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Ayres

This dissertation describes how to apply pharmacokinetic simulations and

modeling in a clinical setting to monitor and adjust drug dosing in special patient

populations. Pharmacokinetic simulations were used to investigate efficacy and risk

of drug toxicity of a new dosing regimen for aminoglycoside antibiotics when

administered to renal failure patients. The current method of administering

aminoglycosides to renal failure patients is to dose the drug during the last half

hour of dialysis sessions. The new proposed method suggests dosing the drug

during the first half hour of the dialysis session. Using one-compartment model

infusion equations, both methods were simulated to predict drug peaks, troughs and

area under the curves. These parameters were used to compare both dosing

regimens to find out if the proposed dosing regimen can be suggested in a clinical
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setting to obtain the same efficacy and lower risk of drug toxicity. The dissertation

then describes a prospective clinical study in chronic renal failure patients who

received the same tobramycin dose using current and proposed dosing regimens.

Results from the clinical study confirm pharmacokinetic simulations and modeling

outcomes. Results suggest that both regimens have the same efficacy, but the new

proposed method is expected to have lower risk of drug toxicity.

The dissertation also describes a retrospective study for vancomycin dosing

in renal failure patients. The objective was to confirm that pharmacokinetic

modeling could be used to predict and adjust vancomycin dosing for this special

population. Vancomycin trough concentrations obtained from patient medical

records were compared to predictions obtained using a pharmacokinetic model. It

was concluded that there was no statistically significant difference between actual

and predicted vancomycin trough concentrations. These results suggest that the

pharmacokinetic model can be used to predict and adjust vancomycin dosing to

chronic renal failure population.

The last part of this dissertation describes evaluation of insulin glargine

effect on glycemic control and weight change in a diabetic population. Glyceniic

control and weight of patients before and after initiation of insulin glargine were

evaluated retrospectively. Results showed that initiation of insulin glargine

improved glycemic control while weight remained relatively stable.
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Clinical Pharmacokinetic Simulation/Modeling as a Tool For Therapeutic
Drug Monitoring and Dose Adjustment in Special Patient Populations.

INTRODUCTION

This dissertation describes how to apply pharmacokinetic simulations and

modeling in a clinical setting to adjust drug dosing or to predict drug efficacy or

toxicity. The use of pharmacokinetic simulations to investigate new dosing

regimens or to simulate a specific clinical trial before performing it on real patients

saves time and money and at the same time provides more safety for study subjects.

The first chapter of the dissertation describes the use of pharmacokinetic

simulations/modeling in investigating new aminoglycoside dosing regimens when

administered to renal failure patients. The current method of aminoglycosides

administration to renal failure patients is to dose the drug during the last half hour

of dialysis sessions. The new proposed method is to dose the drug during the first

half hour of dialysis sessions. Using one-compartment model infusion equations,

both methods were employed to simulate predicted peaks, troughs and area under

the curves, and compare them for both dosing regimens for outpatient and inpatient

settings. Results show that administering the same aminoglycoside dose during the

start of dialysis results in the same peak concentrations but lower trough

concentrations and lower area under the curves than when drug is administered

during the last half hour of the dialysis session. This can be translated clinically to
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suggest that administering aminoglycosides during the start of dialysis sessions is

expected to result in the same efficacy but lower drug exposure and lower risk of

drug toxicity than when these drugs are administered during the end of dialysis

sessions.

In chapter 2, some tips are provided about how to navigate the IRB

(Institutional Review Board) protocol and how to write a satisfactory informed

consent document are described. The chapter presents the history of IRB

development and describes the reason for having the IRB review for clinical

studies. The chapter then describes basic parts of the IRB protocol and informed

consent form. It explains the points that should be covered in each of the

documents to successfully navigate the IRB. At the end of the chapter, an example

of the IRB protocol and informed consent form of tobramycin administration at the

start of dialysis for a study conducted at Portland Veteran Administration Hospital

(VA) are presented to emphasis both documents and how these documents should

be written. This chapter should help other clinicians and researchers to conduct

clinical studies in a faster, more efficient way.

The third chapter reports a clinical study for administering tobramycin

during the start of a dialysis session instead of during the end of the dialysis

session. Five male adults were recruited in this study. Patients were randomized to

receive tobramycin dose either during the start of dialysis session first (proposed

dosing regimen) or during the end of dialysis session first (current dosing regimen).

Patients were then crossed over to receive the other dosing regimen after one-
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month washout period. Pharmacokinetic analysis was used to calculate peak drug

concentrations, trough drug concentrations and area under the curves for both

dosing regimens. Results of peaks, troughs and area under the curves data were

analyzed statistically using analysis of variance (ANOVA) to determine if there is a

statistically significant difference in any of the parameters. ANOVA results showed

that there was no statistically significant difference in drug peak concentrations

when comparing the dosing regimens. On the other hand, ANOVA results showed

that there were significant statistically differences between both dosing regimens in

trough drug concentrations and area under the curve. Both trough concentrations

and area under the curves were significantly smaller for the new proposed dosing

regimens. These results were in agreement with pharmacokinetic simulations

performed in the first chapter.

Chapter 4 is a retrospective observational study of vancomycin dosing in

renal failure patients. In this chapter a one compartment pharmacokinetic infusion

model was used to predict serum vancomycin trough concentrations in 16 chronic

hemodialysis patients. Trough drug concentrations predicted from the model were

compared with actual recorded vancomycin trough concentrations for the patients.

Differences between predicted and observed drug concentrations statistically tested

to be not significantly different from zero using paired t- test. The predication

model has high accuracy and can be used to predict and adjust the vancomycin dose

for dialysis patients. The model was then used to suggest a new vancomycin-dosing

regimen to attain therapeutically acceptable peak and trough drug concentrations.
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Chapter 5 is another retrospective observational study using patient medical

records to evaluate the effect of insulin glargine on glycemic control and weight

gain. The study reviewed the medical records of 36 Medicaid patients who received

their diabetic care through Oregon Health & Science University (OHSU) Hospital.

Glycemic control measured as HbA1C% and patient weight were tested using

paired t-test to evaluate if the is any significant differences in these parameters

before and after initiation of glargine insulin. Results show improvement of

glycemic control after initiation of insulin glargine while weight remains relatively

stable.



CHAPTER 1

AMINOGLYCOSIDE ADMINISTRATION TO CHRONIC
HEMODIALYSIS PATIENTS: SIMULATIONS AND DOSING CHANGE

RECOMMENDATIONS

Osama Mohamed and James Ayres.



1.1. ABSTRACT

Tobramycin and gentamicin are aminoglycoside antibiotics that have

concentration dependent killing activity. When these drugs are prescribed to

chronic hemodialysis patients, they are usually administered during the last half

hour or after the end of a hemodialysis session. A new dosing regimen now

proposed is to administer the drug at the start of hemodialysis sessions to

produce a higher peak drug concentration with increased microbial killing, and

use the dialysis process to remove drug from the body, therefore attaining a

suitable trough drug concentration.

Quite surprisingly, drug administration at the start of hemodialysis

results in similar peak and lower trough drug concentrations, and at the same

time a lower AUC when the same maintenance dose is administered. This can

be translated clinically to a higher therapeutic effect and lower risk of toxicity.

One-compartment open pharmacokinetic model infusion equations were

used in simulations to predict resulting drug concentrations, peaks, troughs, and

AUCs in each of eight different dosing scenarios. In each dosing regimen

loading dose (LD) was simulated at variable times from 6 to 44 hours before the

hemodialysis (HD) session, to represent typical elapsed time periods between

initial LD and scheduled HID session. In the offered simulations, patients

received a LD of 1.5 mg/Kg at the start of treatment, then two maintenance

doses (MDs). Simulations also considered different maintenance doses to

determine which MD may result in best therapeutic concentrations.
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Results of simulations are presented as tables and figures showing drug

concentration peaks, troughs, and AUCs expected for each dosing method with

different timing and different MDs. Resulting figures enable clinicians to

determine dosing regimens they may use to dose aminoglycosides in patients

undergoing hemodialysis, and to readily see predicted drug peak, trough and

AUC for any of the offered scenarios.

It is recommended, when practical, that hemodialysis patients receive

aminoglycoside maintenance doses of 2 mg/Kg about 6-12 hours prior to

dialysis. When it is not practical to dose the drug prior to hemodialysis, then

dosing of 2 mg/Kg at the start of dialysis sessions is suggested.



1.2. INTRODUCTION

Aminoglycosides are used in chronic hemodialysis patients to treat

infections. This class of antibiotics has a narrow therapeutic index and is

effectively removed during hemodialysis, which makes dosing difficult.

Chronic hemodialysis patients receiving aminoglycosides are at higher risk of

drug induced nephrotoxicity and ototoxicity due to reliance on hemodialysis for

drug clearance. Because the kidney is primarily responsible for elimination of

aminoglycosides from the body, patients with renal failure or end-stage renal

disease (ESRD) are highly or completely dependent upon hemodialysis (HD) to

remove aminoglycosides from their circulation [1]. The serum half-lives of

these drugs increase with deteriorating renal function and may exceed 24 hours

in patients with end-stage renal failure because these drugs are cleared primarily

by glomerular filtration [2]. Aminoglycosides are removed efficiently by

hemodialysis 113] and less efficiently by peritoneal dialysis [4]. Newer, high-

efficiency hemodialyzers may more effectively clear aminoglycosides in

comparison with earlier low-flux hemodialysis membranes [5]. Changing the

time of aminoglycoside administration relative to the time of hemodialysis

without changing the dose will result in different peaks, troughs and AUCs, as

shown by simulations herein.

Currently, there are two common methods to administer

aminoglycosides to chronic renal failure patients. The first is to administer the

drug as 0.5-hours infusion after the end of the HD session. The second common

method is to administer the drug as 0.5-hours infusion during the last 0.5-hour
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of the HD session. New methods to administer aminoglycosides to chronic renal

failure patients are now proposed. One of the new recommended methods

administers the drug as 0.5-hour infusion at the start of the RD session. In all

methods considered the patient receives a loading dose of 1.5 mg/Kg when

therapy is initiated, regardless of the time of the next hemodialysis session.

Aminoglycoside antibiotics are bactericidal agents, effective against

most gram-negative aerobic and anaerobic bacteria [6,7]. They are able to

inhibit protein synthesis and change the integrity of the bacterial cell membrane.

The bactericidal activity of the aminoglycosides is concentration dependent i.e.,

a high peak concentration of the drug correlates with improved clinical

outcomes [8,9]. In most efficacy trials, the peak/MIC ratio (the peak

concentration divided by the minimum inhibitory concentration which is needed

to inhibit growth of the microorganism) is the major determinant of drug

efficacy, i.e. the higher the peak/MIC ratio, the higher the kill rate [8,9].

For more resistant microorganisms that have a higher MIC, a higher

peak drug concentration is needed for adequate bactericidal activity. Therefore,

to optimize efficacy, a high peak concentration and thus a high peak/MIC ratio

is desired. On the other hand, rapid elimination and low trough concentrations

of aminoglycosides decrease the risk of drug toxicity [8,9].

Adverse effects of aminoglycoside antibiotics (nephrotoxicity and

ototoxicity) are directly proportional to tissue exposure of drug but not to

bactericidal effect (i.e. not related to peak/MIC ration). The area under the drug
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concentration versus time curve (AUC) reflects tissue exposure, which in turn is

related to the risk of nephrotoxicity and/or ototoxicity [10,11].

The fact that aminoglycosides have concentration dependant killing

properties but AUC related toxicity should be taken into consideration when

comparing aminoglycoside dosing regimens. On one hand, to obtain an

acceptable therapeutic response a high peak/MIC ratio should be obtained. On

the other hand, because drug toxicity is directly related to body exposure to the

drug a lower AUC should be obtained to minimize drug nephrotoxicity and

ototoxicity.

Taking both needs into consideration, a series of pharmacokinetic

simulations were initiated using one-compartment open model infusion

equations to compare eight dosing methods in efficacy (peak/MIC ratio), and

toxicity (AUC). In each of the dosing methods, four different timing scenarios

for start of a HD session following the loading dose (LD) were used in the

simulations (6 hr, 12 hr, 24 hr, and 44 hr between the LD and the following HD

session). Simulations also considered five different maintenance doses (1

mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, and 5 mg/Kg) to simulate peak, trough

and AUC in each case.

Clinical trial simulation based on pharmacokinetic and

pharmacodynamic models is a technique to reveal consequences of different

study designs for study performance. It has recently been recognized that

clinical trial simulation has the potential to streamline clinical drug development

[12-14]. Simulations can also be used to predict results and suggest changes
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before the start of actual clinical studies in patients. This not only offers a safer

method of conducting clinical trials but also saves time and money. Application

of simulations herein to known pharmacokinetic parameters allows

determination of safe and effective aminoglycoside dosing regimens in the

chronic hemodialysis patient population.

Results of simulations are presented as tables and graphs showing peaks,

troughs, and AUCs expected for each dosing method with different timing and

different MDs. The results allow rapid visualization of expected efficacy and

toxicity with each dosing method. These results can provide a guideline for

clinicians to choose dosing methods they feel will most benefit their patients.
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1.3. MATERIALS AND METHODS

1.3.1. EQUATIONS.

Simulations were conducted using standard pharmacokinetic equations

and parameters in Microsoft Excel program. One-compartment open model

equations with zero-order infusion input were used to calculate plasma

concentrations after intravenous infusion of drug [15]. Following is a list of

equations used in calculations:

Dose It.
Cp ' (1 e_kt)

K*Vd

CL=K*Vd

Cp= Cp0 *e_kt

A UC
+C1

) * (ç t)

Where:

Cp is the plasma concentration at any given time.

t is the duration of infusion.

K is drug elimination rate constant.

Vd is volume of distribution of the drug.

CL is drug clearance.

Cpo is initial plasma concentration.

AUC is the area under the plasma concentration time curve.

(i) is time interval and (n) is number of trapezoids
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1.3.2. ASSUMPTIONS:

In the simulations it is assumed that the patient's weight is 70 Kg,

interdialytic clearance (drug clearance outside the hemodialysis session) is 0.48

LIhr (patient drug clearance and creatinine clearance are both 8 mI/mm),

intradialytic clearance (drug clearance inside the hemodialysis session) is 6.96

L/hr, drug volume of distribution is 0.3 UKg, drug elimination rate constant

during the hemodialysis session is 0.331 hr -1, drug elimination rate constant

outside the hemodialysis session (intradialytic) is 0.027 hr 1, the hemodialysis

session is 4 hours, and the patient received a LD of 1.5 mg/Kg [16,17].

Assumptions used in performing the simulations are listed in the table 1.1

Table 1.1: Assumptions used in performing the simulations

Weight of patient 70 Kg

Drug Clearance of patient (=CLcr) or

Interdialytic clearance (CLID)

8 ml/min (0.48 L/hr)

Clearance during hemodialysis (CLHD) 6.96 L/hr [16, 17]

Volume of distribution (Vd) 21 L (0.3 11kg)

Elimination rate constant during the

hemodialysis session

0.33 1 hr '[17]

Elimination rate constant Interdialytic 0.027 hr '[16]

Loading dose 1.5 mg/Kg

Time of dialysis session 4 hours
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1.3.3. SIMULATIONS FOR OUTPATIENT SETTING:

Simulations in this section describe different dosing method scenarios

assuming the only practical way to administer maintenance doses for outpatients

is in conjunction with a dialysis session. Hospitalized patients are considered in

a later section. In the performed simulation scenarios, three variables were

considered.

The first variable is the time difference between loading dose (LD) and

the start of the following hemodialysis (HD) session. Patients undergo chronic

hemodialysis three times a week on either a Monday, Wednesday, Friday or

Tuesday, Thursday, Saturday schedule. Once an aminoglycoside has been

prescribed for a hemodialysis patient the drug is given immediately and then the

next dose is usually administered following the next scheduled hemodialysis

session. Four different times were simulated (6hr, 12 hr, 24 hr, and 44 hr)

between the LD and the start of the following RD session.

The second variable is the time of MD drug administration relative to

hemodialysis. Drug administration was simulated for administrating MD right

after the end of HD, giving the drug during the last 0.5 hour of the HD, and

giving the drug at the start of HD.

The third variable studied was the amount of the drug given as

maintenance dose (MD). Five different maintenance doses were assumed in the

simulations (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, and 5 mg/Kg).

In all scenarios the patient received a loading dose of 1.5 mg/Kg at the

start of treatment regardless of the time difference between this LD and the
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following HD session and regardless of the method (time) of drug

administration. This is the typical loading dose in a major local hospital.

After giving the patient a fixed loading dose, the simulations then

changed the maintenance doses and changed the time differences between LD

and HID within each dosing method to simulate all possible scenarios in the

design. Drug concentration peak, trough and AUC were calculated for each

scenario within each dosing method.

Thus, for outpatient setting simulations, three different methods of

aminoglycoside (specifically tobramycin and gentamicin) administration to

chronic hemodialysis patients are evaluated. The three methods of

aminoglycoside administration are:

1- Administration of aminoglycoside as 0.5-hour infusion after the end of

hemodialysis (HD) session. (Traditional method I).

2- Administration of aminoglycoside as 0.5-hour infusion during the last

0.5-hour of hemodialysis (HID) session. (Traditional method II).

3- Administration of aminoglycoside as 0.5-hour infusion at the start of

hemodialysis (HD) session. (New proposed method).
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1.3.4. SIMULATION FOR iNPATIENT SETTING:

These simulations describe different dosing method scenarios assuming

that the patient is institutionalized and time of dosing is easily controlled. In the

performed simulation scenarios, three variables were considered.

The first variable is the time difference between loading dose (LD) and

the start of the following hemodialysis (HD) session. Patients undergo chronic

hemodialysis three times a week on either a Monday, Wednesday, Friday or

Tuesday, Thursday, Saturday schedule. Once an aminoglycoside has been

prescribed for a hernodialysis patient the drug is given immediately and then the

next dose is administered following the next scheduled hemodialysis session.

For this variable two different times were simulated (24 hr, and 44 hr between

the LD and the start of the following HD session).

The second variable is the time of drug administration relative to

hemodialysis. Drug administration was simulated for administering drug 6 hrs,

12 hrs or 24 hrs before each HD (in case of 44 hrs lapse between LD and next

HD) and 6 hr and 12 hrs before each HD (in case of 24 hrs lapse between LD

and next HD).

The third variable studied was the amount of the drug given as

maintenance dose (MD). Five different maintenance doses were assumed in the

simulations (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, and 5 mg/Kg).

In all scenarios the patient received a loading dose of 1.5 mg/Kg at the

start of treatment regardless of time difference between this LD and the
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following HD session and regardless of method of drug administration. Again,

this is the typical loading dose in a major local hospital.

After giving the patient a fixed loading dose, the simulations then

changed the maintenance doses and changed the time differences between LD

and HD within each dosing method to simulate all possible scenarios in the

study design. Peak, trough and AUC were calculated for each scenario within

each dosing method.

For inpatient setting simulations, 5 different scenarios of possible

methods of administration of aminoglycoside (specifically tobramycin and

gentamicin) are considered and evaluated in this report. These scenarios are:

1- Giving a Loading dose (LD) of 1.5 mg/Kg 44 hours before the next HD,

then giving a maintenance dose (MD) 6 hours before each HD.

2- Giving a Loading dose (LD) of 1.5 mg/Kg 44 hours before the next HD,

then giving a maintenance dose (MD) 12 hours before each HD.

3- Giving a Loading dose (LD) of 1.5 mg/Kg 44 hours before the next HD,

then giving a maintenance dose (MD) 24 hours before each HD.

4- Giving a Loading dose (LD) of 1.5 mg/Kg 24 hours before the next HD,

then giving a maintenance dose (MD) 6 hours before each HD.

5- Giving a Loading dose (LD) of 1.5 mg/Kg 24 hours before the next HD,

then giving a maintenance dose (MD) 12 hours before each HD.
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1.3.5. REBOUND EFFECT:

Because aminoglycosides are known to have a rebound of about 28% 1-

2 hours after the end of hemodialysis [171, some simulations for drug

administration after the end of hemodialysis session were conducted with and

without the rebound effect. This was to compare results and determine if the

rebound effect should be taken into consideration when doing simulations. If

found to be clinically insignificant, rebound can be ignored to simplify

calculations for clinicians use.

Results revealed that rebound effect is not of clinical importance and can

be ignored. The remaining simulations were conducted without including

rebound effect.

Results are presented as tables of drug concentration peak, trough, and

AUC for all possible scenarios within a specific dosing method and are also

presented as graphs.
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1.4. RESULTS AND DISCUSSION

1.4.1. FOR OUTPATIENT SETTING

1.4.1.1. ADMINSTRATION OF THE DRUG AT END OF A
HEMODIALYSIS SESSION:

Effect of rebound on simulation results is presented graphically for the

scenario in which loading dose is given 6 hours before start of the next

hemodialysis session by comparing figure 1.1 and figure 1.2. Treatment without

rebound is graphed in figure 1.1 and with rebound in figure 1.2 using the five

maintenance doses (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, 5 mg/Kg). Table

1.2 and table 1.3 present drug concentration peaks, troughs, and AUCs for

aminoglycoside administration after the end of hemodialysis, with and without

taking the rebound effect into consideration.

In figure 1.1, it can be seen that the LD of 1.5 mg/Kg given at time zero

(see x-axis) produced a peak drug concentration of 5.0 mgJL (see y-axis). In

these simulations, hemodialysis was initiated 6 hours after the LD was given

and was completed 4 hours later. Drug concentration decreased from 4.4 mg/L

at the beginning of dialysis to 1.2 mg/L at the end of dialysis.

Figure 1.1 further shows that when various MD are given by zero-order

infusion over the first 0.5 hours following completion of HD, then drug peak

concentrations of 4.5 up to 17.7 mg/L are produced from doses of 1 mg/Kg up

to 5 mg/Kg. Before starting the next HD the concentrations will range from 1.7



to 6.6 mg/L and after the end of HD drug trough concentrations will range

between 0.4 and 1.7 mgfL for MD 1 mgIL to 5 mgIL respectively.

The last part of figure 1.1 shows the resulting drug peak concentrations

after administering doses of 1 mg/Kg to 5 mg/Kg to range from 3.8 mgIL to

18.3 mgIL and drug trough concentrations (just before the following HD) to

range from 1.4 mgJL to 6.8 mgIL respectively. Figures 1.1-1.18 can be read in

similar fashion.

By looking at the results, only minor differences (less than 3%) are

noticed between considering the rebound effect and ignoring the rebound effect

(see table 1.2 versus table 1.3). These already small differences became even

smaller when there is a longer time between loading dose and start of the next

hemodialysis session. Differences in drug concentration peaks, troughs and

even AUCs are small at all times and minimal when there is 44 hours between

LD and the next liD session. These results lead to the conclusion that rebound

effect is not of clinical importance and can be ignored in the remaining

simulations.
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Table 1.2: Peaks, troughs and AUCs for different tobramycin/gentamicin
maintenance doses (MD) given immediately after the end of 4 hours
hemodialysis (HD) sessions taking in consideration the time difference between
loading dose (LD) and the following RD. The LD is 1.5 mg/Kg. Both LD and
MD are given as 0.5 hour intravenous infusions. Rebound effect is not
considered in calculations.

Time
difference
between LD
and HD

MD Peak
after the
second
MD

Trough
after the
second MD

AUC from
time zero to
before start
of 3rd RD

6 hours
1 mg/Kg 3.75 1.39 287.54
2 mg/Kg 7.39 2.74 498.46
3 mg/Kg 11.03 4.08 709.38
4 mg/Kg 14.67 5.43 920.30
5 mg/Kg 18.31 6.78 1131.22

12 hours

1 mg/Kg 3.74 1.38 305.85
2 mg/Kg 7.38 2.73 516.77
3 mg/Kg 11.02 4.08 727.69
4 mg/Kg 14.66 5.42 938.61
5 mg/Kg 18.3 677 1149.53

24 hours

1 mg/Kg 3.72 1.37 336.76
2 mg/Kg 7.36 2.72 547.68
3 mg/Kg 11.00 4.07 758.60
4 mg/Kg 14.64 5.42 969.52
5 mg/Kg 18.28 6.76 1180.44

44 hours

1 mg/Kg 3.69 1.36 378.30
2 mg/Kg 7.33 2.71 589.22
3 mg/Kg 10.97 4.06 800.14
4 mg/Kg 14.61 5.40 1011.06
5 mg/Kg 18.25 6.75 1221.98
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Table 1.3: Peaks, troughs and AUCs for different tobramycin/gentamicin
maintenance doses (MD) given immediately after the end of 4 hours
hemodialysis (HD) sessions taking in consideration the time difference between
loading dose (LD) and the following HD. The LD is 1.5 mg/Kg. Both LD and
MD are given as 0.5 hour intravenous infusions. Rebound effect is considered in
calculations.

Time
difference
between
LD and
HO_______

MD Peak after
the second
MD

Trough
after the
second MD

AUC from
time zero to
before start
of 3rd HO

1 mgIKg 3.83 1.45 302.43
6 hours 2 mg[Kg 7.48 2.83 516.07

3 mg/Kg 11.13 4.21 729.71
4 mg/Kg 14.78 5.60 943.34
5 mglKg 18.43 6.98 1156.98

12 hours

1 mg/Kg 3.81 1.44 319.13
2 mg/Kg 7.46 2.82 532.76
3 mg/Kg 11.11 4.21 746.40
4 mg/Kg 14.76 5.59 960.04
5 mg/Kg 18.41 6.97 1173.67
1 mg/Kg 3.77 1.43 34736
2 mg/Kg 7.42 2.81 561.02

24 hours 3 mg/Kg 11.07 4.19 774.67
4 mg/Kg 14.72 5.57 988.33
5 mg/Kg 18.37 6.95 1201.98
1 mg/Kg 3.73 1.41 385.42
2 mg/Kg 7.38 2.79 599.06

44 hours 3mg/Kg 11.02 4.17 812.69
4 mg/Kg 14.67 5.55 1026.33
5 mg/Kg 18.32 6.93 1239.97
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Figures 1.3, 1.4, and 1.5 present expected drug concentration vs time

curves when there is 12 hours, 24 hours, and 44 hours between LD and the next

HD session respectively. In all figures, peaks after the LD, 1st and 211d1 MDs, and

the trough after the 1st and MDs are presented for each MD.

By using the tables of results or by visual inspection of the figures,

clinicians can quickly determine expected drug peak and trough concentrations

from each maintenance dose. For example, figure 1.1 shows that a loading dose

of 1.5 mg/Kg produces a peak of only 5.0 mg/L, which is about one-half to one-

third of the desired peak concentration for tobramycin. This loading dose results

in a trough of 1.2 mg/L at the end of dialysis (see figure 1.1). A larger loading

dose (e.g. 3 mgfL) is not recommended because it can result in a high trough

concentration (more than 2 mgfL) at the end of dialysis that leads to higher risk

of toxicity.

The only maintenance dose that produces an acceptable trough

concentration to minimize patient toxicity is 1 mg/Kg (see figure 1.1). This is

the standard dose currently administered but note that peak concentration is

only 4.5 mgfL, just above the desired peak concentration of 4-8 mgIL needed

for bactericidal action [15].

Figures 1.3-1.5 show that whenever the maintenance dose of

aminoglycoside is administered following the end of hemodialysis, the only safe

dose (1.0 mg/Kg) has limited clinical value because the maximum drug

concentration in plasma is 4.0 mgfL or less following the second maintenance

dose. Also notice that there is essentially no "carry over" effect from the LD.
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Thus no matter how much time elapses between the LD and the first MD with

this dosing per dialysis regimen, the drug concentration peak and trough are

essentially identical for identical MDs treatment in figures 1.1- 1.5. Clearly, the

current practice of dosing aminoglycosides to hemodialysis patients

immediately following HD cannot provide both an effective high peak/MIC

ratio and an acceptably low trough concentration to minimize toxicity. As a

result, an improved dosing regimen is needed.
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Figure 1.4. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8

mi/mm (interdialytic t112= 31.5 hr, Vd=O.3LIKg) undergoing dialysis three times weekly (intradialytic t112=2. 1 hr).
Loading dose (LD) is given 24 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given at the end of 4 hrs HID.
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Figure 1.5. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
ml/min (interdialytic tl/2= 31.5 hr, Vd=O.3LJKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 44 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given at the end of 4 hrs HD.
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1.4.1.2 ADMINSTRATION OF AMINOGLYCOSIDES DURING THE
LAST 0.5-HOUR OF HEMODIALYSIS SESSION:

Figure 1.6 shows drug concentration peaks and troughs resulting from

different maintenance doses (1 mglKg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, 5 mg/Kg)

administered when the time lapse between LD and the following HD session is

6 hours. Figures 1.7, 1.8 and 1.9 show similar data when the time between LD

and the following HD session is 12 hours, 24 hours or 44 hours respectively.

Figure 1.6 shows that loading dose produces the same aminoglycoside

peak concentration of only 5.0 mg/L as shown in figures 1.1- 1.5 (as expected)

which is about one-half to one-third of the desired peak concentration for

tobramycin. The only maintenance dose that produces an acceptable trough

concentration to minimize patient toxicity is 1 mg/Kg as shown in figure 1.6.

This is the standard dose administered, but note that peak aminoglycoside

concentration resulting from this MD is only 3.3 mgJL, well bellow the desired

peak concentration of 8-18 mg/L needed for most effective bactericidal action.

Figures 1.6-1.9 show that whenever the maintenance dose of

aminoglycoside is administered during the last one-half hour of hemodialysis,

the only safe dose (1.0 mg/Kg) has very limited clinical value because the

maximum drug concentration in plasma is less than 4.0 mgJL following the

second maintenance dose.

Table 1.4 presents results for drug concentration peak and trough values,

and AUC, for simulated drug administration during the last one-half hour of

hemodialysis sessions. The table shows results for the different scenarios of 6
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hours, 12 hours, 24 hours, and 44 hours time lapse between LD and next HD

session.

Comparing this currently used dosing regimen with the previous

regimen of administering aminoglycoside after the end of HD, it seems that the

previous regimen (which is highly questionable) is still relatively better. As all

simulations show, the only safe MD to be administered with these regimens is 1

mg/Kg, but it is better for this dose to be administered after the end of HD to

produce a higher peak drug concentration (because dosing of drug during the

last one-half hour of hemodialysis will clear some of the drug via dialysis for

one-half hour and results in lower peak aminoglycoside concentration at the end

of dialysis). For both dosing regimens peak drug concentration after the second

MD is less than 4.0 mg/L (see table 1.2 and table 1.4), which means that both

methods are not getting the desired peak drug concentration for bactericidal

activity.
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Table 1.4: Peaks, troughs and AUCs for different tobramycinlgentamicin
maintenance doses (MD) given during the last 0.5 hour of 4 hours hemodialysis
(HD) sessions taking in consideration the time difference between loading dose
(LD) and the following HD. The LD is 1.5 mgIKg. Both LD and MD are given
as 0.5-hour intravenous infusion.

Time
difference
between LD
and lID

MD Peak after
the second
MD

Trough
after the
second MD

AUC from
time zero to
before start
of 3rd HD

6 hours
1 mglKg 3.13 1.14 232.60
2 mg/Kg 6.25 2.29 421.91
3 mglKg 9.38 3.43 611.23
4 mgfKg 12.51 4.57 800.55
5 mglKg 15.63 5.72 989.87

12 hours

1 mglKg 3.13 1.14 255.26
2 mgfKg 6.25 2.29 444.58
3 mgIKg 9.38 3.43 633.89
4 mglKg 12.51 4.57 823.21
5 mglKg 15.63 5.72 1012.53

24 hours

1 mg/Kg 3.13 1.14 293.52
2 mglKg 6.25 2.29 482.83
3 mg/Kg 9.38 3.43 672.15
4 mg/Kg 12.50 4.57 861.47
5 mg/Kg 15.63 5.72 1050.79

44 hours

1 mg/Kg 3.13 1.14 344.25
2 mg/Kg 6.25 2.29 533.57
3 mg/Kg 9.38 3.43 722.89
4 mg/Kg 12.50 4.57 912.21
5 mg/Kg 15.63 5.72 1101.53
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Figure 1.6. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic tl/2= 31.5 hr, Vd=O.3UKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 6 hours before hemodialysis (I-lID). Rebound effect is not taken into consideration. Maintenance
dose is given 0.5 hours before the end of 4 hrs HD.
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Figure 1.7. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic tl/2= 31.5 hr, Vd=0.3IJKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 12 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given 0.5 hours before the end of 4 hrs I-ID.
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ml/min (interdialytic t112= 31.5 hr, Vd=O.3L/Kg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 24 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given 0.5 hours before the end of 4 hrs HD.
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Loading dose (LD) is given 44 hours before hemodialysis (HID). Rebound effect is not taken into consideration.
Maintenance dose is given 0.5 hours before the end of 4 hrs HID.
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1.4.1.3. ADMINSTRATION OF AMINOGLYCOSIDE AT THE START
OF HEMODIALYSIS SESSION:

Table 1.5 presents results of simulations for drug administration at the

start of the hemodialysis session. This method of dosing drugs has not

previously been suggested but is shown here in to be highly advantageous. The

table shows results for different scenarios of 6 hours, 12 hours, 24 hours, and 44

hours difference between the LD and the following HID session. Results shown

are drug concentration peaks, troughs, and AUC resulting from different MD

included in the simulations.

The results in table 1.5 are also presented in figures 1.10, 1.11, 1.12, and

1.13 including peaks and troughs from different maintenance doses (1 mg/Kg, 2

mgfKg, 3 mg/Kg, 4 mg/Kg, 5 mg/Kg) when time lapse between LD and the

following HID session is 6 hours, 12 hours, 24 hours and 44 hours, respectively.

Note that the shape of these aminoglycoside concentrations versus time curves

is dramatically different from the curves in figures 1.1-1.9.

Figure 1.10 shows that administering the same doses of drug at the start

of hemodialysis will result in a higher peak concentration after the first

maintenance dose compared to administering the drug during the last one-half

hour or after the end of dialysis for comparable maintenance doses. The

resulting aminoglycoside trough concentration after administering drug at the

start of hemodialysis is much lower than trough concentrations from the two

other dosing regimens. Figures 1.10-1.13 also show that by using this regimen

of drug administration, a high peak concentration of drug can be reached for a



38

short time period and then a lower trough concentration after end of

hemodialysis can also be reached. This maximizes the advantage of

concentration dependant killing properties of aminoglycosides to obtain higher

efficacy and lower toxicity.

Figure 1.1 1-1.13 show the same kind of data as Figure 1.10 when the

time lapse between the LD and the following HD is 12 hours, 24 hours and 44

hours, respectively. In all cases the peak drug concentration is dramatically

higher compared to the other two regimens presented earlier and the peak after

the second hemodialysis is also dramatically increased and more or less the

same as after the first MD within this new regimen.

By comparing results from tables 1.2, 1.4 and 1.5, it can be concluded

that administering aminoglycoside at the start of hemodialysis is highly

advantageous as it not only produces higher aminoglycoside peak

concentrations, but also results in much lower trough drug concentrations and

lower AUC (which correlates with lower drug toxicity). For any time lapse

between LD and the following HD, administering the drug at the start of

hemodialysis will result in much lower drug trough concentration and lower

AUC with higher drug peak concentration after the first MD and equally high

peak concentration after the second MD.

These results can be translated clinically to the conclusion that

administering equal doses of aminoglycosides at the start of hemodialysis in

renal failure patients results in increased efficacy and lower risk of drug toxicity

compared to the two traditional methods. Moreover, these results mean that a
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higher MD can be administered to target higher drug peak concentration (which

leads to higher efficacy) without increasing risk of drug toxicity which results

from increased dose using the traditional dosing regimens. This can be

obviously seen from table 1.5 as for any time lapse between LD and the

following HD almost any MD can be safely administered with the new regimen

as it results in aminoglycoside trough concentrations below 2 mg/L (but in the

two traditional methods only the 1mg/Kg dose results in drug trough

concentration less than 2 mgIL). For example, MD can be 2 or 3 mg/Kg with

the new method instead of 1 mg/Kg to produce a higher peak concentration with

lower drug trough concentration and lower AUC. A dose of 4 mg/Kg given at

the beginning of hemodialysis will produce the highly desirable peak

concentration of about 14 mgfL and a trough concentration of less than 1.7

mgfL

It is recommended that hemodialysis patients receiving aminoglycosides

be administered the drug at the start of hemodialysis and not during the last 0.5

hour of hemodialysis or after the end of hemodialysis.
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Table 1.5: Peaks, troughs and AUCs for different tobramycin/gentamicin
maintenance doses (MD) given at the start of 4 hours hemodialysis (HD)
sessions taking in consideration the time difference between loading dose (LD)
and the following HD. The LD is 1.5 mg/Kg. Both LD and MD are given as
0.5-hour intravenous infusions.

Time
difference
between LD
and HD

MD Peak after
the second
MD

Trough
after the
second MD

AUC from
time zero to
before start
of 3rd HD

6 hours
1 mg/Kg 3.93 0.45 162.27
2 mg/Kg 7.35 0.84 239.03
3 mg/Kg 10.77 1.24 315.80
4 mg/Kg 14.20 1.63 392.56
5 mg/Kg 17.62 2.02 469.33

12 hours

1 mg/Kg 3.86 0.44 179.52
2 mg/Kg 7.29 0.84 256.28
3 mg/Kg 10.71 1.23 333.05
4 mg/Kg 14.13 1.62 409.81
5 mg/Kg 17.56 2.01 486.58

24 hours

1 mg/Kg 3.76 0.43 208.95
2 mg/Kg 7.18 0.82 285.71
3 mg/Kg 10.61 1.22 362.47
4 mg/Kg 14.03 1.61 439.24
5 mg/Kg 17.45 2.00 516.00

44 hours

1 mg/Kg 3.63 0.42 249.42
2 mg/Kg 7.06 0.81 326.18
3 mg/Kg 10.48 1.20 402.94
4mg/Kg 13.91 1.59 479.71
5 mg/Kg 17.33 1.99 556.47
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Figure 1.10. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic t112= 31.5 hr, Vd=0.3LJKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 6 hours before hemodialysis (HD). Rebound effect is not taken into consideration. Maintenance
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Figure 1.11. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
ml/min (interdialytic tl/2= 31.5 hr, Vd=O.3L/Kg) undergoing dialysis three times weekly (intradialytic t1/22.1 hr).
Loading dose (LD) is given 12 hours before hemodialysis (HID). Rebound effect is not taken into consideration.
Maintenance dose is given at the start of 4 hrs HD.
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Figure 1.12. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic tl/2= 31.5 hr, Vd=0.3LIKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 24 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given at the start of 4 hrs HID.
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Figure 1.13. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8

mi/mm (interdialytic tl/2= 31.5 hr, Vd=O.3L/Kg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 44 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given at the start of 4 hrs RD.
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1.4.2. INPATIENT SETTING:

1.4.2.1. LOADING DOSE ADMINISTERED 44 HOURS BEFORE
HEMODIALYSIS:

Table 1.6 presents results of simulations when LD is given 44 hours

before HD and the MD is given 6hrs, l2hrs or 24 hrs before each HD. It is

assumed that this administration of MD being separated from the HD session is

practical and realistic for inpatients but less practical for outpatients. Results

shown are aminoglycoside peaks, troughs, and AUCs resulting from different

MD included in the simulations. The results in table 1.6 are also presented in

figures 1.14, 1.15, and 1.16 including drug peaks and troughs from different

maintenance doses (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg, 5 mg/Kg) when

time lapse between LD and the following HD session is 44 hours. Once again,

the shape of the aminoglycoside concentration versus time curves is

dramatically different using this new dosing regimen (figures 1.14-1.18)

compared to the other new dosing regimen (figures 1.1O-1.13)'and the two

currently used dosing regimens (figures 1.1-1.9). Note especially the dramatic

effects on AUC and the "prolonged" maximum aminoglycoside (peak) drug

concentration.

Figure 1.14 shows that the drug peak after 1.5 mg/Kg LD will be 5.0

mg/L as expected and shown in earlier figures. From looking at figure 1.14 and

table 1.6, it can be concluded that both MD 1mg/Kg and 2 mg/Kg result in a

drug trough concentration less than 2 mg/Kg. It can be also seen that

maintenance dose of 2 mg/Kg can be used efficiently to result in a peak of 8.7

mg/L after the first MD and a peak of 7.5 mgIL after the second dose with drug
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trough concentration of 2.0 and 1.8 respectively (which is clinically acceptable).

Note that 2.0 mgIL and 1.8 mg/L are the troughs immediately after the end of

HD session. This low troughs resulting from maintenance dose of 2 mg/Kg lasts

for more than 35 hours before administrating the next MD. This fact should

ensure a very low chance of drug-induced toxicity. The trough drug

concentrations just before the administration of the next MD range between 0.7

mgfL and 2 mg/L for MDs 1mg/Kg to 5 mg/Kg respectively. The figure shows

similar results for each of the maintenance doses used in this report (1 mg/Kg, 2

mg/Kg, 3 mg/Kg, 4 mg/Kg, and 5 mg/Kg).

Figures 1.15 and 1.16 show results similar to figure 1.14 when MD is

given 12 hours and 24 hours before each HD. In all cases LD is given 44 hours

before next scheduled HD. From both figures it can be concluded that MD of 2

mg/Kg will always result in trough concentration less than 2 mg/Kg. This

makes 2mg/Kg MD a good choice to be given using this new dosing regimen

regardless of the lapse between the MD and next scheduled HD session. In all

cases (MD 6hr, l2hr or 24 hrs before HD) MD of 2 mg/Kg results in

therapeutically effective peaks and clinically acceptable troughs regardless of

the time lapse between the MD and the HD session when the LD is given 44

hours before HD.
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Table 1.6: Peaks, troughs and AUCs for different tobramycin/gentamicin
loading doses (LD) given 44 hours before hemodialysis (HD) sessions and
maintenance doses (MD) given 6 hours, 12 hours or 24 hours before each HD
session.

Time
difference
between
LD and
HD

Time
difference
between
Dosing
and HD

MD Peak
after the
second
MD

Trough
after the
second
HD

AUC from
time zero
to just
after
second HD

44 hours 6 hours

1 inglKg 3.8 0.9 265.9
2 mglKg 7.5 1.8 365.5
3 mg[Kg 11.1 2.6 465.1
4 mglKg 14.7 3.5 564.7
5 mglKg 18.4 4.3 664.3

44 hours 12 hours

1 mg/Kg 3.9 0.8 283.8
2 mg/Kg 7.5 1.5 4043
3 mg/Kg 11.1 2.3 524.8
4 mg/Kg 14.8 3.0 645.3
5 mg/Kg 18.4 3.8 765.7

44 hours 24 hours

1 mg/Kg 3.9 0.6 312.0
2 mg/Kg 7.6 1.2 463.0
3 mg/Kg 11.2 1.7 614.1
4 mg/Kg 14.9 2.3 765.2
5mg/Kg 18.5 2.9 916.3
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Figure 1.14. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic t112= 31.5 hr, Vd=O.3L/Kg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 44 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given 6 hours before each HD.
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Figure 1.15. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8

mi/mm (interdialytic tl/2= 31.5 hr, Vd=O.3LJKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 44 hours before hemodialysis (I-ID). Rebound effect is not taken into consideration.
Maintenance dose is given 12 hours before each HD.
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Figure 1.16. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
mi/mm (interdialytic tl/2= 31.5 hr, Vd=O.3LIKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 44 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given 24 hours before each HID.
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1.4.2.2. LOADING DOSE ADMINISTERED 24 HOURS BEFORE
HEMODIALYSI5:

Table 1.7 presents results of simulations when LD is given 24 hours

before HD and the MD is given 6 hours or 12 hours before each HD. Results

shown are aminoglycoside concentration peaks, troughs, and AUCs resulting

from different MD included in the simulations. The results from table 1.7 are

presented in figures 1.17, and 1.18 including drug concentration peaks and

troughs from different maintenance doses (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4

mg/Kg, 5 mg/Kg) when time lapse between LD and the following HD session is

24 hours.

Figure 1.17 shows that the drug peak concentration after 1.5 mgIKg LD

will be 5.0 mgIL, and then the figure shows drug concentration peaks and

troughs after the first and the second MD. From looking to figure 1.17 and table

1.7, it can be concluded that both MD 1mg/Kg and 2 mg/Kg results in a trough

less than 2 mgfL. It can be also seen that maintenance dose of 2 mg/Kg can be

used efficiently to result in a peak of 7.6 mg/L after the first MD and the second

dose with trough of 1.9 and 1.8 mg/L respectively (which is clinically

acceptable). Once again, Note that 1.9 mg/L and 1.8 mgIL are the troughs

immediately after the end of HD session. This low trough resulting from a

maintenance dose of 2 mg/Kg lasts for more than 35 hours before

administrating the next MD. This fact should ensure a very low chance of drug-

induced toxicity. The trough drug concentrations just before the administration

of the next MD range between 0.7 mg/L and 2 mg/L for MDs 1mg/Kg to 5

mg/Kg respectively. The Figure shows similar results for each of the
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maintenance doses used in this report (1 mg/Kg, 2 mg/Kg, 3 mg/Kg, 4 mg/Kg,

and 5 mg/Kg).

Figure 1.18 shows results similarto figure 1.17 when MD is given 12

hours before each HD. In both cases LD is given 24 hours before the next

scheduled HD. From both figures it can be concluded that MD of 2 mg/Kg will

always result in trough drug concentration less than 2 mg/Kg. This makes

2mg/Kg MD a good choice to be administered 12 hours before HD regardless of

the lapse between the MD and next scheduled HD session. In all cases (MD

6hours or 12 hours before HD) MD of 2 mg/Kg results in therapeutically

effective aminoglycoside peaks and clinically acceptable aminoglycoside

troughs regardless of the time lapse between MD and HID session.

From both table 1.6 and table 1.7 and by comparing all figures for

inpatient setting (figure 1.14- figure 1.18), a general conclusion can be drawn

that aminoglycoside MD of 2 mg/Kg can be used efficiently by administrating

the drug prior to HID regardless of time lapse between LD and next HID (44

hours or 24 hours) and regardless of time lapse between MD and next HD (6, 12

or 24 hours). In all cases, 2mg/Kg MD results in a drug trough of less than 2

mgfL and a drug peak within the therapeutically required range. This MD of 2

mgJL has not been previously recommended as a standard MD, and no data

have been reported using it in chronic hemodialysis patients with administration

occurring prior to HID.
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Table 1.7: Peaks, troughs and AUCs for different tobramycin/gentamicin
loading doses (LD) given 24 hours before hemodialysis (HD) sessions and
maintenance doses (MD) given 6 hours, or 12 hours before each HD session.

Time
difference
between
LD and
HD

Time
difference
between
Dosing
and HD

MD Peak
after the
second
MD

Trough
after the
second
HD

AUC from
time zero
to Just
after
second HD

24 hours 6 hours

1 mgIKg 4.0 0.9 224.5
2 mgIKg 7.6 1.8 324.1
3 mgfKg 11.2 2.6 423.7
4 mgfKg 14.9 3.5 523.3
5 mglKg 18.5 4.3 622.9

24 hours 12 hours

1 mgfKg 4.0 0.8 244.5
2 mgfKg 7.6 1.9 364.9
3 mglKg 11.3 2.3 485.4
4 mgfKg 14.9 3.0 605.9
5 mgfKg 18.5 3.8 726.4
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Figure 1.17. Simulation of plasma gentamicin or tobramycin concentrations given to a patient with drug clearance of 8
ml/min (interdialytic tl/2= 31.5 hr, Vd=O.3UKg) undergoing dialysis three times weekly (intradialytic tl/2=2.1 hr).
Loading dose (LD) is given 24 hours before hemodialysis (HD). Rebound effect is not taken into consideration.
Maintenance dose is given 6 hours before each HD.
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Maintenance dose is given 12 hours before each HID.



1.5. CONCLUSIONS:

Tobramycin and gentamicin are aminoglycoside antibiotics that have

concentration dependent killing activity. When these drugs are prescribed to

chronic hemodialysis patients, they are usually administered during the last half

hour or after the end of a hemodialysis session. A new dosing regimen now

proposed is to administer the drug at the start of hemodialysis session to

produce a higher peak drug concentration with increased microbial killing and

use the dialysis process to remove the drug from the body, therefore attaining a

suitable trough drug concentration.

For outpatient setting, by comparing results from three dosing regimens

of drug administration using scenarios of difference in time lapse between

loading dose and the next hemodialysis session over five different maintenance

doses, it can be concluded that administrating the same drug dose at the start of

hemodialysis is superior to the other two dosing regimens (administrating the

drug during the last 0.5 hour of dialysis or administrating the drug immediately

after the end of dialysis). Quite surprisingly, drug administration at the start of

hemodialysis results in not only higher peak drug concentration, but lower

trough drug concentration and at the same time a lower AUC when the same

maintenance dose is administered. This can be translated clinically to a higher

therapeutic effect and lower risk of toxicity.

For inpatient setting, a general conclusion can be drawn that MD of 2

mg/Kg can be used safely and efficiently for inpatient setting regardless of time

lapse between LD and next HD (44 hours or 24 hours) and regardless of time
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lapse between MD and next HD (6, 12 or 24 hours). In all cases 2 mg/Kg MD

will result in a therapeutically effective concentration (above 7 mgIL) and

clinically acceptable trough (below 2 mgIL).

Pharmacokinetic simulation can be a powerful tool to predict plasma

drug concentrations resulting from different dosing regimens. By using

simulations to evaluate different dosing regimens, risk to patients can be

reduced while saving time and money by avoiding trials with all the different

simulated regimens.

Computer aided simulation based on drug pharmacokinetics is a rapidly

developing technique to save time and effort in performing clinical trials. It also

offers safer means of evaluating new dosage regimens or new dosage

formulations. In this report, clinical trial simulations were used to evaluate

methods of aminoglycosides dosing for outpatient and inpatient chronic

hemodialysis patients and to reach the previously mentioned recommendations.

Figures and tables are presented so medical practitioners can quickly and

easily see the expected outcome of aminoglycoside dosing regimens. Of course,

no individual patient will fit exactly the assumptions used in the simulations so

adjustment for specific patients should be made based on patient specific

pharmacokinetic parameters readily available to practitioners who routinely

adjust and monitor aminoglycoside dosing.
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2.1. ABESTRACT:

Preparing and submitting a satisfactory study protocol to the appropriate

Institutional Review Board (IRB) is considered an important step in the learning

process of designing a clinical study. Although different IRBs have different

requirements, there are common guidelines and points among all of them. To

submit a complete study protocol, a lot of points should be taken care of in order to

save time in getting the appropriate acceptance to start the clinical study. This

chapter describes a brief introduction about why the IRB review was needed and

the steps by which the process evolved until it became established.

The chapter also describes the points that should be included in any

protocol before submitting it to the appropriate IRB, the IRB review procedure, and

important points the IRB committee considers before taking the decision by

accepting or refusing a study protocol. Moreover, the important points that should

be included in a study informed consent form are also stated and discussed in this

chapter.

Finally, a full example of an accepted protocol and informed consent form

is included at the end of the chapter to help in developing other study protocols and

to clarify the important points discussed in the chapter.
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2.2. INTRODUCTION

The need for guidelines dealing with human subjects in research was

recognized following the Nuremberg trials where prisoners in concentration camps

were used as subjects in Nazi experiments involving battlefield medications,

chemicals, and injuries. After these trials, medical experimentation abuses of World

War II Nazi physicians came to public attention. As a result, the Nuremberg code

was created in 1945, the first legal attempt to deal with ethical issues of modern

research [1].

Similar ethical standards were made by the World Medical Association in

Declaration of Helsinki in 1964 as a more specific code of ethics which was first

adopted by the l8 World Medical Assembly in Helsinki, Finland in 1964, and

subsequently revised by the 29t1 World Medical Assembly, Tokyo, Japan, 1975,

and by the 41st World Medical Assembly, Hong Kong, 1989 [2].

In the United States, by 1953 the National Institutes of Health required that

all proposed clinical research projects at its center in Bethesda obtain approval from

a protection of human subjects review panel. In 1966, the United States Public

Health Service issued its first set of regulations extending this review requirement

to all "extramural's research supported by the agency. These rules were further

revised in 1971 and 1974 and led to the establishment of institutional review boards

(IRBs) at hundreds of institutions receiving federal funding for research [3,4].

In 1972, human subjects abuse issue culminated after public disclosure of

the 30-year U.S. government supported Tuskegee Syphilis Study, in which 300
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black rural men were left untreated for diagnosed syphilis to obtain data about the

pathogenesis of untreated syphilis even after effective antibiotics became available.

This led to a public law calling for the establishment of the National Commission

for the Protection of Human Subjects of Biomedical and Behavioral Research. In

July of 1974, the National Research Act was passed and Congress authorized the

formation of the National Commission for the Protection of Human Subjects in

Biomedical and Behavioral Research. The National Commission was charged with

identifying the basic principles that underlie the conduct of human research, and in

1979 published the Belmont Report [5]. The Belmont Report identifies three basic

ethical principles that underlie all research involving human subjects:

Respect for persons: recognition of a person's right to self-rule and dignity;

special protections for those with diminished capacity. The rules require informed

consent and the respect for the privacy of research subjects.

Beneficence: the obligation to not harm individuals, and to maximize

possible benefits while minimizing possible risks. The rules require using the best

possible research design to maximize benefits and minimize harms, making sure

researchers are capable to perform the procedures and manage risks, and

prohibiting research that is without a favorable risk: benefit ratio.

Justice: the determination that research does not unduly involve persons

from groups unlikely to be among the beneficiaries of the research. The rules

require equal selection of subjects, and avoiding abuse of vulnerable populations or

populations of convenience (students, prisoners, etc.) [5,6].



These three ethical principles were intended to have equal moral force. "No

one principle outweighs any other, rather an Institutional Review Board (IRB) is

required to consider each case separately and on its own merits to determine what

the appropriate ethical decision should be. The manner in which these ethical

principles are to be applied through a peer review process is established in the Code

of Federal Regulations, Title 45, and Part 46 known as 45 CFR 46 or the Common

Rule.

The following ase the general principles underlying ethical codes for

clinical research [7]:

1- The research must be based on sound and accepted scientific principles.

2- The design should be reviewed by a specially appointed independent

committee.

3- The possible benefits should outweigh potential risks.

4- The interest of the individual subject should prevail over the interests of

science and society.

5- Subject privacy and confidentiality must be maintained.

6- Research must be stopped if the risks are found to outweigh the benefit.

7- The subject must be fully informed and retain the right to withdraw

from the study at any time for any reason.

8- Informed consent should be obtained from the subject or his/her legal

guardian in case of legal incompetence.
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Studies involving human subjects require institutional review board (IRB)

approval prior to study initiation. The definition of an IRB is any board, committee

or other group formally designated by an institution to review biomedical research

involving humans as subjects, to approve the initiation of and conduct periodic

review of such research. The role of the Institutional Review Board (IRB) is to

protect persons who are subjects of clinical studies, to promote medical science by

allowing appropriate research, and to act as an agent to protect the interests of

researchers and the institution in which research occurs [3]. The IRB is also

governed by state regulation and institutional policy. All of these regulations

dictate the composition of the IRB and the IRB process.

Once submitted, the study protocol may be reviewed by the entire IRB or

undergo expedited review. Study protocols eligible for an expedited review do not

undergo review by the entire IRB committee. During an expedited review, research

involving human subjects is reviewed by the IRB chairperson or by one or more

experienced reviewers designated by the chairperson [6]. Research activities that

(a) present no more than minimal risk to human subjects, (b)use non-invasive

procedures to collect data, (c) have no adverse effects on the rights and welfare of

the subjects, and (d) could not practically be conducted without the waiver are

eligible for expedited review. In general, however, if a protocol requires direct

patient contact or if there is any potential for risk, a protocol will be reviewed by

the entire committee. The IRB chairperson usually makes the final decision

regarding whether a protocol will be expedited or goes to the full committee [6].



The IRB will evaluate the protocol based on several factors [6,7]:

1- Does the subject fully understand the purpose of the project and completely

understand his role?

2- Can they withdraw at any time?

3- Are there any costs (obvious or hidden) to the subjects if they participate?

4- Are there any benefits for the subjects and if so, what are these benefits?

5- What are the risks (immediate or long-term) to the subjects?

6- Is the investigator using blinding design, and if so, is it necessary to the

study integrity?

7- How will the investigators maintain the subjects' confidentiality?

8- Who should the subject contact if he has any questions?

Foremost, the research project is considered from the perspective of the

rights of the subject. The IRB also carefully reviews the exclusion and inclusion

criteria. If persons are excluded from the study, why are they excluded? In addition,

the board will pay a close attention to recruitment of vulnerable populations

(students, prisoners, etc.). Justification of recruitment of vulnerable populations is

required prior to IRB approval.

Listed below are the traditional elements of a protocol. Not all elements are

applicable to every protocol, but taken together, they describe a clinical research

study. To avoid submitting an incomplete protocol, which may lead to delay in the

IRB review, the protocol should include the elements listed below [3,4,7].
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Abstract: the abstract describes the objectives, study population, design,

and outcome parameters of the protocol.

Table of Contents/Outline: In long complex and involved research

protocols, it is recommended to incorporate a table of contents.

Introduction: The introduction describes the study's background, including

any human or animal research, and references that are relevant to the design

and conduct of the study. New techniques or procedures should be

described and referenced. If an Investigational New Drug (IND) is to be

used, animal data on the drug should be presented.

Objectives: The exact objectives of the protocol should be clearly stated in a

few short sentences in the form of hypotheses. The protocol should be

soundly designed to answer the questions posed by the objectives.

Study Design and Methods: The study design and methods should

accurately describe the involvement expected of human subjects, including

initial screening tests, study phases, and procedures of the protocol. In

addition, alternatives to experimental therapy should be included if they

exist; and describe the randomization procedure, if applicable.

Inclusion and Exclusion Criteria: The criteria by which the principal

investigator (PT) includes or excludes persons from the protocol are

important because the P11 may generalize only to that population of which

the research participants are a reasonable sample. According to National

Institute of Health (NIH), all NIH-supported biomedical and behavioral



research protocols involving human subjects must recruit women and

minorities unless it is inappropriate to include them.

Subjects Monitoring and Criteria for Withdrawal from the Study: The P1

should state and clearly describe the types, frequency, and duration of tests,

admissions, outpatient visits, and procedures that a research participant

should expect during his visit. In addition, the criteria for withdrawing

subjects from the study or terminating the study itself should be defined.

The protocol should also clearly state that voluntary withdrawal from the

protocol is always an option for the research participant.

Analysis of the Study: Sample size calculations used to estimate the number

of research participants required in the study, the precise outcomes to be

measured and analyzed, and the statistical analysis and measurement of the

results should be discussed in detail in this section of the protocol.

Subject Selection: This section must include (a) a rationale for selecting the

research participants on the basis of their risk for the disease or condition

being studied, and their gender, ethnic origin, and race; and (b) strategies or

procedures for recruiting participants (including advertising, if applicable).

Benefits and Risks/Discomforts: This section should describe the

reasonably expected potential risks and benefits of the research to

participants or to others. The P1 should describe the likelihood and

seriousness of the potential physical, psychological, social, or legal risks.

The following areas should also be addressed: the procedures, and their



likely effectiveness, for protecting against or minimizing any potential

risks; protection of confidentiality; risks of collecting, storing, and using

samples or data in the future; provisions for ensuring necessary medical or

professional intervention for adverse effects of the research; and the

provisions for monitoring data collected to ensure safety of participants.

The protocol should explain why the risks to the participants are reasonable

in relation to the anticipated benefits and the importance of the knowledge that may

reasonably be expected to result. In addition, the protocol must specify what

compensation any healthy clinical research volunteers will receive for their time

and inconvenience and for their travel and escort needs while participating on the

research project. Before a subject is enrolled he/she must sign the study informed

consent form approved by the IRB.

Informed consent is the voluntary agreement of an individual, or his or her

authorized representative, who has the legal capacity to give consent, and who

exercises free power of choice, without undue inducement or any other form of

constraint or coercion to participate in research. The individual must have sufficient

knowledge and understanding of the nature of the proposed research, the

anticipated risks and potential benefits, and the requirements of the research to be

able to make an informed decision [8].

Assent is a term used to express willingness to participate in research by

persons who are by definition too young to give informed consent but who are old

enough to understand the proposed research in general, its expected risks and
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possible benefits, and the activities expected of them as subjects. Assent by itself is

not sufficient, however. If assent is given, informed consent must still be obtained

from the subject's parents or guardian. The consent or assent form should be very

clear and written with a very simple lay langue in order to be approved by the IRB.

The protocol and informed consent documents should be written at a

reading level understandable to all research subjects. A general rule of thumb is that

consent documents should be written so that people with an 8th grade education

could understand them. Short sentences, examples and analogies, and the use of

active voice instead of passive voice are all helpful to the research participant.

Phrases implying that the participant understands, such as "you understand" or "you

know," should not be used in the consent document. Generic drug names, made

clearer with the addition of trade names if needed, are preferred. Keeping all this in

mind, the P1 must incorporate into every protocol consent document the following

elements [3,4].

1. A statement that participation is voluntary, that refusal to participate will

involve no penalty or loss of benefits to which the subject is otherwise

entitled, and that the subject may discontinue participation at any time

without penalty or loss of benefits to which the subject is otherwise entitled.

2. A description of any reasonably foreseeable risks or discomforts to the

subject.

3. For research involving more than minimal risk, an explanation of whether

any compensation and any medical treatments are available if an injury
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occurs and, if so, what they consist of, or where further information may be

obtained.

4. A statement that the study involves research, an explanation of the purposes

for the research, the expected duration of the subject's participation, a

description of the procedures to be followed, and identification of any

experimental procedures.

5. A statement describing the extent, if any, to which confidentiality of records

identifying the subject will be maintained.

6. An explanation of who to contact for answers to pertinent questions about

the research and research subjects' rights, and who to contact if a subject

suffers a research-related injury.

7. A description of any benefits to the subject or to others that may reasonably

be expected from the research.

8. A disclosure of appropriate alternative procedures or courses of treatment, if

any, which might be advantageous to the subject.

9. A statement that the particular treatment or procedure may involve risks to

the subject (or to the embryo or fetus, if the subject is or becomes pregnant)

that are currently unforeseeable.

10. Anticipated circumstances under which the subject's participation may be

terminated by the investigator without regard to the subject's consent.

11. Any additional costs to the subject that may result from participation in the

research.
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12. The consequences of a subject's decision to withdraw from the research and

procedures for orderly termination of participation by the subject.

13. A statement that significant new findings developed during the research that

may relate to the subject's willingness to continue participation will be

disclosed to the subject.

14. The approximate number of subjects involved in the study.

The following is the study protocol and informed consent form for the study

named "Administration of tobramycin for chronic hemodialysis patients" as an

example of an IRB approved protocol and informed consent form. Veterans

Administration Portland Medical Center (VAPMC) approved the protocol in

Winter 2004.
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2.3. ADMINISTRATION OF TOBRAMYCIN AT THE START OF
DIALYSIS FOR PATIENTS WITH RENAL FAILURE STUDY PROTOCOL

2.3.1. DEFINITIONS AND TERMINOLOGY:

Peak (Cmax): The highest concentration of drug in the serum achieved

during a dosing interval.

Trough (Cinin): The lowest concentration of drug in the serum during a

dosing interval.

MIC (minimum inhibitory concentration): The minimum drug

concentration needed to inhibit microbial growth.

AUC (the area under drug concentration-time curve): The area under a

serum concentration versus time profile. It provides a measure of the amount of

drug entering the blood circulation and its persistence in the body. It is used for the

calculation of bioavailability, clearance and volume of distribution. It is commonly

calculated using the trapezoidal method.

PeakIlVIIC ratio: The peak concentration divided by the minimum

inhibitory concentration that is needed to inhibit growth of the microorganism. It is

a determinant of aminoglycoside efficacy.

PAE (Post Antibiotic Effect): The time that the antimicrobial agent

continues to inhibit the growth of the microorganism at concentrations below the

MIC.
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2.3.2. SUMMARY:

This is a prospective, randomized, crossover study evaluating a new

modality for dosing aminoglycosides during chronic hemodialysis. Stable, non-

infected chronic hemodialysis patients will comprise the study population. An

aminoglycoside (tobramycin) will be given either at the beginning or end of the

hemodialysis session and used as a marker for drug clearance during hemodialysis.

The pharmacokinetics and pharmacodynamics of each of these modalities will be

measured and compared.

Study subjects will serve as their own control and will be randomized to one

of two dosing methods for initial study treatment: the current method of dosing

tobramycin at the end of hemodialysis or a proposed method which doses the

tobramycin at the beginning of the dialysis period. After a one-month washout

period, patients will crossover to the other study treatment.

When randomized to the current method, the subjects will receive a 1.5

mg/Kg intravenous (IV) loading dose of tobramycin, infused during the last half

hour of the hemodialysis session. For the proposed method, patients will receive a

1.5 mg/Kg IV loading dose infused over the first half hour of the hemodialysis

session. For both methods, blood and dialysate samples will be collected to

determine the inter- and intradialytic elimination rate constants and other

pharmacokinetic parameters such as peak, trough and AUC. The concentrations

achieved will be compared for therapeutic efficacy using pharmacodynamic in vitro

modeling.
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The hypothesized results are:

1- Administration of tobramycin at the beginning of the dialysis session

will result in similar peak concentrations but decrease the drug exposure

(as measured by Area Under the Curve) and minimum concentration

(Cmin).

2- In vitro microbiologic experiments will exhibit no theoretical

compromise in efficacy when dosing at the beginning of dialysis rather

than at the end of dialysis.

2.3.3. INTRODUCTION:

Aminoglycoside antibiotics are bactericidal agents, effective against most

gram-negative aerobic and anaerobic bacteria [9,10]. They are able to inhibit

protein synthesis and change the integrity of the bacterial cell membrane. The

bactericidal activity of the aminoglycosides is concentration dependent i.e., a high

peak concentration of the drug correlates with improved clinical outcomes [11,121.

In most efficacy trials, the peakJMIC ratio (the peak concentration divided by the

minimum inhibitory concentration which is needed to inhibit growth of the

microorganism) is the major determinant of drug efficacy, i.e. the higher the

peak/MIC ratio, the higher the kill rate [11,12]. For more resistant microorganisms

that have a higher MIC, a higher peak drug concentration is needed for adequate

bactericidal activity. Therefore, to optimize efficacy, a high peak concentration and

thus a high peak/MIC ratio is desired. On the other hand, rapid elimination and low

trough concentrations of aminoglycosides decrease the risk of drug toxicity [11,121.



Aminoglycosides exhibit a significant post antibiotic effect (PAE) both in

vitro and in vivo. The post antibiotic effect (PAE) is the time after exposure to an

antimicrobial during which there is no bacterial regrowth despite the fact that the

concentration has fallen below the MIC. The duration of this effect depends on

several factors; most important is the height of the preceding aminoglycoside peak

and the peak: MIC ratio [13,14]. Therefore, the higher the peak concentration of

aminoglycoside achieved, the longer the duration of the PAE. Due to the host

immune response, the PAE appears to be more prolonged in vivo than in vitro for

many organisms [13,14]. The host immune response lowers the rate of bacterial

growth and controls bacterial cell division in animal models. This is not present in

broth or tissue cultures [13,14]. By virtue of PAE, the concentration of the

aminoglycoside can go below the MIC for the microorganism for several hours

without losing the antimicrobial efficacy. Medical personnel take advantage of the

PAE by extending the time interval between aminoglycoside doses. Extending the

dosing interval will allow the kidney more time to recover from untoward effects of

the drug and allows trough concentrations to be minimized, reducing the incidence

of toxicity

Two important adverse effects, which have been observed with the use of

aminoglyco side antibiotics include nephrotoxicity and ototoxicity [15]. The

primary site of aminoglycoside-induced nephrotoxicity is the proximal tubule.

Nephrotoxicity is directly proportional to tissue exposure of drug [15]. The area-
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under-the drug concentration versus time-curve (AUC) reflects tissue exposure,

which in turn is related to the risk of nephrotoxicity [15].

Aminoglycoside induced ototoxicity may be manifested by cochlear and/or

vestibular dysfunction [16]. Damage within the cochlea leads to hearing loss, while

damage to the vestibular system results in ataxia and positional vertigo [17]. Hair

cell damage in the cochlea usually starts at the basal coil, resulting in high

frequency hearing loss first, and then proceeds to the apex with progressive loss of

hearing in lower frequencies. Tinnitus is usually the first symptom noticed, but by

the time hearing loss is reported, significant high frequency loss has already

occurred [17]. Two types of hearing loss have been described, acute and chronic.

The acute type has been associated with high doses of the drug and was found to be

reversible. The more commonly described hearing loss is the chronic type, which

is very gradual and has been reported to be irreversible in 10 to 55 % of patients

[17]. Vestibular dysfunction generally parallels cochlear damage and is usually

manifested by vertigo, nausea, dizziness and nystagmus. Vestibular damage is

usually permanent and related to aminoglycoside exposure [16]. Factors associated

with development of ototoxicity in hemodialysis patients were reported in a

retrospective study by Gailiunas et al. [16]. In this study of 21 hemodialysis

patients, the investigators found the single most important factor that contributed to

the greatest risk of ototoxicity is aminoglycoside exposure [16].

The kidney is primarily responsible for elimination of aminoglycosides from

the body [9]. Accordingly, patients with renal failure or end-stage renal disease



(ESRD) are dependent upon hemodialysis to remove aminoglycosides from their

circulation. Chronic hemodialysis patients are at higher risk of nephrotoxicity and

ototoxicity due to reliance on hemodialysis for drug clearance. By changing the

time of administration of the aminoglycoside to take advantage of the elimination

by hemodialysis, and targeting an individualized dose, one may improve efficacy

without significantly increasing toxicity risk. An aim for this research is to

determine a dosage regimen for patients undergoing hemodialysis that results in

higher peak concentration (improve the peak/MIC ratio and efficacy) while

maintaining the lowest possible AUC (minimizing the risk of aminoglycoside

toxicity).

2.3.4. OBJECTIVE AND RATIONALE:

One of the conventional modalities to administer aminoglycosides (eg.

tobramycin) to chronic renal failure patients is to give 1.5 mg/kg IV loading dose

followed by a 1 mg/kg IV maintenance dose during the last half hour of the next

hemodialysis session. This modality has several possible drawbacks. First, giving 1

mg/kg as a maintenance dose is predicted to result in relatively low peak plasma

concentration (<4 mgIL), which is lower than the optimal required concentration in

most cases. Second, giving the aminoglycoside dose at the last half hour of the

hemodialysis session does not take full advantage of the dialyzer, which clears the

drug efficiently. A number of pharmacokinetic simulations were constructed to

optimize drug peak concentrations while utilizing the dialyzer to minimizing trough

concentrations and AUC (drug exposure). The best simulation revealed that simply
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moving the timing of dose administration to the beginning of hemodialysis rather

than at the end achieved these goals. The proposed method is based upon these

pharmacokinetic simulations that are described below. The objective of this study

is to confirm that a proposed tobramycin dosing regimen will produce drug peak

and trough concentrations and AUC values consistent with expected improved

patient care.

2.3.5. SIMULATIONS:

Several pharmacokinetic simulations were performed to determine

predicted peak and trough concentrations and AUCs of aminoglycosides in

hemodialysis patients based upon the common current practice. The current peak

concentrations achieved are predicted to be suboptimal in many cases. Therefore,

additional simulations were conducted to propose a dosing regimen with improved

pharmacokinetic parameters (higher peak to improve efficacy, and the lowest

possible area under the curve to avoid increasing toxicity) for these patients. One

compartment, linear intravenous infusion model equations were used to determine

the predicted plasma concentrations [18]. The simulations show that the current

maintenance dose of 1mg/Kg administered at the start of hemodialysis session

rather than at the end of hemodialysis will result in a higher peak and lower AUC

than the current dosing method. Patient care advantages that can occur as a result

of administering the drug at the beginning of dialysis rather than at the end of

dialysis have never been previously recognized. The assumptions used in

performing the simulations are listed in Table 2.1.



Table 2.1. Assumptions used in performing the simulation

Weight of patient 70 Kg

Drug Clearance of patient (=CLcr) or

Interdialytic clearance (CUD)

8 ml/min (0.48 LIhr)

Clearance during hemodialysis (CLHD) [19] 6.96 LIhr

Volume of distribution (Vd) 21 L (0.3 JJkg)

Elimination rate constant during the

hemodialysis session [14].

0.331 hr -'

Elimination rate constant Interdialytic [19]. 0.027 hr'

Time of dialysis session 4 hours

The first figure shows the predicted plasma concentration time curve for

both current and proposed dosing modalities when the loading dose is given 44

hours before the next dialysis session. (Most patients are dosed thrice weekly

resulting in 48 or 72 hours between hemodialysis sessions. If a patient is

hemodialyzed for 4 hours, there are 44 or 68 hours between dialysis sessions.) It

can be concluded that the proposed dosing method will result in higher peak and

slightly lower AUC values than the current modality used to dose tobramycin. This

can be translated clinically to an expected improved therapeutic effect with lower

risk for drug toxicity.
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The results for these simulations with the proposed and current dosing methods are

summarized in Table 2.2.

Table 2.2. Simulated pharmacokinetic parameters of current and proposed dosing
methods. (Proposed dosing method is giving the same MD as current method, 1
mgIKg, but at the beginning rather than end of hemodialysis).

Method AUC (mgJL*hr)092 Cmax (mgJL) Cmin (mgfL)

Current 356 2.57 0.97

Proposed 334 4.67 0.68

In an attempt to minimize the subject's exposure to multiple unnecessary

doses of tobramycin, only the loading dose of tobramycin will be given to each

patient twice, once by each described method. This does not truly simulate what

will happen in an actual patient being given these drugs to treat an infection, as

pictured above, but will give us enough information to compare the two methods

from both a pharmacodynamic and pharmacokinetic perspective.

By giving the 1.5 mg/kg dose at the beginning rather than the end of the

hemodialysis session, a difference in Cmax concentration will not be expected. A

significant difference in AUC and Cmin will be anticipated, as more of the drug

will be removed by dialysis in the proposed method when compared with the

current method. The simulated time concentration curves are depicted in Figure

2.2.



Proposed peak
4.6 mgfL, Beginning of HD

5

4 5
Current peak
4.6 mg/L, End of HD

Current trough
3.5 1.7mgfL

0
.. 3
I-

2
0
C02
C)

U Proposed troughE i.5J
U) 0.58 mg/LU) I

a: ii

0.5-I I

0 10 20 30 40

Time (hours)

PROPOSED
CURRENT

50 60

Figure 2.2. 1mg/Kg dose given at the beginning (proposed) or at the end (current) of dialysis



The results for the simulations above with one 1.5 mg/kg dose given either at

the beginning or end of hemodialysis, proposed and current dosing methods,

respectively, are summarized in Table 2.3.

Table 2.3. Simulated pharmacokinetic parameters 1.5 mg/kg of tobramycin is
given at the beginning (proposed) and end (current method) of hemodialysis.

Method AUC (mg[L*hr)o Cmax (mgIL) Cmin (mgfL)

Current 153 4.6 1.7

Proposed 62.4 4.6 0.58
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2.3.6. HYPOTHESES:

Null hypotheses (1):

There is no significant difference between the current method and

the proposed method regarding tobramycin AUC and trough concentrations in

patients on HID.

Alternative hypotheses (1):

The proposed method significantly changes the AUC and trough

concentrations of tobramycin in patients on HD when compared to the current

method.

Null hypothesis (2):

In vitro pharmacodynamic modeling will result in no difference in

efficacy achieved when comparing the current method to the proposed method in

dosing patients on HD.

Alternative hypothesis (2):

In vitro pharmacodynamic modeling will result in a significant difference in

efficacy achieved when comparing the current method to the proposed method in

dosing patients on HID.



2.3.7. STUDY POPULATION:

2.3.7.1. Number of patients: The study will enroll no more than 30

patients.

2.3.7.2. Inclusion Criteria:

A patient will be eligible for inclusion in this study if all of the following

criteria apply:

- Male and female patients.

- Age from 18-80 years old.

- Chronic renal failure patients undergoing hemodialysis three times

weekly.

2.3.7.3. Exclusion Criteria:

A patient will not be eligible for this study ifany one or more of the following

criteria apply:

- Hypersensitivity to aminoglycosides.

- Morbidly obese patients (Body weight > Ideal body weight + 50% of

the Ideal body weight).

- Patients receiving amikacin, streptomycin, tobramycin, gentamicin,

vancomycin or any other nephrotoxin or ototoxin.

- Pregnant women.

- Patients having history of ototoxicity or vestibular dysfunction.

- Patient with hepatic failure or severe hepatic disease.
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2.3.8. GENDER AND ETHNICITY STATEMENT:

Male and female chronic renal failure patients will be recruited for this

study, and approximately 50% males and 50% females are expected to be studied.

The ethnic composition of the study should mirror that of the Oregon and

southwest Washington areas. No subject will be excluded from the study on the

basis of gender or ethnic origin.

2.3.9. STUDY DURATION:

The study will continue for 2 years or 30 patients.

2.3.10. PROCEDURES:

Study subjects will be randomized to one of two dosing methods for initial

study treatment: the current method of tobramycin dosing in hemodialysis patients

or a proposed method for optimizing drug dosing in hemodialysis patients. After a

one-month washout period, patients will crossover to the other study treatment.

2.3.10.1. Proposed Method

Patients will receive the current loading dose of 1.5 mg/kg IV infusion

during the first half hour of the hemodialysis session. The dose will be

administered via the hemodialysis circuitry (no heparin lock is required). Four

blood samples (totaling 8 ml of blood) will be collected over a 3-day period. Blood

samples will be drawn: at time zero just before hemodialysis and before drug

administration (control sample), One hour after the end of the loading dose

infusion, at the end of hemodialysis, and just before the next hemodialysis session,

as shown in Figure 3. All of these blood samples will be drawn from the



hemodialysis circuitry. None of these blood samples will be drawn from the patient

by venipuncture. Ten milliliters of dialysate will be sampled every half-hour

during the dialysis session and stored at - 100 C until laboratory analysis. The total

volume of dialysate collected during each sampling period will be recorded. The

amount of tobramycin removed during hemodialysis will be determined by

measuring the drug concentration in dialysate. In practice, dialysate is routinely

discarded after hemodialysis.

We will use this infonnation to determine the interdialytic and intradialytic

elimination rate constants and other pharmacokinetic parameters including peak,

trough, and AUC.

2.3.10.2. Current Method

Patients will receive tobramycin as in the currently practiced method (1.5

mg/kg IV loading dose administered during the last half hour of the dialysis

session). The dose will be administered via the hemodialysis circuitry (no heparin

lock is required). Blood and dialysate samples will be collected and analyzed for

measurement of tobramycin concentrations. We will be able to compare the drug

concentrations from this group with the drug concentrations obtained from the

proposed method. Three samples (totaling 6 ml of blood) will be drawn over a 3-

day period. Blood samples will be drawn: at time zero just before hemodialysis and

before drug administration (control sample), one hour after the end of the loading

dose infusion, and just before the next hemodialysis session. Only one sample (1-

hour post-dose sample) will be drawn from the patient by venipuncture. The other



samples will be obtained from the hemodialysis circuitry. Dialysis fluid will be also

sampled every half hour during the dialysis session as previously described. The

sampling schedule is shown in Figure 2.4.
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Serious/adverse events reporting policy include immediate notification of

IRB about events through study PT. Patients will receive the drug during dialysis

session and interviewed /examined during dialysis sessions by study P1 at least

once a month during study period to ensure that there are no side effects due to

study medication. Study patients will be from VA dialysis center patients.

To minimize risk to participants drug will be given twice only with one

month break which make the probability of any side effect is too low, drug levels

will be monitored by study P1 and patients will be interviewed and asked by study

PT if he experienced any side effects and specifically will be asked about any

symptoms of hearing loss or balance problem in every dialysis session and before

receiving second dose of drug.

A hearing test will be performed before and after the first dose

administration and before and after the second dose administration. Hearing test

will be performed on VA audiology Clinic.

2.3.11. LABORATORYANALYSJS:

The arterial port of the hemodialysis circuitry will be used for blood draws

during hemodialysis. Only one blood sample will be obtained by venipuncture.

Each blood sample will be 2 ml. The blood samples will be collected in red top

Vacutainer heparinized tubes and centrifuged for separation of plasma, then stored

at - 100 C until laboratory analysis. Blood (plasma) and dialysate samples will be

analyzed using fluorescence polarization immunoassay (TDx; Abbott Laboratories,

IL) for measurement of tobramycin concentrations.



2.3.12. PHARMACOKINE TIC ANALYSIS:

Data collected during hemodialysis sessions will be fit using computer-

aided regression for a one-compartment model (PK analyst; Micromath scientific

software, Salt Lake City, UT) to determine peak concentration, AUC, and

intradialytic elimination rate constant. Data obtained between the hemodialysis

sessions will be fit using the same program to determine the interdialytic

elimination rate constant.

2.3.13. PHARMACODYNAMIC ANALYSIS:

The drug concentration versus time data generated from these studies will

be utilized in in vitro pharmacodynamic studies to verify that no theoretical

compromise in efficacy occurs when dosing at the beginning of dialysis rather than

at the end of dialysis.

An in vitro pharmacodynamic model consisting of a one-compartment glass

chamber with multiple ports for the removal of medium, delivery of antimicrobials,

and collection of bacterial and antimicrobial samples will be utilized [20-23]. All

model simulations will be conducted over 48 hours and will be performed in

duplicate to ensure reproducibility. Each model will be placed in a 37°C water bath

for the duration of each experiment, with a magnetic stir bar in each model to

produce continuous mixing of medium. First, each model will be filled with media,

inoculated with Pseudomonas sp., then tobramycin will be injected into the model

to achieve the desired dose or concentration of tobramycin to simulate what

happened in real patients. A peristaltic pump (Masterfiex; Cole-Parmer Instrument
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Company, Chicago, IL) will be used to continually replace drug-containing the

model with fresh media delivered from an attached reservoir (at a rate to simulate

the inter- and intradialytic half-lives (t112) of tobramycin found in each subject) [20-

23]. Regimen simulations (simulations of concentrations achieved in each patient)

will be done for each patient with each dosing method.

Samples from each model will be collected. Bacterial counts will be

determined and time-kill curves will be constructed by plotting mean colony counts

(logio CFU/mL) from each model versus time. Bactericidal activity (99.9% kill)

will be defined as a 3 log CFU/mL reduction from the initial inoculum.

Reductions in colony counts will be determined over a 48-hour period and

compared between regimens [20-23].

Samples from each time point will be plated on media containing a

tobramycin concentration of 4 and 8x the baseline MIC for the organism and

incubated for 48 hours at 37°C in order to monitor for the development of

resistance. Plates will be visually inspected for growth of resistant subpopulations

after 24, 32, and 48 hours of incubation. The MIC for resistant organisms will be

determined using the E-test method in order to capture all potential MIC changes

that would not normally be detected using microdilution susceptibility testing [24-

27].
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2.3.14. RISKS AND DISCOMFORTS:

Ototoxicity Adverse effects on both the vestibular and auditory branches

of the eighth nerve have been noted, especially in patients receiving high doses or

prolonged aminoglycoside therapy, in those given previous courses of therapy with

an ototoxin, and in cases of dehydration. Symptoms include dizziness, vertigo,

tinnitus, ringing in the ears, and hearing loss. Hearing loss is usually irreversible

and is manifested initially by diminution of high-tone acuity. Tobramycin and

gentamicin closely parallel each other in regard to ototoxic potential [28,29].

Nephrotoxicity -- Renal function changes, as shown by rising BUN (blood

urea nitrogen), and serum creatinine and by oliguria, cylindruria, and increased

proteinuria, have been reported, especially in patients with a history of renal

impairment who are treated with aminoglycoside for longer periods or with higher

doses than those recommended. Adverse renal effects can occur in patients with

initially normal renal function [28-291.

Pregnancy Category D -- Aminoglycosides can cause fetal harm when

administered to a pregnant woman. Aminoglycoside antibiotics cross the placenta,

and there have been several reports of total irreversible bilateral congenital

deafness in children whose mothers received streptomycin during pregnancy.

Serious side effects to mother, fetus, or newborn have not been reported in the

treatment of pregnant women with other aminoglycosides. If tobramycin or

gentamicin is used during pregnancy or if the patient becomes pregnant while



taking tobramycin/gentamicin, she should be apprised of the potential hazard to the

fetus. Pregnant women will be excluded from this study [25,26].

Other reported adverse reactions possibly related to tobramycin/gentamicin

administration include anemia, granulocytopenia, and thrombocytopenia; and fever,

rash, exfoliative dermatitis, itching, urticaria, nausea, vomiting, diarrhea, headache,

lethargy, pain at the injection site, mental confusion, and disorientation [28,29].

Blood drawing will cause some pain and carries a small risk of bleeding,

bruising or infection at the puncture site.

2.3.15. BENEFITS:

The Study subject will not personally benefit from participating in this

study. However, by serving as a subject, the patient may contribute new

information, which may benefit hemodialysis patients receiving aminoglycosides in

the future. It is expected that patients will achieve improved therapeutic levels of

the drug with lower risk of drug toxicity. This can be translated clinically to

improved efficacy and patient care. Also, the proposed method may support the

continued use of an inexpensive, well-studied drug (tobramycin) instead of

switching to expensive new alternatives, which are less studied but are considered

because of concern when sub-optimal aminoglycoside peak values are expected.

2.3.16. ALTERNATIVES:

The patient may choose not to participate in this study.
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2.3.17. CONFIDENTIALITY:

Neither the patient name nor his/her identity will be used for publication or

publicity purposes. No data will be shared with any identifier that can be liked to

the patient himself. The data will be used mainly for this study and will be

destroyed after it ends.

2.3.18. COMPENSATION AND COST:

Study subjects will be compensated for their time and inconvenience for

participating in this study. Study subjects will be paid $50.00 for completion of

each treatment phase of the study. Study subjects will be paid a total of $100.00 if

both treatment phases are completed. The study sponsors will pay for study

medication and all study-related laboratory tests. The study doctor and the research

coordinator will be responsible for making sure these tests are billed to the study.

Veterans will not be required to pay for treatment received as a subject in a

VA research program. VA patients must be eligible for VA services. However,

depending on your VA eligibility, you may be required to pay a co-payment for

normal hospital and prescription expenses.

2.3.19. LIABILITY:

Oregon State University College of Pharmacy does not offer to pay for

costs related to the study protocol. Oregon State University College of Pharmacy

does not offer to pay for medical expenses for injuries unrelated to the study

protocol or that are caused by your disease or condition. No other compensation is

offered by Oregon State University College of Pharmacy.



Every reasonable effort to prevent any injury that could result from this study

will be taken. In the event of physical injuries resulting from the study, medical

care and treatment will be available at this institution. For eligible veterans,

compensation damages may be payable under 38 Usc 1151. For all study

participants, compensation damages resulting from the negligence of federal

government employees may be available in accordance with the provisions of the

Federal Tort claims Act. For additional information concerning claims for

damages, subject may contact VA Regional Counsel at (503) 326-2441.

Any patient participating in a study at the Department of Veterans Affairs

Medical Center, Portland, Oregon is encouraged to contact Dr. Dennis J. Mazur,

Chairman, Institutional Review Board, to discuss any issues related to their

research study participation.

2.3.20. ACCESSIBILITY OF DATA:

Study data will be accessible only to authorized personnel actively

involved in study procedures.

The following records will be maintained in a secure place in the pharmacy:

-Copy of signed informed consent

-Copy of approved protocol and all amendments

-Documentation or IRB approval

2.3.21. SUBJECT REMOVAL:

Subjects will be removed from the study if they so choose at any time.



2.4. ADMINISTRATION OF TOBRAMYCIN AT THE START OF
DIALYSIS FOR PATIENTS WITH RENAL FAILURE INFORMED
CONSENT FORM:

2.4.1. PURPOSE:

This study involves research. The purpose of this study is to find the best

way to administer tobramycin, an antibiotic drug, to renal failure patients. You

have been invited to participate in this research study because you undergo dialysis

for chronic renal failure. The drug that we will use in this study is tobramycin

which is an antibiotic approved by the Food and Drug Administration (FDA). Your

participation in this study will last for 6 days (3 days, a 1 month break, 3 days).

Thirty (30) patients will participate in this study.

2.4.2. PROCEDURES:

This is a randomized study. Neither you nor your doctor can choose which

method you will get first. You will receive tobramycin two times. Tobramycin will

be administered via the hemodialysis circuitry (the plastic tubing that connects a

patient with the dialysis machine). At the start of this study, you will be

randomized (like flipping a coin) to one of two dosing methods 1) the standard

method, in which tobramycin is administered at the end of dialysis or 2) the study

method, in which tobramycin is administered at the beginning of dialysis). For

each method you will be given tobramycin by vein via the hemodialysis circuitry.

We will take blood and dialysis fluid samples from you to measure tobramycin
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levels. After you complete the first dosing method you will have a one-month

break. After the break, you will return to complete the other dosing method.

Each dosing method is outlined below:

For the standard method, we will draw a blood sample just before dialysis

from the line going to the dialyzer. You will receive tobramycin 1.5 mg/kg IV

during the last half hour of dialysis. One hour after you have received this

medication we will draw a blood sample from your vein. After this blood draw you

may go home. The last blood draw will be taken before your next dialysis session

from the line going to the dialyzer.

For the study method, we will draw a blood sample just before dialysis from

the line going to the dialyzer. You will receive tobramycin 1.5 mg/kg IV at the

start of dialysis. A blood sample will be drawn from the line going to the dialyzer

one hour after you receive this. Another blood sample will be drawn from the line

going to the dialyzer at the end of dialysis. After this blood draw you may go home.

The last blood draw will be taken before your next dialysis session from the line

going to the dialyzer.

For both dosing methods, each blood sample will be less than a half

teaspoonful. A total of seven blood samples will be drawn (a total of less than one

tablespoonful of blood). Only one sample will be drawn from your vein using a

syringe. The other samples will be taken from the dialyzer line. Lastly, a sample of

dialysis fluid will be collected every half hour during every dialysis session;

normally, this fluid is discarded after dialysis.
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A hearing test will be performed before and after the first dose

administration and before and after the second dose administration. Hearing test

will be performed on the VA audiology Clinic.

2.4.3. RiSKS AND DISCOMFORTS:

There are several drugs (prescription and non-prescription) that may interact

with the study medication. The study doctor will carefully review all of the

medications you are currently taking prior to giving you the study medication. If

any other health care provider prescribes any new medication(s) for you while you

are in this study, please contact the study doctor prior to taking the new medication,

or have that provider contact the study doctor prior to prescribing it. Do not take

any new non-prescription medications (over-the-counter drugs) while you are in

this study unless you first check with the study doctor.

Tobramycin can cause permanent hearing loss and permanent vertigo (1-

10%). The risk increases if you are on this drug for a long time. Giving you a one-

month break between each dose of the drug lessens this risk. The risk also becomes

higher if you are taking another drug that also can cause damage to your hearing.

We will carefully review your medications to lessen this risk.

Tobramycin can also affect your kidney function. This will happen

especially when higher than recommended doses are used or when the drug is used

for a long time. This study uses the doses currently recommended for dialysis

patients. The risk becomes higher if you are taking another drug that also can cause

damage to your kidney. We will carefully review your medications to lessen this
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risk. This drug can cause bad effects if administered to a pregnant woman. If you

become pregnant or suspect that you may be pregnant during the study, please tell

your doctor at once.

Blood drawing will cause some pain and carries a small risk of bleeding,

bruising or infection at the puncture site.

There are some drugs that may increase the unwanted effect of the

tobramycin. Do not take any new medication before asking your study doctor.

Other possible risks and adverse effects that may occur rarely with

tobramycin include: headache, confusion, fever, sleepiness, vomiting, nausea,

diarrhea, anemia, rash, itching, dizziness, ringing in the ears, and decreased liver

function.

2.4.4. BENEFITS:

You will not personally benefit from participating in this study. However, by

serving as a subject, you may contribute new information, which may benefit

patients in the future.

2.4.5. ALTERNATIVES:

You may choose not to participate in this study. In this case you will receive your

usual regular dialysis session.
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2.4.6. CONFIDENTIALITY AND AUTHORIZATION:

Authorization for the Use and Disclosure of Protected Health Information for

Research Purposes Health Insurance Portability and Accountability Act (H1PAA)

1. During this research study some of your personal information, including

health information, will be collected by VA research personnel and used for

the scientific goals of the research study.

2. By signing this document you will authorize the Veterans Health

Administration (VHA) to provide Dr. Ihab Wahba and his research team

access to your protected health information. This information may be

collected, created, used and disclosed in this research study.

Protected health information is any health information through which you can

be identified. The information that will be collected includes your name and

medical record number. This information may be used to obtain information about

you or your health from VA records and from the health information categories

below. The specific health information which will be accessed and the purpose of

each use and disclosure are:



Health Information Purpose

Complete Medical Records: a,c,h and i a. To learn more about the condition/disease being studied

History and Physical Exam: a,c,h and i b. To learn more about the costs of treating the

condition/disease being studies

Consultation Reports: c. To improve health care for persons with the condition/disease

being studied

X-ray Reports: d. To analyze research results

Laboratory tests: a,d,h and i e. To facilitate treatment, payment and operations related to the

study

Operative Reports: f. To complete research obligations in this study

Discharge Summary: g. To comply with federal of other governmental agency regulations

Progress Notes: a,d,h and i h. To monitor for adverse events/side effects

Questionnaires, interview results, i. To determine the safety and effectiveness of the treatment(s)



focus group survey, psychology survey,

psychological performance tests

E Photographs, videotapes, or digital

or other images

j. To perform quality assessments related to research at the VHA

Tissue and/or blood specimens: d,f,h,i k. To place in a repository or "bank" for future research purposes

LI Other: 1. Other:

LF
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The information collected for this study will be kept confidential as required by

law. Any reports or publications resulting from this study will not include any

information that could identify you. The law requires us to keep study records

for six years following the end of the study.

3. The information disclosed may include information relating to:

Acquired immunodeficiency syndrome (ADS) or human

immunodeficiency virus (HIV) infection.

D Treatment for drug or alcohol abuse.

D Mental or behavioral health or psychiatric care.

Sickle cell anemia

Genetic Testing

4. During the research study, you will not have access to the research data that is

collected about you until after the study is completed and the study results have

been determined or published. After the study is completed you may request

your health information.

The results of your participation in this study may be used for publication or

for scientific purposes, but your identity will not be disclosed unless you give

separate, specific consent to this, or unless as required by law.

5. Others who will have access to your information for this research project are the

Portland VA Medical Center Institutional Review Board (the committee that

oversees human research) and authorized VA personnel and other federal
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agencies, such as the FDA, in order to meet VA and other Federal or local

regulations. Research records may be reviewed and/or copied by these parties.

6. You are giving the research team permission to use your personal health

information only until the end of study. At that point, the investigator will

remove the identifiers from your information, making it impossible to link you

to the study.

7. You can revoke this authorization to use your personal health information for

research purposes at any time. To revoke your authorization, you must write to

Dr. Ihab Wahba at Oregon Health & Science University, 3181 SW Sam Jackson

Park Road, Mail Code: PP262, Portland, OR 97239 or you can ask a member

of the research team to give you a form to revoke the authorization. If you

revoke this authorization, you may not be able to continue to participate in the

study.

If you do send a letter to the Principal Investigator to revoke this

authorization, the use and disclosure of your protected health information will

stop as of the date he/she receives your request. However, the Principal

Investigator is allowed to use information collected before the date of the letter

or collected in good faith before your letter arrives. If your information has

already been combined with other peoples' information in the study, such as

when numbers are averaged, the research team will continue to use it but no

further information about you will be collected after you revoke the

authorization.



If you have any questions concerning taking back your permission, you may

contact the Principal Investigator, Dr. Ihab Wahba at (503) 494-8490.

You can choose to withdraw at any time and you are not requested to allow

more blood samples drawings for drug analysis in this case.

The VHA complies with the requirements of the Health Insurance

Portability and Accountability Act of 1996 and its privacy regulations and all

other applicable laws that protect your privacy. We will protect your

information according to these laws. Despite these protection, there is a

possibility that your information could be used or disclosed in a way that it will

no longer be protected. Our Notice of Privacy Practices (a separate document)

provides more information on how we protect your information. If you do not

have a copy of the Notice, the research team will provide one to you.

2.4.7. COSTS:

Veterans will not be required to pay for treatment received as a subject in a

VA research program. VA patients must be eligible for VA services. However,

depending on your VA eligibility, you may be required to pay a co-payment for

normal hospital and prescription expenses.

Some of the procedures in this study are part of the standard treatment for your

condition and would be performed even if you were not in this study. The costs for

these procedures, if you are a veteran may be billed to you depending on your VA

eligibility.
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2.4.8. PA YMENT FOR PARTICIPATION:

You will be compensated for your time and inconvenience for participating

in this study. You will be paid $50.00 for completion of each phase of the study.

You will be paid a total of $100.00 if both phases are completed. If you choose to

withdraw after the completion of the first phase, you will receive $50.00.

2.4.9. LIABILITY:

Oregon State University College of Pharmacy does not offer to pay for

costs related to the study protocol. Oregon State University College of Pharmacy

does not offer to pay for medical expenses for injuries unrelated to the study

protocol or that are caused by your disease or condition. No other compensation is

offered by Oregon State University College of Pharmacy.

Every reasonable effort to prevent any injury that could result from this study will

be taken. In the event of physical injuries resulting from the study, medical care

and treatment will be available at this institution. For eligible veterans,

compensation damages may be payable under 38 USC 1151. For all study

participants, compensation damages resulting from the negligence of federal

government employees may be available in accordance with the provisions of the

Federal Tort Claims Act. For additional information concerning claims for

damages, subject may contact VA Regional Counsel at (503) 326-2441. If you

believe that you may have suffered a research related injury, contact Dr. Ihab

Wahba at 503-494-8490 who will give you further instructions. In the event of life
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threatening emergency call 911 or in an emergency situation, present yourself to

the Emergency Care Unit.

Your signature below indicates that you understand that the Department of

Veterans Affairs Medical Center, your investigators, and the sponsors of this

research bear no responsibility for any costs you may incur at other hospitals,

clinics, or care institutions related to this study or to any of your medical

conditions.

2.4.10. PARTICIPATION:

Osama Mohamed, PhD Candidate [503-494-1588] has offered to answer

any other questions you may have about this study. You may refuse to participate,

or you may withdraw from this study at any time without affecting your

relationship with or treatment with the Veterans Health Administration. Your

health care provider is [one of the] investigator[s] of this research protocol, and as

an investigator is interested in both your clinical welfare and in the conduct of this

study. Before entering this study or at any time during the research, you may ask

for a second opinion about your care from another doctor who is in no way

associated with this project. You are not under any obligation to participate in any

research project offered by your physician.

You may get removed from the study prior to study conclusion if you have serious

side effects or if you fail to comply with instructions. You will be given a copy of

this informed consent after signing it.
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2.4.11. WITHDRAWAL FROM THE STUDY:

Your participation in this research study is voluntary. The authorization to

use your protected health information is also voluntary. You may refuse to sign

this informed consent form and authorization. However, in order to participate in

this study you must sign the informed consent form and authorization.

You may withdraw from this study at any time without prejudice to yourself

or to any future medical care with this institution or with the Department of

Veterans Affairs (DVA). You will still receive all the medical care and benefits for

which you are otherwise eligible. This will not affect your rights as a VHA patient.

2.4.12. RESEARCH SUBJECT'S RIGHTS:

I have read or have had read to me all of the above. Dr. Ihab Wahba and/or

Mr. Osama Mohamed has explained the study to me and answered all of my

questions. I have been told of the risks and/or discomforts and possible benefits of

the study. I have been told of other choices of treatment available to me. I have

been told how my individually identifiable health information will be used and

disclosed.

I understand that I do not have to take part in this study. I understand how

my individually identifiable health information will be used and disclosed. I

authorize the use of my identifiable information as described in this form. I

understand that my refusal to participate will involve no penalty or loss of VA or

other benefits to which I am entitled.
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In case there are medical problems or questions, I have been told I can call

Dr. Ihab Wahba at 503-494-8490 during the day and Dr. Ihab Wahba at 503-494-

4799 Ext.15319 after hours. If any medical problems occur in connection with this

study, the VA will provide emergency care.

I understand my rights as a research subject, and I voluntarily consent to

participate in this study. I understand what the study is about and how and why it is

being done. I will receive a copy of this consent form for my records.
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Printed Name of Subject or

Subject's Legally Authorized Representative

Signature of Subject or

Subject's Legally Authorized Representative

Date

Relationship to Subject, if Subject's Legally Authorized Representative

Signature of Witness Relationship to Subject/Position Title

Signature of Investigator or Investigator Representative: "I conducted the informed

consent process with this Subject."

If the Investigator did not sign above: "I have reviewed this consent form and

attest to the integrity of this informed consent process." Investigator Initials:

*Initial of patient or patient representative. "I have received a copy of this

informed consent/authorization document":___________
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CHAPTER 3

PILOT STUDY: ADMINISTRATION OF TOBRAMYCIN AT THE START
OF DIALYSIS FOR PATIENTS WITH RENAL FAILURE.

Osama H. Mohamed and James W. Ayres
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3.1. ABSTRACT:

Currently, tobramycin prescribed to chronic renal failure patients is

commonly administered during the last half hour of a dialysis session. A new

proposed dosing regimen suggests administration of tobramycin during the first

half hour of the dialysis session to obtain the same efficacy and decrease the risk of

drug toxicity by lowering total body drug exposure.

A prospective crossover study in chronic renal failure subjects was designed

to evaluate and compare both dosing regimens (current and proposed). Participants

were 5 adult male non-infected subjects who receive dialysis three times every

week. Each subject received a dose of 1.5 mg/Kg of tobramycin on two occasions.

Through randomization, subjects first received the drug either during the first half

hour of dialysis or during the last half hour of dialysis. Subjects then received the

other dosing regimen. Blood samples were collected and analyzed for tobramycin

content.

Results were used to determine drug peaks, troughs and area under the

curves (AUCs) for both dosing regimens. These parameters were tested through

analysis of variance (ANOVA) to determine if there was a significant difference

between the two dosing regimens. Pharmacokinetic parameters like interdialytic

and intradialytic rate constants, half-lives and clearance were manually calculated.

Results show that both methods provide similar peak drug concentrations (similar

antimicrobial efficacy) but the new proposed method provides a statistically

significantly lower troughs and AUCs (expected lower risk of toxicity).
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3.2. INTRODUCTION:

Aminoglycoside antibiotics (e.g. tobramycin) are bactericidal agents

commonly used in the hemodialysis population to treat infections [1]. Although

these antibiotics are relatively inexpensive, effective against most Gram-negative

organisms, and spare use of newer more expensive antibiotics, they have a narrow

therapeutic index and need to be monitored for toxicity. In the hemodialysis

population, aminoglycoside toxicity is manifested mainly as either hearing

impairment or vestibular damage causing vertigo and balance problems [2,3]. End

stage kidney disease, prolonged exposure to aminoglycoside (more than 2 weeks),

and concurrent administration of other ototoxic agents increase risk of

aminoglycoside-induced ototoxicity in the hemodialysis population. Previous

researchers estimated the overall incidence of hearing loss, dizziness, and vertigo to

be 5-7.5% [2-5].

Aminoglycoside ototoxicity is directly related to body exposure to the

antibiotics. This can be measured by area under the curve for the plasma drug

concentration versus time profile (AUC). The lower the AUC, the lower the risk of

ototoxicity for the hemodialysis population [6-8]. Currently in major hospitals in

Oregon, when administered to hemodialysis patients, tobramycin antibiotic is

administered at the last half-hour of a hemodialysis session. This dosing method

depends on the patient's impaired kidney function to remove tobramycin until the

patient has another hemodialysis session. Because the clearance of tobramycin is so
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low in between dialysis sessions in kidney failure patients, this dosing method leads

to relatively high body exposure to the drug and a high AUC. As a result, the risk

of tobrarnycin induced-ototoxicity is increased in the hemodialysis patients.

In order to decrease the risk of aminoglycoside (e.g. tobramycin) ototoxicity

in kidney failure patients, a new dosing method is proposed which uses the dialysis

process to clear drug from the body. The proposed dosing method suggests

changing the time of tobramycin administration to be during the first half-hour of

the hemodialysis session instead of during the last half-hour of the session. Because

tobramycin (like all other aminoglycoside antibiotics) provides a concentration

dependent microbial killing effect, it is supposed that attaining a high peak for short

time is enough to obtain the required therapeutic effect [9,10]. According to several

one-compartment infusion model simulations, both current and proposed methods

result in the same peaks but the proposed method is expected to have much lower

AUC. This can be translated clinically to suggest that both methods have the same

efficacy but the proposed method has a lower risk of tobramycin ototoxicity.

The study objective was to compare tobramycin concentration in blood

versus time profiles for the current method of tobramycin administration (at the end

of hemodialysis session) with the proposed method of tobramycin administration

(at the start of hemodialysis session). Peaks, troughs and AUCs from both methods

were calculated and used for comparing both methods regarding potential efficacy

and toxicity.
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3.3. METHODS:

3.3.1. STUDY DESIGN:

This was a prospective crossover pilot study. Patients were randomly

assigned to receive tobramycin via either the current method first, or the proposed

method first. After a one-month washout period, patients received tobramycin via

the other method. The Study was approved by Portland Veteran Administration

Hospital Medical Center Institutional Review Board.

3.3.2. STUDY POPULATION:

Study population was limited to stable, non-infected chronic hemodialysis

patients, receiving dialysis three times weekly who are 18 years or older. Subjects

were excluded from the study if they were pregnant, hypersensitive to

aminoglycosides, morbidly obese (weight more than 50% + ideal body weight),

receiving other ototoxic agents, had history of ototoxicity or vestibular dysfunction,

or hepatic failure or severe hepatic disease. The study physician identified subjects,

and subject charts were reviewed to ensure eligibility for the study. From a pool of

25 potential subjects, only 5 males met study inclusion criteria. All 5 subjects were

anuric and provided written informed consent before being enrolled in the study.

This pilot study was kept small and conducted to obtain sufficient preliminary

information to evaluate feasibility and desirability of conducting a larger study in

microbially infected hemodialysis patients.
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3.3.3. STUDY PROCEDURE:

Subjects were randomized either to receive the current dosing regimen first

(1.5 mg/Kg during the last half hour of dialysis) or to receive the proposed dosing

regimen first (1.5 mg/Kg during the first half hour of dialysis). After a one-month

washout period, subjects were crossed over to receive the other treatment. Subjects

received a hearing examination before and after administration of each tobramycin

dose to test for drug ototoxic effects. Tobramycin sulfate was dissolved in 250 ml

of normal saline and was administered by means of an infusion pump over exactly

30 mm. The standard duration of dialysis sessions for study subjects was not

changed, and ranged from 4 4.5 hours. All patients used the 210 H dialyzer

(GAMBRO Renal Products, CO, USA) for both study phases. Blood flow rate and

dialysate flow rate were kept constant at 400 mllmin and 600 mi/mm respectively.

Subject medications and labs were reviewed periodically to avoid drug or disease

interaction during the study.

When subjects received tobramycin according to the new proposed dosing

regimen, 4 blood samples (2 ml each) were collected from the subject through the

arterial line of the dialysis machine. Samples were taken before start of dialysis,

one hour after the end of drug infusion, at the end of dialysis, and just before the

next dialysis session. On the other hand, when subjects received tobramycin

according to the current dosing regimen, 3 blood samples (2 ml each) were

collected from the subject through the arterial line also. Samples were obtained

before the start of drug infusion, one hour after the end of drug infusion and just
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before the next dialysis session. Samples were collected in BD Vacutainer SST Gel

and clot activator tubes (BD, Franklin Lake, NJ 07417-1885). Samples were sent to

the Veterans Administration (VA) Hospital central lab immediately after collection

to be analyzed for tobramycin concentration. Serum tobramycin concentrations

were determined using a validated fluorescence polarization immunoassay (TDx;

Abbott Laboratories, frying, TX, USA). The lower limit for the assay was reported

to be 0.1 mgIL.

Serum tobramycin concentrations were used to estimate drug peak

concentration at the end of drug infusion, interdialytic rate constants, intradialytic

rate constants and area under concentration time curves for all subjects for both

dosing regimens using standard one-compartment model equations. Drug peaks,

troughs and area under the curves resulting from both dosing regimens were

analyzed using analysis of variance (ANOVA) to determine if there is any

statistically significant difference between the two dosing regimens. A P-value <

0.05 was considered to be statistically significant. Calculated sample size for the

study to have power of 90% was 15 subjects. Therefore, the study was not powered

to draw a firm conclusion about comparing both dosing regimens but the results of

this small pilot study were important to ensure the relevance of conducting a larger

study. Descriptive statistics were also performed on study subjects to describe

subjects' demographics.
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3.4. RESULTS:

3.4.1. PATIENT DEMOGRAPHICS

Patient demographics are summarized in table 3.1. Five adult males

participated in the study. Age ranges from 53 to 70 years (average 59± 6.89 years).

Weight ranged from 81 Kg to 114 Kg (average 99.3 ± 13.65 Kg). Four subjects are

Caucasian and one is African American. The cause of renal failure was diabetes in

three subjects, hypertension in one subject and unknown in the fifth subject. All

patient were anuric. Average duration on dialysis for subjects was 2.7± 2.14 years

(range from 1 to 5.5 years). Hearing tests for each patient show no difference in

hearing or balance before and after drug administration.

Table 3.1. Patient Demographics

ID Age Sex Race Weight Years on dialysis Cause of ESRD
(Years) (Kg)

1 53 M C 101 1.5 Diabetes

2 70 M C 110 1.0 Diabetes

3 57 M C 90.5 4.5 Unknown

4 54 M AA 81 5.5 Hypertension

5 61 M C 114 1.0 Diabetes

Mean 59 99.3 2.7

±SD 6.89 13.65 2.14

M= male, C = Caucasian, AA = African American
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3.4.2. PHARMA COKINE TIC ANALYSIS:

Serum concentrations obtained from the VA central lab were used to

calculate drug peak concentrations at end of tobramycin infusion for both dosing

regimens (current and proposed). Using one-compartment infusion model

equations, interdialytic and intradialytic elimination constants and half-lives were

calculated. Area under serum concentration versus time curve was calculated using

the trapezoidal rule for each patient. Results of serum concentrations obtained from

study subjects are shown in table 3.2 as individual results and then average ± SD.

Data presented in table 3.3 show calculated peak drug concentrations at the

end of infusion for both dosing regimens, trough drug concentrations for both

dosing regimens, and AUC for both dosing regimens. These parameters (peaks,

troughs, and area under the curves) were used to statistically test differences

between both dosing regimens (current and proposed) using ANOVA.

Table 3.4 shows pharmacokinetic parameters calculated using the obtained

serum drug concentrations. These parameters are the elimination rate constant

during hemodialysis (KHD), elimination rate constant between hemodialysis

sessions (KNHD), the elimination half-life during hemodialysis (t112HD), elimination

half-life between hemodialysis sessions (t112 NHD), total area under the curve from

0 to oo (AUC0) for both current and proposed dosing regimens, and calculated

systemic clearance (CLs) for current and proposed dosing regimens. All tables

show results with average ± SD.



Table 3.2. Dose administered and the resulting tobramycin serum concentrations.

Code Dose (mg) Conc. Conc. Peak conc. Peak conc. Conc. Conc. Conc.
(1.5mg/Kg) (mgIL) 1 (mgfL) 1 (mgIL) (mgIL) (mgIL) (mgIL) (mgIL) at

hour after hour after (proposed) (proposed) before the before the end of
infusion infusion next HID the next dialysis
(proposed) (current) (proposed) BID (proposed)

(current)

1 150 2.5 6.1 5.85 6.23 0.1 2.6 0.3

2 160 2.3 5.1 5.2 5.18 0.1 1.7 0.3

3 140 3.1 5.7 5.98 5.8 0.3 2.6 0.6

4 120 2.3 6.6 6.11 6.73 0.1 2.8 0.2

5 165 2.6 5.1 5.03 5.2 0.2 2.5 0.5

Average 147±17.89 2.56±0.33 5.83±0.67 5.63±0.49 5.83±0.67 0.2±0.1 2.44±0.4 0.38±0.16
±SD 3



Table 3.3. Peaks, troughs, and area under the curves for both current and proposed dosing regimens.

Subject
ID

Peak (proposed)
(mg/L)

Peak (current)
(mgfL)

Trough (proposed)
(mgIL)

Trough (Current)
(mg/L)

AUC (proposed)
(mg*hr/L)

AUC (Current)
(mg*hr/L)

1 5.85 6.23 0.1 2.6 17.94 194.77
2 5.2 5.18 0.1 1.7 17.1 152.64
3 5.98 5.8 0.3 2.6 30.46 185.65
4 6.11 6.73 0.1 2.8 15.46 210.45
5 5.03 5.2 0.2 2.5 24.35 152.65
Average 5.63 5.83 0.16 2.44 21.06 179.23

±SD 0.49 0.67 0.09 0.43 6.24 25.84

Table 3.4. Pharmacokinetic parameters.

Subject ID KHD

(hf1)
KNHD

(hf1)
t112IID

(hr)
t112NHD
(hr)

AUC0
proposed

(mg*hrfL)

AUC0
current

(mg*hrIL)

CLs
proposed
(LIhr)

CLs
current
(Lfhr)

1 0.85 0.019 0.82 36.47 23.20 331.61 6.46 0.45
2 0.82 0.016 0.85 43.31 23.35 258.89 6.85 0.62
3 0.66 0.018 1.05 38.50 47.13 330.09 2.97 0.42
4 0.98 0.020 0.71 34.65 20.46 350.45 5.87 0.34
5 0.66 0.026 1.05 26.65 32.04 248.80 5.15 0.66
Average 0.79 0.020 0.90 35.92 29.24 303.97 5.46 0.50
±SD 0.14 0.004 0.15 6.11 10.91 46.59 1.53 0.14
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In all figures the X-axis represents time in hours and the Y-axis represents

serum tobramycin concentration in mgIL. Time zero on the x-axis is the start time

of the dialysis session. Figures 3.1-3.5 show serum tobramycin concentration

versus time curves for the subjects for both proposed and current dosing regimens.

The solid lines are not best fit lines for individual data due to the very small

number of data points for each subject. But, rather, the solid lines are those

generated by connecting simulation data points using pharmacokinetic parameters

obtained for each individual subject by hand stripping evaluation of the limited data

available. Simulated data did not have clinically significant difference from the

actual data as shown in figure 3.1- 3.5. As a result, it is suggested that clinical

practitioners can use individual pharmacokinetic simulations as a guide in drug

dosing for hemodialysis population.

Figure 3.6 shows actual (solid lines) and simulated (dotted lines) average

serum concentration versus time data for both proposed and current dosing

regimens. The figure shows that for the new proposed dosing regimen both actual

and simulated curves are almost superimposable on each other. For the current

dosing regimen the simulated curve is very close to the actual one (about 0.2 mgfL

difference).

Figure 3.7 shows best fitting lines for simulated serum concentration versus

time data for both proposed and current dosing regimen for H210 (the actual

dialyzer used in the study as solid lines) and F80 (the dialyzer used in chapter 1

simulation assumptions as dotted lines). The F80 dialyzer was assumed to have an
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interdialytic elimination rate constant of 0.027 hf1 and intradialytic elimination rate

constant of 0.33 1 hf' as previously published by Amin et al [1 1].

The best fitting lines are obtained by connecting the best fitting points

calculated through least square method. It can be seen from the figure that the

difference is small for peaks but there is a big difference in concentrations after the

end of dialysis. In case of using H210 dialyzer, the concentration at the end of

dialysis is much lower than when F80 dialyzer is used (0.3 mg/L versus 2.1 mgIL

respectively). This means that knowing the type of dialyzer used is an important

factor to obtain a right prediction about the resulting drug concentration.

For the new proposed method, drug peak occurs one half-hour after starting

the dialysis session (time 0.5 hour). The drug concentration then rapidly dropped

until the end of the dialysis session (time about 4.0 hours) because of drug

clearance through dialysis. From the end of dialysis until the time of the next

dialysis session (from 4 hour 48hour), drug is cleared very slowly through the

impaired kidney of the subject. The concentration of tobramycin just before the

start of the next dialysis session is considered to be the tobramycin trough for the

proposed method.

For the current dosing regimen, the peak tobramycin concentration occurs at

the end of dialysis session (time 4 hours). The drug is then cleared very slowly due

to impaired kidney function until the start time of the next dialysis session (from

time 4 hours to 48 hours). The current dosing regimen does not use the dialysis

process to clear the drug from the body and depends only on the impaired kidney
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function to remove the drug. As a result, the area under the time curve for the

current dosing regimen is almost seven times greater than that of the new proposed

dosing regimen (that uses the dialysis process to clear most of the drug).
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Figure 3.1. Tobramycin serum concentration versus time data for both current and proposed dosing regimens for the first
study subject. Solid lines are those simulated using the individual pharmacokinetic parameters for the specified subject.
Solid data points are from actual laboratory data for the same specific subject.
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Figure 3.2. Tobramycin serum concentration versus time data for both current and proposed dosing regimens for the second
study subject. Solid lines are those simulated using the individual pharmacokinetic parameters for the specified subject.
Solid data points are from actual laboratory data for the same specific subject.
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3.4.3. STATISTICAL ANALYSiS:

Peak and tough drug concentrations and AUCs were used to compare both

current and proposed dosing regimens. Analysis of variance (ANOVA) was used to

test if there is a significant difference between the two dosing methods or not.

ANOVA was conducted for each parameter separately (Peaks, Troughs and AUCs)

and p-value of less than 0.05 was considered as a significant difference. ANOVA

model analysis was performed on S-plus 2000 statistical software included dosing

regimen (treatment), subjects, and order. Tables 3.5, 3.6, and 3.7 show ANOVA

tables for comparing peaks, troughs and area under the curves (AUCs) of both

dosing regimens (current and proposed), respectively.

Results show that there is no statistically significant difference between

both dosing regimens in drug peak concentrations (p-value 0.243) while there was a

statistically significant difference between both dosing regimens in drug trough

concentrations and AUCs. The new proposed dosing regimen had lower troughs

and smaller AUCs than the current dosing regimen (p-value <0.00 1 for both

parameters). These results mean that both dosing regimens are expected to have the

same potential antimicrobial efficacy while the new proposed dosing method

provides significantly lower potential risk of drug toxicity. Unfortunately, due to

small sample size the study was not powered to draw a firm conclusion about the

results. On the other hand, the results obtained ensure the practicability of

conducting a bigger study on infected hemodialysis patients.
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Table 3.5. ANOVA results table for comparing peaks of both dosing regimens.

Df Sum of Sq Mean Sq F Value Pr (F)

Method 1 0.09409 0.09409 1.87095 0.243 1748

Subject 4 2.53524 0.63381 12.60310 0.0154178

Residuals 4 0.201 16 0.05029

Table 3.6. ANOVA results table for comparing troughs of both dosing regimens.

Df Sum of Sq Mean Sq F Value Pr (F)

Method 1 12.996 12.996 151.1163 0.0002515

Subject 4 0.420 0.105 1.2209 0.4256388

Residuals 4 0.344 0.086

Table 3.7. ANOVA results table for comparing AUCs of both dosing regimens.

Df Sum of Sq Mean Sq F Value Pr (F)

Method 1 62544.37 62544.37 160.5182 0.0002235

Subject 4 1268.32 317.08 0.8138 0.5767333

Residuals 4 1558.56 389.64



140

3.5. DISCUSSION:

The study was not powered to draw a firm conclusion because of small

available sample size. More subjects are needed to be able to draw a fair conclusion

about comparing both dosing regimens regarding efficacy and toxicity. The

calculated sample size for the study to have power of 0.9 with a = 0.05 was 15

patients. Due to very rigorous exclusion criteria, a large number of subjects were

not involved in this pilot study.

It should also be noted that more blood samples should be drawn in future

work to fully characterize tobramycin pharmacokinetics in renal failure subjects.

The study used a small number of blood samples at the time considering subject

safety and medical condition. All subject were anemic and receiving medications

for anemia treatment. As a result, a minimum number of blood samples (only four

blood samples in 48 hours) were used to characterize tobramycin pharmacokinetics.

While only two points could be used to calculate the intradialytic elimination rate

constant, good characterization of intradialytic elimination rate constant needs more

points during dialysis. Also, the high elimination rate constant for the dialyzer used

in the study should be verified in future work.

This pilot study was intended to be small and use generally healthy subjects

(no microbial infection). The ultimate goal of this pilot study was to determine the

capability and the interest of conducting a larger and more complex study to

evaluate the new proposed dosing regimen in infected hemodialysis patients.
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3.6. CONCLUSION:

Administration of tobramycin antibiotic during the first half hour of dialysis

session (new proposed dosing regimen) results in similar peak drug concentrations

but lower trough drug concentrations and lower AUC than when tobramycin is

administered during the last half hour of dialysis session (current dosing regimen).

This means clinically that the new proposed method is expected to result in the

same efficacy but has lower risk of drug toxicity. Using the proposed dosing

regimen can allow the use of higher drug doses to obtain better efficacy without

increasing the risk of drug induced toxicity. The protocol is shown to be safe,

practical, and feasible for study in a larger population of dialysis patients.
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4.1. ABSTRACT:

In the past, vancomycin was not cleared during regular hemodialysis

sessions because of characteristics of traditional hemodialysis filters that prohibited

clearance of big drug molecules such as vancomycin. Now with the newer filters,

vancomycin is being cleared during regular hemodialysis. There are no standard

guidelines for dosing vancomycin in chronic hemodialysis patients that avoids

either overdosing or underdosing patients. Using pharmacokinetic models to

predict the resulting peak and trough vancomycin concentrations when given to

chronic hemodialysis patients will help in ordering adequate doses of vancomycin

and maintaining optimal therapeutic drug concentrations. This study was designed

to compare predicted vancomycin trough concentrations obtained by using

published pharmacokinetic parameters in hemodialysis patients with actual

vancomycin trough concentrations obtained from dosing patients just before

dialysis.

This is a retrospective observational study that utilizes electronic and

manual chart review. The study was approved by Oregon Health & Sciences

University Hospital IRB. The study population was limited to chronic hemodialysis

patients who received vancomycin to treat a Gram-positive infection between

January 2002 and December 2003. Subjects were included in the study if they

received at least three doses of vancomycin during the course of treatment through

one of OHSU outpatient dialysis clinics. Sixteen charts were selected for chart

review and data collection. For each individual patient, standard one-compartment
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infusion equations were used to simulate expected trough concentrations using

patient specific information (weight, vancomycin dose and dose timing) and

population pharmacokinetic information from literatures (volume of distribution,

interdialytic and intradialytic elimination rate constants).

Subjects ranged in age from 33 to 77 years (mean 58 years; SD 13.8) and

there was a slight predominance of females (56% females and 44% males).

Subjects ranged in weight from 40-100 Kg (mean 74.6 Kg; SD 17.1). Most patients

were Caucasian and the main cause of end stage renal disease (ESRD) was diabetes

(37.5%). All the patients used a CT19O dialyzer.

When data were analyzed using SPSS statistical software, the mean

difference between the average expected drug concentrations and the average

observed drug concentration resulting from the first three-vancomycin doses was

0.13 mg ± 0.73 with 95% confidence interval from 0.51 to 0.26. This difference

was not statistically significant (two sided P-value= 0.498, paired t-test).

Using the same model used in simulating vancomycin plasma concentration

time profile, a promising vancomycin dosing regimen is proposed to obtain

acceptable therapeutic vancomycin peaks and trough concentrations in chronic

hemodialysis patients. The proposed vancomycin-dosing regimen is to give 15

mg/Kg loading dose (LD) and then 10 mg/Kg as a maintenance dose (MD) during

the last hour of each dialysis session. The expected peak is approximately 25-28

mg/L and the trough before the next dose is approximately 18-20 mg/L.
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4.2. INTRODUCTION:

Vancomycin is a glycopeptide antibiotic that has been used successfully for

over 30 years. Because of its activity against most Gram-positive pathogens,

including methicillin-resistant staphylococcus aureus (MRSA), vancomycin is

frequently used in chronic hemodialysis patients to treat Gram-positive infections

[1]. In normal and moderately impaired renal function, approximately 80-90% of a

dose is recovered unchanged in urine. The half-life of vancomycin is prolonged

from five to eight hours in patients with normal renal function and up to

approximately one week in patients with end stage renal disease (ESRD) [2]. Due

to long half-life of vancomycin in renal failure, vancomycin can be administered

every dialysis or every other dialysis session according to drug concentrations [3].

Hemodialysis membranes, which are classified as high or low flux, vary in

composition, water permeability, surface area, and the efficiency with which they

remove urea and high molecular weight solutes. Low flux membranes have lower

ultrafiltration coefficient and smaller pores. Vancomycin is not removed with

traditional low-flux membranes, and a once weekly vancomycin dosage regimen

may be sufficient in this case [4].

On the contrary, a single hemodialysis session with a high flux membrane

may remove 20-45% of a vancomycin dose. As a result, a supplemental dose after

each hemodialysis session has been recommended when a high flux membrane is

used. Vancomycin doses of 7mg/Kg or 500 mg after each hemodialysis session
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were the most common recommended dosage regimens with high flux membranes

[5,6].

In the past, vancomycin was not cleared during regular hemodialysis

sessions because of the characteristics of traditional hemodialysis filters that

prohibited clearance of big drug molecules such as vancomycin. In this case,

dosing vancomycin was easy as there was no need to adjust the dose or calculate a

replacement dose of vancomycin to correct for drug loss during dialysis [4,7].

With the newer filters, vancomycin is being cleared during regular

hemodialysis. Recent studies have shown that a significant amount of vancomycin

is removed when high-flux dialysis membranes were used. This amount ranged

from 23%-55% depending on the type of dialyzer used [3, 4, 7].

For example, the fraction of vancomycin removed by highly permeable polysulfone

(PS) dialyzers ranged from approximately 30 to 55% while the fraction of

vancomycin removed by polyacrylonitrile (AN-69) dialyzers ranged from 25-40%

[8,9].

To avoid loss of drug during dialysis with high-flux membranes, it has been

recommended that vancomycin be dosed following hemodialysis session to

minimize drug loss when using high-flux or high efficiency membranes.

Unfortunately, this approach is inconvenient for patients and dialysis unit staff, as it

requires the patients to stay in the dialysis unit for 1-2 hours after the hemodialysis

session. Thus, administration of higher doses of vancomycin during hemodialysis



session has been considered a potential option to allow more convenient use of the

drug in the outpatient setting [3].

Critically ill patients who receive vancomycin are often hemodynamically

unstable and may need lower than usual dialyzer blood flow rates. Furthermore,

dialysis time may be shortened in some cases. Because of these conditions, there is

variability in vancomycin clearance during hemodialysis in patients receiving

maintenance hemodialysis in the critical care setting [10]. Due to the variability in

pharmacokinetics of vancomycin, therapeutic drug monitoring should be used to

guide optimal dosing of the drug [2]. Serum drug concentrations are measured

routinely in order to maintain therapeutic and to avoid toxic concentrations. For

chronic hemodialysis patients who receive vancomycin, most hospitals monitor

vancomycin trough concentrations just before dialysis [1]. The currently

recommended therapeutic trough concentrations are 5-10 mgIL [1]. The subsequent

vancomycin dose is ordered according to the vancomycin trough concentration

before dialysis. Using pharmacokinetic models to predict the resulting peak and

trough vancomycin concentrations when given to chronic hemodialysis patients

will help in maintaining optimal therapeutic drug concentrations.

This study was designed to compare predicted vancomycin trough

concentrations obtained by using published pharmacokinetic parameters in

hemodialysis patients and appropriate pharmacokinetic equations with actual

vancomycin trough concentrations collected from patient medical records.
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4.3. METHODS:

4.3.1. STUDY DESIGN:

This is a retrospective observational study that utilizes electronic and

manual chart review. The study was approved by the Oregon Health & Science

University Institutional Review Board (Human Subjects Committee).

4.3.2. STUDY POPULATION:

The study population was limited to chronic hemodialysis patients who

received vancomycin to treat a Gram-positive infection between January 2002 and

December 2003. Subjects were included in the study if they received at least three

doses of vancomycin during the course of treatment through one of OHSU

outpatient dialysis clinics. Sixteen charts were selected for chart review and data

collection. Patient confidentiality was maintained during data collection and

analysis.

4.3.3. STUDY PROCEDURE:

Subjects were identified through Oregon Health & Science University

(OHSU) outpatient dialysis clinics databases. Subjects' charts were reviewed to

determine the first three doses of vancomycin after starting the course of

vancomycin treatment and the corresponding first three trough vancomycin

concentrations obtained just before hemodialysis sessions.

For each individual patient, standard one-compartment infusion equations

were used to simulate expected trough drug concentrations (through Microsoft
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Excel spreadsheet) using patient specific information (weight, vancomycin dose

and dose timing) and population pharmacokinetic information (volume of

distribution, interdialytic and intradialytic elimination rate constants). The

interdialytic elimination rate constant used in the simulations was 0.008 hr -1, while

the intradialytic elimination rate constant used was 0.143 hr1 [3]. The range of

volume of distribution (Vd) used in performing the simulations was 0.7- 0.8 11kg

[11]. Differences between the average of first three expected (simulated)

vancomycin trough concentrations and average of the first three actual observed

vancomycin trough concentrations was tested for statistical significance from zero

(paired t-test). Moreover, descriptive statistics were performed on collected data.
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4.4. RESULTS AND DISCUSSION:

4.4.1. PATIENT DEMOGRAPHICS:

A total of 16 patient charts were reviewed. Patient demographics are

presented in table 4.1. Subjects ranged in age from 33 to 77 years (mean 58 years;

SD 13.8). There was a slight predominance of females (56% females and 44%

males). Subject ranged in weight from 40-100 Kg (mean 74.6 Kg; SD 17.1). Most

of the patients were Caucasian and the main cause of end stage renal disease

(ESRD) was diabetes (37.5%). All the patients used CT19O dialyzer and the

dialyzers were reused more than once.

4.4.2. PHARMA COKINE TIC SIMULATIONS:

Table 4.2 presents the amount of the first three vancomycin doses in the

course of treatment and if the first dose was administered in a dialysis unit, it also

includes: the average of the first three actual observed trough concentrations, the

average of the first three simulated trough concentrations, and the difference

between these averages.

Figure 4.1 shows the simulated vancomycin plasma concentration time

curve for subject number 1. The figure shows the first three simulated peaks

resulting from the first three vancomycin doses and the corresponding troughs just

before the dialysis sessions. Figure 4.1 also shows the real observed troughs

corresponded to the first three vancomycin doses. The difference between the

simulated troughs and the real observed troughs can be seen visually from the

figure. This difference seems to be small in most of the study subjects.
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Figures 4.2- 4.16 depicted the same results as figure 4.1 for rest of the study

subjects. It can be seen from the figures whether or not the first vancomycin dose

was received on dialysis. If the first vancomycin dose was received on dialysis, the

figures were constructed to have time zero equivalent to the end of dialysis session,

which is also the end of vancomycin dose infusion. As a result, vancomycin peak

plasma concentration will appear at time zero on the figures.

If the first vancomycin dose was received before dialysis, the figures were

constructed to have time zero equivalent to the end of the next dialysis session. As

a result, vancomycin peak concentration will appear before time zero on the figure

because vancomycin dose was given sometime before the first simulated dialysis

session. Data were not average because the timing of vancomycin trough

concentrations were different according to the day on which patients started their

vancomycin treatment and according to the time at which trough drug

concentrations were actually drawn.

Most of the subjects did not receive a vancomycin dose before their

scheduled dialysis session. Only 3 out of 16 subjects received the first vancomycin

dose before their next scheduled dialysis session. In most of the cases, the medical

team either started the patients on other antibiotics and referred patients to the

nephrology department to start vancomycin with dialysis, or simply waited for the

next dialysis session to start vancomycin if the time difference was not long (less

than 12 hours).



153

Table 4.1. Patient Demographics

Number of subjects 16

Age in Years (mean±SD) 58±13.1

Gender %

Males 44%

Females 56%

Weight in Kg (mean ±SD) 76.1±17.1

Race %

Caucasian 62.5%

African American 12.5%

Asian 25%

Cause of ESRD %

Diabetes 37.5%

Polycystic Kidney Disease 6.25%

Obstruction 6.25%

Cyclosporine use 6.25%

Reflux 6.25%

Glomerulonephritis 12.5%

Hypertension 12.5%

Unknown 12.5%

ESRD = End Stage Renal Disease
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Table 4.2. The first three-vancomycin doses and the resulting mean observed and
mean expected plasma concentration.

Subject
Code

Was 1St

Dose
given
before
dialysis?

lstdose

(mg)
2dose
(mg)

3rddose

(mg)
Average
Expected
Plasma
Conc.
(mgIL)

Average
Observed
Plasma
Conc.
(mgIL)

Diff.
(mgi
L)

1 NO 1500 1000 1000 23.7 24 -0.30

2 NO 750 750 750 11.97 12.67 -0.70

3 NO 1500 750 750 16.73 17.67 -0.94

4 NO 750 750 750 14.80 14.33 0.47

5 NO 1000 750 750 15.53 17.00 -1.47

6 NO 1000 1000 1000 11.67 11.33 0.34

7 NO 1500 1000 1000 17.20 17.33 -0.13

8 NO 1000 1000 1000 14.90 15.67 -0.77

9 NO 750 750 750 15.63 15.67 -0.04

10 NO 1000 1000 1000 17.37 16.00 1.37

11 NO 750 750 750 24.43 24.67 -0.24

12 YES 1000 1000 1000 14.33 14.67 -0.34

13 YES 1000 1000 1000 22.67 22.33 0.34

14 NO 1000 750 750 9.87 10.67 -0.80

15 YES 1000 1000 1500 15.13 14.33 0.80

16 NO 1000 1000 1000 15.40 15.00 0.40
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Figure 4.1. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 1.

-J

C
0
4-
0
I-
4-
C
0
C.)

C
0
C)

C
C.)

>'

E
0
V.)

C
0
>

-50 0 50 100 150 200

Time (hours)

Figure 4.2. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 2.
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Figure 4.3. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 3.
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Figure 4.4. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 4.
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Figure 4.5. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 5.

-J

C
0
4-

4-
C
a)
0
C
0
C)

C
0
>
E
0
C)
C
a)>

20

15

10

5

-50 0 50 100 150 200

Time (hours)

Figure 4.6. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 6.
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Figure 4.7. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 7.
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Figure 4.8. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 8.
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Figure 4.9. Simulated vancomycin plasma concentration time curve (solid line) and
observed vancomycin troughs (solid circles) for subject 9.
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Figure 4.10. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 10.
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Figure 4.11. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 11.
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Figure 4.12. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 12.
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Figure 4.13. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 13.

25

E
20

0
4-

-50 0 50 100 150 200 250

Time (hours)

Figure 4.14. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 14.
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Figure 4.15. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 15.
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Figure 4.16. Simulated vancomycin plasma concentration time curve (solid line)
and observed vancomycin troughs (solid circles) for subject 16.
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4.4.3. STATISTICAL ANALYSIS:

When data were analyzed using SPSS statistical program, the mean

difference between average expected trough drug concentrations and average

observed trough drug concentrations resulting from the first three vancomycin

doses was -0.13 mg ± 0.73 with 95% confidence interval from -0.51 to 0.26. This

difference was not statistically significant (two sided P-value= 0.498, paired t-test).

These results are summarized in table 4.3. Using PS power and sample size

program available for free on the Internet at x= 0.01 and = 1 mg/L the study has a

power of 0.9891 [12].

Table 4.3. Paired t-test results obtained from SPSS software.

Paired Differences g. (2-tailed)
95% Confidence

Std. Interval of the
Mean Deviation Differnce

Lower Upper
Pair Mean Expected
1 Concentration -

-.1262 -.5134 .2609 .498
Mean Observed

.72647

Concentration

Figure 4.17 shows that there is good linear correlation between mean

expected (simulated) drug concentration and mean observed drug concentration.

This correlation was found to be statistically significant with Pearson correlation

coefficient of 0.984. Correlation results are shown in table 4. Both table 4.3 and

table 4.4 show results obtained from SPSS statistical software (version 11.5).
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Figure 4.17. Linear correlation between mean predicted concentrations versus mean
observed concentrations.

Table 4.4. Correlation coefficient results from SPSS software.

Mean Expected
Concentration

Mean
Observed

Concentration

Mean Expected Pearson Correlation 1
.984(**)

Concentration Sig. (2-tailed) . .000

N 16 16

Mean Observed Pearson Correlation .984(**) 1

Concentration Sig. (2-tailed) .000

N 16 16

Correlation is significant at the 0.01 level (2-tailed).

Simulations slightly underestimated trough drug concentrations in a

majority of patients (bias = -0.12; 95% confidence interval 0.51 to 0.26).

Accuracy was very good with a low Mean Absolute Percentage Error (MAPE) of
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3.9% and low root mean squared prediction error of 0.71 (95% confidence interval

0.49 0.94). Data were almost superimposable on the line of identity in 4 patients:

patient 1 (true trough 24.0 vs predicted trough 23.7 mg/L), patient 7 (true trough

17.33 vs predicted trough 17.2 mgJL), patient 11 (true trough 24.67 vs predicted

trough 24.43 mgfL), and patient 13 ((true trough 22.33 vs predicted trough 22.67

mg/L).

4.4.4. PROPOSED DOSING REGIMEN:

Using the same model used in simulating plasma concentration time

profiles for these 16 patients, different vancomycin dosing regimens were

simulated to determine an acceptable way to dose vancomycin for chronic

hemodialysis patients. One of the dosing regimens is promising and results in very

good peaks and troughs. This dosing regimen also ensures that the patients will be

within the required therapeutic range during the treatment. The proposed

vancomycin dosing regimen is to give 15 mg/Kg as a loading dose and then 10

mg/Kg as a maintenance dose during the last hour of each dialysis session.

Figure 4.18 shows the simulated plasma concentration time profile in case

of using the proposed vancomycin-dosing regimen. The model for this simulation

uses the same parameters used in the previous simulations [31. The simulated

plasma concentration time profile estimates that vancomycin peak will be around

25-2 8 mgfL and the trough concentration before start of the next dose

administration will be around 18-20 mgfL. The expected ranges are within the

therapeutically required and acceptable levels. Weight based dosing regimen



ensures that the patient will receive adequate drug to obtain the required plasma

peak concentration and getting an acceptable therapeutic effect. Although other

non-weight based vancomycin regimens used in the simulation process were

simpler for the medical and nursing team, their expected peaks were dependant on

patient weight. This may cause either toxicity or under dosing problems, especially

in case of patients with body weight less than 65 Kg or more than 100 Kg. It is

recommended that if patient is more than 100 Kg in weight, a dose of more than

1000 mg vancomycin should be administered and infused slowly over more than 1

hour to reduce the possible injection site reaction risk.
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Figure 4.18. Proposed vancomycin-dosing regimen giving 15 mg/Kg loading dose
and then 10 mg/Kg maintenance dose at the last hour of every HD.
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4.5. CONCLUSION:

Pharmacokinetic simulations can be used as a practical tool to estimate

vancomycin plasma concentrations and help in predicting the appropriate

vancomycin dose for chronic hemodialysis patients. Pharmacokinetic simulations

can also be used to test different vancomycin dosing regimens and to find standard

dosing regimen to be used in chronic hemodialysis patients. One promising

vancomycin dosing regimen that can be used for chronic hemodialysis patients is to

give 15 mg/Kg as a loading dose, then 10 mg/Kg as a maintenance dose during the

last hour of each dialysis session. This dosing regimen will result in therapeutically

acceptable peaks and troughs when administered to chronic hemodialysis patients.



4.6. REFERENCES:

1- Saunders NJ. Vancomycin administration and monitoring reappraisal. Journal of
Antimicrobial Chemotherapy. 1995; 20: 279-282.

2- Foote EF, Dreitlein WB, Steward CA et al. Pharmacokinetics of vancomycin
when administered during high flux hemodialysis. Clinical Nephrology. 1998;
1:51-55.

3- Mason NA, Neudeck BL, Welage LS et al. Comparison of 3 vancomycin dosage
regimens during hemodialysis with cellulose triacetate dialyzers: post-dialysis
versus intradialytic administration. Clinical Nephrology. 2003; 60: 96- 104.

4- Stamatakis MK, Schreiber JM, Slain D. et al. Vancomycin administration during
dialysis with low-flux polysulfone membranes: Traditional versus a supplemental
dosage regimen. Am J Health-Sust Pharm. 2003; 60: 1564-1568.

5- DeSoi CA, Sahm DF, Umans JG. Vancomycin elimination during high-flux
hemodialysis: kinetic model and comparison of four membranes. Am J Kidney Dis.
1992; 20: 354-360.

6- Quale JM, O'Halloran JJ, DeVincenzo N et al. Removal of vancomycin by high-
flux hemodialysis membranes. Antimicrob Agent Chemother. 1992; 36:1424-1426.

7- Barth RH, DeVincenzo N. Use of vancomycin in high-flux hemodialysis:
experience with 130 courses of therapy. Kidney Tnt. 1996; 50: 929-936.

8- Lucksiri A, Scott MK, Muller BA et al. CAHP-210 dialyzer influence on
intradialytic vancomycin removal. Nephrol Dial Transplant. 2002; 17: 1649-1654.

9- Scott MK, Macias WL, Kraus MA et al. Effect of dialysis membrane on
intradialytic vancomycin administration. Pharmacotherapy. 1997; 17: 256-262.

10- Touchette MA, Patel RV, Anandan JV et al. Vancomycin removal by high-flux
polysulfone hemodialysis membranes in critically ill patients with end stage renal
disease. American Journal of Kidney Disease. 1995; 26: 469-474.

11- Winter ME, Vancomycin. In basic clinical pharmacokinetic, Third edition.
Baltimore: Williams&Wilkins: 474-499.

12- Dupont WD and Plummer WD: PS power and sample size program available
for free on the Internet. Controlled Clin Trials,1997; 18: 274-279.



CHAPTER 5

EVALUATION OF INSULIN GLARGINE USE IN MEDICAID PATIENTS

Osama Mohamed and James Ayres



170

5.1. ABSTRACT:

The objective of this study was to describe the effect of insulin glargine on

glycemic control and weight in a subset of subjects at a university medical center

that were part of a Medicaid drug use evaluation of glargine. This is a retrospective

study utilizing a prescription claim database and manual chart review. Subjects

were identified from the Oregon Medicaid drug claim database with a first

(sentinel) insulin glargine claim between May 1, 2001 and October 31, 2002.

Subjects had continuous Medicaid fee-for-service eligibility during the study

period.

The study population was limited to subjects with a sentinel glargine prescription

from an Oregon Health & Science University (OHSU) prescriber receiving chronic

diabetes care at OHSU. Subjects were excluded for the following reasons: less than

18 years old, on chronic (>=30 days) corticosteroid and/or immunosuppressant

therapy or pregnant. The following clinical data were collected from chart review:

age, sex, weight, diabetes type, diabetes medications before and after glargine

initiation, specialty of prescriber, reason for glargine initiation, diabetes-related

complications, and A1C (glycated hemoglobin test).

Descriptive statistics were used to describe the effect of insulin glargine on

glycemic control and weight. A paired t-test was planned to assess the change in

A1C at baseline versus 6-months and 12-months post sentinel claim. To detect a

0.5% change in A1C with 90% power and a=0.05, 84 subjects were needed.
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Of 1135 subjects identified, only 36 subjects were eligible for the study.

Age ranged from 20 to 69 years. About 60% of the subjects had type 1 diabetes.

There was a slight predominance of females. The majority of prescribers were

endocrinologists. Approximately 22 % of patients started glargine because of poor

glycemic control. For type 1 diabetic subjects, NPH plus bolus insulin were used

most commonly before glargine initiation. Nearly all subjects used a rapid acting

analogue with glargine. On the other hand, type 2 diabetic subjects used a variety

of insulin-only and insulin plus oral hypoglycemic regimens. Short acting and rapid

acting insulins were used equally with glargine.

At glargine initiation (baseline), the mean A1C for all subjects was

8.9±1.8%. The mean A1C reduction after six months was 0.69±0.34% and

0.55±1.4% after 12 months. A1C reductions occurred for subjects with type 1 and

type 2 diabetes, and were persistent at 6 and 12 months. Mean weight changes were

small. When subjects were analyzed according to A1C values at baseline, the group

with A1C< 7% had a slight increase in A1C and weight while the group with A1C

7-9% had a slight decrease in A1C with a slight increase in weight. On the other

hand, the group with baseline A1C >9% had a noticeable decrease in A1C and

weight at 6 and 12 months after glargine use.

In this small retrospective study, a clinically important improvement in A1C

was seen 6 and 12 months after initiating glargine. Weight remained relatively

stable, with a slight upward trend. However, the study was underpowered to draw

firm conclusions.
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5.2. INTRODUCTION:

Achieving tight glycemic control in patients with diabetes delays the onset

and progression of microvascular complications and likely reduces macrovascular

complications. Tight glycemic control often requires intensive regimens that

include insulin. Although insulin is most commonly used in patients with type 1

diabetes, many patients with type 2 diabetes ultimately require insulin to achieve

adequate glycemic control [1,2]. For ideal glycemic control, the insulin regimen

should mimic the normal pattern of insulin secretion. This is accomplished by

using injections of preprandial short or rapid acting insulin to control the increase

of blood glucose after carbohydrate ingestion in addition to single or multiple

injections of long- or intermediate-acting insulin to maintain normoglycemia

between meals and to prevent nocturnal hyperglycemia [3].

A long acting (basal) insulin glargine has been available on the market since

May 2001. Through recombinant DNA technology, insulin glargine is designed to

closely mimic endogenous basal insulin patterns. Insulin glargine exhibits a flat

pharmacokinetic profile, with duration of action of about 24 hours [4].

In contrast, other intermediate- or long-acting insulin products used for

basal coverage are associated with either pronounced insulin peaks after

injection, a duration of action that is too short to maintain glycemic control

throughout the dosing period, or high inter- and intra- patient variability.

Clinical trials comparing efficacy of insulin glargine with NPH insulin

in well-controlled type 1 patients with diabetes have shown no significant
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difference in A1C (glycated hemoglobin test to measure glycemic control).

However, hypoglycemia, particularly nocturnal hypoglycemia, may be reduced.

Weight gain, which is common with insulin, was similar between NPH and

insulin glargine, with the exception of one study that reported less weight gain

(difference of 0.44 kg) with insulin glargine compared to NPH [5-7].

In moderately controlled patients with type 2 diabetes (mean A1C =

8.5%) studies have shown similar efficacy with insulin glargine and NPH

insulin. There is consistently less nocturnal hypoglycemia with insulin

glargine. Similar to the effects on weight in subjects with type 1 diabetes, one

study showed a 1 kg weight difference favoring insulin glargine over NPH

[8,9]. Like many newly marketed innovative drugs, insulin glargine is more

expensive than traditional insulin preparations such as NPH, Lente, and

UltraLente ($44 Vs $25 per vial) [10].

A doubling of Oregon Medicaid glargine prescription claims during the

first (05/01-12/01) and second (1/02-07/02) seven months of glargine

availability prompted a preliminary evaluation of drug use patterns of insulin

glargine. At the onset of the project, there was little published data about the

use and effectiveness of glargine in clinical practice. The objective of this study

was to describe the effect of insulin glargine on glycemic control and weight in

a subset of subjects at a university medical center that were part of the Medicaid

drug use evaluation of insulin glargine.
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5.3. METHODS

5.3.1. STUDY DESIGN:

This is a retrospective cohort study involving review of both claims data

and medical charts. Subjects were identified from Oregon Medicaid fee-for-service

drug claim database. Chart review and data collection were conducted for subjects

receiving chronic diabetes care through Oregon Health & Science University

(OHSU) primary care and specialty clinics. A data collection form was developed

and used to collect information such as weight, A1C, age, documented reasons for

initiating glargine, diabetes regimen before and after glargine initiation, type of

diabetes, and prescriber's specialty.

5.3.2. STUDY POPULATION:

The study population was limited to subjects with a sentinel glargine claim

between May 1, 2001 and October 31, 2002 with continuous enrollment in fee-for-

service Medicaid six months prior to the claim and during the study period

(n= 1135). Subjects with a sentinel glargine prescription from an OHSU prescriber

and chronic diabetes care at OHSU (n=73) were further screened for eligibility.

Subjects were excluded for the following reasons: less than 18 years old, on

chronic (30 days) corticosteroid and/or immunosuppressant therapy, and

pregnancy. Only 36 subjects were eligible for data collection.

Patient confidentiality was maintained during data collection and analysis.

The study was approved by the Oregon Health & Science University Institutional
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Review Board (Human Subject Committee). Figure 5.1 summarizes the study

methodology.

5.3.3. STATISTICAL METHODS:

Descriptive statistics were used for analysis. A paired t-test was planned to

assess the change in A1C at baseline versus 6-months and 12-months post sentinel

claim. A priori, it was determined that 84 subjects were needed to detect a 0.5%

change in A1C values with 90% power and a 0.05.
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Subjects with sentinel glargine claim between 5/1/01 10/31/02
with continuous Oregon Medicaid fee-for-service enrollment

n =1135

Screening for sentinel glargine
prescriber and chronic diabetes care

1

Non-OHSU OHSU Unable to determine
n=998 n=73 n=64

Screening for exclusion criteria
(pregnancy, chronic steroid,
immunosuppressive therapy, or less
than 18 years)

1'

I Eligible I

Not eligible
I

n=36 Jn=37
I

Figure 5.1. Study methodology.
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5.4. RESULTS:

5.4.1. DEMOGRAPHICS:

A total of 36 subjects were studied (table 5.1). Subjects ranged in age

from 20 to 69 years (mean 43.3 years; SD 14.79). About 60% of the subjects had

type 1 diabetes. There was a slight predominance of females. More than half of the

subjects had a diabetes related complication, most commonly a microvascular

complication. The prescribers were predominantly endocrinologists. All subjects

had a history of diabetes and all were on some type of diabetic medication (oral or

insulin or both) before initiating glargine.

5.4.2. GLYCEMJC CONTROL AND WEIGHT

At glargine initiation, the mean A1C for all subjects was 8.9±1.8%. The

mean A1C reduction after six months was 0.69 +0.34% and 0.55 +1.4% after

12 months. A1C reductions occurred both for subjects with type 1 and type 2

diabetes, and were persistent at 6 and 12 months. Mean weight changes were small.

Mean A1C and weight at glargine initiation and the mean changes in A1C values

and weight at 6 and 12 months post glargine initiation for all subjects and for type 1

and type 2 diabetic subjects separately are listed in table 5.3 and presented in

figures 5.2 and 5.3. Due to smaller than expected number of eligible subjects, the

study was not adequately powered to detect statistical significance of change in

A1C or weight.

The data were further analyzed by A1C at glargine initiation since it is

well-known that the magnitude of glycemic response is directly related to elevation
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in A1C. Subjects were categorized into three groups based on A1C at glargine

initiation: <7%, 7 9%, >9%. As listed in table 5.4 and presented in figure 5.4,

subjects starting with an A1C greater than 9% got the greatest benefit from insulin

glargine (1-2% reduction) while subjects with an A1C less than 7% had a small

increase in A1C.

Furthermore, the data were evaluated for mean weight change stratified

by A1C at glargine initiation (table 5.5 and figure 5.5). Interestingly, subjects with

an A1C at the initiation of glargine greater than 9% had a decrease in weight at 6 (-

3.2±7.6 kg) and 12 months (-2.17±0.8 kg) after glargine initiation. This did not

happen in the other two groups; the weight increased slightly.

5.4.3. OTHER FINDINGS:

Table 5.2 shows the documented causes for subjects to start on or switch

to glargine insulin. The most common reason for using glargine was poor glycemic

control (2 1.6%). A documented reason for change could not be found for about

half of the patients (43.2 %).

For type 1 diabetic subjects, NPH plus bolus insulin and Lente and

UltraLente plus bolus insulin were used most commonly before glargine initiation.

About half of the subjects used Regular as the bolus insulin before changing to

glargine, whereas nearly all subjects used a rapid acting analogue (Lispro insulin)

with glargine. Concomitant metformin and/or thiazolidinedione were used in only a

few subjects.



179

On the other hand, type 2 diabetic subjects used a variety of insulin-only

and insulin plus oral antidiabetic agents. The majority of subjects with type 2

diabetes were on insulin prior to staring glargine. Short-acting (Regular insulin)

and rapid-acting insulins were used equally in combination with glargine.

Table 5.1. Demographics and Diabetes Related Complications

Number of subjects 36

Age (years)
Mean ± SD 43.3±14.79
Range 20 69

Diabetes type (%)
Type 1 58
Type 2 42

Gender (%)
Male 39
Female 61

Complications (%)
Neuropathy 55.5
Retinopathy 41.6
NephropathylESRD 25
Cardiovascular 30.5
Gastroparesis 13.9

Prescriber type (%)
Endocrinologist 83.3
Family medicine 8.3
Internal medicine 8.3
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Table 5.2. Documented Reasons for Patients to Start On or Switched to Glargine
Insulin.

Cause Percent

Poor glycemic control 21.6 %

Poor glycemic control and
decrease number of hypoglycemic
episodes 10.8 %

Simplify the regimen 5.4 %

Decrease fluctuation 5.4 %

Decrease number of hypoglycemic
episodes 8.1%

Not documented 43.2 %
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Table 5.3. Mean Changes in A1C Values and Weights at 6 and 12 Months Post
Glargine.

Mean Change ±SD

Mean at sentinel Mean change after Mean change after
6 months 12 months

A1C%

All subjects, n=27 8.9±1.8 -0.7±0.3 -0.55±1.4

Type 1, n=16 9.1±1.9 -1.1±1.6 -0.8±0.93

Type 2, n=11 8.6±1.7 -0.23±1.6 -0.22±1.9
Weight (Kg)

All subjects, n=27

Type 1, n=16

79.2±23.4 0.3±6.1

71.0±14.9 -0.3±5.5

0.27±7.1

0.03±6.96

Type 2, n=11 91.3±28.7 1.1±7.1 0.59±7.59
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Table 5.4. Mean Changes in A1C Values at 6 and 12 Months Post Glargine
Categorized By Sentinel A1C Values.

Mean Change in A1C (%) ± SD

Mean A1C (%) Mean change after Mean change after
at sentinel 6 months 12 months

Sentinel A1C<7% 6.46± 0.55 0.66±0.82 0.58±1.0
(n=5)
Sentinel A1C 7-9% 8.36±0.64 -0.13±0.84 -0.54±0.92
(n=9)
Sentinel A1C>9% 10.8±1.1 -2.16±1.44 -1.26±1.76
(n=8)

Table 5.5. Mean Changes in Weight at 6 and 12 Months Post Glargine Categorized
By Sentinel A1C Values).

Mean Change in Weight (Kg) ±SD

Mean Weight (Kg) Mean change after Mean change after
at sentinel 6 months 12 months

Sentinel A1C<7% 59.3±17.5 1.7±4.1 3.1±3.9
(n=4)
Sentinel A1C 7-9% 90.5±30.6 0.44±2.8 0.34±0.8
(n=9)
Sentinel A1C>9% 72.0±13.1 -3.2±7.6 -2.17±0.8
(n=10)
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5.5. DISCUSSION:

Clinical trials have shown that insulin glargine is effective for glycemic

lowering in patients with type 1 and type 2 diabetes [5-9]. This study, which

compared glycemic control and weight before and 6 and 12 months after the

initiation of glargine showed that glargine lead to a clinically important

improvement in A1C. Weight was relatively stable, with only a very small increase.

While these findings are encouraging, the unanticipated small sample size severely

limits the conclusions of our study.

Post-hoc analysis stratifying subjects by sentinel (baseline) A1C

confirmed greater A1C reduction in subjects initiating glargine with a higher A1C.

What was most surprising is that this group actually lost weight, while the other

groups had slight weight gain. The weight decrease in the poorest controlled

subjects at initiation requires further exploration since one would actually

anticipate a greater weight gain in light of the A1C reduction. The small mean

increase in A1C that occurred in subjects initiating glargine with an A1C <7% may

represent a reduction in hypoglycemia and glucose variability, but this cannot be

confirmed in this study.

The results showed that most of the prescribers were endocrinologists.

This may be because at the study period glargine was a relatively new product that

primary care providers were less experienced with. The other reason is that patients

who require intensive insulin therapy often receive care from an endocrinologist.



In addition to the sample limitation noted above, there are inherent

limitations with retrospective chart review. In addition, the study was conducted in

a Medicaid population at one institution so generalization of the results is limited.

The study period was early after the product release and use pattern may have

changed as prescribers became more familiar with glargine. Finally, the study was

not designed to evaluate hypoglycemia or glycemic variability, which may be an

advantage of glargine use.

In order to further assess the effect of insulin glargine on glycemic

control, a post-hoc analysis for detecting 1% difference in A1C was initiated.

Sample size calculations to detect 1% difference in A1C using c= 0.05 and 90%

power revealed that 24 patients are required. Results obtained using paired t-test

(SPSS software, Version 11.5) show that the mean difference in A1C between

sentinel and 6 months post-glargine was 0.6 % (p-value = 0.083) and the mean

difference in A1C between sentinel and 12 months post-glargine was 0.45 (p-value

= 0.146). These results suggested that there is no statistically significant difference

in glycemic control before and after initiation of insulin glargine when considering

the least significant difference in A1C is 1%. While the obtained difference may be

not of statistical significant, it can be considered clinically important for some

diabetic patients.



5.6. CONCLUSION:

In this small retrospective study of glargine use in subjects with type 1

and type 2 diabetes, a clinically important improvement in AIC was seen 6 and 12

months after initiating glargine. Weight remained relatively stable. However, the

study was underpowered to draw firm conclusions about 0.5% difference in A1C.

When 1% was considered as the least significant difference, statistical analysis

became possible and results from paired t-test showed that there was no statistically

significant difference in glycemic control before and after glargine initiation.

Although the difference in glycemic control was not statistically significant, it

could be considered as clinically important improvement for some diabetic patients.

While such retrospective studies are important to direct further research,

they are generally not sufficient as the basis of treatment decisions.
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CONCLUSION

Using pharmacokinetic simulations to predict drug concentrations can be a

good tool to help clinicians determine the best dosing regimen for individual

patients. When pharmacokinetic simulations were used to evaluate a new proposed

dosing regimen for administering tobramycin to hemodialysis patients, results

suggested that the new proposed method is expected to have the same efficacy with

lower risk of drug induced toxicity. Results of a pilot study conducted in a small

number of non-infected hemodialysis patients were not significantly different from

the pharmacokinetic simulations results. The feasibility of this new method and the

desirability for conducting a larger study in infected hemodialysis patients to

further evaluate the new proposed dosing regimen is confirmed.

A retrospective study conducted in hemodialysis patient records confirmed

suitability of using pharmacokinetic simulations as a practical tool to guide

vancomycin dosing to hemodialysis patients. Although retrospective studies are

observational and cannot be used to draw cause-effect relationships, they are

important tools for monitoring therapeutic drug effects on patients. Prospective

randomized clinical studies are always conducted under tight control and for a short

period of time. On the other hand, retrospective clinical studies can show the actual

patient compliance and the drug effects on long run setting, which make the results

more a better proxy of what happens in the "real world". There was no statistically

significant difference between actually observed and the predicted vancomycin
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trough concentrations. Consequently, pharmacokinetic modeling was used to

design a standard dosing regimen that produced acceptable therapeutic drug

concentrations. Preliminary results showed that giving 15 mg/Kg vancomycin as a

loading dose, then giving 10 mg/Kg as a maintenance dose can be a good standard

dosing regimen to provide therapeutically acceptable peak and trough vancomycin

concentrations in hemodialysis patients.

Another retrospective study conducted to evaluate the effect of insulin

glargine on glycemic control and weight change showed that insulin glargine

increased glycemic control in diabetic patients while weight remained relatively

constant. There was a statistically significant difference in glycosylated

hemoglobin (HA1C) readings before and after initiation of insulin glargine. The

study revealed the need to review more patient records to have enough power to

draw a firm conclusion about glargine effect on glycemic control.

In conclusion, pharmacokinetic modeling and simulations are practical tools

to guide drug dosing in patients and to predict resulting drug concentrations. They

can also be used in clinical trial simulations to evaluate new dosing regimens or

new drug doses with no risk to patients. It is also concluded that retrospective

studies can be a good tool in therapeutic drug monitoring to evaluate drug effects

on long-term treatment.
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