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Summary 
This pilot prospective study verified the hypothesis that use  
of computer-assisted therapeutic drug monitoring of 
aminoglycosides by pharmacists leads to better safety 
therapeutic outcomes and cost avoidance than only concentration 
measurement and dose adjustments based on a physician’s 
experience. Two groups of patients were enrolled according to 
the technique of monitoring. Patients (Group 1, n=52) underwent 
monitoring by a pharmacist using pharmacokinetic software.  
In a control group (Group 2, n=11), plasma levels were 
measured but not interpreted by the pharmacist, only by 
physicians. No statistically significant differences were found 
between the groups in factors influenced by therapy. However, 
the results are not statistically significant but a comparison of the 
groups showed a clear trend towards safety and cost avoidance, 
thus supporting therapeutic drug monitoring. Safety limits were 
achieved in 76 % and 63 % of cases in Groups 1 and 2, 
respectively. More patients achieved both concentrations (peak 
and trough) with falling eGFR in Group 1. In present pilot study, 
the pharmacist improved the care of patients on aminoglycoside 
therapy. A larger study is needed to demonstrate statistically 
significantly improved safety and cost avoidance of 
aminoglycoside therapy monitoring by the pharmacist using 
pharmacokinetic software.  
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Introduction 
 

Monitoring of aminoglycoside (amikacin and 
gentamicin) therapy is essential to ensure optimal therapy 
and prevent their toxicity, in particular nephrotoxicity and 
ototoxicity. Based on literature data, nephrotoxicity 
occurs in 10-25 % of treated patients (Lerner et al. 1977). 
The recognized risk factors for nephrotoxicity include 
older age, preexisting renal failure, concomitant use of 
nephrotoxic drugs, therapy duration, and higher through 
levels as well as dehydration (Lopez-Novoa et al. 2011). 
Clinical manifestations of nephrotoxicity (Chvojka et al. 
2010) are reversible non-oliguric acute renal failure with 
a slow rise in serum creatinine levels becoming apparent 
within 7-14 days of aminoglycoside therapy initiation 
(Humes 1988). As for ototoxicity, its incidence depends 
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on therapy duration occurring as it does in 25 % of 
treated patients (Lerner et al. 1977); however, according 
to Alharazneh et al. (2011) the real incidence in clinical 
practice is underestimated. On the other hand, 
neuromuscular toxicity is an uncommon adverse effect of 
aminoglycoside therapy, and is potentiated by diseases 
such as myasthenia gravis, concomitant administration of 
muscle relaxants (Kohoutová et al. 2018) and 
hypocalcemia (Wieske et al. 2015).  

Aminoglycoside therapeutic drug monitoring 
(TDM) can be performed using several methods: trough 
level measurement only, peak and trough level 
measurement, use of nomograms, or Bayesian systems. 
Mere measurement of plasma aminoglycoside levels  
(as a key component of TDM) without adequate 
interpretation is insufficient. Interpretation of measured 
plasma drug levels by the clinical pharmacist or clinical 
pharmacologist allows to determine the optimal dosage 
and dosing intervals for each individual patient (Slanař 
and Perlík 2015). Numerous pharmacokinetic software 
applications have been developed for TDM, with all of 
them employing the Bayesian approach combining 
a population-based model with the current 
pharmacokinetic or physiological data of the individual 
patient (body height, body weight, serum creatinine, and 
age) to define the best dosing regimen. Crucial for use of 
pharmacokinetic software is very good knowledge of 
pharmacology and pharmacokinetics.  

Recently published TDM studies with 
aminoglycoside levels managed either by a clinical 
pharmacist or by a clinical pharmacologist showed 
reduced mortality rates, nephrotoxicity, length of hospital 
stay and confirmed cost-effectiveness of TDM for the 
health care system (Destache et al. 1990, Streetman et al. 
2001, van Lent-Evers et al. 1999). While several studies 
have documented the cost effectiveness of 
aminoglycoside TDM (Slaughter and Cappelletty 1998, 
Bond and Raehl 2005, Franson et al. 1988), little 
information is still available to quantify the impact of 
pharmacist-led TDM with pharmacokinetic software 
versus interpretation of drug levels by physicians based 
only on their experience (Lenert et al. 1992). Published 
reports suggest that peak therapeutic drug concentrations 
in blood are achieved in only 25-60 % of patients 
(Franson et al. 1988, Sveska et al. 1985). The ability of 
physicians to adjust the doses after reviewing the drug 
concentrations measured is poor. It was found that 
physicians failed to take action in at least 40 % of cases 
whereby the measured drug levels mandated a change in 

dosing (Arroyo et al. 1986, Anderson et al. 1976). 
The objective of this study was to verify the 

hypothesis that use of computer-assisted TDM of 
aminoglycosides by the pharmacist with experience in 
TDM leads to better therapeutic outcomes and cost 
avoidance compared with only measurement of levels and 
dose adjustments based on a physician’s experience. 
 
Methods 
 
Study design and study period 

This study was a pilot prospective study of TDM 
by a pharmacist conducted from March 2016 to January 
2017.  

 
Setting 

The study was conducted at the Prague-based 
Institute for Clinical and Experimental Medicine (IKEM), 
a highly specialized healthcare facility and research 
center in the Czech Republic with 315 beds. The Institute 
has an independent department of clinical pharmacy 
located within the compound. The clinical pharmacist 
interprets 80 % of the antibiotic (vancomycin, amikacin, 
gentamicin) levels measured at the hospital. Therapeutic 
drug monitoring involves estimation of the initial dosing 
regimen relative to the clinical condition and patient 
characteristics such as age, body weight, renal function, 
and concomitant drug therapy. The primary goal of TDM 
is to suggest proper medication and to optimize clinical 
outcomes of patients in various clinical conditions using 
appropriate levels of each drug. The interpretation of each 
individual physician is entered into the hospital 
information system. 

 
Patient selection 

Included in our study were all patients admitted 
to hospital between March 1, 2016 and January 31, 2017. 
The hospital information system was used to identify 
patients receiving amikacin or gentamicin therapy. Only 
patients older than 18 years were enrolled if they were 
receiving an aminoglycoside for the treatment of 
infection for at least five days. Patients were excluded if 
they were receiving the prophylactic amikacin or 
gentamicin, the expected therapy duration was less than 
five days, or were on peritoneal dialysis or hemodialysis 
(HD). We used the following medication administered as 
intravenous infusion (Amikacin B. Braun® 10 mg/ml 
infusion solution or Gentamicin Lek® 80 mg/2 ml 
infusion solution). All included patients were divided into 
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two groups: in Group 1, TDM was carried out with the 
clinical pharmacist interpreting all aminoglycoside levels 
measured whereas, in Group 2, aminoglycoside levels 
were also measured but interpreted by physicians. In 
Group 1, the clinical pharmacist provided interpretation 
of antibiotic levels using pharmacokinetic software 
MwPharm version 4.0 (MEDIWARE, Prague, Czech 
Republic). Nephrotoxicity, analyzed in both groups, was 
defined as an increase in serum creatinine levels by 
26.4 µmol/l (0.3 mg/dl), which is the first grade in the 
classification of acute kidney injury (AKI) based on 
creatinine concentration (Levi et al. 2013) or 50-100 % 
over baseline (creatinine levels on Day 1 of therapy) 
(Kahlmeter and Dahlager 1984). Chronic renal failure 
was defined as an estimated glomerular filtration rate 
(eGFR, CKD-EPI equation) below 60 ml/min (Levey  
et al. 2011). Serum creatinine levels were measured using 
an enzymatic spectrophotometric method (Roche 
Diagnostics GmbH instrument, Germany). Serum 
creatinine levels on Days 1 and 5 of therapy and the first 
and the last days of therapy were compared between both 
groups. Furthermore, the creatinine levels on Day 1 of 
therapy were compared with chronic creatinine levels 
determined before hospitalization. In addition, both 
groups were compared with respect to the duration of 
antibiotic therapy, total cumulative doses and cumulative 
doses to Day 5. These variables have been recently 
documented to correlate with aminoglycoside associated-
nephrotoxicity (Cimino et al. 1987, Mathews and Bailie 
1987, Avent et al. 2011). Therapy duration was defined 
as the time from Day 1 to the last day of aminoglycoside 
therapy. The half-life of aminoglycosides in renal cortex 
tissue is approximately 100 h, therefore repetitive dosing 
of aminoglycosides may result in renal accumulation and 
toxicity (Gonzalez and Spencer 1998). For this reason, 
we monitored the risk factors associated with 
aminoglycoside nephrotoxicity (for furosemide, 
vancomycin, angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, nonsteroidal anti-
inflammatory drugs, amphotericin, cyclosporine, 
tacrolimus, acyclovir, and iodine contrast media). 

 
Patients᾽ records 

The following clinical or demographic data were 
collected: age, sex, body weight, height, body mass index 
(BMI), serum creatinine levels before hospitalization on 
Days 1 and 5 and on the last day of therapy, therapy 
duration, pathogen, site of infection, minimal inhibitory 
concentration of the pathogen, diabetes mellitus in 

personal history and transplantation status. As for 
biochemical markers, the parameters we followed 
included liver enzymes, electrolytes (sodium, potassium, 
magnesium), acid-base status and serum albumin levels. 

  
Plasma antibiotic concentration analysis 

Plasma aminoglycoside concentrations were 
measured in both groups on Day 2 of therapy and on 
Day 5, if therapy lasted Day 10±2, Day 15±2, Day 20±2, 
Day 25±2. We analyzed the through concentrations 
before the second dose (minimal concentration) and the 
peak concentrations 30 min after the second dose. The 
real duration of infusion was recorded. We divided 
patients by estimated glomerular filtration rate (eGFR). 
We also recorded whether the target trough and/or  
peak concentrations had been achieved in eGFR 
measurements. Glomerular filtration rate was estimated 
using serum creatinine concentrations on Day 1 of 
therapy and the CKD-EPI equation. The therapeutic 
range is below 2 mg/l for safety and above 10 mg/l for 
efficacy for gentamicin and below 1 mg/l and above 
20 mg/l, respectively, for amikacin. 

 
Pharmacokinetic analysis 

In Group 1, pharmacokinetic analysis was 
carried out using the pharmacokinetic software with 
a two-compartment pharmacokinetic model. The serum 
antibiotic levels (trough and peak) as well as patients’ 
demographic data (age, sex, body weight and height) and 
serum creatinine levels were used for pharmacokinetic 
predictions. For their recommendations regarding 
optimization of aminoglycoside dosing, the pharmacist 
used not only pharmacokinetic software but, also, 
information about each patient’s clinical status as well as 
knowledge about pharmacokinetics and pharmacology. 
The recommendations included the dose, dosing interval 
and the date of measurement of levels of other drugs in 
each patient. Next, the pharmacist discussed their 
recommendations for order optimization with the 
prescribing physician. All recommendations were 
subsequently entered in the electronic request system. In 
Group 2, no pharmacokinetic analysis was undertaken, 
with physicians only measuring the drug levels to adjust 
the dose and dosing interval based on their experience. 

  
Cost avoidance analysis 

Cost avoidance was calculated as the difference 
between the net cost of HD of treatment of an adverse 
effect of therapy with aminoglycosides without 
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monitoring by the clinical pharmacist and costs to cover 
the clinical pharmacist service in 0.2 full-time equivalent 
(FTE). To calculate cost avoidance, we used retrospective 
data covering a 4-year period (2013-2016) in our  
hospital where 300 patients had been treated with  
an aminoglycoside, which showed that healthcare without 
TDM was associated with the following events: 

• In 7 patients, HD was required for nephrotoxic 
antibiotic therapy over the 4-year period –  
an average of 2 patients/year. Acute kidney 
injury causality was evaluated by a nephrologist. 

• In total, 29 HD sessions were performed –  
on average 4 HDs/patient. 
 

Statistical analysis 
The demographic and clinical data, and target 

levels achieved were analyzed using descriptive statistics 
and compared between the two patient groups. The 
variables (age, gender, serum creatinine levels, therapy 
duration, through concentrations, presence/absence of 
diabetes mellitus, status after transplantation, type of 
antibiotic, cumulative dose, kidney or liver failure, 
electrolyte levels, albumin levels and acid-base status) 
were selected on the basis of literature data for their 
impact on aminoglycoside-associated nephrotoxicity 
(Fernández de Gatta et al. 1996). Two-tailed t-tests were 
used for continuous variables. For dichotomous variables, 
Pearson’s chi-square test was used. Differences were 
considered significant at a level of p<0.05. 
 
Results 
 
Patient demographics and characteristics 

Overall, data of 63 patients were collected in the 
study. The patients enrolled were divided into two groups 
according to TDM. 

Group 1: patients in whom aminoglycoside 
therapy was monitored by a pharmacist and performed by 
TDM using a pharmacokinetic program. 

Group 2: patients in whom aminoglycoside 
therapy was not monitored by a pharmacist and the 
management of the treatment (dose regimen) was 
conducted exclusively by the attending physician. 

Group 1 included 52 patients and Group 2 
included 11 patients. Demographic characteristics of the 
study groups are shown in Table 1 and their clinical 
characteristics in Table 2. This study demonstrated  
no statistically significant differences in demographic 
data and clinical characteristics between Groups 1 and 2. 

The incidence of chronic renal failure was similar in both 
groups. Table 3 shows factors influenced by TDM carried 
out by the pharmacist or by physicians. No statistically 
significant differences in factors influenced by TDM such 
as serum creatinine levels on Day 5 or on the last day of 
therapy, cumulative dose and therapy duration as well as 
the number of drug level measurements, and % of target 
levels achieved were found between the groups. Trough 
concentrations were achieved in 76 % and 63 % of cases 
in Groups 1 and 2, respectively. Peak concentrations were 
achieved in 63 % of patients in Group 1 and 54 % of 
Group 2 patients. In Tables 4 and 5 is summarized the 
distribution eGFR trough and peak concentration  
in Groups 1 and 2. More patients achieved both 
concentrations (peak and trough) with falling eGFR in 
Group 1. 

 
Pharmacoeconomic analysis 

The pharmacist’s activity thus prevented on 
average 8 HD sessions in 2 patients during the pilot 
project. We assume that the number of exposed patients 
was consistent throughout the years (75 patients) and, 
also, that TDM was not performed by the pharmacist. 
Since the incidence of HD sessions averaged 2 patients 
per year, one can assume that the incidence of adverse 
effects of the selected aminoglycoside requiring dialysis 
was 2.7 % per patient/year (2/75). Based on current data, 
it can be supposed that the costs of 8 HD sessions 
(3491 CZK/1 HD) are 27 928 CZK/year (1110 EUR/year), 
i.e. 4200 EUR in total. The costs incurred by the 
pharmacist 0.2 full-time equivalent (FTE) per year are 
80 000 CZK (2962 EUR/year). The difference is negative 
(-1852 EUR/year). The costs of the pharmacist are higher 
than the net cost of HD. 

 
Discussion 
 

The present pilot study was conducted in our 
hospital to compare the effect of two different approaches 
to aminoglycoside therapy monitoring. Our objective was 
to obtain and report new data associated with TDM by 
the pharmacist to assess its impact on safety and cost 
avoidance. We compared our results with those of 
international centers. As per our study design, in Group 1, 
the pharmacist did TDM whereas, in Group 2, the 
physicians were responsible for plasma aminoglycoside 
level measurement and interpretation of the results without 
pharmacokinetic software. Based on the positive findings 
from previous studies (Destache et al. 1990, Touw et al.
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Table 1. Demographic data of patients enrolled in the study – continuous variables. 
 

Characteristics 

Mean in Group 1 
(therapeutic drug 
monitoring by a 

pharmacist) 
(52 patients) 

SD 

Mean in Group 2 
(therapeutic 

drug monitoring 
by physicians) 
(11 patients) 

SD p-value for t-test 

Age (years) 61.0 11 65.3 9 0.284 
Weight (kg) 84.6 23 83.6 12 0.892 
Height (cm) 172.1 13 177.5 9 0.201 
BMI (kg/m2) 30.1 19 26.5 3 0.545 
Albumin (g/l) 29.8 5 26.5 9 0.648 
Initial creatinine 
(µmol/l) before 
hospitalization 

90 34 83 203 0.442 

 
BMI – body mass index. 
 
 
Table 2. Clinical data of patients enrolled in the study – dichotomic variables. 
 

Parameter  
(number of patients) 

Group 1 
(52 patients) 

Group 2  
(11 patients) 

p-value for Chi-square 
test 

Gentamicin 28 (54 %) 8 (73 %) 0.250 
Gender (men) 41 (79 %) 8 (73 %) 0.657 
Nephrotoxic co-medication* 18 (35 %) 5 (45 %) 0.498 
Chronic renal failure** 17 (33 %) 4 (36 %) 0.814 
Liver failure*** 3 (6 %) 1 (9 %) 0.681 
Diabetes mellitus  24 (46 %) 5 (45 %) 0.966 
Electrolyte imbalance**** 0 0 ---- 
Status after transplantation  11 (21 %)  1 (9 %) 0.355 
Acid-base status  0 0 ---- 

 
*Tacrolimus, vancomycin, furosemide, angiotensin-converting enzyme inhibitors were potentially nephrotoxic co-medication in these 
patients. **Renal failure was determined by glomerular filtration rate below 60 ml/min. ***Liver failure was defined as liver enzymes 
elevated 3 times above ULN (upper normal value). ****Electrolyte imbalance was defined as sodium, potassium and magnesium 
imbalance. 
 
 
2005, van Lent-Evers et al. 1999, Pinilla et al. 1992) we 
believe that direct pharmacist involvement in TDM 
service may help to optimize dosing and timing of 
concentration measurement, which may translate into 
improved patient outcomes such as length of hospital 
stay, clinical cure and incidence of AKI. A total of 83 % 
of patients receiving aminoglycosides had pharmacist-led 
pharmacokinetic monitoring, indicating broad pharmacist 
supervision in our hospital versus 17 % of patients 
monitored only by physicians. No significant differences 
between the groups were found in any of the 
demographic characteristics (age, body weight, height, 
BMI) and two biochemical parameters (albumin levels, 

serum creatinine before hospitalization). Patients were 
middle-aged with normal BMI and serum creatinine 
levels. The proportion of men was higher in both groups. 
The number of potentially nephrotoxic co-medications 
(furosemide, vancomycin, angiotensin-converting 
enzyme inhibitors, angiotensin receptor blockers, 
nonsteroidal anti-inflammatory drugs, amphotericin, 
cyclosporine, tacrolimus, acyclovir, iodine contrast 
media) increasing aminoglycoside nephrotoxicity was the 
same between the groups, and none was at high risk of 
nephrotoxicity. In our study, amikacin and gentamicin 
were compared together because the TDM strategy is 
identical and both have a nephrotoxic potential. 
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Table 3. Parameters influenced by TDM by the pharmacist or by physicians. 
 

Parameter 
Mean in Group 1 

(52 patients) 
SD 

Mean in 
Group 2 

(11 patients) 
SD p-values 

Creatinine on Day 1 of therapy 103.7 54 156.6 145 0.308 
Creatinine on Day 5 of therapy 
(µmol/l) 

102.4 56 128.8 86 0.271 

Creatinine on last day of therapy 
(µmol/l) 

109.8 62 122.1 87 0.605 

Therapy duration (days) 10.5 6 10.2 5 0.885 
Cumulative dose after 5 days of 
therapy (mg) 

2641.9 1671 2595.5 3563 0.948 

Cumulative dose after whole 
therapy (mg) 

5659.12 5340 5581.1 3290 0.233 

Number of concentration 
measurements 

4.73 4 6.36 4 0.185 

Number of trough antibiotic 
concentrations achieved (%)* 

76  63  0.516 

Number of peak antibiotic 
concentrations achieved (%)* 

70  54  0.566 

 
*Not mean values. 
 
 
Table 4. Achievement (%) of trough and peak concentration in Group 1 by estimated glomerular filtration rate. 
 

eGFR (ml/min) 
Number (%)  
of patients 

Trough only (%) Peak only (%) Trough and peak (%) 

> 90 18 (35) 11 6 67 
90-61 14 (27) 14 7 71 
60-30 16 (31) 13 13 50 
< 29 4 (7) 25 - 50 

 
eGFR – estimated glomerular filtration rate. 
 
 
Table 5. Achievement (%) of trough and peak concentration in Group 2 by estimated glomerular filtration rate. 
 

eGFR (ml/min) Number (%) of patients Trough only (%) Trough and peak (%) 

> 90 3 (27.2) 33 67 
90-61 4 (36.4) - 50 
60-30 2 (18.2) - 50 
< 29 2 (18.2) 50 - 

 
eGFR – estimated glomerular filtration rate. 
 
 

Another two risk factors increasing the potential 
for AKI are chronic renal failure and diabetes mellitus. 
The number of patients with these conditions was 

identical in either group. While AKI associated with 
aminoglycoside therapy is reported to occur in 10-25 % 
of patients, no patient developed aminoglycoside-induced 
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AKI in our study (Lerner et al. 1977). The risk of 
nephrotoxicity depended on the definition used, the 
patient group studied, concomitant drug therapy and 
whether TDM had been performed. As the Institute for 
Clinical and Experimental Medicine is a center 
specializing in transplant medicine, both of our patient 
groups included transplant recipients. Our patients did not 
show any predisposition to nephrotoxicity as well as 
electrolyte imbalance and acid-base status. No significant 
between-group differences were found in outcomes 
influenced by therapy (therapy duration, number of 
concentration measurements, serum creatinine levels, and 
cumulative dose). In Group 2, there was a trend towards 
a higher number of concentration measurements (about 
one third more) than in Group 1. We hoped that the 
number of sampling and costs would be reduced by 
TDM. Chanas et al. (2019) also reported no difference 
between their groups in terms of a reduced number of 
TDM-related lab tests ordered.  

In Group 1, target trough and peak levels were 
achieved in 76 % and 70 % of cases, respectively; the 
respective figures for Group 2 were 63 % and 54 %. 
Although the results are not statistically significant, our 
comparison of the two groups showed a trend towards 
higher rates of therapeutic concentrations achieved in 
patients with pharmacist-led TDM. Previous studies have 
documented a high prevalence of aminoglycoside 
underdosing by physicians. Our results are consistent 
with previously reported data suggesting that peak 
therapeutic drug concentrations in the blood are achieved 
in only 25-60 % of patients (Franson et al. 1988, Sveska 
et al. 1985). Anderson et al. (1976) and Arroyo et al.  
(1986) found that physicians failed to take action in 
at least 40 % of cases whereby the drug levels measured 
mandated a change in dosing. Tables 4 and 5 summarize 
the distribution of eGFR trough and peak concentration in 
Groups 1 and 2. More patients achieved both 
concentrations (peak and trough) with falling eGFR in 
Group 1. A pharmacist’s knowledge of pharmacology 
and pharmacokinetics of drugs and experience with 
pharmacokinetics software would eliminate the problem 
with wrong decisions about aminoglycoside dosing, a fact 
making our study so unique. A pharmacist then used 
Bayesian pharmacokinetic software to more accurately 
determine achieving therapeutic concentrations (Zaske  
et al. 1982). Our results demonstrated that TDM 
conducted by a pharmacist using pharmacokinetic 
software showed a trend towards safe aminoglycoside 
dosing. The objective of TDM with serum drug 

concentration is to achieve quick therapeutic success and 
reduce the costs associated with management of drug-
induced complications requiring dialysis. In our study, 
the pharmacist’s activity prevented an average of 8 HD 
sessions in 2 patients during the pilot project. Based on 
current data, one can assume that the costs of 8 HD 
sessions are 27 928 CZK/year (1110 EUR/year), thus 
1110 EUR in total. The costs by pharmacist 0.2 FTE per 
year are 80 000 CZK (2962 EUR/year). The difference is 
negative (-1852 EUR/year). In their study, Pinilla et al. 
(1992) also documented no statistically significant benefit 
resulting from pharmacists῾ recommendations. The 
median of length of hospital stay for acute kidney injury 
is 9 days in Czech Republic (IHIS CR 2015). For IKEM, 
the cost was calculated as 139 EUR/day. For economic 
analysis, we calculated the costs of dialysis for 2 patients 
and the cost of hospitalization for acute kidney injury. 
The result is 3600 EUR. The cost by pharmacist 0.2 FTE 
per year is 2962 EUR. The cost of hospitalization with 
dialysis was subtracted from those incurred by the 
pharmacist service. The final sum is 638 EUR/year in 
favor of pharmacist service. Pharmacist-led TDM 
reduced the risk of complications due to more accurate 
dosing. Hospitals without pharmacist TDM-guided 
therapy reported more days of hospital stay, the incidence 
of renal failure was higher by 33.95 % (occurring in 2801 
patients) (Nesbit et al. 2001). This pharmaceutical service 
in clinical practice has the potential to minimize the risks 
of nephrotoxicity. Each pharmacist intervention was cost-
saving related to nephrotoxicity (Bond and Raehl 2005). 
It is important to remember that it is primarily the 
patients and their quality of life which matter. For this 
reason, it would be more beneficial to carry out a cost-
utility analysis to show more clearly that HD can 
negatively affect quality of life, especially in situations 
where nephrotoxic side effects have a long-term adverse 
effect on the patient in terms of permanent damage or 
renal impairment. We decided not to calculate the costs 
of hospital stay prolongation because the patients were 
not treated by aminoglycoside. In our study, the increase 
in costs due to extended hospitalization was not 
calculated as the patients with aminoglycoside-induced 
nephrotoxicity had been switched to another antibiotic. 
Further studies are warranted to define the cost-benefit of 
this pharmacist service. In our study, the incidence of 
AKI requiring HD was very low compared with other 
studies reporting nephrotoxicity in about 10-25 % of 
patients (Lerner et al. 1977). A plausible explanation is 
that IKEM is a highly specialized hospital where 
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physicians are aware of nephrotoxicity and proper 
aminoglycoside dosing. Importantly, there was no case of 
HD due to nephrotoxicity of aminoglycoside therapy in 
patients with pharmacist-led TDM. Thus, the 
pharmacist’s activity prevented an average of 8 HD 
sessions in 2 patients during the pilot project.  

Although the results are not statistically 
significant, implementation of a pharmacist led 
therapeutic monitoring led to a clear safety benefit and 
cost avoidance trend. Consistent studies have 
demonstrated that TDM is cost-effective in maximizing 
antibiotic efficacy and reducing the incidence of toxicity 
(Bond and Raehl 2005, Venisse and Boulamery 2011). 
Potential cost savings in the Czech Republic were 
published for vancomycin, but not an aminolycoside 
(Venisse and Boulamery 2011). What is also unique 
about our study is paucity of data on aminoglycoside 
dosing in transplant patients (liver, kidney, pancreas) was 
very little published. There is also a rarely published 
comparison of the two aminoglycoside dosing 
procedures, empirical by the physician versus dosing by 
using a pharmacokinetic program (Lenert et al. 1992). 

 
Limitations 

A comparison of our data with results of 
published clinical trials reporting aminoglycoside 
nephrotoxicity and cost avoidance is difficult because of 
unknown differences in risk among the various patient 
populations treated. Another problem is the definition of 
nephrotoxicity. Studies used different definitions based 
on an increase in serum creatinine levels or calculated 
creatinine clearance. Our group of patients was too small 
and enrolled in a single site. Regarding cost economic 
analysis, there was a problem with calculation of not-net 
costs such as lab costs associated with concentration 
measurements. In Group 2, concentration measurement 

was more frequent (by a third) than in Group 1 and 
involved extra costs, not calculated in our study. 
 
Conclusions 
 

In our pilot study, no statistically significant 
differences were found between the groups in factors 
influenced by therapy such as serum creatinine levels on 
Day 5 of therapy or on the last day of therapy,  
cumulative dose and therapy duration and the number  
of concentration measurements. In Group 1, with 
pharmacist-led TDM, there were more patients achieving 
target concentrations. Therapeutic drug monitoring by the 
pharmacist prevented an average 8 HD sessions in 
2 patients during the pilot project. Therapeutic drug 
monitoring by the pharmacist with pharmacokinetic 
software improves the quality and safety of the 
therapeutic process. Pharmacists continue to provide 
recommendations based on TDM data to improve care. 
This study highlights the need for further research into 
pharmacist-led TDM and the impact of pharmacists’ 
recommendations on cost avoidance.  
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