
 

 

 University of Groningen

Health-economics of interventions aimed at infectious diseases
de Vries, Robin

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2009

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
de Vries, R. (2009). Health-economics of interventions aimed at infectious diseases: dynamic modeling
inevitable for reliable decision making. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/2d662f58-8538-4613-b0ee-6735916649f5


  

 

Chapter 3

Skewed Distributions  
of Hospital Admissions  

Complicates Cost Analyses:  
Pitfalls in Judging Cost Reductions

Robin de Vries

Cornelis Boersma

Maarten J. Postma

Pharmaceutisch Weekblad 2006;4:137-139 [in Dutch]



 

 





     

During the Valsartan Heart  Failure Trial (Val-HeFT) study, the effect  of the angiotensin-II-

antagonist valsartan in addition to conventional therapy for heart failure was compared with 

placebo [1-3].  In total 5,010 patients were assigned to valsartan (n = 2,511) or placebo (n = 

2,499). Important outcomes of this study were summarised as follows:

i. no difference in mortality;

ii. a higher percentage of patients with heart failure-related hospitalisations for placebo-

treated groups during the study follow-up (p = 0.004);

iii. No decrease in quality of life for valsartan-treated patients versus a decrease in qual-

ity of life for placebo-treated patients (p = 0.005).

Subsequently, the next important step is to convert these clinical results into pharmacoeco-

nomic outcomes. For example: does ‘more patients without hospital admissions’ also mean 

that there is a decrease in total length of hospital stay or is this compensated by more ad-

missions per admitted patient and/or extended length of stay per hospital admission? Is a 

decrease in hospital admissions and/or length of stay automatically related to less health 

care costs?

 To answer similar questions, it is important to focus on the judgement of differences in 

health care resource use and costs between the intervention group and the reference group 

of such clinical trials.

Analysis

Figure 1 shows, by approximation, the frequency-distribution of the per patient number of 

heart failure related hospital admission days of valsartan-treated patients during the 23 months 

study follow-up of Val-HeFT. The placebo-treated group showed the same distributional 

shape. This shape is often seen in the analyses of health care resource use and costs assessed in 

clinical trials: the distribution is bimodal (two ‘peaks’) and  skewed (long ‘tail’ to the right). In 

a pharmacoeconomic analysis, the distribution of costs is often skewed due to low percentages 

of patients incurring relatively extremely high costs as a result of for example medical com-

plications, prolonged hospital stay or occurrence of  adverse/side effects [4]. In the example of 

the Val-HeFT study, the typical shape of the curve is on the one hand caused by an enormous 

group of patients without hospital admissions which means no length of stay (79%, n = 1,974), 

and on the other hand a separate distribution of the length of stay of patients who were hospi-

talised at least once, which results in the second ‘peak’. Obviously, the shape of the curve is 

anything but the shape of a normal distribution (‘Gauss-curve’).





 

 The mean length of hospital stay for patients in the valsartan and placebo group is esti-

mated at 3.5 and 4.8, respectively. How to judge this difference, given the typical shape of 

the distribution (bimodal and skewed)? Does there exist a significant difference between 

the means of both groups; in other words is the difference in mean length of hospital stay 

really relevant or is it caused by change? The t-test is the conventional statistical test for the 

comparison of two means. Therefore, this test was also used in the economic analysis for 

the Val-HeFT study for the United States (p < 0.001) [3]. Additionally, the t-test was also 

applied for the comparison of per patient costs  associated with hospital stay: US$1,588 

per patient versus US$2,010 per patient for valsartan and placebo, respectively (p = 0.005). 

Note that per patient hospital costs follow the same bimodal skewed distribution as the per 

patient length of stay (days of nursing care).  The use of the t-test on means  is based on the 

underlying assumptions that variances (variance is a measure of the spread of the distribu-

tion) are equal in both groups and that both means follow a normal distribution by approxi-

mation. As shown in figure 1, these assumptions do not hold true in this example.  

Figure 1. Distribution of the length of stay per patient in the valsartan group of the Val-HeFT study (note: 

y-axis is logarithmic) [3].





     

 According the central limit theorem, the means of both groups will by approximation 

be normally distributed in large studies such as the Val-HeFT study. Consequently, despite 

the non-normal distributed patient-level data, the t-test is probably appropriate in this case 

[5,6]. However, this probably does not hold true when performing sub-group analyses for 

much smaller number of patients. For example, such a sub-group analysis was conducted on 

the Val-HeFT data where only patients with NYHA-class IV heart failure (n = 97; 42 in the 

valsartan group and 55 in the placebo group) were included.

 The appropriateness of the t-test becomes questionable if the number of patients is small 

and the distribution of the costs is skewed. As a rule of thumb it is generally assumed that the 

t-test is appropriate if n > 30. However, it is known that this not always holds true for asym-

metric distributions which are typical for cost data [7]. Although the t-test is considered 

robust (i.e. small violations of the assumptions described above will not affect the outcomes 

considerable), it is impossible to indicate when exactly the results will become invalid [5,6].    

Alternative Tests

In literature, several methods have been recommended for analyzing skewed distributed 

data regarding health care resource use and costs. First, the (natural) logarithmic transforma-

tion has been described to overcome problems related to skewed distributions and unequal 

variances. By taking the (natural) logarithm of the individual observations, the sampling 

distribution could possibly better resemble a normal distribution. However, applying the 

t-test on log-transformed data entails another problem: instead of arithmetic means, geo-

metric means are compared. The geometric mean is the exponent of the mean of logarithmic 

transformed data (= e(mean log data)) and is mostly situated close to the median [5,6]. However, 

in pharmacoeconomics, we are mainly interested in the (arithmetic) means. After all, mean 

costs per patient multiplied with the number of patients finally determine the total costs of 

health care. 

 Non-parametric tests can also be considered for the comparison of health care resource 

use and costs. Such methods do not make assumptions on the underlying distribution. A 

well-known example is the Mann-Whitney-Wilcoxon-test [5]. The main disadvantage of 

non-parametric tests is that they compare the location of distributions rather than means 

[6]. Consequently, as matter of fact, medians are compared if the distribution is skewed [6]. 

Furthermore, several bootstrap-methods have been advocated for comparison of the mean 

costs of two different groups [4,8]. Bootstrap-methods are used to empirically estimate the 





 

sampling distribution [9]. Just as for the central limit theorem, the validity of these methods 

depends on the number of patients. Ergo, if the central limit theorem is not applicable due to 

small patient numbers, the bootstrap-method is not a good alternative.

 O’Hagan and Stevens[10] argue that often used methods based on the normal distribution or 

bootstrap-methods are generally incorrect in analysing skewed data on health care resource 

use and costs. They advocate for using appropriate parametric models. If the data on costs 

would for example follow a log-normal distribution, than not the sample mean but e(mean + 

variance/2) would be the best estimation of the population-mean. Parametric models/methods 

indeed result in the best estimations if the exact underlying distribution is known. However, 

these distributions are often unknown [5,6]. Moreover, within pharmacoeconomic analyses 

data concerning costs generally consist of different types of health care resource use (drugs, 

inpatient days, diagnostic procedures, etc.) all distributed differently. Accordingly, it is often 

impossible to analyze the distribution of the total costs using a parametric model.

 Briggs et al. [11] argue that, in general, it is unlikely that the use of study-means will 

result in invalid conclusions. Furthermore, they conclude that the use of parametric mod-

els only show added value in cases where sufficient data is available in order to estimate 

the actual distribution [11]. Finally, they showed that using the estimator described above  

(emean + variance/2)) can lead to highly misleading results if the actual distribution slightly differs 

from a log-normal distribution.

Recommendations

In conclusion, the t-test is generally a good starting point  for comparing means of health 

care resource use and costs in a clinical study. The use of parametric models is only pre-

ferred if the underlying distribution is exactly known or if the patient sample population 

is large enough to accurately estimate that distribution. However, one should be cautious 

when the patient populations are relatively small. Unfortunately, there are no real adequate 

alternatives of the t-test available in that case.  
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Abstract

Objective: The aim of this study was to estimate and compare the costs of vancomycin and 

teicoplanin in the treatment of Gram-positive hospital infections in Turkey using a cost-

minimisation analysis. 

Setting: Hacettepe University Hospital, Ankara, Turkey.

Method: The health-care provider’s perspective was considered within formal pharmaco-

economic assessment methodology. The records of 76 patients who had been hospitalised 

and treated for Gram-positive infections at Hacettepe University Hospital between 16 July 

2003 and 22 November 2003 were retrospectively evaluated to obtain individual data on 

resources and associated costs. 

Main outcome measure: From a cost minimisation perspective, hospital directors may con-

sider teicoplanin to be a relevant option in addition to vancomycin.

Result: The estimated mean treatment cost per patient was 1,780 TRY (1,101 EUR) for 

teicoplanin and 1,429 TRY (884 EUR) for vancomycin, with statistical analysis failing to re-

veal any significant difference between the two drugs in terms of these total costs (p=0.33). 

This cost minimization analysis shows that the average costs of vancomycin and teicoplanin 

per patient observed did not differ significantly.

Conclusion: Other potential advantages of one drug over the other, as reported by oth-

ers, such as differing safety profiles or advantages in administration, may ultimately decide 

which is preferred. 





     

Introduction

Glycopeptide antibiotics have long been considered the gold standard for the treatment of 

documented or suspected life-threatening, multiresistant, Gram-positive bacterial infections 

[1,2]. Vancomycin is the sole glycopeptide available in the USA, whereas teicoplanin is a 

widely available alternative in Europe [3]. 

 The aim of this study was to estimate and compare the costs of vancomycin and tei-

coplanin for the treatment of Gram-positive hospital infections using cost-minimization 

analysis of data obtained in an observational setting from a health-care provider’s per-

spective. Hospital data on patients who received teicoplanin or vancomycin for the treat-

ment of a Gram-positive bacterial infection in the Internal Medicine Wards at Hacettepe 

University Hospital (Ankara, Turkey) were used for this pharmacoeconomic analysis. 

The cost minimisation framework is motivated by assuming equal effectiveness of both 

drugs.

Background Information on Vancomycin vs Teicoplanin

As assessed in clinical trials, teicoplanin and vancomycin have similar clinical and bac-

teriological efficacy in the treatment of Gram-positive infections [4]. Pharmacologically, 

these glycopeptide antibiotics have comparable mechanisms of action on bacterial cell wall 

synthesis [5]. Yet vancomycin is poorly absorbed from the gastrointestinal tract, and should 

therefore not be given to patients orally. Moreover, intramuscular injection of vancomycin 

causes considerable local pain, and is not recommended [6,7]. Vancomycin has a low thera-

peutic index, and a risk of nephrotoxicity and ototoxicity that complicates the drug therapy 

and necessitates strict therapeutic drug monitoring. The most common method employed 

for the therapeutic monitoring of vancomycin has been to measure peak and trough levels 

at steady state and then individualise the dose pharmacokinetically to achieve target levels 

[6,8]. 

 Anaphylactoid reaction to vancomycin (red-neck/red-man syndrome) is the most com-

mon adverse effect [9]. In addition, chemical thrombophlebitis can occur in patients with 

peripheral venous cannulas [10]. 

 The advantage of the ease of administration and better overall tolerance, particularly with 

respect to administration-related adverse effects and renal toxicity [1,11], make teicoplanin 

a valuable alternative to vancomycin [12,13]. Furthermore, mainly as a result of prolonged 

elimination half-life, teicoplanin (approximately 47 h after therapeutic serum concentration 





 

is reached) allows for once daily dosing [14]. If teicoplanin is used at a standard dosage 

there is little indication to measure serum concentrations in non-severe infections, with the 

exception of a few particular patient groups, such as those with burns or intravenous drug 

users [15]. Dose-related nephrotoxicity, ototoxicity and the red-neck (red-man) syndrome 

appear to be much less of a problem than with vancomycin [4,16]. 

 Still, the acquisition costs of teicoplanin and vancomycin vary from country to country, 

vancomycin drug acquisition costs are generally less than those of teicoplanin because vanco-

mycin is available in a generic form. However, cost minimisation studies conducted in Europe 

have demonstrated that while the acquisition costs per dose of teicoplanin were approximately 

twice those of vancomycin, the total costs of a 2-week treatment with either agent were similar 

[17,18]. The objective of our current study was to reproduce such findings based on the data 

of observational retrospective patient files in an another local (Turkish) setting.

Patients and Methods

The records of patients who received either teicoplanin or vancomycin for the treatment 

of Gram-positive bacterial infections while hospitalised in the Internal Medicine Wards at 

Hacettepe University Hospital between 16 July 2003 and 22 November 2004 were reviewed 

retrospectively. For data collection purposes, an original patient record profile was made. In 

filling out these patient record profiles, patient records, patient receipts, on-line discharge 

cards concerning the hospitalisation dates and specific forms were used. The latter were spe-

cifically directed at monitoring vascular catheter infections and the empirical therapies initi-

ated in daily clinical practice. According to the information obtained during expert meetings 

with clinicians, we felt that we could validly assume that the choice for either one of the 

drugs was not directly related to patient characteristics that one would expect to highly influ-

ence the costs (patient severity, age etc.).

 Patients whose records could not be obtained, in particular, if patient profiles and hospital 

bills were not available, were excluded from the study.

Pharmacoeconomic Methodology

Vancomycin and teicoplanin were compared within a cost minimisation framework, where 

the difference between them is reduced to a comparison of costs. This cost minimisation de-

sign is justified by our plausible initial assumption, postulating the equal efficacy of the two 





     

drugs. The analysis was conducted from a health-care provider’s perspective, in particular 

that of the Department of Internal Medicine at Hacettepe University Hospital. The direct 

medical costs take into account were:

1. Drug costs: next to drug acquisition costs, the loading dose of teicoplanin was explic-

itly included in the analysis. 

2. Preparation and administration cost: the preparation and administration costs taken 

into consideration for both drugs were the specific infusion solution (for example, 

0.9% NaCl 100 ml PVC), the infusion system and the syringes used. The cost of nurs-

ing staff time was not included in the analysis. When teicoplanin was administered 

intramuscularly only the cost of syringe was included.

3. Drug monitoring costs: unlike teicoplanin, vancomycin requires serum level moni-

toring, and therefore the laboratory test costs and regular monitoring of serum levels 

were included. 

4. Costs of treatment of adverse effect: in particular, the costs of directly treating the 

adverse effect or of prophylaxis (for example, pheniramine to prevent allergic reac-

tions) were taken into consideration. 

5. Costs of treatment failure: in patients for whom treatment was discontinued due to an 

adverse effect, ineffectiveness of therapy or for any other reason, the costs associated 

with the next alternative drug used were attributed to the costs of the therapy with the 

initial drug of choice.

 The daily unit costs shown in Tables 1 and 2 were used to calculate the treatment costs 

for each patient. The drug price list valid from 9 September 2005 issued by the General Di-

rectorate of Pharmacy and Pharmaceuticals was used for calculating drug acquisition costs. 

Furthermore, the costs of hospital days during glycopeptide therapy were calculated using 

the Financial Year Budget Application Directive for 2005.

Data Evaluation

Study data were analysed using SPSS (ver. 11.0; SPSS, Chicago, IL, USA) statistical pack-

age and specific routines in R (ver. 2.5.0; R, Vienna, Austria) were used to fit probability 

distributions to data on length of stay and costs [19]. Categorical data were compared using 

the Chi-square test or Fisher’s exact test when the frequencies expected were very small, 

whereas the independent-sample t test was reserved for continuous data assuming normal 





 

distributions [20]. However, normality does obviously not always apply to continuous data; 

the distribution of costs and health care resources are often right-skewed. This occurs due to 

low percentages of patients with relatively extreme high costs (e.g. medical complications, 

prolonged hospital stay or the occurrence of side effects). Therefore, we explicitly modelled 

the distributional form of the costs and the length of stay [21]. In particular, we fitted distri-

butions of the family of the generalized F distribution, which comprises, for example, the 

lognormal distribution, but is broader thus allows more flexibility [22]. We used the Akaike 

Information Criterion (AIC = -2 × (maximum log likelihood) + 2k, where k is the number of 

model parameters) as a goodness-of-fit measure. We took into account the estimated param-

eters of the generalized F distribution combined with the values of the AIC to make infer-

ences on the distribution that fits the data best. Subsequently, a parametric regression model 

was used to estimate the effect of the different treatment groups on the outcomes (i.e. costs 

or length of stay). Finally, we used the moments of the best fitted distribution to estimate the 

expected value and the variance. 

Table 1. Unit costs for drugs and resources in Turkish liras (TRY)a and Euros (EUR).

    Unit costs

   TRY EUR

Trade name of drugs

   Vancomycin (generic 1) 500 mg i.v. vial 11.87 7.34

   Vancomycin (generic 2) 500 mg i.v. vial 11.60 7.18

   Teicoplanin 400 mg i.v./i.m. vial 81.41 50.37

   Pheniramine 2 ml 45.5 mg 5 ampule 0.51 0.32

Medical devices used during administration

   Serum 0.9% NaCl 100 ml PVC 2.28 1.41

   Intravenous infusion kite 0.57 0.35

   Syringe/injector 0.20 0.12

   Total administration cost per dose 3.05 1.89

Costs of drug monitoring

   Unit cost of drug monitoring for vancomycin 21.19 13.11
a Indicative exchange rates announced at 15:30 on 27 Januari 2006 by the Central Bank of Turkey (1 EUR 

= 1.6163 TRY).





     

Table 2. Specific daily costs of hospital room types in Turkish liras (TRY)a and Euros (EUR).

Room type  Daily costs

 TRY  EUR

Sterile room 118.64 73.40

Intensive care unit 88.98 55.05

Standard-care room a 8.31-26.69 5.14-16.51
a Exact costs vary depending on the specific class of the room.

Results

A total of 79 patients were treated for Gram-positive hospital infections. They were all 

treated with either vancomycin or teicoplanin. Three patients were excluded from the final 

analysis due to the lack of access to patient profiles, hospital bills and hospital discharge 

cards. Therefore, the number of patients included in this study was 76.

Patients’ Characteristics

Of the 76 patients, 43 (56.6%) were men and 33 (43.4%) were women. No significant differ-

ence was observed when patients in the vancomycin and teicoplanin groups were compared 

in terms of gender (p = 0.936). The patients were between 17 and 83 years of age, with a 

mean age of 48.72 ± 15.32 years. The median age was 50 for both the vancomycin and tei-

coplanin groups (p = 0.903). Patients’ characteristics are summarised in Table 3.

 Of the co-morbid diseases and conditions encountered among patients, haematological 

malignancies were foremost at 47.1%, followed by solid tumours and neurological disor-

ders at 10.6% each. In terms of indications for treatment, nearly half of the patients (48.7%) 

were given a glycopeptide for the treatment of catheter-associated infections, and 4 patients 

received treatment due to septicaemia. For both comorbidity ( 2  = 5.706, p = 0.68) and in-

dications ( 2  = 4.555, p = 0.473) no statistically significant differences were found between 

the two groups.





 

Table 3. Patients’ characteristics.

Vancomycin 

(n = 33)

Teicoplanin 

(n = 43)

Total 

(n = 76)

Age

   Average 48.97 ± 13.28 48.53 ± 16.87 48.72 ± 15.32

   Range 18-72 17-83 17-83

Gender

   Men/women 18/15 25/18 43/33

Baseline disease, n (%)

   Haematological malignancy 15 (44.1) 25 (49.0) 40 (47.1)

   Solid tumour 4 (11.8) 5 (9.8) 9 (10.6)

   Kidney disease 1 (2.9) 1 (2.0) 2 (2.4)

   Heart disease 2 (5.9) 3 (5.9) 5 (5.9)

   Lung disease - 2 (3.9) 2 (2.4)

   Diabetes mellitus 2 (5.9) 4 (7.8) 6 (7.1)

   Collagen tissue diseases and vasculitides - 2 (3.9) 2 (2.4)

   Neurological disorders 6 (17.7) 3 (5.9) 9 (10.6)

   Other 4 (11.8) 6 (11.8) 10 (11.8)

   Totala 34 (100) 51 (100) 85 (100)

Reason for treatment with a glycopeptide, n (%)

   Catheter-associated infection 15 (45.5) 22 (51.2) 37 (48.7)

   Abdominal infection 2 (6.1) 2 (4.7) 4 (5.3)

   Skin and soft tissue infection 10 (30.3) 12 (27.9) 22 (29.0)

   CNS infection 5 (15.2) 2 (4.7) 7 (9.2)

   Lung infection - 2 (4.7) 2 (2.6)

   Septicaemia 1 (3.0) 3 (7.0) 4 (5.3)

   Total 33 (100) 43 (100) 76 (100)
a Totals add up to more than the numbers of patients, as one patient may suffer from more than one baseline 

disease.

Clinical Drug Use

Teicoplanin was selected as first-line therapy in 43 patients (57%), whereas 33 patients 

(43%) received vancomycin as the initial drug of choice, 9 of whom were eventually 





     

switched to teicoplanin. Only 2 patients who were initially given teicoplanin were switched 

to vancomycin.  

 Local samples were taken from a total of 42 patients. Of these patients, 18 received tei-

coplanin and 24 received vancomycin as initial drug therapy. In 18 local samples bacterial 

growth was observed. No statistically significant difference was observed as a result of a 

Chi-square test between patients receiving teicoplanin and those receiving vancomycin in 

terms of bacteria reproduction in their local samples ( 2  = 1.946, p = 0.163). Also, blood 

samples were taken from a total of 48 patients. Of these patients, 26 received teicoplanin and 

22 received vancomycin as a first-line drug therapy. In 15 blood samples bacterial growth 

was observed. No significant difference was observed as a result of a Chi-square test be-

tween patients receiving teicoplanin and those receiving vancomycin in terms of bacteria 

reproduction in their blood samples ( 2  = 1.031, p = 0.310). The rest of the patients were 

given teicoplanin or vancomycin as empirical therapy.

 For all patients receiving vancomycin a standard dose of 1,000 mg twice daily was given. 

With teicoplanin, however, varying doses were employed, such as 400 mg once daily for 17 

patients (40%), 300 mg every 72 h for 1 patient, and 300 mg in every 48 h for 1 patient. In 

2 patients, teicoplanin was given intramuscularly, while for the remaining patients intrave-

nous infusion was preferred.

 A single loading dose was only applied in 13 patients out of 43 who had received teico-

planin as first-line drug therapy (30%). The loading dose was 800 mg for 5 patients and 700 

mg for 3 patients. One patient each received either 1,000 mg, 950 mg, 840 mg, 720 mg or 

600 mg. Similarly, of the 9 patients who were switched to teicoplanin after initially receiv-

ing vancomycin, 3 (33%) had received loading dosages, 600 mg in 2 patients and 1000 mg 

in one patient.

 Five of the patients who were given vancomycin as first-line therapy underwent drug 

monitoring tests, once in 3 patients, twice in 1 patient and four tests in 1 patient. Therefore, 

the total number of drug monitoring tests taken into account calculating the costs was 9. 

 A total of 9 adverse drug reactions (ADRs) developed in 8 of the 76 patients (10.5%) who 

had received vancomycin and/or teicoplanin. The total number of  ADRs encountered dur-

ing teicoplanin use is only 2 (clouded consciousness in 1 patient and an increase in the cre-

atinine level plus tremor), whereas of the 9 ADRs, 7 were due to vancomycin use (red-neck/

man syndrome, drug eruption, an increase in the creatinine level + tremor in only 1 patient 

each, and skin eruption and increase in creatinine level in 4 patients). 





 

Length of Hospital Stay 

Overall, the patients’ length of hospital stay varied between 14 and 261 days. Patients’ days 

of hospitalisation during their glycopeptide antibiotic therapy varied between 1 and 55 

days. The distribution of the length of stay (on glycopeptide therapy) appeared to be clearly 

skewed to the right. Based on the estimated parameters of the generalized F distribution and 

the AIC, the log-normal and the generalised gamma distribution provided the best fit for the 

total length of stay and the length of stay on glycopeptide therapy respectively. The expected 

values and expected standard deviations are given in Table 4, which are the best estimates 

of the population mean and standard deviation. Using a parametric regression, no signifi-

cant differences were found between the vancomycin and teicoplanin groups with regard to 

the total length of stay (p = 0.93) and the number of days spent in hospital on glycopeptide 

therapy (p = 0.15) respectively. 

Table 4. Length of hospital stay for patients receiving glycopeptides.

First-line drug therapy  

Teicoplanin Vancomycin  p

Total length of staya

  EV ± SD 75.54 ± 59.33 68.34 ± 40.90 0.93

  Range 14-249 22-261 -

  Median 59 62 -

Length of stay on glycopeptide therapyb

  EV ± SD 12.75 ± 9.42 15.43 ± 15.97 0.15

  Range 2-37 1-55 -

  Median 13 13 -

SD = standard deviation; EV = expected value, based on the best fitting distribution.
a Lognormal distribution fitted best. 
b Generalised gamma distribution fitted best.

Costs

The results of statistical analyses comparing the total costs of vancomycin and teicoplanin 

when given as first-line drug therapy are summarised in Table 5. All the sample distribu-

tions of the different cost components are clearly right-skewed except for the distributions 





     

of the ADR costs and the monitoring costs. For the right-skewed data the log-normal or 

generalised gamma distribution provided the best fit based on the estimated parameters of 

the generalised F distribution and the AIC. As there were only 5 patients who generated 

monitoring costs and 2 patients who generated ADR costs, no formal statistical analyses 

were performed on those data. Figure 1 shows the histogram, and the fitted generalised 

gamma distribution, of the total costs for both groups. We note that the sum of the expected 

values of the separate cost categories does not fully correspond to the expected value of the 

total costs. Although the parametric distributions fit the data well, the discrepancies are due 

to the fact that the log-normal or generalised gamma distributions do not fit the data 100%.  

Table 5. Total costs of first-line glycopeptide therapy (vancomycin or teicoplanin).

  Costs Therapy  

Teicoplanin (n=43) Vancomycin (n=33)     p

Expected value SD Expected value SD

TRY EUR TRY TRY EUR TRY

Acquisition 

costsa

1138.24 704.23 1149.197 819.77 507.19 1009.34 <0,05

Administration 

costsa

51.55 31.90 57.89 187.31 115.89 112.47 <0,001

Monitoring 

costs

0.00 0.00 0.00 5.78 3.58 16.98 *

ADR  

costs

0.00 0.00 0.00 1.07 0.66 4.94 *

Hospitalization 

costsb

367.70 227.49 463.08 431.67 267.07 670.50 0.93

Total costsa 1780.28 1101.45 1259.853 1429.23 884.26 1362.97 0.33

* Excluded from statistical analyses, numbers for monitoring costs are averages taken from the sample data, 

whereas elsewhere expected values from fitted distributions are shown.
a Generalised gamma distribution fitted best
b Lognormal distribution fitted best





 

Fig. 1. Total costs observed and the fitted generalised gamma distributions.

 The acquisition cost of teicoplanin was found to be considerably higher than that of van-

comycin (p < 0.05), while on the other hand, the administration costs of vancomycin were 

higher than those of teicoplanin (p < 0.001). Furthermore, the difference between the total 

costs was not statistically significant (p = 0.33). Furthermore, the estimated mean treatment 

cost per patient was 1,780 TRY (1,101 EUR) for teicoplanin and 1,429 TRY (884 EUR) for 

vancomycin, with statistical analysis failing to reveal any significant difference between the 

two drugs in terms of these total costs (p = 0.33).

Discussion

The selection of the specific evaluation method for pharmacoeconomic analyses depends 

on the nature of outcomes and the context in which the choices need to be made [23]. As 

in several articles it is indicated that both vancomycin and teicoplanin have comparable ef-

fectiveness [4,24,25], we performed a cost minimisation analysis. 

 The retrospective nature of our study did not allow for any intervention in the physicians’ 

preference for drugs and therapy duration. However, the fact that 43 of the 76 patients 





     

included in the study received teicoplanin as the first-choice drug suggests a preference of 

physicians for teicoplanin over vancomycin. 

 The dosages of vancomycin/teicoplanin administered were similar to those suggested in 

the literature [14,26,27], according to which more ADRs are encountered during the use of 

vancomycin. In a meta-analysis conducted by Wood, it was emphasised that teicoplanin was 

tolerated better than vancomycin in terms of ADRs and nephrotoxicity [4]. Furthermore, in 

a study carried out by Codina et al. [28], it was found that ADRs due to vancomycin use 

(20.4%) were more frequent than those encountered with teicoplanin use (1.6%). Finally, we 

note that in contrast to vancomycin use, the red-neck (red-man) syndrome is not a significant 

problem during teicoplanin use [29]. In our study it was observed that more ADRs occurred 

when vancomycin was selected and used in patients. However, due to the low number of 

patients and ADRs in this study, it may be misleading to draw conclusions. The ADRs men-

tioned could be investigated in more detail in a larger patient group.  

 The average total therapy costs per patient were estimated at 1,780 TRY (1,101 EUR) and 

1,429 TRY (884 EUR) for patients who received teicoplanin and vancomycin as first-choice 

therapy respectively. This difference was not statistically significant. Although the acquisi-

tion costs of vancomycin were significantly lower than those of teicoplanin, the administra-

tion costs of vancomycin were significantly higher (p < 0.001). For patients who received 

vancomycin as first-line therapy, the drug administration costs contributed 13% to the total 

therapy cost. This rate was 3% in patients who were given teicoplanin. Furthermore, tei-

coplanin as first-line therapy does not require monitoring of serum levels of the drug. Our 

finding is also supported by another study carried out by Simoens et al. If vancomycin was 

preferred in the treatment of catheter-related infections, higher costs of laboratory tests as a 

result of more frequent monitoring of serum concentrations occurred [30]. 

 Previously conducted European pharmacoeconomic analyses have already demonstrated 

that 2-week courses of either glycopeptide (teicoplanin or vancomycin) have similar overall 

costs, when acquisition, preparation, administration, and monitoring costs are included [17]. A 

retrospective cost analysis study conducted by Bucaneve et al. showed that despite the higher 

acquisition cost of teicoplanin in comparison to vancomycin, the lower incidence of adverse 

effects associated with teicoplanin and its ease of administration (a single daily dose) resulted 

in equivalent overall treatment costs of teicoplanin and vancomycin-containing regimens [31]. 

Vazquez et al. [24] demonstrated that teicoplanin and vancomycin could be administered in 

neutropenic haematologic patients eventuating in similar efficacy and direct costs.  Further-

more, Menichetti compared the clinical and microbiological efficacy, cost per patient and 

tolerability of teicoplanin and vancomycin as empirical or second-line treatment for febrile 





 

neutropenic episodes in patients with haematological or solid malignancies. While in terms of 

efficacy and cost teicoplanin and vancomycin were found to be equivalent, teicoplanin was 

better tolerated and could be used effectively for out-patient treatment [25]. 

 In contrast, a cost minimization analysis study conducted by Abad et al. suggested that 

vancomycin was more efficient than teicoplanin for the treatment of infections caused by 

Gram-positive organisms in patients in Intensive Care Units, since the efficacy and the safe-

ty of vancomycin and teicoplanin seemed similar and the global treatment costs for vanco-

mycin were lower [32]. In the prospective cost analysis study conducted by Davey et al. the 

mean daily costs were estimated at £52.40 (approximately 65.36 EUR) for teicoplanin and 

£31.13 (approximately 38.84 EUR) for vancomycin. Use of a loading dose of teicoplanin 

significantly increased the mean daily drug costs if the duration of treatment was less than 

10 days. However, administration of teicoplanin via the intramuscular route would reduce 

the costs because i.v. cannulae would not be required [33]. Likewise, in a recent cost mi-

nimisation analysis conducted with a Delphi survey technique, the mean treatment costs 

amounted to 1,272 EUR with teicoplanin and 1,041 EUR with vancomycin. The findings 

do, however, indicate that the physicians administer higher loading doses of teicoplanin than 

recommended in the drug information leaflet [30]. 

 A study assessing the economic impact of vancomycin use versus teicoplanin use as an-

tibiotic prophylaxis for patients undergoing surgery for valve replacement and coronary 

artery by-pass procedures conducted by Codina et al. indicated that teicoplanin is the pre-

ferred option if the drug is administered in surgical wards, while vancomycin is the least 

costly option when administered in medical wards [28].

 The outcomes of pharmacoeconomic evaluations may vary due to the specific design of 

each individual study and/or the perspective selected. However, we note that the results 

obtained in this study were generally comparable to those of most other country-specific 

studies that compared these glycopeptide antibiotics, i.e. the costs of vancomycin and tei-

coplanin treatment do not significantly differ in a situation where equal effectiveness is 

assumed. If this is the case, other potential advantages of teicoplanin over vancomycin as 

reported by others [1,4,11-13,16,28,29], such as differing safety profiles or advantages in 

administration, may ultimately decide which should preferred.

 Our retrospective approach should be considered with caution. Some bias may have been 

introduced, for example, if physicians considered the clinical information of the patient in 

the decision whether to choose one drug or the other. Further research should be directed 

towards prospectively designing this type of investigation and ideally randomised settings 

should be chosen.





     

Conclusion

This cost minimisation analysis shows that the average costs per patient observed did not 

differ significantly whether vancomycin or teicoplanin was used. However, from a cost 

minimisation perspective, hospital directors may consider teicoplanin as a relevant option 

in addition to vancomycin. Other potential advantages of teicoplanin over vancomycin as 

reported by others, such as differing safety profiles or advantages in administration, may 

ultimately decide which should be preferred. On the other hand, though, it seems that it is 

essential for decision-makers to estimate their own likely direct costs when making a deci-

sion on which antibiotic therapy to choose.

 By taking into consideration a number of similar studies that have been conducted in 

various settings, and the level of evidence of the relative contributions of acquisition and/

or monitoring costs in relation to these two antibiotics, there is a need to for a large and 

prospective randomised trial. 
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