sanctions against Iran, including no 
access to laboratory kits. According to the guidelines 
of the American Heart Association and European 
Society of Cardiology, the patients with uncontrolled 
infection, heart failure, and susceptibility to embolic 
events underwent surgical intervention (15,20). 

 
3.5. Outcomes 

The primary outcomes were microbiological cure 
defined as a negative blood culture which was 
previously positive and clinical cure defined as a 
significant improvement of signs and symptoms by 
the end of treatment. The secondary outcomes 
included the modification of treatment, length of 
hospital stay, adverse events (including AKI, rash, 
and thrombocytopenia), and mortality. Renal failure 
is defined using the Acute Kidney Injury Network 
criteria (i.e., an elevation of at least 0.3 mg/dL in the 
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baseline levels of creatinine, a 50% increase in two 
different measurements, or a urine output of lower 
than 0.5 mL/kg/h for over 6 h) (21). 
Thrombocytopenia is defined as a platelet count 
below the lower limit of normal (<150,000/μL) or 
25% reduction from the baseline count.  

 

4. Results 

Out of 86 patients screened with suspected IE, 66 
subjects were randomly assigned to the vancomycin 
(n=33) and teicoplanin (n=33) groups. Five patients 
from the teicoplanin group were lost to follow-up 
since they were voluntarily transferred to other 
hospitals. The recruitment and study design is shown 
in a flowchart (Figure 1). The modification of the 
treatment was also carried out as vancomycin was 
switched to linezolid in cases of stage II and III of AKI 
(n=2), rash (n=5), and thrombocytopenia (n=3). In 
the teicoplanin group, the dose of the antibiotic was 
adjusted after the occurrence of any stages of AKI (in 
all eight patients developing AKI). Five participants in 
the teicoplanin group were voluntarily opted out of 
the study, which was not related to the interventions. 

 
4.1. Baseline characteristics 

Table 1 tabulates the baseline demographics and 

clinical characteristics of the study subjects. In 
general, the baseline characteristics of the patients 
were compared between the two groups. Overall, 
the majority (59.0%) of the patients were male in 
this study. The mean age values of the study 
participants were 41±11.8 and 39±13.1 years in the 
vancomycin and teicoplanin groups, respectively. In 
addition, congenital heart diseases, acquired 
valvular diseases, and prosthetic heart valves were 
observed in 8 (13.1%), 15 (24.6%), and 7 (11.5%) 
patients, respectively. Furthermore, 15 patients 
(24.6%) were intravenous drug users, and 3 
patients (4.9%) were human immunodeficiency 
virus (HIV) positive.  

 
4.2. Outcomes 

In this study, 27 patients (81.8%) in the 
vancomycin group met the criteria for 
microbiological cure, compared to 25 subjects 
(89.3%) in the teicoplanin group. In this regard, the 
observed difference was not statistically significant 
(P=0.41). Moreover, 26 (78.8%) and 23 (82.1%) 
patients in the vancomycin and teicoplanin groups 
achieved clinical cure, respectively (P=0.97).  

 
4.3. Surgery 

In the vancomycin group, 10 patients (30.3%)  
 

 

 
 

Figure 1. Consort flowchart of patient selection process 
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Table 1. Basic characteristics of the patients in two study groups 

Variable Vancomycin group (n=33) 
Teicoplanin group 

(n=28) 
P-value 

Age (year) 41±11.8 39±13.1 0.72 
Male 20 (60.6) 16 (57.1) 0.45 
Diabetes mellitus 4 (12.1) 3 (10.7) 0.72 
Hypertension 6 (18.2) 4 (14.3) 0.77 
Malignancy  2 (6.1) 2 (7.1) 0.53 
Coronary artery disease 3 (9.1) 2 (7.1) 0.53 
Congestive heart failure 2 (6.0) 1 (3.5) 0.41 
Congenital valvular disease 4 (12.1) 4 (14.3) 0.59 
Acquired valvular disease 8 (24.2) 7 (25.0) 0.61 
Prosthetic valve 4 (12.1) 3 (10.7) 0.54 
Cardiac pacemaker  2 (6.1) 1 (3.6) 0.23 
Short-term catheter  3 (9.1) 1 (3.6) 0.77 
Chronic central catheter 1 (3.0) 1 (3.6) 0.45 
Intravenous drug user 8 (24.2) 7 (25.0) 0.44 
Single valve involvement 22 (66.7) 19 (67.9) 0.66 
Multiple valve involvement 11 (33.3) 9 (32.1) 0.76 
Involved valve  
   Tricuspid valve      
   Mitral valve 
   Pulmonary valve 

 
19 (57.6) 
14 (42.4) 
6 (18.2) 

 
15 (53.6) 
12 (42.9) 
4 (14.3) 

 
0.56 
0.63 
0.73 

APACHE II score 9.10±3.2 11.21±4.9 0.11 
Sequential organ failure assessment 6.46±4.1 6.33±3.9 0.45 

            Values shown as number (%) unless otherwise specified 

 
underwent surgery. Moreover, three patients (9.1%) 
had a surgical valve repair or replacement as a result 
of uncontrolled infection, and seven subjects (20.2%) 
experienced heart failure and required surgical 
intervention in the vancomycin group. In the 
teicoplanin group, eight subjects (28.5%) underwent 
surgery. In addition, two patients (6.1%) had surgical 
interventions due to uncontrolled infection, and six 
participants (18.2%) underwent surgery due to heart 
failure in the teicoplanin group. The rate of surgical 
interventions was not statistically different between 
the two groups (P=0.98). 

 
4.4. Total adverse events 

Table 2 tabulates the total adverse events in this 
study. Overall, the patients in the vancomycin group 
experienced more adverse events, compared to the 
subjects in the teicoplanin group (P=0.04). 

4.5. Acute kidney injury rate and creatinine changes 
In this study, 12 (36.4%) and 8 (28.6%) patients 

in the vancomycin and teicoplanin groups developed 
AKI, respectively (Table 2). In this regard, the 
difference was not statistically significant in the 
baseline (P=0.51). However, the AKI rates over time, 
especially in the first and second weeks of therapy, 
were significantly higher in the vancomycin group 
than those reported for the teicoplanin group 
(P<0.05; Figure 2). Figure 3 illustrates the changes in  
 

Table 2. Adverse effects in two study groups 

 Vancomycin 
n (%) 

Teicoplanin 
n (%) 

P-value 

Acute kidney injury 12 (36.4) 8 (28.6) 0.51 
Rash 4 (12.1) 0 (0.0) 0.11 
Red man syndrome 1 (3.0) 0 (0.0) 0.99 
Thrombocytopenia 3 (9.1) 1 (3.6) 0.61 
Total adverse effects 20 (60.6) 9 (32.2) 0.04* 

*Significance level of 0.05 

 
 

 
 

Figure 2. Changes in acute kidney injury rates during 4 weeks in two groups 
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Figure 3. Changes in creatinine levels of patients with acute kidney injury 

 
the creatinine levels of these patients. Most AKIs in 
both groups occurred in the first week of therapy.  

Six patients in the vancomycin group required 
dialysis. Moreover, two and four patients underwent 
Continuous Renal Replacement Therapy (CRRT) and 
conventional hemodialysis in the vancomycin group, 
respectively. Four participants in the teicoplanin 
group required dialysis. Furthermore, one and three 
patients in the teicoplanin group underwent CRRT 
and conventional hemodialysis, respectively. The use 
of dialysis was not different between the two groups 
(P=0.88). In the patients with AKI in the vancomycin 
group, the antibiotic regimen was changed to 
teicoplanin (creatinine values in Figure 2 after index 
event are obtained during antibiotic therapy with 
teicoplanin).  

 
4.6. Rash 

In the vancomycin group, four patients developed 
a cutaneous rash. None of these study subjects 
received rifampin. One patient experienced red man 
syndrome in the vancomycin group. The clinicians 
decided to switch the antibiotic regimen in these 
patients to teicoplanin. No rash was observed in the 
teicoplanin group. 

 
4.7. Thrombocytopenia 

Three patients (9%) in the vancomycin group and 
one subject (3.6%) in the teicoplanin group 
developed thrombocytopenia. None of the thrombo-
cytopenia cases were clinically significant, and none 
of them reached platelet counts below 50,000. The 
thrombocytopenic patients were closely monitored, 
and no modification was carried out in their 
antibiotic regimen.  

 
4.8. Mortality 

Seven patients (21.3%) died in the vancomycin 
group. The cause of mortality in the three subjects 
was AKI. One participant died due to thromboembolic 
complications. Moreover, one patient died due to 
 

 

 
 

Figure 4. Sequential organ failure assessment changes during 
4 weeks in two groups 

 
disseminated intravascular coagulation (DIC), and two 
patients died due to refractory sepsis. In the 
teicoplanin group, five patients (17.9%) died. The 
cause of mortality was AKI in two patients, 
thromboembolic complications in one participant, DIC 
in one case, and refractory sepsis in another subject. 
The overall rate of mortality was not statistically 
different between the two groups (P=0.74). 

 
4.9. SOFA 

There was no significant difference in the mean 
sequential organ failure assessment (SOFA) score of 
the two groups on admission (i.e., 6.33 and 6.46 in 
the teicoplanin and vancomycin groups, respectively 
[P=0.45]). Figure 4 depicts the SOFA trend in the 
subsequent weeks. At the end of the fourth week, the 
mean SOFA scores were 1.88 and 2.64 in the 
teicoplanin and vancomycin groups, respectively 
(P<0.05). 

 
5. Discussion 

As previously mentioned, the incidence of IE is 
rare; however, it is an important disease due to the 
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high rates of morbidity and mortality (1). In addition 
to industrialized countries, Staphylococcus aureus 
was more frequently reported than streptococcus 
viridans in Iran as the predominant agent in recent 
decades (2). The MRSA is becoming a more frequent 
subgroup of S. aureus endocarditis worldwide (14), 
and empiric antibiotic therapy is based on the patient 
characteristics, including age, intravenous drug 
abuse, presence of prosthetic heart valve, prior 
antimicrobial therapy, and comorbidities (15). 
Vancomycin and teicoplanin are bacteriostatic 
glycopeptide antibiotics used for the treatment of 
MRSA-IE. The current study compared the efficacy 
and adverse effects of vancomycin and teicoplanin in 
the treatment of patients with MRSA-IE. 

Lost to follow-up was reported in five cases (15%) 
in the teicoplanin group due to transferring to 
another hospital which did not significantly affect the 
results. The majority (59%) of the patients were male 
in this study. The mean age values of the patients 
were 41±11.8 and 39±13.1 years in the vancomycin 
and teicoplanin groups, respectively. Moreover, 8 
patients (13.1%) had congenital heart diseases, and 
15 participants (24.6%) had acquired valvular 
diseases. Furthermore, 7 subjects (11.5%) had 
prosthetic heart valves, and 15 participants (24.6%) 
were intravenous drug users. In addition, three 
patients (4.9%) were HIV positive.  

In this study, 27 (81.8%) and 25 (89.3%) patients 
in the vancomycin and teicoplanin groups met the 
criteria for microbiological cure, respectively. This 
difference was not statistically significant (P=0.41). 
This similarity in microbiological cure was in line 
with the findings of a study carried out by Jih-Hsin 
Huang and Ron-Bin Hsu (18) on the comparison of 
vancomycin and teicoplanin as anti-microbial agents 
for the treatment of MRSA-IE. In addition to this 
similarity, the majority of microbiological cure in 
both groups was significantly higher than that 
reported for the study by Jih-Hsin Huang and Ron-Bin 
Hsu. The antibiotic failure was reported in the 
aforementioned study with a higher rate in 
comparison to that of the current study which may be 
due to some factors, such as the severity of the 
disease, antibiotic resistance in each country, and 
antibiotic misuse in each state. 

In the vancomycin group, 10 patients (30.3%) 
underwent surgery, including 3 cases for a surgical 
valve repair or replacement as a result of 
uncontrolled infection and 7 subjects for surgical 
intervention as a treatment for IE induced heart 
failure. In the teicoplanin group, eight patients 
(28.5%) underwent surgery, including two cases for 
uncontrolled infection and six subjects for heart 
failure. The rate of surgical interventions was not 
statistically different between the two groups 
(P=0.98). This result was also in line with the findings 
of studies carried out by Jih-Hsin Huang and Ron-Bin 
Hsu (18) and Martí-Carvajal AJ et al. (22). 

Overall, the patients in the vancomycin group 
significantly experienced more adverse events, 
compared to the subjects of the teicoplanin group 
(P=0.04). This finding is in contrast to the results of a 
review study and meta-analysis conducted on 
vancomycin and teicoplanin by Martí-Carvajal AJ et 
al. (22). In other words, teicoplanin can be used as a 
reserve antibiotic for patients who have endocarditis 
and present with the adverse effects of vancomycin. 
This result is also confirmed by the findings of studies 
carried out by Cavalcanti AB et al. (16) and Svetitsky 
S (17). 

In this study, 12 (36.4%) and 8 (28.6%) patients 
in the vancomycin and teicoplanin groups developed 
AKI, respectively; however, the difference was not 
statistically significant (P=0.51). In the patients with 
AKI in the vancomycin group, the antibiotic regimen 
was changed to teicoplanin which is inconsistent 
with the data in a study by Svetitsky S et al. (17). It 
may be due to the dose adjustment and infusion over 
an hour after the antibiotic treatment in the present 
study. In the vancomycin group, four patients 
developed a cutaneous rash, and one subject 
experienced red man syndrome (switched to 
teicoplanin). No rash was observed in the teicoplanin 
group. These results are approximately in line with 
all the findings of studies carried out on rashes, such 
as studies by Cavalcanti AB et al. (16) and Svetitsky S 
et al. (17) 

Uncomplicated thrombocytopenia with platelet 
counts of more than 50,000 was reported in 9% and 
3.6% of the subjects in the vancomycin and 
teicoplanin groups, respectively. This adverse effect 
is also confirmed by the results of a study conducted 
by Martí-Carvajal AJ et al. (22). In the current study, 
mortality was reported in seven (21.3%) and five 
(17.9%) patients in the vancomycin and teicoplanin 
groups, respectively. The overall rate of mortality 
was not statistically different between the two groups 
(P=0.74). Martí-Carvajal AJ et al. (22) confirmed that 
the administration of either vancomycin or 
teicoplanin will not affect the mortality rate similar to 
other factors, such as quick sequential organ failure 
assessment score. 

 

6. Conclusion 

According to the results of the current study and 
similar studies, it can be concluded that the 
administration of vancomycin or teicoplanin does not 
significantly change the outcome of patients 
undergoing empirical treatment for MRSA-IE. This 
finding indicates that they are similar in clinical 
outcomes and mortalities despite some adverse 
effects, such as skin rashes; therefore, teicoplanin can 
be considered a treatment choice in infective 
endocarditis. The use of teicoplanin in AKI patients 
receiving vancomycin made teicoplanin a drug of 
choice in patients with acute renal failure or 
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creatinine rise. It is suggested to carry out further 
studies in this regard with a larger sample size.  
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