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Aim: Ceftazidime and amikacin are usually prescribed together for the treatment

of suspected or documented gram-negative bacilli infection. Similar physicochemical

properties of ceftazidime and amikacin may contribute to good relationship of their

phannacokinetic parameters. This study was conducted to prove this hypothesis and create

predictive pharmacokinetic param eter equations for each other.

Method : Prospective observative pharmacokinetic study was performed In

nineteen patients who received ceftazidime and amikacin as part of therapy at

Phramongkutklao Hospital. Two plasma concentrations at steady state of both antibiotics

were used for calculating the phannacokinetic parameters. Regression analyses were

performed to determine a correlation and predictive equation between ceftazidime and

amikacin pharmacokinetic parameters.

Results: Regression analysis showed a significant linear with high correlation

between total drug clearance (Cl), elimination rate constant (Ke) and elimination half life

(1,12) of ceftazidime and amikacin (r ~ 0.966, 0.942, 0.891 for CI, K, and 1,12, respectively) .

The correlation between clearance of amikacin and ceftazidime was better than

the correlation between either drug clearance and creatinine clearance. A fair

correlation was found between the volwne of distribut ion (Ukg) of the two drugs

(r ~ 0.671).

Conclusion: A high correlation between pharmacokinetic parameters of

ceftazidime and amikacin in this study indicated that ceftazidime pharmacokinetic

parameters could be accurately predicted from those of amikacin and vice versa. This will

help in modification of drug dosage regimen for individual patient in order to maximize

therapeutic effect and minimize antimicrobial-resistant bacteria.
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CHAPTER I 
 

INTRODUCTION 
 
Background and Rational 

 
Amikacin is a semisynthetic aminoglycoside antibacterial agent. It has 

broad spectrum of in vitro activity against staphylococci and Enterobacteriaceae 

including Pseudomonas aeruginasa (1). It has been used for decades in the treatment 

of febrile neutropenic patient and in patients with hospital acquired infection. In 

addition, amikacin exhibit the synergistic effect against  Enterobacteriaceae in 

combination with β-lactam antibiotic (2). Because of the incidence of toxicity and the 

relationship between toxicity and plasma concentration of aminoglycoside, 

monitoring drug concentration are recommend in high risk patient to avoid ototoxicity 

and nephrotoxicity (3) . 

 
 Ceftazidime is a third generation cephalosporin. It has broad spectrum in 

vitro activity against gram positive and gram negative bacteria, particularly 

Pseudomonas aeruginosa. Ceftazidime is commonly used in the treatment of 

nosocromial infection and infections associated with neutropenic fever (4-6).  Time 

above the minimum inhibitory concentration (t > MIC) is considered to be the best 

prediction for therapeutic efficacy of ceftazidime. Study of the in vitro 

pharmacokinetic model summarized that maximum killing was achieved when the 

concentration was four to five times over the MIC and this level should be maintain 

for 90%-100% of the dosing interval because of cephalosporins produced no or 

slightly postantibiotic effect (PAE) against gram-negative bacteria and leukocyte had 

no significant effect on the in  vivo PAEs of cephalosporins (7, 8).  

 
 Dose and method of administration of ceftazidime play the important role 

to achieve the pharmacodynamic index and maximize efficacy of therapy. The 

emergence of resistant bacteria to ceftazidime together with the results from 

pharmacokinetic study concluded that there were different pharmacokinetic 

parameters of ceftazidime between healthy volunteer and specific group of patients 

(9-11). These facts emphasized the need for individual pharmacokinetic parameters to 

modify dose and select the method of administration. Young and Pea suggested that 
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the routine monitoring of plasma ceftazidime concentration in critical ill and 

hematological malignancy patient respectively would be helpful in avoiding the 

treatment failure from the unpredicted low level (11, 12). The problem is the 

inconvenience in measuring ceftazidime concentrations by HPLC method. 

  
Amikacin and ceftazidime are commonly prescribed concomitantly to treat 

suspected or documented gram-negative bacilli infection, particularly those caused by 

Pseudomonas aeruginosa (13-17). Several pharmacokinetic properties of 

aminoglycosides and ceftazidime are similar (1, 5). Furthermore, the measurment of 

aminoglycoside plasma level by FPIA method is routinely used. If ceftazidime 

pharmacokinetic parameters could be accurately predicted from aminoglycosides 

pharmacokinetic parameters, the predictive pharmacokinetic parameters could then be 

used to calculate ceftazidime concentration and conveniently adjust dosage regimen 

for each patient. 

 
 This study was designed to investigate a correlation between 

pharmacokinetic parameters of both antibiotics. Furthermore, the clinical outcome 

would also be observed and recorded. 

 

Objective 

 
1) To investigate the relationships between the pharmacokinetic parameters of 

amikacin and those of ceftazidime.  

 
2) To create an equation for the prediction of ceftazidime pharmacokinetic 

parameters from amikacin pharmacokinetic parameters and vice versa. 

 
The Significance of the study 

 
 This study will provide an equation to predict patient- specific ceftazidime 

pharmacokinetic parameters from amikacin pharmacokinetic parameters  

(and vice versa). This will help in the production of the rapid attainment of 

ceftazidime (or amikacin) target concentration in an individual patient who receives 

concomitant therapy with amikacin and ceftazidime.   

  



   
    

CHAPTER II 
 

REVIEW OF LITERATURE 
 
Review of amikacin 

  
1. Chemistry   
 

Amikacin is a semisynthetic aminoglycoside antibiotics derived from 

kanamycin A which is isolated from Streptomycetes kanamyceticus. The structure of 

all aminoglycosides has an essential six-member ring with amino-group substituents-

hence the name aminocyclitol for this structure. Amikacin is kanamycin A with 

semisynthetic addition of 2-hydroxy-4-aminobutyric acid to the aminogroup at 

position 1 of the aminocyclitol. The chemical structure of amikacin is showed in 

Figure 1. Like others aminoglycosides, amikacin is highly soluble in water and 

insoluble in organic solvents. The latter property correlates with the limited ability of 

amikacin to cross lipid-containing cellular membranes. Hence, at pH 7.4, amikacin 

have a very high positive charge and are cationic (18). Amikacin is commercially 

available as the sulfate salt which is formed in situ during the manufacturing process 

(1).1.3 g of amikacin sulfate is approximately equivalent to 1 g of amikacin (19).  

 
The stability of aqueous solutions of amkacin sulfate was summarized as 

follows: The amikacin activity was maintained at greater than 90% of the originally 

present amount after elevated temperature at 56 ºC and 45 ºC for 4 months,  

37 ºC for 12 months, and 25 ºC for up to 36 months (20). 

 

 
 

Figure 1 The structure of amikacin 
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2. Mechanism of antibiotic activity and antibacterial spectrum  
 

The bactericidal activity of aminoglycosides, including amikacin, is 

thought to be ribosomally mediated. Their activity results from inhibition of protein 

biosynthesis by irreversible binding of the aminoglycosides to the bacterial ribosome. 

The process of activity includes an initial ionic interaction with the external surface of 

the bacterial cell, two energy-dependent uptake phase, and binding to ribosomes.  

The intact bacterial ribosome is a 70S particle that consists of two subunits (50S and 

30S). The smaller 30S ribosomal subunit, which contains the 16S rRNA, has been 

identified as a primary target for aminoglycosides that ultimately induces 

mistranslation on prokaryotic ribosomes. Amikacin induces misreading of mRNA 

codons during translation and also inhibit translocation (21).  

 
In general, aminoglycosides are active against many aerobic gram negative 

bacteria and some aerobic gram positive bacteria. However, there are differences in 

spectrum of activity of individual drugs. The susceptibility of organism to amikacin 

were presented in Table 1. An energy- and oxygen- dependent transport mechanism is 

required for aminoglycosides to penetrate the outer bacterial membrane of susceptible 

bacteria. It is for this reason that this class of antibiotics demonstrates poor activity 

against anaerobes and has decreased ability to penetrate the bacteria within abscesses 

that may have limited oxygen. Bacteria defend themselves against aminoglycosides 

by some combination of three mechanisms: alteration in uptake, synthesis of 

modifying enzymes, or a change in ribosomal binding site. Enzymatic modification is 

the most common mechanism (18). 
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Table 1 The susceptibility of the pathogens to amikacin and ceftazidime (22) 

 

Organisms Amikacin Ceftazidime 

Gram-positive 
 

  

Strep Group A,B,C,G 0 + 
Strep. pneumoniae 0 + 
Enterococcus  faecalis S 0 
Enterococcus  faecium 0  
Staph. aureus (MSSA) + ± 
Staph. aureus (MRSA) 0 0 
Staph. epidermidis ± ± 
L. monocytogenes S 0 

Gram-negative 
 

  

N. gonorrhoeae 0 ± 
N. meningitides 0 ± 
M. catarrhalis + + 
H. influenzae + + 
E. coli + + 
Klebsiella sp. + + 
Enterobacter sp. + + 
Serratia sp. + + 
Salmonella sp.   
Shigella sp. +  
Proteus  mirabilis  + 
Proteus  vulgaris + + 
Citrobacter sp.  + 
Acinetobacter  sp. 0 + 
Ps. aeruginosa + + 
Y. enterocolitica + ± 
 
+  =  usually effective clinical or > 60% susceptible 

±  =  clinical trials lacking or 30-60% susceptible  

0  =  not effective clinically or < 30% susceptible 

blank =  data not available 
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3. Pharmacokinetic 

 
All of the aminoglycosides have similar pharmacokinetic and toxic 

properties. 

 
3.1  Absorption 

 
Because of all aminoglycosides are high charged in nature, they are poorly 

absorbed orally and must be used parenterally for the treatment of systemic infection. 

The intramuscular route is well tolerated and results in essentially complete 

absorption, but intravenous administration is generally preferred because of the rapid 

and predictable serum profile (1, 18, 21). 

 
3.2  Distribution 

 
Due to their chemical property, low level of protein binding and a high 

level of solubility in water, the aminoglycosides are distributed freely in the vascular 

space and relatively freely in the interstitial spaces of most tissues (23). After 

intravenous or intramuscular dose of aminoglycosides, peak serum concentrations 

occur in 30 and 45 minutes (1). Aminoglycosides  cross biologic  membranes  poorly, 

with the exception of renal tubular cells and perhaps inner ear cells. Parenteral 

aminoglycoside administration results in low concentrations of active drug in 

bronchial secretions. Aminoglycosides traverse the blood-cerebrospinal fluid and 

blood-brain barriers poorly. Urine concentrations of aminoglycosides exceed peak 

plasma levels 25 to 100 fold within 1 hour of drug administration.  Aminoglycosides 

enter synervial fluid easily. The biliary tract is poorly penetrated by aminoglycosides, 

with bile drug levels only 30% of concomitant serum concentrations (18). Because 

aminoglycosides are highly water soluble, their volume of distribution (Vd) is similar 

to that of the extravascular compartment. Studies performed in normal adult 

volunteers have found a  Vd of 0.2 – 0.3 L/kg. Inpatients with excess fluid in the 

extravascular space the Vd is increased (2). Since aminoglycosides distribute very 

poorly into adipose tissue, lean rather than total body weight should result in a more 

accurate approximation of volume of distribution in obese patient (24). A rapid 

distribution phase of aminoglycosides is approximately 15-30 minutes. 
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3.3  Metabolism 

 
No evidence of in vivo metabolism of the aminoglycosides has been 

reported (1, 2). 

 
3.4  Excretion 

 
After parenteral administration of aminoglycosides, 99% is excreted 

unchanged by the kidney, via glomerular filtration (2). Less than 1% is eliminated in 

the feces and 1% in saliva (25). However, the study of renal disposition of amikacin 

in rabbit and human indicated that small fraction of amikacin undergo tubular 

reabsorption according to the dose (26). In adults with normal renal function, the 

plasma elimination half-life of amikacin is usually 2-3 hours and is reported to range 

from 30-86 hours in adults with severe renal impairment. Complete recovery of the 

dose in urine requires approximately 10-20 days in patient with normal renal function 

who received amikacin (1). 

 
4. Pharmacodynamic 

 
 Aminoglycosides have concentration-dependent bactericidal activity, the 

rate of bacterial eradication increases with increasing concentration above their MICs. 

Due to this property, the pharmacodynamic parameter that is believed to best 

characterize the profile of the aminoglycosides in vivo is the Cmax/MIC ratio. The 

results from the clinical trial indicated that to obtain a clinical response of ≥ 90%, the 

peak level needed to exceed the MIC by 8-10 folds (7). However, study by Moore and 

colleagues are often quoted as the basis for use of a Cmax/MIC target of 10 or higher in 

clinical setting. The study by Kushuba and coworkers described that  a Cmax/MIC ratio 

of 10 or higher gave a 90% probability of normalization of temperature by day 7 (27). 

The once-daily dosage regimen for aminoglycosides was designed to enhance peak 

serum concentration (7, 21). 

 
The post antibiotic effect (PAE) is defined as the persistent suppression of 

bacterial growth after limited exposure of bacteria to an antibiotic. Several factors are 

known to influence the presence and duration of the PAE. They include type of 

organism, class and concentration of antibiotic, duration of antimicrobial exposure. 
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The higher the aminoglycosides concentration, the longer the PAE. The smaller the 

inoculums and the higher the oxygen tension, the longer the PAE. Aminoglycosides 

exhibit a PAE on both gram-positive and gram-negative organisms (28). PAE can be 

measured in vitro or in animal model of infection. In vitro, the aminoglycosides 

consistently demonstrate a PAE that varies from 1 to 3 hours in broth and serum for 

P. aeruginosa and from 0.9 to 2.0 hours for other Enterobacteriaceae (29). The 

existence of PAE for ceftazidime combined with amikacin on multidrug-resistant  

P. aeruginosa was found, the mean PAEs (± SE) were 3.1 ± 0.71 hours (30). 

 
5. Dosage and Administration 

 
 Amikacin sulfate is administered by IM injection or IV infusion. Dosage 

of amikacin should be based on an estimation of ideal body weight. Amikacin can be 

administered either twice a day or once a day (18). 

 
In patient with normal renal function, twice a day regimen is divided into 

an initial dose of 7.5 mg/kg and maintenance dose 7.5 mg/kg q 12 hours to give 

desired peak serum concentration at 15-30 µg/mL and trough serum concentration at 

5-10 µg/mL. The single daily dose of amikacin is 15 mg/kg/day to give desired peak 

serum concentration at 60 µg/mL and undetectable trough serum concentration. The 

manufacturers state that daily dosage should not exceed 15 mg/kg or 1.5 g (18). 

 
In patient with impair renal function. There are two general methods for 

dosage adjustment. The first method is continuation of the same dose and extending 

the dosage interval. The second method is reduction the dose and continuing the same 

dosing interval. The first one is favored in that higher peak levels are achieved with 

enhanced bactericidal activity. Suggested intervals are summarized by the degree of 

renal impairment in Table 2 and 3. However, even when one of these methods is used, 

peak and trough serum concentrations of the drug should be monitored (18). 
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Table 2 Twice a day regimen of amikacin: Adjustment of dosage interval in patients 

with variable degrees of impaired renal function (18). 

 

Dosage interval based on estimated creatinine clearance 
(mL/min) 

Maintenance dose 
for normal renal 
function (mg/kg) 

80-90 50-79 10-49 < 10 

7.5 q 12 h q 12 h q 12-24 h q 24-48 h q 48-72 h 

 

Table 3 Once a day regimen of amikacin: Adjustment of dose in patients with 

variable degrees of impaired renal function (31). 

 
estimated creatinine clearance 

(mL/min) > 90 70-90 50-69 40-49 <40 

Dose in mg/kg (given q 24 h) 15 12 7.5 4 
Individualize 

pharmacokinetic 
advised 

 
 

6. Adverse Effect / Toxicity  

 
The major adverse effects associated with aminoglycosides include: 

neuromuscular blockade, nephrotoxicity, and ototoxicity. Aminoglycosides seldom 

produce hypersensitivity reaction, hematologic dyscrasias, hepatitis, and drug fever. 

Because they do not produce inflammatory reaction, they seldom produce phlebitis on 

intravenous injection, pain on intramuscular injection, and irritation of serosal 

surfaces on direct instillation in to pleural space, joint space, and the peritoneal cavity. 

In addition, they are extremely well tolerated when injected into the CSF and have not 

been associated with epileptogenic reaction (1, 18). 

 
Neuromuscular blockade after aminoglycosides, including amikacin, 

administration is a rare but serious and potential lethal adverse effect. In general, 

blockade has occurred in clinical situations in which a disease state or a concomitant 

drug interferes with neuromuscular transmission. Clinical manifestations of blockade 

may include weakness of respiratory musculature, flaccid paralysis, and dilated 

pupils. The risk of blockade is amplified in patients also administered D-tubocurarine, 

succinylcholine, and similar agent. Hypomagnesemia, hypocalcemia, and calcium 
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channel blockers amplified the risk. Blockade is preventable by intravenously 

infusing aminoglycosides over a period of 20-30 minutes or more (18).   

 
The reported incidence of aminoglycosides-induced nephrotoxicity varies 

from 0 to 50%, with most reports in the 5 to 25% range. The variability results from 

differences in the definition of nephrotoxicity and the poor risk factor assessment of 

the affected patient population (18, 21). In review study shown that the incidences of 

amikacin induce nephrotoxicity were 9.4%, and a subgroup analysis distinguished 

reactions ‘definitely/probable’ from ‘possible’ reported the incidences of 

nephrotoxicity were 3.9% (32). At present, it is though that nephrotoxicity is due to 

aminoglycosides accumulation in the lysosomes of the renal proximal tubule cells, 

which results in necrosis of the tubular cell. The clinical presentation of acute tubular 

necrosis manifested by non-oliguric renal failure within a week. This toxicity is 

usually reversible following discontinuance of the drug (2). 

 
Aminoglycosides may cause cochlear and vestibular damage in both 

experimental animal and humans. This toxicity is of particular concern because it 

usually irreversible and can appear after the end of treatment and repeated exposure 

engenders cumulative risk. In review study shown that the incidences of amikacin 

induce cochlear damage were 13.9% which were the highest incidence when 

comparing to gentamicin, tobramycin, and netilmycin, and the incidences of amikacin 

induce vestibular damage were 2.8% which were higher than netilmycin but lower 

than gentamicin and tobramycin (32). 

 
7. Determination in body fluid 

 
There are twelve quantitative methods for determination of 

aminoglycoside level in biological fluid. These are microbiological assay, 

radiochemical assay, radioimmunoassay, enzyme immunoassay, fluoroimmunoassay, 

direct chemilunescence immunoassay, Nephelometric and turbidimetric 

immunoassay, Immunohistochemical techniques, spectrophotometric and other non-

separative physiochemical methods, gas chromatography, thin-layer chromatography, 

high performance liquid chromatography (33).  
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The fluoroimmunoassay (FIA) was chosen for this study because it found 

to be accurate, precise (RSDs<5%), rapid and simple to use. Homogeneous FIA is 

exemplified by fluorescence polarization immunoassay (FPIA). Abbott (Abbott Park, 

IL, USA) introduced the TDx® system in 1981. This batch analyzer system uses FPIA 

methodology for determination of aminoglycosides quantity. 

 
The principle of FPIA is as follows. Sample (drug), tracer (fluorescein-

labelled drug), and anti-drug antibody are incubated together in the reaction cell until 

competition for the limited number of antibody binding sites reach equilibrium  

(3 min). Illumination of the reaction cell with vertically polarized light causes the 

fluorescein label to emit light at longer wavelength that is detected through another 

vertical polarizing filter. Free tracer molecules rotate rapidly in solution; their emitted 

light is orientated in different planes from the incident light and is not detected. Tracer 

that is bound to antibody has much slower rotation; its emitted light is in almost the 

same plane as the incident light and is therefore detected. Increasing the concentration 

of drug in the sample limits the binding of tracer to the antibody and therefore causes 

a decrease in the measured fluorescence (33). Serum or plasma specimens may be 

used with this assay and plasma which collected by heparin tube did not influence 

amikacin determination by FPIA (34, 35). 
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Review of ceftazidime 

 
1. Chemistry   

 
Cephem nucleus is a basic structure of cepharosporin (Figure 2). It is a 

product of fusing beta-lactam ring with a six-member dihydrothiazine ring. The basic 

molecule of cephalosporins is numbered beginning in the dihydrothiazine ring with 

the sulfur moiety at position 1. The modification of this structure by substitutions at 

position 3 or 7, or by the addition of different acyl side chains from position 7 has 

given rise to the family of cephalosporin antibiotics. Ceftazidime is a semisynthetic 

cephalosporin antibiotic (Figure 3). It contains an aminothiazolyl side chain at 

position 7 of cephem nucleus. The aminothiazolyl side chain enhances antibacterial 

activity and stability against beta-lactamase. Ceftazidime contains a 

carboxypropylnoxyimino group in the side chain rather than the methoxyimino group 

contained in many aminothiazolyl cephalosporins. This difference results in 

increasing stability against hydrolysis by beta-lactamases, increasing activity against 

Pseudomanas, and decreasing activity against gram-positive bacteria (1, 4).  

 
Ceftazidime occurs as a white to off-white powder. The drug has solubility 

of 5 mg/mL in water and less than 1 mg/mL in alcohol. Ceftazidime has pKas of 1.9, 

2.7, and 4.1. Ceftazidime for injection is available as dry powder containing 

ceftazidime together with sodium carbonate. When reconstituted ceftazidime sodium 

is formed with the evolution of carbon dioxide, and the solution have pHs of 5-8 (1, 

19).  

 
 

 
 

. 
Figure 2 Cephem nucleuses, a basic structure of a cephalosporin 
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Figure 3 The structure of ceftazidime 
  

 
2. Mechanism of antibiotic activity and antibacterial spectrum  

 
The antimicrobial activity of ceftazidime, like that of other beta-lactam 

antibiotics, the drug binds to penicillin-binding proteins (PBPs) and inhibits the 

biosynthesis of the peptidoglycan component of the bacterial cell wall, causing 

inhibition of bacterial growth or cell lysis and death (5, 6). 

 
Ceftazidime remains active in vitro against most major aerobic nosocrobial 

bacterial pathogens. Common nosocromial gram-negative organisms susceptible to 

ceftazidime include Escherichia coli, Haemophilus influenzae, Klebsiella 

pneumoniae, Moraxella catarrhalis, Proteus mirabilis, Proteus vulgaris  and  

Providencia stuartii. Of the gram-positive bacteria, most streptococci remain 

susceptible to ceftazidime but there are an increasing number of penicillin-resistant 

strains also resistant to ceftazidime (5).  The susceptibility of organism to ceftazidime 

were shown in Table 1. 

 
Resistance to ceftazidime is evident in bacterial species possessing 

extended spectrum beta-lactamases which are geographically wide spread. Microbial 

resistance to ceftazidime can be mediated through three mechanisms: alteration of a 

PBP target, production of beta-lactamase, and decrease ability of the drug to reach its 

PBP target. Often multiple mechanisms may work in concert to render a cell resistant 

(4). 
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3. Pharmacokinetic 

 
3.1  Absorption 

 
Ceftazidime is not absorbed from the GI tract and must be given 

parenterally. The drug is usually administered by intravenous (IV) bolus or short 

infusion, or intramuscular (IM) injection; absorption is complete from IM injection 

sites. Administration of lidocaine 1% with ceftazidime e.g. intramuscularly did not 

significantly alter the peak plasma concentration of the drug. Following IM injection 

into the gluteus maximus or vastus lateralis, ceftazidime may be absorbed more 

slowly in women than in men (6). 

 
3.2  Distribution 

 
Following IM or IV administration, ceftazidime is widely distributed into 

the body tissues and fluids including the gallbladder, bone, bile, skeletal muscle, 

prostatic tissue, endometrium, myometrium, heart, skin, adipose tissue, aqueous 

humor, sputum, pleural fluid, peritoneal fluid, synovial fluid, ascetic fluid, lymphatic, 

and blister fluid (1).The half-life of distribution (t ½ α) is about 0.1-0.6 hour , and the 

drug exhibits low protein binding (10 to 17%) (5). Sommer and coworkers reported a 

significantly (p<0.01) smaller peripheral compartment volume of distribution for 

women than men , because of a smaller extra cellular fluid volume (36). The degree 

of protein binding is independent of the concentration of the drug. The volume of 

distribution of ceftazidime at steady state averages 0.18-0.31 L/kg in healthy adult. In 

neonates 2-9 days of age, the volume of distribution at steady state averages 0.42-0.55 

L/kg. In patients with cystic fibrosis, the volume of distribution at steady state 

averages 0.15-0.19 L/kg in the central compartment and 0.17-0.27 L/kg in the 

peripheral compartment (1). 

 
3.3  Metabolism 

 
Metabolites of ceftazidime were not detected in either plasma or urine of 

healthy subject administered single or multiple doses (1, 6). 
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3.4  Elimination 

 
Ceftazidime is excreted almost entirely (>95%) by renal elimination. The 

lack of significant effect of probenecid on the clearance of ceftazidime in healthy 

subjects indicates that the drug is excreted primarily by glomerular filtration (6).  

In adults with normal renal and hepatic function, the elimination half-life is 1.4-2 

hours. Renal function influences the pharmacokinetics of the drug, the elimination 

half-life of ceftazidime ranged from 3-6 hours in patients with creatinine clearances of 

29.5-53 mL/min and 9.4-24.6 hours in patients with creatinine clearances of 5.4-27 

mL/min, and dosage reductions are essential in patients with renal impairment to 

avoid accumulation of the drug (1, 37, 38). Ceftazidime is removed by continuous 

ambulatory peritoneal dialysis and continuous arteriovenous haemodialysis. In 

patients with liver cirrhosis and ascites, the volume of distribution at steady state and 

elimination half-life are increased. This is mainly due to ascetic fluid acting as a 

reservoir from which the drug returns slowly to the circulation. The hepatic 

dysfunction, the volume of distribution at steady state and elimination half-life are not 

as pronounce in patients with chronic dysfunction without cirrhosis. Increased 

glomerular filtration rate accounts for increased clearance of ceftazidime in patients 

with cystic fibrosis (5, 6). 

 
4. Pharmacodynamic  

 
The beta-lactam antibiotics exhibit time-dependent killing. Saturation of 

the killing rate occurs at low multiples of the MIC (usually around four to five times 

the MIC). Short PAEs or no PAEs are observed for gram-negative bacilli after 

exposure to  beta-lactam antibiotics and leukocytes have no major effect on the 

minimal in vivo PAEs observed for  gram-negative bacilli (7). Thus the goal of a 

dosing regimen for these drugs would be to optimize the duration of exposure.  

Studies in animal infection models have demonstrated that for beta-lactam/organism 

combinations in which there is no PAE in vivo, maximum killing is achieved when 

the time above MIC approaches 90%-100% of the dosing interval. for beta-

lactam/organism combinations that do have in vivo PAE, maximum killing is 

achieved when the time above MIC is only 50%-60% of the dosing interval (8). 

Administration of beta-lactams antibiotic by continuous infusion facilitates 
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maintaining serum levels above the MIC (7, 39). Many clinical studies have been 

shown that continuous infusion and intermittent bolus injection of ceftazidime were 

equally effective for the treatment of susceptible gram-negative bacteria, but 

continuous infusion provided significant dose reduction and cost saving (9, 40-43).  

 
5. Dosage 

 
Ceftazidime is administered by IV injection, IV infusion or by deep IM 

injection. Continuous intravenous infusion of ceftazidime has also been suggested to 

provide an optimum pharmacodynamic profile (5). If an aminoglycoside is 

administered concomitantly with ceftazidime, Its should be administered at separate 

sites (1). 

 
The dosage of ceftazidime most commonly recommended for patients with 

aged > 12 years is 1 g every 8 or 12 hours. However, dosage may vary, according to 

site, severity of infection, the susceptibility of the causative organism, and renal 

function of the patient. The maximum adult dosage of ceftazidime recommended by 

the manufacturers is 6 g daily. Dosage reductions, based on creatinine clearance, are 

recommended in patients with renal impairment (5). Modifications in dose and/or 

frequency of administration of ceftazidime that are recommended in various 

references are different (44), as shown in Figure 4. 

 
Ceftazidime is removed by haemodialysis. In this setting a 1 g loading 

dose and a further 1 g after each dialysis period is recommended. In adults undergoing 

intra peritoneal dialysis or CAPD, the suggested parenteral ceftazidime regimen is a  

1 g loading dose followed by 0.5 g every 24 hour (1, 5). 
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Figure 4 Ceftazidime dosage recommended in 4 references 

            Ref 1 = The Sanford guide to antimicrobial therapy(22)   Ref 2 = Handbook of antibiotics(31)

            Ref 3 = AHFS Drug Information 2004(1)             Ref 4 = The study by Welage LS et al.(37)

 

6. Adverse Effect / Toxicity  

 
In common with other third generation cephalosporins, ceftazidime is 

generally well tolerated. Adverse event that do occur are usually mild in severity.  

The incidence of ceftazidime-related adverse events is estimated at approximately 

9%. Ceftazidime can cause skin-related adverse events including pruritus, rash, fever, 

and other hypersensitivity reactions including anaphylaxis (1 to 3%), local pain on 

administration and phlebitis (< 3%) and thrombophlebitis (1 to 2%). Gastrointestinal 

reactions such as nausea, vomiting, diarrhea occurred in 2.4% of patients. Ceftazidime 

causes transient rises in liver function test in 3 to 9% of patients, but increased serum 

bilirubin levels are seen in < 1% of patients with transient abnormal liver function test 

(3 to 9%) (1, 5, 6). 

 
The others important adverse effects related to ceftazidime are neurotoxic, 

haematological effect, and nephrotoxic. Nervous system adverse events causes by 

ceftazidime were reported in 4% of patient, but larger series data available to the US 

manufacturer provide the incidence to be < 1%. The mild nervous system adverse 

events cause by ceftazidime such as headaches, transient parathesias and dizziness 
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occur in less than 1 to 2%(5). In retrospective review from January 1980 to October 

2002 reported 12 case of neurotoxicity induced by ceftazidime, 96% of patient were 

confusion with temporospatial disorientation, 33% of patient were myoclonus, and 

13% of patient were seizure. These neurologic disorders frequently are encountered in 

uremic and elderly patient (45). Haemologic events associated with ceftazidime are 

bleeding (≤ 0.05%), eosinophilia (7.4%), thrombocytosis (2%), leucopenia (1.1%), 

immune-mediated thrombocytopenia (rare), and nonimmunological positive Coombs’ 

test (< 3%). Ceftazidime induces increasing in serum creatinine and blood urea 

nitrogen occurs in < 1% of patients but ceftazidime has not been associated with 

significant nephrotoxicity. There is no evidence suggest that ceftazidime potentiates 

nephrotoxicity associated with the aminoglycosides or loop diuretics (1, 5, 6). 

 
7. Determination in body fluid 

 
There are two methods for determination of ceftazidime concentrations in 

biological fluid. The first method is microbiological assay (46) and another method is 

high performance liquid chromatography (HPLC). The HPLC assay for ceftazidime 

that was developed by Isla and colleagues was chosen for this study because it 

provides a sensitive and specific alternative with additional advantages of high 

precision,  reproducible and rapid turn-around time (47). 
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Review of amikacin and ceftazidime interaction 

 
1. Pharmacokinetic interaction 

 
Pharmacokinetic interactions of ceftazidime and amikacin in healthy 

volunteers were studied by Adamis et al. Six individuals were given 1 g of 

ceftazidime intravenous either alone or combined with 0.5 g of amikacin. The study 

revealed that co-administration of ceftazidime and amikacin resulted in higher Cmax 

and AUC for amikacin than when administered alone. The tested interactions did not 

affect plasma half-life and clearance rate of any antimicrobial compared with its 

single administration (48). 

 
2. Pharmacodynamic interaction 

 
Since 1982 until now many in vitro studies revealed the synergistic effect 

between ceftazidime and aminoglycosides including amikacin, tobramycin, and 

gentamycin against some strain of gram-positive and gram-negative organisms such 

as Enterococcus, Enterobacteriaceae, Pseudomanas aeruginosa, and Klebsiella 

pneumoniae that resisted to both drugs (13, 17, 49-58). The mechanism of the 

synergistic effect was believed that inhibiting the cell wall synthesis by ceftazidime 

result in increasing the porosity of the bacterial cell and allowing more amikacin to 

penetrate (59). The concurrent use of an aminoglycosides in combination with 

ceftazidime is recommended for treatment of gram-negative infection particularly 

Pseudomanas aeruginosa to prevent therapeutic failure (60). 
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Review of correlation of  pharmacokinetic parameters between aminoglycosides 

and other antibiotic  

 
 From 1993 to 1999, several studies were performed to explore the 

relationship of pharmacokinetic parameters between aminoglycosides and 

vancomycin. In 1993, Wragge et al. and Welch et al. reported the relationship 

between Ke of aminoglycosides and vancomycin which was superior to the 

relationship between Ke and Clcr and also suggested the linear regression equation to 

predict vancomycin elimination rate constant from aminoglycosides elimination rate 

constant. They revealed that their equation was less biased and more precise than 

those predicted by the monogram of Matzke et al. (61, 62).  

 
In 1998, Beringer et al. conducted the study to evaluate the precision  of 

Wragge-Cooper method to predict vancomycin elimination rate constant. Their result 

not only confirmed the relationship between aminoglycosides and vancomycin 

pharmacokinetic parameter, but also presented a revised model by using Bayesian 

analysis that was more accurate (63). Even though, a large portion of variability in 

vancomycin pharmacokinetics were reported, this relationship were also found in 

patients with hematological stem-cell transplantation (64). 

 
Until now, no further reports of the study of correlation of 

pharmacokinetic parameters between aminoglycosides and ceftazidime.  



   
 

      

CHAPTER III 
 

MATERIALS AND METHODS 
 
Materials 

 
 1. Chemicals and reagents 

 
 1.1 Chemicals and reagents for analysis of ceftazidime 

   
1) 78.62% Ceftazidime pentahydrate Buffered sterile  

(Siam  Pharmaceutical (Thailand) Ltd.) 

2) 92.94% Cephalexin monohydrate  

(Siam  Pharmaceutical (Thailand) Ltd.) 

3) Ammonium acetate ( Fisher Scientific) 

4) Dichloromethane ( Fisher Scientific) 

5) Acetonitrile ( Lab-Scan analytical Science) 

 
 1.2 Chemicals and reagents for analysis of amikacin 

 
  Calibrators,  controls,  reagent pack  and dilution buffer solution for 

analysis of amikacin were purchased from Abbott Laboratories. 

 
1) No.9508-01, Amikacin calibrators (Lot.no.29349Q100 and  

37018Q100) 

  six vials of amikacin in 2.5 mL normal human serum at following 

concentrations: 

CAL Amikacin concentration (µg/mL) 

A 0.0 

B 3.0 

C 10.0 

D 20.0 

E 35.0 

F 50.0 

 Preservative: Sodium azide



   
 

   22     

 2) No. 9508-10, Amikacin controls (Lot.no. 29348Q100 and  

37017Q100) 

Three vials of amikacin concentration in 2.5 mL normal human 

serum  within the following range:  

   
QC Target conc.(µg/mL) Range(µg/mL) 

L 5.0 4.25 - 5.75 

M 15.0 13.50 - 16.50 

H 30.0 27.00 - 33.00 

     Preservative: Sodium azide 

 
3) No.9508, Amikacin reagent pack (Lot.no.28668Q100 and 

33573Q100) 

The reagent pack consists of three vials as followed: 

 

Vial Contents 

S < 1%  Amikacin antiserum (sheep) in buffer with 

protein stabilizer (4.0 mL)                                                 

Preservative: Sodium azide 

T < 0.01%  Amikacin fluorescein tracer in buffer 

containing surfactant and protein stabilizer (3.5 mL)       

Preservative: Sodium azide 

P Pretreatment solution. Surfactant in buffer containing 

protein stabilizer (2.5 mL)       

Preservative: Sodium azide 

  
 

4)  No. 9519, X SYSTEMS dilution buffer (Lot.no. 30656M102 and 

33148M202) 

Bovine gamma globulin in phosphate buffer containing sodium azide 

as a preservative is used as buffer solution. 
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2. Instruments 

 
2.1  Instruments and chromatographic condition for analysis of 

ceftazidime 

 
    1) Instruments 

High-Performance Liquid Chromatography (HPLC) system at clinical 

pharmacy department of Chulalongkorn University consisted of Dionex® P680 

HPLC pump connected to Dionex® ASI-100 automated sample injection and 

Dionex® UVD 170U detector (Archemica International CO., LTD.).   

 
2) Chromatographic condition 

 Column:  HyperClone C18 5 µm, 4.6 x 250 mm 

 Mobile Phase: 0.02 M Ammonium acetate buffer (pH 4.52):  

                                acetonitrile (93: 7 v/v) 

 Internal Standard:  Cephalexin 

 Flow Rate:  1 mL/min 

 Detector:  UV 257 nm 

 Injection volume:  50 µl 

 Temperature:  Ambient temperature 

 
2.2   Instruments for analysis of amikacin 

 
Automated Fluorescence Polarization Analyzer (Diagnostic Division, 

Abbott Laboratories, Inc., TDx, U.S.A. Serial No. 18488). 
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Methods 

 
 1. Study design 

 
This study was designed as an prospective observational pharmacokinetics 

study to investigate the relationship between pharmacokinetic parameters of amikacin 

and ceftazidime. The protocol was reviewed and approved by the ethical committee of 

Phramongkutklao Hospital. The flow chart of study was shown in Figure 5 
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Inpatients were screened by 
using the inclusion criteria 

 
Selected patients were given the study  

information and informed consent  

 

 

Patient data  were recorded  

 

 

Two blood 
sampling were 

taken

Half life of each drug was estimated from Clcr   

 
Drug level reach 5 half life   

 

 

 

 

 

 

 Plasma concentration of both drugs were analyzed 
 

 

 

 

 

 

 

 

 

 

clinical outcome were 

observed and recorded  

Data were  
analyzed 

Pharmacokinetic parameters 
were calculated from drug level 

 

Figure 5   Flow chart of the study 
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 2. Subjects 

 
   The study was conducted from February to May 2006 at Phramongkutklao 

Hospital, Bangkok, Thailand.  Nineteen inpatients were recruited based on the 

following criteria: 

 
2.1 Inclusion criteria 

 
 The inpatients who had all of these characteristics were enrolled in this 

study. 

a. The patients over 18 years of age. 

b. The patients who had been receiving amikacin combine with 

ceftazidime , and concentration of both drugs were in steady state 

based on the following criteria*: 

1)  At least 24 hours for patients who had Clcr > 50 mL/min 

2)  At least 48 hours for patients who had Clcr = 30-50 mL/min 

3)  At least 72 hours for patients who had Clcr = 10-30 mL/min 

c. The patients had stable serum creatinine concentration (< 20% interday 

fluctuation) 

d. All patients consented to enroll in the study. 

 
* : The criteria were derived from previous pharmacokinetic study of 

ceftazidime in patients with difference degree of renal function as showed in Table 4.  

 
Table 4  The plasma t1/2 of ceftazidime and approximated time to reach steady state in 

patients with various degree of renal function 

 

Clcr (mL/min) Half – life (hrs) Time to reach steady state (5 t1/2) references 

> 90 1.4 – 2.5 7 – 12.5 
(36, 38, 46, 

65) 

50 - 89 1.3 -4.25 6.5 – 21.25 (37, 38, 65) 

30 - 49 2.74 – 8.96 13.7 – 44.8 (38, 46) 

10 - 29 3.6 - 10 18 -50 (37, 46) 
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2.2  Exclusion criteria 

 
 The inpatients who had either one of these characteristics were excluded 

from this study. 

a. The patients had known hypersensitivity to amikacin or ceftazidime. 

b. The patients were pregnancy or lactation. 

c. The patients had the cystic fibrosis and ascites. The patient with end 

stage renal disease who were treated by renal replacement therapy 

were also excluded. 

d. The patients were diagnosed by the physicians as the inappropriate 

subject to enroll in this study. 

 
2.3 Sample Size Determination 

 
One group sample size was estimated from the following criteria:  

1)  The sample size of correlation study was calculated from the following 

equation (66): 

   n  =  ( ) Fzzz 32 ++ βα  
 
 When n =  sample size 

 Z α,0.05  =  1.645 

 Z β,0.1  =  1.282 

 Z F   =   Fisher’s Z Transformation  

 Z F  = 
r
r

e −
+

1
1log

2
1  

 r      =   correlation coefficient   

 
 No study investigates the correlation between pharmacokinetic parameters 

of ceftazidime and aminoglycosides. However, Beringer et al. studied the correlation 

between the elimination rate constant of vancomycin and of aminoglycosides and 

reported that the correlation coefficient was 0.73 (63). Because vancomycin is 

eliminated by renal as high proportion as ceftazidime, so using correlation coefficient 

from Beringer’s study is reasonable. 
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 Z F    =   ( )
( )73.01

73.01log
2
1

−
+

e   = 0.929 

  
  n    =  ( ) ( )929.03282.1645.1 2 ++  = 11.35 ≈ 12  

 If 20% of patient dropped out, the sample size should be as followed: 

n   =       ( )2.01
12
−

 =   15    

2) The sample size for regression analysis is dependent on  amount of 

independent variables. The desired ratio of observations to independent variables is 

15-20 to 1 (67). Because this study has only one independent variable, so the sample 

size is 15-20. 

The sample size from regression analysis was more than that from the 

correlation study. Thus 19 subjects were included in the study.  

 
3.  Drug administration and sampling  

  
  Nineteen infected patients who met the inclusion criteria were participated 

in this study. As the routine practice for patient care, without intervention, ceftazidime 

and amikacin dosage regimen were prescribed by physician. Creatinine clearance of 

each patient was calculated from serum creatinine by method of Cockcroft and Gault 

to estimate half-life of ceftazidime and amikacin. 

 
After five times of estimated half-life of both drugs to ensure steady state, 

two to three blood samples were taken. Amikacin was given once daily while 

ceftazidime was given every eight or twelve hours. The schedule when amikacin was 

administered along with ceftazidime was chosen to collect blood sample. To avoid 

distribution phase, the first sample were taken at least 45 minutes after finished 

infusion of the second drug (68). The second sample was taken at least one  

approximated half-life apart from the first sampling. To ensure measurable 

concentration of both drugs, three blood samples might be required in some patients 

who had short drug half-life and received amikacin and ceftazidime at separate time.  

The first and second samples were taken at least 45 minutes after finished infusion of 

each drug. The third sample was taken at least one  approximated half-life apart from 

the second sampling. 
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6-mL of blood samples were collected in two 4-mL heparinized tubes and 

centrifuged at 3500 rpm for ten minutes. The plasma portion were separated and 

stored at -30 °C for not more than seven days, then transferred to store at -80 °C until 

analysis. The samples were analyzed within seven days for amikacin (34, 69) and one 

month for ceftazidime (47).   

 

4.    Analysis method of ceftazidime and amikacin 

 
 4.1   Aanalysis of ceftazidime 

 
The HPLC method, described by Isla et al.(47), was chosen to determine 

the quantity of ceftazidime in plasma samples. 

 
  Validation of HPLC method including selectivity, linearity, precision, 

accuracy and stability was performed and the results were presented in appendix H. 

Plasma ceftazidime concentration was determined by adding  50 µl of internal 

standard (equivalence to cephalexin 50 µg) to 500 µl of plasma sample , then plasma 

sample was mixed with 500 µl of acetonitrile for 30 second and then centrifuged for 5 

minute at 4000 rpm. Five milliliters of dichloromethane were added to the 

supernatant, shaken for 5 minute, centrifuged for 5 minute at 3500 rpm, and the upper 

aqueous phase was removed into 200 µl microvial. A volume of 50 µl was used for 

HPLC analysis. 

 
4.2   Analysis method of amikacin 

 
 Amikacin plasma levels were determined by immunoassay method using 

TDx Analyzer system, Abbott Laboratories based on fluorescence polarization 

technique. Coefficient of variation is less than 5% at a concentration range between 5-

30 µg/mL. Calibration and sample assay run were performed as mentioned in the TDx 

analyzer manual.  
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5. Clinical follow-up 

  
The important information of each patient including medical history, 

physical examination, adverse drug reaction and laboratory value were followed and 

recorded.   The clinical response and bacteriological response were observed and 

classified by definition of this study.  

 
6.   Pharmacokinetic parameter calculation   

 
    Pharmacokinetic parameters (Ke, t1/2, Vd and Cl) of both drugs were 

calculated by using short infusion one compartment with first order elimination 

model. The following equations were used: 

6.1 Ke and t 1/2  calculation 

 

     Ke  =  
t
c
c

∆

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

2

1ln
    (equation 1) 

  
 

           t1/2  = 
Ke
693.0     (equation 2) 

     

  6.2   Vd and Cl calculation   

 

             Cl = 
( )( ) ( )( )

( )τKe
t

ttKeKet

ec
eetDoseSF

−

−−−

−
−

1
1/ infinf

inf  (equation 3) 

 

      Vd = 
Ke
Cl      (equation 4) 

 
 
 when   Ke      =      Elimination rate constant 

  c1    =      Concentration of drug at first sampling 

  c2     =      Concentration of drug at second sampling 

t1/2     =       Half life of drug 

Cl =  Total clearance of drug 
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S = Chemical form factor 

F = Bioavailability factor 

tinf = Time taken for infusion 

ct = Drug concentration at  t 

τ = Dosing interval 

  
7.  Estimated maximum and minimum concentrations of amikacin and 

ceftazidime 

 
    Maximum and minimum concentration of both drugs was calculated by 

using calculated pharmacokinetic parameter. The following equation was used: 

 

       Css =   
( )( ) ( )( )

( )τKe

ttKeKet

eCl
eetDoseSF

−

−−−

−
−

1
1/ infinf

inf   (equation 5) 

 

  When calculate Css max inf, tt −  is 0.5 hour, and t  is dosing interval 

when calculate Css min . 

       
 8.  Statistic analysis  

 
 The demographics of the subjects such as gender, age, weight, height, 

adverse drug reaction and laboratory data were recorded and analyzed using 

descriptive statistics. 

 
 The relationships of pharmacokinetic parameters between amikacin and 

ceftazidime were determined by simple linear regression. 

 
9. Definitions 

 
Cure:  patient was considered to be cured if the following criteria were met:  

1) Complete resolution of all the initial abnormal clinical sign and symptoms 

related to the initial infection.  

2) If the site of infection and the pathogenic bacteria were determined, the  

causative bacteria should be eradicated from the site of infection. 
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 Improvement:  Improvement in one or more clinical signs and symptom of the initial 

abnormal clinical sign related to the initial infection without complete resolution 

including clinical improvement with death not related to an infection . 

 
 Failure:   patient was considered to fail if one of the following criteria were met:  

1) No change or worsening of clinical manifestations after 3-5 days of 

therapy.  

2) Failure to eradicate the causative bacteria. 

3) Death  related to an infection  

 
 Elimination:  A causative bacterium was eradicated.  

 
Persistence:  A causative bacterium was persistent. 

 
Indeterminate:  No source of infection ,or a follow up culture was not obtained. 

 
Nephrotoxic:  An increase in the serum creatinine level of  ≥ 0.5 mg/dL during course 

of therapy (70).  

 
 Ototoxicity  :   A hearing loss of  15 dB at two or more frequency verified by 

consecutive testing when a disturbance of vestibular  function was suspected  during 

or  within 48 hours after amikacin therapy and diagnosed by physician (70).  

     
Unstable renal function  :  A change in the serum creatinine concentration of more 

than 20% over a period of 1 day (71). 

 
Creatinine clearance:   Creatinine clearance  of each patient was calculated using 

Cockcroft and Gault equation.  

 Clcr (mL/min) = ( )[ ]
72

140
×
×−

Scr
IBWAge  

 
Where age is expressed in years, Scr is the serum creatinine in mg/dL, and IBW is 

ideal body weight in kg. However in patients whose actual weight less than IBW, 

IBW in equation was replaced by actual weight.  For  females, the result was 

multiplied by 0.85 (71). 
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Elimination rate constant (Ke):  The fraction or percentage of the total amount of drug 

in the body removed per unit of time. 

 
Half – life (t1/2):  The time required for the plasma drug concentration to be reduced to 

one-half of the original value. 

 
Volume of distribution (Vd):  The apparent volume required to account for all the drug 

in the body if it were present throughout the body in the same concentration. 

 
Clearance (Cl):  The intrinsic ability of the body or its organs of elimination to 

remove drug from the blood or plasma. 

 
The susceptibility of pathogen: The susceptibility of pathogen were reported as 

susceptible, intermediate resistant and resistant according to the breakpoint of MIC 

which was determined by clinical and laboratory standards institute (CLSI) 



   
    

CHAPTER IV 
 

RESULTS  
 
1. Study population 
 
 During February to May 2006, nineteen patients from general medicine or 

surgical ward at Phramongkutklao Hospital who met the inclusion criteria were 

enrolled in this study. All patients or their nearest relative signed their consent to 

participate in the study. All nineteen patients received concomitant therapy with 

ceftazidime and amikacin. Clinical outcome and adverse effect were continually 

observed until both drugs were discontinued. 

 
 1.1    Demographic data 

 
 This study enrolled nine patients from general medicine wards, eight 

patients from surgical ward and two patients from reverse isolated (RI) ward. There 

were six hematological malignancies, four malignancies in other organs, one pleural 

effusion and one spinal cord injury (SCI) patients. The general characteristic 

including gender, age, weight, body mass index (BMI), height, estimated creatinine 

clearance (Clcr), serum albumin, underlying disease, type of therapy, indication and 

duration of antimicrobial therapy, of nineteen patients were shown in Table 5.  

  
 Patients with age ranged from 19 to 83 years were enrolled in this study, 

Figure 6 showed  frequency of patients in various range of ages. Table 6 presented 

frequency of patients with various range of creatinine clearance. Nine patients were 

not weighed because of unable to stand up, so approximated weights, which were 

recorded in patient chart, were use for calculating Clcr . However, IBW instead of 

approximated weight were used for calculating creatinine clearance for these patients, 

except only four patients who were emaciated and approximated weight were less 

than IBW.  Mean serum albumin were 2.768 g/dL. Even though various underlying 

disease were reported, half of the patients had cancer and one/ third were diagnosed of 

febrile neutropenia.  The average duration of amikacin therapy were shorter than 

ceftazidime therapy (10.32 ± 6.04 day and 12.32 ± 6.64 day, respectively).
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Table 5     Demographic data of patients  

Characteristics  Frequency, mean ± SD(range) 

Patients (n) 

   males* 

   females*        

19 

13 (68.4 ) 

6 (31.6 ) 

   Age (years)           51.68 ± 20.69          (19-83) 

   Weight (kg) 

   BMI (kg/m2) 

   Height (cm) 

          56.82 ± 10.80          (42-79) 

          21.23 ± 3.47            (16.40-28.54) 

          163.42 ± 7.40          (153-185) 

  Clcr at starting of therapy (mL/min)           101.31 ± 41.07        (26-181) 

  Albumin (g/dL)           2.768 ± 0.982          (1.6 – 4.1 ) 

  Underlying disease* ϕ  

Cancer 10 (52.63) 

Diabetes 4 (21.05) 

Hypertension 3 (15.79) 

Dyslipidemia 2 (10.53) 

Chronic liver disease 1 (5.26) 

Deep vein thrombosis 1 (5.26) 

Asthma 1 (5.26) 

Hyperthyroid 1 (5.26) 

Pleural effusion 1 (5.26) 

Spinal cord injury 1 (5.26) 

Tuberculosis 1 (5.26) 

No Underlying disease 2 (10.53) 

* : Data are number ( % ) of total patients    

ϕ : 6 patients had more than one underlying disease 
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Table 5  (Continued)  Demographic data of patients  

 

Characteristics  Frequency, mean ± SD(range) 

Type of  therapy *  

Empiric 16 (84.21) 

Definitive 3 (15.79) 

Duration of antimicrobial therapy (days)  

concomitant with amikacin and ceftazidime 9.58 ± 5.76 (3-21) 

Indication *, φ  

Febrile neutropenia 6 (30.00) 

Urinary tract infection 4 (20.00) 

Wound infection 4 (20.00) 

Fever with unknown origin 2 (10.00) 

Pneumonia 2 (10.00) 

Sepsis 1 (5.00) 

Bile duct infection 1 (5.00) 

 
* : Data are number (%) of total patients    

φ : There is 1 patient who had 2 indications(pneumonia and urinary tract infection) 

 
 

Table 6  Frequency of patients with various range of creatinine clearance     

 

Creatinine clearance (mL/min) Frequency (%) 

<15 0 

15-29 1 

30-59 2 

60-89 3 

≥ 90 13 
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Figure 6  Frequency of patients with various range of ages 

 

2. Characteristics of isolated pathogen 

  
 All nineteen patients were investigated for causative pathogen, twenty 

three gram-negative bacilli, two gram-positive cocci and one anaerobic bacteria were 

identified from thirteen patients. Six patients had mixed pathogens.  

The susceptibilities of isolated pathogens were presented in Table 7. Pseudomonas  

aeruginosa  were the most frequently isolated and most of them were susceptible to 

amikacin and ceftazidime. Four pathogens were identified to be extended-spectrum ß-

lactamase (ESBL), while two pathogens were multi-drug resistance (MDR) and two 

pathogens were both ESBL and MDR. 73.08 %, 3.84 % and 23.08 % of the pathogens 

were susceptible, intermediate resistance and resistance to amikacin, respectively.  
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Table 7  Isolated pathogens and their susceptibility to amikacin and ceftazidime 

 

Susceptibility * 
Pathogens (n) 

amikacin ceftazidime 

Acinetobacter baumanani  (1) R (1) R (1) 

Enterococcus  faecium  (1) R (1) R (1) 

Escherichia coli  (5) R (1) , S (4) R (3) , S (2) 

Klebsiella  pneumoniae  (5) I (1) , S (4) R (3) , S (2) 

Klebsiella  oxytoca  (1) S (1) S (1) 

Proteus  mirabilis  (2) S (2) S (2) 

Pseudomonas  aeruginosa  (8) R (1) , S (7) R (1) , S (6), N (1)ϕ

Stenotrophomonas maltophilia  (1) R (1) R (1) 

Shewanella  putrefaciens (1) S (1) S (1) 

Viridans  streptococci  (1) R (1) R (1) 

 

* : S = susceptible , I = intermediate resistant, R = resistant         ϕ : Data not available  
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3. Plasma Drug Concentrations  
 

3.1 Amikacin  Plasma Concentrations  
 
All of the patients received once daily amikacin infusion regimen. Mean 

and standard deviation of amikacin dosage in mg/kg/day were 11.74 and 2.4, 

respectively (Table 8). Since pharmacokinetic parameters would be calculated by 

using two drug levels, trough level of amikacin which is usually undetectable for once 

daily regimen was avoided. Table 9 presented starting time of administration, 

consuming time of infusion, collecting time of blood sample and plasma amikacin 

concentration of each patient. 

 
3.2 Ceftazidime Plasma Concentrations 
 
Ceftazidime was mostly given every 8 hours, only a few patients was 

administered as every 12 hours regimen. Unlike amikacin, trough level of ceftazidime 

is still within the detectable range; there the blood sample collecting time required 

only consideration on avoiding the distribution phase. Table 10 presented the starting 

time of administration, consuming time of infusion, collecting times of blood sample 

and plasma ceftazidime concentration of each patient. 

 
Blood sampling for ceftazidime concentration of patient 6 were taken for 

peak and trough level of different  dosing interval, however at steady state drug 

profile from every dose should be superimpose.   
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Table 8  Drug dosage regimen, drug clearance and estimated creatinine clearance 

 
Dosage regimen Clearance(mL/min) 

Amikacin Ceftazidime Subject 

No. 
Dose  

(mg) , (mg/kg) 

τ 

(hrs) 

Dose  

(g) 

τ 

(hrs) 

Creatinine Amikacin Ceftazidime 

1 500 (9.61) 24 2 12 26.70 31.07 38.6322 

2 500 (8.33) 24 1 12 54.77 44.71 46.8511 

3 500 (11.09) 24 2 8 111.07 78.27 89.3575 

4 750 (9.62) 24 2 8 145.65 137.81 139.777 

5 750 (15.00) 24 2 8 98.21 109.51 115.846 

6 500 (10.00) 24 2 8 69.14 79.85 69.9058 

7 750 (14.15) 24 2 8 91.49 102.37 116.378 

8 750 (13.64) 24 1 8 148.96 98.95 99.8483 

9 750 (15.00) 24 2 8 166.67 79.81 101.704 

10 750 (12.50) 24 2 8 180.96 116.63 106.421 

11 750 (12.93) 24 2 8 148.38 94.38 95.0955 

12 750 (10.14) 24 2 8 112.37 125.97 137.603 

13 500 (10.00) 24 1 8 67.29 45.87 51.8084 

14 750 (15.96) 24 2 8 91.00 101.91 175.834 

15 750 (11.81) 24 2 8 98.09 109.54 107.103 

16 750 (13.89) 24 2 8 96.00 67.11 65.8065 

17 500 (8.06) 24 2 8 63.09 61.17 51.2995 

18 500 (11.90) 24 1 8 51.24 53.92 60.5589 

19 750 (9.49) 24 2 8 103.49 146.31 141.609 
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Table 9  Two plasma amikacin concentrations of each patient after once daily  

intravenous administration  

 
Time 

Subject No. 
t 0 tinf (min) Collecting  time 

Amikacin level 
(µg/mL) 

7.00 13.57 1 23.00 30 
11.00 9.6 
14.02 20.05 2 11.00 30 
17.52 10.56 
15.30 17.33 3 13.00 30 
18.30 3.87 
15.15 16.41 4 12.55 40 
18.05 5.91 
23.00 22.75 5 21.00 45 
2.00 8.63 

19.35 15.15 6 17.18 66 
21.25 10.40 
19.30 23.15 7 17.30 37 
21.30 11.95 
18.50 27.37 8 17.10 37 
20.50 13.99 
13.17 24.52 9 11.06 47 
15.15 15.30 
19.02 25.24 10 17.37 25 
21.15 11.21 
11.40 22.30 11 9.38 18 
14.20 10.32 
19.05 20.99 12 17.16 39 
21.05 10.17 
19.15 24.09 13 17.46 39 
21.30 17.01 
11.08 30.82 14 9.45 35 
13.06 14.25 
22.36 17.85 15 20.00 47 
1.07 8.23 

11.32 29.87 16 9.39 17 
14.30 14.44 
10.56 22.33 17 9.36 22 
13.55 12.03 
19.05 19.15 18 17.16 42 
22.05 12.21 
23.09 19.33 19 21.16 50 
1.01 8.96 
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Table 10 Two plasma ceftazidime concentrations of each patient after  

 intermittent administration at least five estimated half-life of drug 

 
Time 

Subject No. 
t 0 t inf (min) Collecting  time 

Ceftazidime level 
(µg/mL) 

7.00 55.115 1 23.30 30 
11.00 32.570 
14.02 50.725 2 11.30 30 
17.52 22.619 
15.30 79.419 3 13.30 30 
18.30 17.659 
15.15 57.253 4 13.35 40 
18.05 19.838 
23.00 73.477 5 21.45 15 
02.00 24.733 

13.00 30 19.35 29.029 6 
20.45 15 21.25 129.237 

19.30 74.565 7 18.07 25 
21.30 32.723 
14.40 42.654 8 13.30 8 
18.50 10.053 
13.17 41.316 9 9.34 26 
15.15 29.263 
19.00 61.167 10 16.50 45 
21.15 27.190 
11.40 80.124 11 10.00 40 
14.20 33.688 
16.05 36.79 12 13.10 40 
19.05 13.84 
19.15 29.11 13 13.10 15 
21.30 21.39 
11.08 11.43 14 5.55 15 
13.06 5.39 
22.36 75.63 15 21.07 23 
1.07 29.54 

11.32 106.12 16 9.58 16 
14.30 46.41 
10.56 124.44 17 9.35 19 
13.55 63.73 
19.05 44.47 18 17.02 12 
22.05 27.78 
23.09 75.69 19 22.07 18 
1.01 30.39 
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4. Pharmacokinetic parameters of amikacin and ceftazidime 
 
 Pharmacokinetic parameters of both drugs were calculated by using short 

infusion one compartment with first order elimination model. Table 11 presented 

pharmacokinetic parameters of both drugs of each patient.  

 
 Creatinine clearances were calculated by using method of Cockcroft and 

Gault. Actual weights of patients were identified only in ten patients, so approximate 

weights were used in nine patients to calculate Vd per weight.  

   
 Maximum concentration (Css max) and minimum concentration (Css min) of 

both drugs were extrapolated from calculated pharmacokinetic parameters and 

presented in Table 12.  Amikacin maximum concentration were more than 30 µg/mL 

in eight patients, in range of 20-30 µg/mL in ten patients and less than 20 µg/mL in 

one patient. Amikacin minimum concentrations were less than 1 µg/mL in eighteen 

patients and should be nondetectable because the lowest measurable concentration of 

amikacin by TDx analyzer was 0.8 µg/mL. Amikacin minimum concentration was 

3.39 µg/mL in one patient who had renal impairment. 

 
 Concentrations of ceftazidime before administration of next dose (trough 

level) were more than 8 µg/mL in eight patients. In the same way as amikacin, the 

highest ceftazidime minimum concentration was found in patient who had renal 

impairment. 

 

 

 



   
      

 

 
Table 11 The pharmacokinetic parameters of amikacin and ceftazidime 

 
Ke(hr-1)   t ½(hr) Cl(L/hr) Vd(L) Vd(L/kg) Subject 

No. amikacin          ceftazidime amikacin ceftazidime amikacin ceftazidime amikacin ceftazidime amikacin ceftazidime
     1ϕ 0.0865 0.1315 8.0093 5.2697 1.8643 2.3179 21.5462 17.6259 0.4143 0.3380 
     2ϕ 0.1673          0.2107 4.1433 3.2889 2.6824 2.8111 16.0375 13.3411 0.2673 0.2224

3 0.4997 0.5012 1.3868 1.38276 4.6595 5.3614 9.3970 10.6978 0.2237 0.2547 
4           0.3604 0.3741 1.9227 1.8523 8.2686 8.3866 22.9402 22.4169 0.2941 0.2874
5 0.3231 0.3630 2.1448 1.9094 6.5705 6.9507 20.3354 19.1508 0.4067 0.3830 

     6ϕ 0.2052          0.2489 3.3766 2.7844 4.7910 4.1943 23.3441 16.8523 0.4669 0.3370
     7ϕ 0.3306 0.4118 2.0960 1.6829 6.1422 6.9827 18.5770 16.9565 0.3505 0.3199 

8           0.3356 0.3468 2.0653 1.9981 5.9370 5.9909 17.6931 17.2734 0.3217 0.3141
     9ϕ 0.2358 0.1725 2.9387 4.0185 4.7883 6.1022 20.3052 35.3848 0.4061 0.7077 
    10ϕ 0.3661          0.3659 1.8927 1.8942 6.9978 6.3852 19.1124 17.4528 0.3185 0.2909
    11ϕ 0.2908 0.3270 2.3834 2.1196 5.6631 5.7057 19.4772 17.4510 0.3358 0.3009 

12 0.3623 0.3258 1.9128 2.1268 7.5585 8.2562 20.8624 25.3380     0.2819*     0.3424* 
    13ϕ 0.1547 0.1369 4.4807 5.0628 2.7521 3.1085 17.7940 22.7097 0.3559 0.4542 

14           0.3794 0.3699 1.8266 1.8736 6.1147 10.5500 16.1175 28.5238 0.3429 0.6069
15 0.3076 0.3736 2.2527 1.8552 6.5726 6.4262 21.3651 17.2030 0.3365 0.2709 
16           0.2450 0.2787 2.8288 2.4863 4.0268 3.9484 16.4372 14.1658 0.3044 0.2623
17 0.2062 0.2230 3.3602 3.1072 3.6702 3.0780 17.7960 13.8008 0.2870 0.2226 

    18ϕ 0.1502          0.1569 4.6153 4.4183 3.2349 3.6335 21.5439 23.1662 0.5130** 0.5516**
19 0.4117 0.4889 1.6833 1.4176 8.7788 8.4965 21.3236 17.3807 0.2699 0.2094 

        Mean ± S.D. 0.34 ± 0.07 0.35 ± 0.14 

 44 

ϕ : using approximate weight in calculation Vd/weight   * : Actual weigh is 28% more than ideal body weigh     ** : Patient has edema 
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Table 12 Calculated Css max  and calculated Css min of amikacin and ceftazidime  
 

Amikacin (µg/mL) Ceftazidime (µg/mL) 
Subject No 

Css max Css min Css max Css min

1 24.87 3.3990 129.57 30.50 

2 28.02 0.5980 69.58 6.85 

3 36.67 0.0004 131.09 3.93 

4 24.99 0.0063 69.03 5.03 

5 28.99 0.0172 88.10 6.94 

6 17.43 0.1553 114.12 19.99 

7 31.00 0.0154 91.613 5.13 

8 32.37 0.0144 50.732 4.48 

9 30.08 0.1327 66.765 19.97 

10 30.31 0.0067 88.187 6.81 

11 31.92 0.0398 94.354 9.57 

12 26.73 0.0065 65.08 6.65 

13 25.36 0.7233 60.40 23.17 

14 34.54 0.0056 57.83 4.34 

15 26.76 0.0226 94.63 6.92 

16 39.11 0.1397 132.63 18.85 

17 24.58 0.2141 150.41 31.57 

18 21.01 0.6646 54.96 18.33 

19 24.24 0.0019 85.53 2.79 

Mean ± S.D. 28.37 ± 5.31 0.3244 ± 0.78 89.19 ± 29.87 12.20 ± 9.32 

Min 17.43 0.0004 50.73 2.79 

Max 39.11 3.3990 150.41 31.57 
 
Css max : Concentration at 30 minute after the end of administration  

Css min : Concentration before administration of next dose 
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5. Correlation between ceftazidime and amikacin pharmacokinetic 

parameters  

   
 Scatterplot of amikacin pharmacokinetic parameters versus those of 

ceftazidime were performed and shown in Figure 7-13. Figure 14-16 showed 

scatterplot of total clearance of each drug versus creatinine clearance. The 

significance and high correlation were found between amikacin and ceftazidime for 

elimination constant (Ke), total body clearance (Cl) and elimination half-life (t1/2). 

Figure 9 showed that there was an outlier which resulted from the extremely high 

value of ceftazidime clearance in patient no.14 while her amikacin clearance was 

within the average range. Regression analysis by excluding outlier showed significant 

correlation with better correlation coefficient (r). No correlation between appearance 

volume of distribution (Vd) of both drug in unit of liter (r = 0.359, p = 0.131), but fair 

correlation were found when corrected appearance volume of distribution data by 

weight to be the unit of liter per kilogram. The better correlation coefficient were 

found when analysis correlation of Vd (L/kg)  by excluding patient no. 14 (r=0.671).  . 

 
 Regression equations between pharmacokinetic parameters of both drugs 

were established and the predictive equations were shown in Table 13. Table 13 also 

showed regression equation between total clearance of each drug and creatinine 

clearance. Moderate correlation was found between drug clearance and creatinine 

clearance. Comparison of correlation coefficient showed that correlation between total 

clearances of both drugs was higher correlated than those between total clearance of 

each drug and creatinine clearance which estimated from the method of Cockcroft and 

Gault. 
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Figure 7 Scatterplot of elimination rate constant of ceftazidime versus 

elimination rate constant of amikacin (n = 19) 
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Figure 8 Scatterplot of elimination half-life of ceftazidime versus 

elimination half-life of amikacin (n = 19) 
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Figure 9 Scatterplot of total body clearance of ceftazidime versus total 

body clearance of amikacin (n = 19) 
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Figure 10 Sca

body clearance
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Figure 11 Scatterplot of appearance volume of distribution of                 

ceftazidime and appearance volume of distribution of amikacin (n = 19) 

*: p = 0.131 
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Figure 12 Scatterplot of appearance volume of distribution                 

divide by weight (n = 19) 
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Figure 13 Scatterplot of appearance volume of distribution                 

divide by weight (n = 18 ;exclude patient no. 14) 
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Figure 14 Scatterplot of ceftazidime clearance versus creatinine                  

clearance (n = 19) 
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Figure 15 Scatterplot of ceftazidime clearance versus creatinine                  

clearance (n = 18 ;exclude patient no. 14) 
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Table 13 Relationships between amikacin and ceftazidime pharmacokinetic 

parameters 

Regression Equation ϕ rφ r2 P value* 

Ke, ctz (hr-1) = 0.9957 Ke, amik + 0.0217  0.942 0.8878 < 0.0001 

Ke, amik (hr-1) = 0.8916 Ke, ctz + 0.0127    

Cl ctz (L/hr-1) = 1.0157 Cl amik + 0.3253 0.874 0.7641λ < 0.0001 

Cl amik (L/hr-1) = 0.75231 Cl ctz + 1.0184    

t1/2 ,cef (hr) = 0.6896 t1/2 ,amik + 0.6525  0.891 0.7933 < 0.0001 

t1/2, amik(hr) = 1.1504 t1/2, ctz - 0.1489    

Vd, ctz (L/kg) = 1.147 Vd,amik – 0.0406 0.598 0.3575 δ 0.007 

Vd,amik (L/kg) = 0.3117 Vd, ctz + 0.2338    

Cl ctz(L/hr-1) = 0.4835 Cl cr + 2.7816                0.5344 0.2856ε 0.018 

Cl amik (L/hr-1) = 0.4961 Cl cr + 2.3061 0.637 0.4060 0.003 

 
ϕ : Ke = elimination constant, amik = amikacin, ctz = ceftazidime, Cl = total body 

clearance, Clcr = creatinine clearance, t1/2 = elimination half-life  

* : from regression analysis                      

φ : from pearson correlation 

λ : If  exclude patient no. 14 (n = 18) , the equation will be following: 

     Cl ctz (L/hr-1) = 0.9661 Cl amik + 0.3534        ; r = 0.966,  r2 = 0.9324, p < 0.0001  

   Cl amik (L/hr-1) = 0.9651 Cl ctz + 0.0156 

δ : If  exclude patient no. 14 (n = 18) , the equation will be following: 

  Vd, ctz (L/kg) = 1.1509 Vd,amik - 0.0561       ; r = 0.671, r2 = 0.4503,  p = 0.002 

     Vd,amik(L/kg) = 0.3913 Vd, ctz – 0.2112 

ε : If  exclude patient no. 14 (n = 18) , the equation will be following: 

     Cl ctz(L/hr-1) = 0.5132 Cl cr + 2.3153 ; r = 0.661,  r2 = 0.4366, p = 0.003 
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6. Therapeutic outcome  
 
 Outcome of therapy including clinical outcome, microbiological outcome 

and adverse drug reaction were observed and presented in Table 14. 68.42% of 

patients responded to therapy (cure and improve). All pathogens in patient whose 

clinical sign and symptom were improved, were susceptible to amikacin and 

ceftazidime exept for only one pathogen which resisted to ceftazidime. Among the 

five patients who were cured, three were infected with only one pathogen and two had 

fever without source of infection.  Six patients with therapeutic failure, four had 

multi-pathogen infections which included ESBL and/or MDR pathogens and two had 

fever  without source of infection. All persistent pathogens were resisted to 

ceftazidime and half of them were resisted to amikacin. Two/third of eliminated 

pathogens were susceptible to ceftazidime and amikacin (The data were shown in 

appendix C). Stepped up to higher potency antimicrobial agent were performed in 

nonresponsive patients. Tazocin® (piperacillin + tazobactam), Tienam® (Imipenem + 

cilastatin) and Invanz® (Ertapenem) administrated as single or combination therapy 

with ciprofloxacin were prescribed in five nonresponsive patients. One nonresponsive 

patient died without step up therapy. Mild adverse reaction occurred in only one 

patient who had itching rash in the first day of ceftazidime administration and 

resolved later. No serious adverse drug reaction occurred in any patient during 

therapy.  
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Table 14  Data of therapeutic outcome 
 

Outcome Value (n) , (%) 

Clinical outcome  

cure 5 (26.32) 

improvement 8 (42.10) 

failure 6 (31.58) 

Microbiological outcome*  

elimination 6 (23.08) 

persistence 7 (26.92) 

indeterminate 13 (50.00) 

Adverse drug reaction         

Amikacin        

nephrotoxicity - 

ototoxicity - 

Ceftazidime  

       rash and itching 1 (5.26) 
 
* : number of pathogen  

 



   
      

CHAPTER V 
 

DISCUSSION  
 
 This study showed high correlation between total drug clearance (Cl), 

elimination rate constant (Ke) and elimination half-life (t1/2) of ceftazidime and 

amikacin (r = 0.966, 0.942, 0.891 for Cl, Ke, and t1/2 respectively). Even though Ke 

,Cl and t1/2 correlation were analyzed by include data of patients such as  

hematological malignancies patients, spinal cord injury patients and patients with 

edema who had different pharmacokinetic parameters (volume of distribution and  

total drug clearance) from general patient were reported (9-11, 72-76). This may due 

to similar physical properties of both drugs. The slopes of regression equation for 

predicting Ke from each other were nearly 1.0, these results supported the similar 

properties of both drugs. 

 
  The relationships of pharmacokinetic parameters between these two drugs 

were stronger than the relationships between aminoglycosides and vancomycin 

pharmacokinetic parameters previously reported (61-64). The difference could be due 

to the chemical properties which are more different between aminoglycosides and 

vancomycin than aminoglycosides and ceftazidime (Vd of vancomycin = 0.5 – 1 L/kg, 

10% -  50% of total vancomycin bind with  plasma protein  and its mean serum  half-

life is 4 to 6 hours in patient with normal renal function) (77-79).   

 
 The Vd obtained in this study was estimated from two drug concentrations at 

elimination phase which was subjected to several confounding factors. Analysis by 

exclusion of patient 14 whose Vd value was altered by her treatment, fair correlation 

of Vd (L/kg) was found (r = 0.671). Furthermore, there were nine patients whose 

exact weights were unknown and the approximated weights had to be used in place 

and these might contribute some effect. 

 
It has been reported that patients with hypoalbuminemia have significantly 

greater Vd value of aminoglycoside (80). In this study, only three patients had serum 

albumin in the normal range, this could contribute to average large Vd of both drugs 

(Vd = 0.34 ± 0.07 L/kg and 0.35 ± 0.14 L/kg for amikacin and ceftazidime, 

respectively). The lowest serum albumin (1.6 g/dL) was found in patient 9 who had 
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spinal cord injury which altered Vd and Cl had been reported. Hence, his large Vd may 

resulted from both interference. Percentage of CV of the estimated value of amikacin 

Vd was less than those of ceftazidime Vd (20.58% and 40% respectively), this 

indicated that interpatient variation was larger for ceftazidime Vd. 

 
 Patient 9 had spinal cord injury (SCI) which had been indicated to have larger 

weight-adjusted Vd for aminoglycosides than those of able-bodied patients (81, 82). 

His Vd of both drugs were obviously larger than others, particularly the Vd of 

ceftazidime. This result indicated that not only amikacin but also ceftazidime dosage 

should be adjusted individually in SCI patient. Patient 14 had biliary obstruction, 

percutaneous transhepatic biliary drainage (PTBD) was done to relieve the 

obstruction. Although ceftazidime and amikacin distribute to bile and the gallbladder, 

they do not penetrate into obstructed bile. However ceftazidime penetrates quickly 

once the obstruction is relieved (5, 29). Non renal drug clearance in this patient might 

affected ceftazidime and amikacin concentrations and in turn might altere the 

estimated Vd and Cl of both antibiotics in unpredicted proportion. This study did not 

measured the concentration of ceftazidime and amikacin in bile, so two predictive 

models were presented and uncleared which one was better. For patient 18 with 

edema, high Vd were found for both drugs.  

  
 The correlation between amikacin clearance and ceftazidime clearance was 

better than the correlation between either drug clearance and creatinine clearance. 

This result indicated that ceftazidime clearance could be more accurately predicted 

from amikacin clearance than from creatinine clearance estimated from the method of 

Cockcroft & Gault.  

 
The method of estimating creatinine clearance plays an important role, in this 

study, creatinine clearance from serum creatinine was calculated using the equation of 

Cockcroft & Gault. The equation was reported to give an over estimated result in 

patient with impair renal function and was limited to be accurately estimated in only 

normal muscle mass patient (71). This may contribute to fair correlation between 

ceftazidime clearance and creatinine clearance.  
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Pea and colleagues studied ceftazidime pharmacokinetics in twenty acute 

myeloid leukemia patients with febrile neutropenia and showed fair correlation 

between clearances of creatinine and ceftazidime (r = 0.52) (11). The medium 

correlation might be due in part to the large variation of ceftazidime Vd (%CV = 

41.44%) which appeared also in our study (%CV = 40.9%). Correlation between 

ceftazidime clearance and creatinine clearance was studied by Angus and colleagues 

in twenty one septicemia meliodosis patients and showed better correlation (r = 0.71) 

(40). Creatinine clearances in both mentioned studies were determined by the method 

of Cockcroft & Gault. 

 
 Studies in critical ill patients were controversial. In fifteen edematous critical 

ill patients, Gomez and coworkers reported significant correlation only between 

ceftazidime Ke and creatinine clearance (r = 0.67) but not between creatinine 

clearance and ceftazidime clearance (10). In contrast, Young and colleagues studied 

in ten critical ill patients with normal renal function and reported excellent correlation 

(r = 0.89) between creatinine clearance and ceftazidime clearance (12). The last study 

was performed in pneumonia without edema patients only, this may result in lower 

variation in ceftazidime Vd (%CV = 13%). Creatinine clearances were determined 

from 8-hours urine collection in both studies. 

 
 The studies of Ackerman and colleagues in eleven subjects with creatinine 

clearances ranging from 6 to 113 mL/min and  Welage  and colleagues in fourteen 

volunteers with different degrees of renal function (Clcr = 4.5 – 122.3 mL/min) 

showed excellent correlation (r = 0.99 and 0.95 respectively) between creatinine 

clearance and ceftazidime clearance (37, 38). Creatinine clearances were determined 

with 24-hours urine collection in both studies. Wide range of creatinine crearance and 

accurate method of estimating creatinine clearance in these two studies may 

participate in more correlation between creatinine clearance and ceftazidime clearance 

than our study (Clcr = 26 – 181 mL/min).  

  
 The correlation coefficient (r) between amikacin clearance and creatinine 

clearance was 0.647 (p = 0.003). This weak correlation indicated that predicted 

amikacin clearance by estimating from creatinine clearance (using the method of 
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Cockcroft & Gault) might be less accurate than those predicted from ceftazidime 

clearance (r = 0.966). However, inconvenience in measurement of ceftazidime 

concentration may be an obstacle of using ceftazidime pharmacokinetic parameters to 

predict amikacin pharmacokinetic parameters.  

 
 Previous studies by Zarowitz and coworkers suggested that aminoglycoside 

clearance which estimated from two point drug concentrations could be used as an 

estimate of GFR in critically ill patients (83). From our study, it was indicated that, in 

infectious patients who were treated with antibiotics, the aminoglycoside clearance or 

ceftazidime clearance might be a better estimator of the GFR or the clearances of 

other drugs which were primary excreted by GFR. Ceftazidime might be slightly 

better than aminoglycosides since it was primarily eliminated by GFR only, while 

aminoglycosides, besides GFR , was partially tubular reabsorbed (26). Further studies 

to prove this suggestion are required. 

 
  If more convenient method to determine ceftazidime concentration is 

available, appropriate drug dosage regimen will then be easily designed, whether an 

intermittent or a continuous intravenous administration should be used in order to get 

optimum therapeutic level for each patient. This will not only  maximize the 

therapeutic efficacy but also minimize the development of resistant bacterial strains 

(84).  

 
 This study did not design to evaluate the relationship between clinical 

outcomes and drug levels. The outcome reported in Table 14 came from clinical 

observation only and could not be treated as an absolute outcome. Approximately 

70% of the patients were cure or improved while the less showed non responsive 

which might relate in part to plasma concentrations of both drugs, therefore, the 

calculated Css max and Css min of both drugs should be taken into consideration. 

 
 For amikacin, Css max which is ten times higher than the MIC of the pathogen is 

recommended for good efficacy. In this study the average calculated Css max was 28.37 

mg/L, which indicated that it might be effective only to high susceptible pathogen 

which their MIC were less than 3 mg/L. However, previous study in 

Phramongkutklao Hospital reported the MIC of Pseudomonas aeruginosa to amikacin 
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was 3 mg/L (85), so maximum concentration of at least 30 mg/L or higher should be 

optimized for the efficacy, therefore, higher dosage should be recommended. Majority 

of the patients had a long drug-free interval (less than 0.8 µg/mL around 10 hours) 

which might be longer than the duration of its PAE effect particularly in neutropenic 

patients. Anaizi recommended the dosing interval to be shorter than 24 hrs in patients 

with high clearance (e.g., young adults, etc) to allow a drug-free interval of not longer 

than 3 - 5 hours (86). Calculated amikacin Cmin of eighteen patients were less than 1 

µg/mL indicated that amikacin was completely eliminated within 24 hours in most 

patients, these might be the reason for not observing nephotoxicity in any patient. One 

patient whose amikacin Cmin was 3.4 µg/mL had renal impairment from the beginning 

and amikacin was used for a short period of time. 

 
  For ceftazidime, the time above MIC has been reported to give the best 

prediction of the therapeutic efficacy. Concentrations which were four to five times 

above MIC in optimum duration are desired to maintain efficacy, therefore, the Css min 

which is an important parameter for comparison with MIC should be taken into 

consideration. Eleven patients had calculated Css min of ceftazidime which were less 

than 8 mg/L (the clinical and laboratory standards institute (CLSI) breakpoint for 

susceptibility to ceftazidime) and among these patients, nine had already been 

administered with maximum dose of ceftazidime (2 g every 8 hours). This indicated 

that ,even for susceptible pathogen, ceftazidime continuous infusion method of 

administration should be considered in these patients to optimize the efficacy. The 

dermatological adverse effect of ceftazidime which found in one patient was not 

related to drug concentration. Continued  therapy was allowed since the symptom was 

better after later dose of administration. 

    
 There are many factors which influence the outcome of therapy such as host 

factor, type of microorganism and  the antimicrobial susceptibility of pathogen. This 

study did not determined the MIC of pathogen to ceftazidime and amikacin. The 

susceptibility of pathogens were roughly reported as susceptible, intermediated 

resistant and resistant using CLSI breakpoint and half of the cases, pathogens had not 

been followed after treatment. However, majority of patients whose clinical sign and 

symptom were improved or cured, were infected with pathogens which were 

susceptible to ceftazidime and amikacin. These pathogens may required low level of 
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both drugs to achieve their pharmacodynamic index. For therapeutic failure patients, 

all pathogens were ESBL and/or MDR. Even though, in vitro synergistic effect from 

ceftazidime and aminoglycosides had been reported and lower MIC of pathogens 

were recorded when compare with single drug exposure (55, 87), the exact MIC of 

ESBL and/or MDR pathogens in our patients had not been  determined. Requirement 

of high level of amikacin and ceftazidime to achieve the pharmacodynamic index may 

take part in the therapeutic failure.  

 
 Most pharmacokinetic/pharmacodynamic studies were conducted to predict 

the therapeutic efficacy of single-antimicrobial regimen. In combination antimicrobial 

therapy, specific pharmacodynamic parameters should be considered. Several in vitro 

studies propose new pharmacodynamic parameter for prediction of the efficacy in 

combination therapy; however, clinical studies are desired to prove this proposition. 

(87, 88).  

 



   
    

CHAPTER VI 
 

CONCLUSION 
 
 Correlations between ceftazidime and amikacin pharmacokinetic parameters 

were examined in nineteen infectious patients at Phramongkutklo Hospital during 

February to May 2006. Ratio of men : women was 2.2 : 1, age ranged from 19 to 83 

years, estimated Clcr ranged from 26 to 181 mL/min, mean of serum albumin was 2.77 

g/dL, half of them had cancer and most of them were prescribed for febrile 

neutropenia. Pseudomonas aeruginosa were most frequently isolated from patients 

and most of them were still susceptible to ceftazidime and amikacin. 

 
 Pharmacokinetic parameters were calculated from two plasma drug 

concentrations by using short infusion one compartment with first order elimination 

model. Regression analysis showed significant linear with high correlation  between 

total drug clearance (Cl), elimination rate constant (Ke) and elimination half-life (t1/2) 

of ceftazidime and amikacin (equation showed in Table 13). The correlation between 

amikacin clearance and ceftazidime clearance was better than the correlation between 

either drug clearance and creatinine clearance. Fair correlation was found between Vd 

of both drugs.  

 
 This result indicated that Cl, Ke and t1/2 of ceftazidime could be more 

accurately predicted from those of amikacin clearance than from estimated creatinine 

clearance. This will help the physician to design an appropriated dosage regimen of 

ceftazidime for each patient. If more convenient method of measuring ceftazidime 

concentration shall be developed, pharmacokinetic parameters (Cl, Ke and t1/2) of 

amikacin may be quite accurately predicted from those of ceftazidime. Furthermore, 

ceftazidime clearance might be used as an estimator of GFR in individual patient.    
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The limitations of this study include the following: 

 
1) The equations for predicting pharmacokinetic parameters of ceftazidime 

from amikacin in this study were conducted in patients who had Clcr in 

range of 26 – 181 mL/min. Hence, extrapolation to patient who has Clcr 

below 26 mL/min or over 181 mL/min should be done with caution. 

2) This study obtained exact weight from ten patients. Estimated weight 

from nine patient were used for correcting Vd to be the unit of liter per 

kilogram. This may result in fair correlation between Vd of ceftazidime 

and amikacin. Even though Clcr of four patients were calculated from 

estimated weight, the relationship between drug clearance and creatinine 

clearance may be affected. 

 
 Considerations for further studies: 

 
1) The predictive equations from this study should be further evaluate to 

determine the accuracy and precision. 

2) Further study to investigate the benefit of individualized 

pharmacokinetic dosing of ceftazidime from predicting method over the 

standard dosing which are recommended from reference will be verify 

the clinical significant of the predictive method.   

3) The relationship of pharmacokinetic parameters between ceftazidime and 

other aminoglycosides are expected because the pharmacokinetic 

properties of all aminoglycosides are the same. However, further studies 

to confirm this assumption are desired. 

4) Further study to investigate the correlation of pharmacokinetic 

parameters between ceftazidime and amikacin in patients with cystic 

fibrosis and ascites may provide the new method of dosage modification 

for ceftazidime.  

.   
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APPENDIX A 

แบบฟอรมบนัทึกขอมูลผูปวย 
สวนที่ 1 
ช่ือ-สกุล.............................................................HN……………..AN…….……...เพศ......................  
หอผูปวย............................วันที่เขารับการรักษา.................................วันที่จําหนาย............................
จํานวนวนัที่รักษาในโรงพยาบาลรวม.....................วัน    สิทธิในการรักษาพยาบาล...........................
อายุ..............ป    น้ําหนกั................กิโลกรัม    สวนสูง...............เซนติเมตร CLcr………....mL/min 
ประวัติการแพยา      ไมแพยา    แพยา....................................................................................... 
โรคประจําตัว     โรคหัวใจและหลอดเลือด   โรคเบาหวาน   โรคความดันโลหิตสูง 
     โรคไต   โรคตับ  โรคอื่นๆ........................................................ 
โรคที่ทําใหผูปวยตองเขารับการรักษาในโรงพยาบาลในครั้งนี้  
……………………………………………………………………………………………………… 
สาเหตุที่ตองใชยา ceftazidime รวมกับ amikacin 
.............................................................................................................................................................
ยาท่ีไดรับในปจจุบัน 
รายการยา              
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ผลการตรวจทางหองปฏิบตักิาร 
วันที ่                    
                    
                    
                    
                    
                    
                    
                    
U/A 
วันที ่                    
                    
                    
                    
                    
                    
                    
ผลการเพาะเชื้อและทดสอบความไวของเชือ้ 
ว/ด/ป specimen เชื้อ ไวตอยา ดื้อยา 
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รูปแบบการสัง่ใชยา 
 empirical therapy  definitive therapy 

เร่ิมตน สุดทาย  
ยา regimen วันที ่ เวลา วันที ่ เวลา 

ceftazidime      
amikacin      

 
สวนที่ 2 
ระดับยา 

ceftazidime amikacin 
วันที่เจาะเลือด เวลาที่เจาะเลือด ระดับยา เวลาที่เจาะเลือด ระดับยา 

     
     
คาพารามิเตอรทางเภสัชจลนศาสตร 

คาพารามิเตอร ceftazidime amikacin 

Cl   
Ke   
Vd   
t1/2   

Css max   
Css min   

ผลการรักษา 
 ตอบสนองตอการรักษา 

 อาการดีขึ้นหลังไดรับยา            หายจากโรค      ระบุไมได 
 การรักษาลมเหลว 

 อาการไมดีขึ้นตองเปลี่ยนชนดิยาปฏิชีวนะ            เสียชีวิต 
   เปลี่ยนชนดิยาปฏิชีวนะตามผลการทดสอบความไวของเชื้อ 
 เกิดอาการไมพึงประสงค   ไมเกิดอาการไมพึงประสงค 

      เกิดอาการไมพึงประสงคตอไต         เกิดอาการไมพึงประสงคตอหู        อ่ืนๆ............. 
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APPENDIX B 

เอกสารชี้แจงขอมูลแกผูเขารวมโครงการวิจัย  
(Research Subject Information Sheet) 

 
ชื่อโครงการวจัิย  
 ความสัมพันธระหวางคาพารามิเตอรทางเภสัชจลนศาสตรของยาเซฟเทซิดิมและยาอะมิเคซิน 

วันท่ีชี้แจง 
 ...................................................................................... 
ชื่อและสถานที่ทํางานของผูวิจัย 
 นางสาวสําอางค เกียรติเจรญิสิน ภาควิชาเภสัชกรรม(คลินิก) คณะเภสัชศาสตร จุฬาลงกรณ
มหาวิทยาลัย โทร. 0-1864-7631  
ชื่ออาจารยท่ีปรึกษาและอาจารยท่ีปรึกษารวม 

รศ .ดร .ดวงจิต  พนมวัน  ณ  อยุธยา  ภาควิชาเภสัชกรรม(คลินิก) คณะเภสัชศาสตร 
จุฬาลงกรณมหาวิทยาลัย โทร. 0-2218-8405 และ พ.อ. ธนะพันธ  พิบูลยบรรณกิจ แผนกโรคติดเชื้อ  
กองอายุรกรรม โรงพยาบาลพระมงกุฎเกลา 

ผูใหทุนวิจัย 
 บัณฑิตวิทยาลยั จฬุาลงกรณมหาวิทยาลัย  
 
 ทานไดรับการเชิญชวนใหเขารวมการวจิัยเร่ืองนี้ แตกอนที่ทานจะตกลงใจเขารวม
โครงการวิจัยหรือไม โปรดอานขอความในเอกสารนี้ทัง้หมด เพื่อใหทราบวา เหตใุดทานจึงไดรับ
การเชิญใหเขารวมโครงการวิจัยนี้ โครงการวิจัยนี้ทําเพือ่อะไร หากทานเขารวมโครงการวิจยันี้ทาน
จะตองทําอะไรบาง รวมทั้งขอดีและขอเสียที่อาจจะเกิดขึน้ในระหวางโครงการวิจัยนี ้
 ในเอกสารนี ้ อาจมีขอความที่ทานอานแลวไมเขาใจ โปรดสอบถามหัวหนาโครงการหรือ
ผูชวยที่ทําโครงการวิจยันี้ใหชวยอธิบายจนกวาจะเขาใจตลอด ทานอาจขอเอกสารนี้กลับไปอานที่
บานเพื่อปรึกษาหารือกับญาติพี่นอง เพือ่น หรือแพทยที่ทานรูจกั ใหชวยคิดวาควรจะเขารวม
โครงการวิจัยครั้งนี้หรือไม การเขารวมโครงการวิจัยคร้ังนี้จะตองเปนความสมัครใจของทาน ไมมี
การบังคับหรือชักจูง ถึงแมทานจะไมเขารวมในโครงการวิจัยทานก็จะไดรับการรักษาพยาบาล
ตามปกติ การไมเขารวมหรือถอนตัวจากโครงการวิจัยนีจ้ะไมมีผลกระทบตอการไดรับบริการ การ
รักษาพยาบาล หรือผลประโยชนที่พึงจะไดรับของทานแตอยางใด 
 โปรดอยาลงลายมือช่ือของทานในเอกสารนี้ จนกวาทานจะแนใจวามคีวามประสงคจะเขา
รวมโครงการวิจัยนี้จริง คําวา “ทาน” ในเอกสารนี้ หมายถึงผูเขารวมโครงการวจิัยในฐานะเปน
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อาสาสมัครในโครงการวิจัยนี้ หากทานเปนผูแทนโดยชอบธรรมตามกฎหมายของผูที่จะเขารวม
โครงการวิจัย และจะลงนามแทนในเอกสารนี้ โปรดเขาใจวา “ทาน” ในเอกสารนี้ หมายถึงผูเขารวม
โครงการวิจัยเทานั้น 
โครงการวิจัยนี้มีท่ีมาอยางไร และวัตถุประสงคของโครงการ 

 เซฟเทซิดิม(ceftazidime)เปนยาปฏิชีวนะที่มีคุณสมบัติในการกําจัดเชื้อแบคทีเรียไดอยาง
กวางขวาง การใชยาเซฟเทซิดิมเพื่อกําจัดเชื้อแบคทีเรีย ซูโดโมแนส แอรูจิโนซา(Pseudomonas 

aeruginosa)  นิยมใชรวมกับยาในกลุมอะมิโนไกลโคไซด(aminoglycoside) โดยเฉพาะยาอะ
มิเคซิน(amikacin) เพื่อเพิ่มประสิทธิผลในการกําจัดเชื้อและลดอัตราการดื้อยา ขนาดยาเซฟเทซิดิม 
ที่แนะนําโดยทั่วไปคือ 0.5 – 2 กรัม ทุก 8 ช่ัวโมง ในผูปวยที่ภาวะการทํางานของไตปกติ และ
สําหรับผูปวยที่ภาวะการทํางานของไตบกพรอง จะตองปรับระยะหางระหวางการใหยาให
เหมาะสมกับคาการทํางานของไต เนื่องจากยาเซฟเทซิดิม มีคุณสมบัติละลายน้ําไดดี  จับกับโปรตีน
ในซีร่ัมไดนอย ยาสวนใหญจะกระจายอยูนอกเซลล  การขจัดยาพบวายาไมถูกเมตาบอไลซ และ
ขจัดออกทางไตในรูปเดิมถึง 80 – 90%  ดังนั้นการปรับขนาดยาในผูปวยที่มีการทํางานของไต
บกพรองจึงมีความสําคัญ เพราะหากขนาดยาต่ําเกินไป และ/หรือ ระยะหางระหวางการใหยานาน
เกินไปจะมีผลตอการรักษาและตออัตราการดื้อยา แตหากขนาดยาสูงเกินไปและ/หรือระยะหาง
ระหวางการใหยาสั้นเกินไปจะทําใหมีการสะสมยาจนอาจเกิดอาการไมพึงประสงคได ซ่ึงแมจะพบ
ไดนอยแตก็มีรายงานในผูสูงอายุและผูปวยที่การทํางานของไตบกพรอง และเมื่อพิจารณาขอแนะนํา
ในการปรับระยะหางการใหยาเซฟเทซิดิม ในผูปวยที่มีการทํางานของไตบกพรองจากตําราวิชาการ
ที่ใชอางอิงตางๆพบวาคาการขจัดครีเอตินิน(creatinine clearance) ที่แนะนําใหปรับระยะหางการ
ใหยาและระยะหางการใหยาที่แนะนํามีความแตกตางกัน  ซ่ึงความแตกตางจะเห็นไดชัดในผูปวยที่
มีคาการขจัดครีเอตินินต่ํา ซ่ึงเปนผูปวยที่มีภาวะการทํางานของไตบกพรองรุนแรง  จากปญหาการ
ขาดเครื่องมือที่แมนยําในการปรับขนาดยาเซฟเทซิดิม ประกอบกับการวัดระดับยาเซฟเทซิดิมใน
เลือด ตองใชเครื่องมือราคาแพงและตองอาศัยความชํานาญในการวัด ในขณะที่การวัดระดับยาอะ
มิเคซิน  สามารถทําไดสะดวกกวา เนื่องจากมีการพัฒนาชุดตรวจใหงายตอการใชและราคาถูก อีก
ทั้งยาอะมิเคซิน ก็มีการขจัดออกทางไตเปนหลักเชนเดียวกัน ดังนั้นงานวิจัยนี้จึงมุงศึกษาความ
เปนไปไดที่จะนําคาพารามิเตอรทางเภสัชจลนศาสตร(Ke ,Cl ,Vd)ของยาอะมิเคซิน  มาใชทํานาย
คาพารามิเตอรทางเภสัชจลนศาสตร(Ke ,Cl ,Vd) ของยาเซฟเทซิดิม ซ่ึงขอมูลที่ไดจากการวัด
ระดับยาอะมิเคซินไมเพียงจะเปนประโยชนตอการปรับขนาดยาอะมิเคซินใหเหมาะสม เพื่อลดการ
เกิดอาการไมพึงประสงคตอไตและหูแลว ยังสามารถนํามาใชประโยชนตอการปรับขนาดยาเซฟเท
ซิดิมใหเหมาะสมดวย  นอกจากนี้ในอนาคตหากมีการพัฒนาวิธีการตรวจวัดระดับยาเซฟเทซิดิมให
งายและสะดวกตอการใชเชนเดียวกับการตรวจวัดระดับยาอะมิเคซินแลว การติดตามวัดระดับยา
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เซฟเทซิดิมก็จะทําไดสะดวกขึ้นดังนั้น ผูวิจัยจึงศึกษาถึงความเปนไปไดในการนําคาพารามิเตอรทาง
เภสัชจลนศาสตร(Ke ,Cl ,Vd)ของ ยาเซฟเทซิดิมมาใชทํานายคาพารามิเตอรทางเภสัชจลนศาสตร
(Ke ,Cl ,Vd)ของยาอะมิเคซินดวย  ซ่ึงวิธีการนี้จะชวยใหประหยัดคาใชจายในการตรวจวัดระดับยา 

ทานไดรับเชิญใหเขารวมโครงการวิจัยนี้เพราะคุณสมบัตท่ีิเหมาะสมดังตอไปนี ้
1.  ไดรับยาอะมิเคซิน รวมกับ เซฟเทซิดิมในรอบการบริหารยา 24 ช่ัวโมง 
2.  อายุไมนอยกวา 18 ป 
3. มีคุณสมบัติเขาตามเกณฑการคัดเลือกกลุมตัวอยาง 

ทานไมสามารถเขารวมโครงการวิจัยไดหากทานมีคุณสมบัติดงัตอไปนี ้
1. แพยาอะมิเคซิน และ/หรือ ยาเซฟเทซิดิม  
2. ผูปวยหญิงที่อยูในระหวางการตั้งครรภและใหนมบุตร 
3. ไดรับยาอื่นใดที่มีผลตอการขจัดยาอะมิเคซิน และ/หรือ ยาเซฟเทซิดิม 
4.  ผูปวยที่มีระดับซีร่ัมครีเอคินิน ระหวางวันแกวงมากกวา 20% 
5. ผูปวยโรค ซีสทิคไฟโบรซิส(Cystic fibrosis)  ผูปวยทองมาน(Ascites) ผูปวยฟอกเลือดดวย

เครื่องไตเทียม และผูปวยลางไตทางชองทอง 
6. ผูปวยอ่ืนที่แพทยเห็นวาไมเหมาะสมที่จะเขารวมการวิจัย 

สถานที่ทําโครงการวิจัย และจํานวนผูเขารวมโครงการวจัิย 
  สถานที่ทําโครงการวิจยันี้คอื แผนกอายรุกรรมและศัลยกรรมผูปวยใน โรงพยาบาลพระ
มงกุฎเกลา โดยมีจํานวนผูเขารวมโครงการวิจัยทัง้ส้ิน 20 คน 

ระยะเวลาที่ทานจะตองรวมโครงการวิจัยและจํานวนครั้งท่ีนัด 
  ระยะเวลาที่ทานจะตองเขารวมโครงการวิจยั คือตลอดชวงเวลาที่ทานไดรับยาอะมเิคซิน 
รวมกับ เซฟเทซิดิม  ในรอบการบริหารยา 24 ช่ัวโมง และการวิจยัจะสิ้นสุดลงเมื่อทานหยดุใชยาทั้ง 
2 ชนิดรวมกัน 

หากทานเขารวมโครงการวจัิยคร้ังนี้ ทานจะตองปฏิบตัิตามขั้นตอน หรือไดรับการปฏิบตัิอยางไร
บาง 
  เมื่อทานเขารวมโครงการวิจยัทานจะไดรับตรวจระดับซีร่ัมครีเอตินินเพือ่ประเมินภาวะการ
ทํางานของไต และกําหนดเวลาที่เหมาะสมในการตรวจวัดระดับยาในเลือด ผูปวยจะถูกเจาะเลือด
เพื่อตรวจวัดระดับยาอะมิเคซิน และยาเซฟเทซิดิม 2 ครั้ง โดย 1) ผูปวยที่มีคาการขจัดครีเอตินินมา
กกวา 30 มิลลิลิตร/นาที จะถูกเจาะเลือดในวันที ่ 3 ของการไดรับยาอะมิเคซิน รวมกับยาเซฟเทซดิิม 
2)ผูปวยที่มีคาการขจัดครีเอตินินเทากับ10 - 30 มิลลิลิตร/นาที จะถกูเจาะเลือดในวันที่ 4 ของการ
ไดรับยาอะมิเคซินรวมกับยาเซฟเทซิดิม 3) ผูปวยที่มีคาการขจัดครีเอตินินนอยกวา 10 มิลลิลิตร/นาที 
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จะถูกเจาะเลือดในวันที่ 6 ของการไดรับยาอะมิเคซินรวมกับยาเซฟเทซิดิม ผูวิจัยจะติดตามบันทึก
ผลการรักษา และประเมินอาการไมพึงประสงคจากยาทั้ง 2 ชนิดที่อาจเกดิกับผูปวย 

ความไมสุขสบาย หรือความเสี่ยงตออันตรายที่อาจจะไดรับจากกรรมวิธีการวิจัย และวิธีการ
ปองกัน/แกไขท่ีหัวหนาโครงการวิจัยเตรียมไวหากมีเหตุการณดังกลาวเกิดขึ้น 
  ความไมสุขสบาย หรือความเสี่ยงตออันตรายที่ทานอาจจะไดรับคือ การเจ็บปวดเล็กนอย
ระหวางการเจาะเลือดโดยวิธีการปราศจากเชื้อ ซ่ึงอาการดังกลาวจะหายเปนปกติเองภายหลังเจาะ
เลือดเสร็จ  
ประโยชนท่ีอาจจะไดรับจากการวิจัย 
  ประโยชนที่ผูเขารวมโครงการวิจัยจะไดรับจากการวิจัย คือ ไดรูระดับยาทั้ง 2 ชนิดที่ผูปวย
ไดรับวาอยูในชวงการรักษาหรือไม โดยไมเสียคาใชจายในการตรวจวดั  
  ประโยชนที่อาจจะไดรับจากการวิจยัตอสวนรวมคือ สามารถนําขอมูลท่ีไดมาหา
ความสัมพันธระหวางคาพารามิเตอรทางเภสัชจลนศาสตรของยาทั้ง 2 ชนิดเพือ่หาสมการทํานาย
คาพารามิเตอรทางเภสัชจลนศาสตร(Ke ,Cl ,Vd)ของยาเซฟเทซิดิม จากคาคาพารามิเตอรทางเภสชั
จลนศาสตร(Ke ,Cl ,Vd)ของยาอะมเิคซิน ซ่ึงสมการที่ไดจะเปนประโยชนตอการพิจารณาปรับ
ขนาดยาเซฟเทซิดิมใหเหมาะสมกับผูปวยแตละรายที่ไดรับยาเซฟเทซิดิมรวมกับยาอะมิเคซิน 

คาใชจายที่ทานจะตองรับผดิชอบระหวางโครงการวิจัย 
  คาใชจายที่ทานจะตองรับผิดชอบระหวางโครงการวิจัยคือ คาใชจายดานยา และการรักษา
อ่ืนๆที่ไมเกี่ยวของกับโครงการวิจัย สวนที่ทานจะไดรับจากโครงการวิจัยโดยไมเสียคาใชจายคอื 
การตรวจระดบัยาเซฟเทซิดมิ และยาอะมิเคซินในเลือด 

คาตอบแทนทีจ่ะไดรับเมื่อเขารวมโครงการวิจัย 
  งานวิจยันี้ไมมคีาตอบแทนสําหรับผูเขารวมโครงการวิจยั 

หากทานไมเขารวมโครงการวิจัยนี้ทานมีทางเลือกอ่ืนอยางไรบาง 
  หากทานไมเขารวมโครงการวิจัยนี้ทานมีทางเลือกอื่นคือ แพทยจะพจิารณาปรับขนาดยาทั้ง 
2 ชนิดตามผลการประเมินภาวะการทํางานของไต 
 หากมีอันตรายที่เก่ียวของกับโครงการวิจัยนี้เกิดขึ้นจะตดิตอกับใคร และจะไดรับการปฏิบัติอยางไร 

หากมีอันตรายที่เกี่ยวของกับโครงการวิจัยนี้เกิดขึน้ทานสามารถติดตอกับพันเอกนายแพทย 
ธนะพันธ พิบูลยบรรณกจิ แผนกโรคติดเชื้อ กองอายุรกรรม โรงพยาบาลพระมงกุฎเกลา  
โทร. 0-6041-8151 หรือ นางสาวสําอางค เกียรติเจริญสิน ภาควิชาเภสัชกรรม(คลินิก) คณะเภสัช
ศาสตร จุฬาลงกรณมหาวิทยาลัย โทร. 0-1864-7631 ตลอด 24 ช่ัวโมง 
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หากทานมีคําถามที่เก่ียวของกับโครงการวิจัย จะสอบถามไดจากใคร 
1. นางสาวสําอางค เกียรติเจรญิสิน ภาควิชาเภสัชกรรม(คลินิก) คณะเภสัชศาสตร จุฬาลงกรณ

มหาวิทยาลัย โทร. 0-1864-7631 ผูวิจัย  
2. พันโทนายแพทยธนะพนัธ  พิบูลยบรรณกจิ แผนกโรคติดเชื้อ กองอายรุกรรม โรงพยาบาลพระ

มงกุฎเกลา โทร. 0-6041-8151 อาจารยที่ปรึกษางานวิจยั  

หากทานรูสึกวาไดรับการปฏบิัติอยางไมเปนธรรมในระหวางโครงการวจัิยนี้ ทานอาจแจงเรื่องไดท่ี 
  สํานักงานพิจารณาโครงการวิจัย พบ. โทร. 0-2354-7600 ตอ 93681 

ขอมูลสวนตัวของทานที่ไดจากโครงการวจัิยคร้ังนี้จะถูกนําไปใชดังตอไปนี ้
 ผูวิจัยจะนําเสนอขอมูลจากโครงการวิจัยนี้ในรูปที่เปนสรุปผลการวิจัยโดยรวม เพื่อ
ประโยชนทางวิชาการ โดยไมเปดเผย ช่ือ นามสกุล ที่อยู ของผูเขารวมโครงการวิจยัเปนรายบคุคล 
และมีมาตรการในการเก็บรักษาขอมูลทั้งสวนตัวและขอมูลที่ไดจากโครงการวิจัย โดยการเปดเผย
ขอมูลตอหนวยงานตางๆที่เกี่ยวของ กระทําไดเฉพาะกรณีจําเปนดวยเหตุผลทางวิชาการเทานั้น 

ทานจะถอนตัวออกจากโครงการวิจัยหลังจากไดลงนามเขารวมโครงการวิจัยแลวไดหรือไม 
  ทานสามารถถอนตัวออกจากโครงการวิจัยไดตลอดเวลา โดยไมเกิดผลเสียใดๆตามมา และ
ทานอาจถูกขอใหออกจากโครงการวิจยัโดยหัวหนาโครงการวิจัย ในกรณีที่แพทยประเมินแลววา
ทานอยูในภาวะที่ไมเหมาะจะเขารวมการวจิัย  

หากมีขอมูลใหมท่ีเก่ียวของกับโครงการวจัิย ทานจะไดรับแจงขอมูลนั้นโดยหัวหนาโครงการวิจัย
หรือผูรวมวิจัยทันที  
 หากผูวจิัยมีขอมูลเพิ่มเติมทั้งดานประโยชนและโทษทีเ่กีย่วของกับการวิจัยนี้ ผูวิจัยจะแจง
ใหทานทราบทันทีโดยไมปดบัง 
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APPENDIX C 

หนังสือแสดงเจตนายินยอมเขารวมการวิจัย (Consent form) 
รับรองโดยคณะอนุกรรมการพิจารณาโครงการวิจัย พบ. 

ชื่อโครงการวจัิย    ความสัมพันธระหวางคาพารามิเตอรทางเภสัชจลนศาสตรของยาเซฟเทซิดิมและ 
          ยาอะมิเคซิน 

วันที่ลงนาม.................................................................................................... 

 กอนที่จะลงนามในใบยินยอมใหทําการวิจัยนี้ ขาพเจาไดรับการอธิบายจากผูวิจัยถึง
วัตถุประสงคของการวิจัย วิธีการวิจัย อันตราย หรืออาการที่อาจเกิดขึ้นจากการวิจัย หรือจากยาที่ใช 
รวมทั้งประโยชนที่จะเกิดขึ้นจากการวิจัยอยางละเอียด และมีความเขาใจดีแลว 
 ผูวิจัยรับรองวาจะตอบคําถามตางๆที่ขาพเจาสงสัยดวยความเต็มใจไมปดบังซอนเรนจน
ขาพเจาพอใจ 
 ขาพเจามีสิทธิที่จะบอกเลิกเขารวมในโครงการวิจัยเมื่อใดก็ได และเขารวมโครงการวิจัยนี้
โดยสมัครใจ และการบอกเลิกการเขารวมการวิจัยนี้ จะไมมีผลตอการรักษาโรคที่ขาพเจาจะพึง
ไดรับตอไป 
 ผูวิจัยรับรองวาจะเก็บขอมูลเฉพาะเกี่ยวกับตัวขาพเจาเปนความลับ และจะเปดเผยไดเฉพาะ
ในรูปที่เปนสรุปผลการวิจัย การเปดเผยขอมูลเกี่ยวกับตัวขาพเจาตอหนวยงานตางๆที่เกี่ยวของ 
กระทําไดเฉพาะกรณีจําเปนดวยเหตุผลทางวิชาการเทานั้น 
 ผูวิจัย รับรองวาหากเกิดอันตรายใดๆจากการวิจัยดังกลาว  ขาพเจาจะได รับการ
รักษาพยาบาลตามความเหมาะสม 
 ขาพเจาไดอานขอความขางตนแลว และมีความเขาใจดีทุกประการ และไดลงนามในใบ
ยินยอมนี้ดวยความเต็มใจ 
  ลงชื่อ......................................................................ผูเขารวมโครงการวิจัย 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
 
  ลงชื่อ.................................................................ผูดําเนนิการโครงการวิจัย 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
 
  ลงชื่อ...............................................................................................พยาน 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
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  ลงชื่อ...............................................................................................พยาน 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
 
 ในกรณีที่ผูเขารวมโครงการวิจัยไมสามารถลงลายมือช่ือดวยตนเองได ใหผูแทนโดยชอบ
ตามกฎหมายซึ่งมีสวนเกีย่วของเปน............................ของผูเขารวมโครงการวิจยั เปนผูลงนามแทน 
 
  ลงชื่อ........................................................................ผูแทนโดยชอบธรรม  
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
 
  ลงชื่อ...............................................................................................พยาน 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 
 
  ลงชื่อ...............................................................................................พยาน 
  (...........................................................................ชื่อ-นามสกุล ตัวบรรจง) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
   

Subject 
No. Gender Age 

(year) 
Weigh 
(kg) 

High
(cm) 

BMI 
(kg/m2) 

albuminδ 
(g/dL) 

Ceftazidime 
regimen 

Amikacin 
regimen 

Clcr 
(mL/min) Indication 

Empric/ 
Definite 

1   F 81 52Ψ 153 22.21 3 2 g q 12 hr 500 mg q 24 hr 26.70 Febrile neutropenia Empiric 

2 F 78 60Ψ 160 23.43 3.4 1 g q 12 hr 500 mg q 24 hr 54.77 Febrile neutropenia Empiric 

3 F 28 42 160 16.40 2.7 2 g q 8 hr 500 mg q 24 hr 111.07 Febrile neutropenia Empiric 

4 M 19 78 185 22.79 - 2 g q 8 hr 750 mg q 24 hr 145.65 Wound infection Definite 

5 M 41 50 164 18.59 4.1 2 g q 8 hr 750 mg q 24 hr 98.21 Sepsis Definite 

6 M 71 50Ψ 153 21.36 3.1 2 g q 8 hr 500 mg q 24 hr 69.14 HAP Empiric 

7     M 53 53Ψ 159 20.90 2.6 2 g q 8 hr 750 mg q 24 hr 91.49ϕ Fever* Empiric

8 M 62 55 170 19.03 2.3 1 g q 8 hr 750 mg q 24 hr 148.96 HAP,UTI Empiric 

9   M 44 50Ψ 170 17.30 1.6 2 g q 8 hr 750 mg q 24 hr 166.67ϕ Wound infection Empiric 

10 M 29 60Ψ 162 22.86 2.1 2 g q 8 hr 750 mg q 24 hr 180.96 Fever* Empiric 

11   M 49 58Ψ 162 22.10 2.2 2 g q 8 hr 750 mg q 24 hr 148.38 Wound infection Empiric 

12 M 28 74 161 28.54 4.1 2 g q 8 hr 750 mg q 24 hr 112.37 Wound infection Definite 

13     F 83 50Ψ 170 17.30 2.4 1 g q 8 hr 500 mg q 24 hr 67.29ϕ UTI Empiric

14 F 58 47 158 18.83 3 2 g q 8 hr 750 mg q 24 hr 91.00 Bile duct infection Empiric 

15 M 48 63.5 165 23.32 3.2 2 g q 8 hr 750 mg q 24 hr 98.09 Febrile neutropenia Empiric 

16 M 63 54 165 19.84 3.4 2 g q 8 hr 750 mg q 24 hr 96.25 UTI Empiric 

17 M 41 62 158 24.84 3.2 2 g q 8 hr 500 mg q 24 hr 63.09 Febrile neutropenia Empiric 

18 F 78 42Ψ 160 16.40 2.1 1 g q 8 hr 500 mg q 24 hr 51.24ϕ UTI Empiric 

19 M 27 79 170 27.33 4.1 2 g q 8 hr 750 mg q 24 hr 103.49 Febrile neutropenia Empiric 
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APPENDIX D 

 
Table 1  Demographic data of the individual patients 

 
* : Fever of unknown origin        Ψ: approximate weight        ϕ: calculation from approximate weight  δ: value obtained within 7 day of the study day
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(continue)Demographic data of the individual patients  
 
 

Subject No. Underlying disease 

1 Diabetes, Hypertension, Dyslipidemia ,Breast cancer 

2 Diabetes, Hypertension, Asthma, Hyperthyroidism 

3 Haematologic Cancer (NHL) 

4 - 

5 Haematologic Cancer (CML) 

6 Amyotrophic lateral scerosis (ALS) 

7 Subarrachnoid hemorrhage, Chronic liver disease 

8 Liver cancer 

9 Spinal cord injury 

10 Haematologic Cancer (NHL) 

11 Empyema thoracic with esophageal fistula ,Pleural effusion 

12 - 

13 Deep vein thrombosis 

14 Diabetes, Hilar cholelithiasis cancer 

15 Tuberculosis, Haematologic Cancer (AML) 

16 Tuberculosis, Brain tumor 

17 Haematologic Cancer (ANLL), CHF 

18 Diabetes, Hypertension, Dyslipidemia 

19 Haematologic Cancer (Acute leukemia) 
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Table 2  Infection data and clinical outcome of the individual patients 

 

Susceptibility Outcome Subject 
No 

Site of 
Infection Culture result 

Cef Amik
ADR 

clinic bacterial 
Ps. aeruginosa S S  F In 

1 urinary tract 
K. pneumoniae (ESBL) R S  F In 

2 unidentified - - -  C - 
3 unidentified - - -  Im - 
4 wound Ps. aeruginosa S S √ Im E 
5 blood Ps. aeruginosa S S  Im In 

sputum Ps. aeruginosa S S  F In 
6 

urinary tract E. coli (ESBL) R S  F P 
7 unidentified - - -  C - 

urinary tract P. mirabilis S S  Im In 
E. coli S S  Im In 8 

sputum 
K. pneumoniae S S  Im In 

P. milabilis (ESBL) R S  F P 
A. baumananii (MDR) R R  F P 
Ps. Aeruginosa (MDR) R R  F P 

9 wound 

E. faecium R R  F P 
10 unidentified - - -  Im - 

V. streptococci R R  F P 
K. oxytoca S S  F E chest pus 

Ps. aeruginosa S S  F E 
K. pneumoniae(ESBL) R S  F P 

11 

Pleural fluid Stenotrophomonas 
maltophilia  (MDR) R R  F In 

12 wound Ps. aeruginosa - S  Im In 
13 urinary tract E. coli S S  C E 

K. pneumoniae S S  Im In 
Ps. aeruginosa S S  Im In 14 bile 

Shewanella putrefaciens S S  Im In 
15 unidentified - - -  F - 
16 urinary tract E. coli (ESBL,MDR) R R  C E 
17 blood E. coli (ESBL) R S  Im In 

18 urinary tract K. pneumoniae 
(ESBL,MDR) R I  C E 

19 unidentified - - -  F - 

Amik: Amikacin , C: Cure , Cef: Ceftazidime , E: Elimination , ESBL: Extended-spectrum  

ß-lactamase , F: Fail , I: Intermediate , Im: Improvement ,  In: Indeterminate resistant,  

MDR: Multi-drug resistant , R: Resistant , S: Susceptible.   
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Table 3 Duration of antimicrobial therapy 
 

Duration of antimicrobial therapy (day) 
Subject No. 

Amikacin Ceftazidime Co-administration 

1 4 4 4 

2 7 7 7 

3 4 10 4 

4 9 22 9 

5 10 14 10 

6 11 11 11 

7 18 18 18 

8 4 4 4 

9 13 13 13 

10 15 21 15 

11 17 24 17 

12 12 12 12 

13 3 4 3 

14 3 15 3 

15 21 21 21 

16 14 13 13 

17 8 3 3 

18 3 6 3 

19 20 12 12 

Mean ± S.D. 10.32 ± 6.04 12.32 ± 6.64 9.58 ± 5.76 
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APPENDIX E 
 

Calculation of pharmacokinetic parameters 
 

 Using two plasma amikacin concentrations to calculate pharmacokinetic 

parameters of amikacin. 

 
Example 

Patient no. 19: He received amikacin 750 mg once daily at 9.16 p.m. and finished at 

10.06 p.m. Blood was taken at 11.09 p.m. and 1.01 a.m., the concentration were 

19.325 µg/mL and 8.96 µg/mL, respectively. From this data, the values which will 

use in calculation are: 

drug dose Start infusion Finish infusion Infusion time (tinf) 

Amikacin 750 mg/day 9.16 p.m 10.06 p.m. 50 min(0.833 hrs) 

 

drug finish Blood sampling(t) t - tinf Drug level 

11.09 p.m 1hr 3 min(1.05hr) 19.325 µg/mL Amikacin 10.06 p.m. 

1.01 a.m. 2 hr 55 min(2.92hr) 8.96 µg/mL 

 

 ∆ t  = 1.01 a.m. – 11.09 p.m.    = 1.867 hrs 

   

 1) Calculate Ke from two plasma amikacin concentrations:  

 

Ke  =  
t
c
c

∆

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

2

1ln
 = 

hr86.1
96.8
325.19ln ⎟

⎠
⎞

⎜
⎝
⎛

 

 

  = 0.4117   hr-1

 

2) Calculate t1/2 from Ke : 

 

 t1/2    = 
Ke
693.0  = 

4117.0
693.0   hr 

 
    = 1.6833   hr 
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3) Calculate total Cl of amikacin from concentration at 11.09 p.m.: 

 

       Cl    = 
( )( ) ( )( )

( )τKe
t

ttKeKet

ec
eetDoseSF

−

−−−

−
−

1
1/ infinf

inf  

               

  = ( )( ) ( )( )
( ))24(4117.0

05.14117.0)833.0(4117.0

1/325.19
1833.0/750

−

−−

−
−

eLmg
eehrmg  

 
        = 8.778  L/hr 

  
4) Calculate Vd from Ke and Cl 

 

 Vd   = 
Ke
Cl   = 14117.0

/778.8
−hr

hrL  

   
  =        21.3221  L 

 
His weigh is 79 kg. Hence Vd in unit of L/kg is :  

 

   = 
kg

L
79
3221.21   =        0.27  L/kg 
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APPENDIX F 
 

Dosage regimen design 

 
 Using the amikacin pharmacokinetic parameters of the patients to design the 

appropriate dosage regimens for both amikacin and ceftazidime 

 
Example 

Patient no. 19: His amikacin pharmacokinetic parameters were as follow:  

Ke amik = 0.4117 hr-1, t ½ amik = 1.68 hr, Clamik = 8.78 L/hr, Vd amik = 0.27 L/kg and 

weight = 79 kg.  His calculated amikacin maximum concentration was 24.24 mg/L 

. 
1) Calculate the dosage of amikacin to give the maximum concentration of 30 

mg/L. Using short infusion model, assuming Css max appear at t = 1 hour: 

 

Css max   =   
( )( ) ( )( )

( )τKe

ttKeKet

eCl
eetDoseSF

−

−−−

−
−

1
1/ infinf

inf  ; = 0.5 hour inftt −

 

30 mg/L  =   ( ) ( )( ) ( )( )
( )( )hr

hrhr

ehrL
eehrDose
244117.0

5.04117.05.04117.0

1/7788.8
15.0/

−

−−

−
−   

Dose    =   869.74 mg  

 
For convenience, the dosage of amikacin should be rounded up to 900 mg 

which will result in calculated amikacin maximum concentration that is equaled to 

31.04 mg/L. Since t ½ amik is 1.68 hrs, therefore, amikacin concentration will be less 

than 1 mg/L after 8.5 hours (5 t ½). Therefore the recommended dosage of amikacin 

for patient no.19 is 900 mg every 12 hours which is expected to give maximum 

amikacin concentration of 31.04 mg/L and allow the drug free interval of 

approximately 3 hours.  

 
2) Calculate the dosage of ceftazidime to give the minimum concentration of 

more than 8 mg/L (base on the assumption that the MIC of pathogen to ceftazidime is 

less than 2 mg/L) 
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2.1)   Pharmacokinetic parameters of ceftazidime were calculated using the 

equation obtained from our study: 

  
                Ke ctz       =    0.9957 (0.4117) + 0.0217   =   0.4316 hr-1

                Cl ctz       =    0.9661 (8.7788) + 0.3534    =   8.8346 L/hr 

  
2.2)  Calculate the dosage of ceftazidime when the dosing interval is 8 

hours 

         A. Using short infusion model: 

Css min   =   
( )( ) ( )( )

( )τKe

ttKeKet

eCl
eetDoseSF

−

−−−

−
−

1
1/ infinf

inf  ; = 7.5 hour inftt −

8 mg/L  =   ( ) ( )( ) ( )( )
( )( )hr

hrhr

ehrL
eehrDose
84316.0

5.74316.05.04316.0

1/8346.8
15.0/

−

−−

−
−   

Dose    =   4,488.27 mg  

    
 This calculated dose is higher than the maximum recommend dose 

(6 g/day).  

B. Using continuous infusion model:      

                        ( )
Cl

DoseSFCss
τ/

=   

                    hrLLmg
SF

ClC
hr

Dose ss /8346.8/8
24

×=
×

=  

 Dose  =  1,696.24 mg/day 

 
Calculation of the loading dose 

Loading Dose   =   ( )( )
( )SF

CVd  

     =  ( )( )
( )1

847.20   

     =   163.76 mg 

 For convenience, ceftazidime loading dose should be rounded up to 200 mg 

then maintenance dose of 2000 mg/day of ceftazidime should be continuously infused 

24 hours to provide ceftazidime concentration above 8 mg/L throughout the course of 

therapy. If ceftazidime 6 g/day is continuously infused, the predictive ceftazidime 

level at steady state will be 28.30 mg/L.
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APPENDIX G 

 
Bioanalysis of amikacin  

 

Analytical Method 

 Amikacin plasma levels were determines by immunoassay method using TDx 

Analyzer system, Abbott Laboratories based on fluorescence polarization technique. 

The equipments consisted of carousel, cuvettes, sample catridges, reagent pack, 

calibrators and controls. 

 
1. Calibration. 

 
 Calibrations were performed following the operation manual of TDx analyzer. 

An acceptable amikacin assay calibration curve should meet the following criteria:

  

 a)  Polarization Error (PERR) -3.00 to +3.00 for all calibrations. 

 b) Root Mean Squared Error (RMSE) less than or equal to 2.00. 

 c) All controls are within the acceptable ranges. 

 
 The following amikacin calibrator solution was measured for their amikacin 

concentrations to make a calibration curve. 

 

CAL Amikacin concentration (µg/mL) PERR 

A 0.0 0.00 

B 3.0 0.47 

C 10.0 0.23 

D 20.0 0.09 

E 35.0 0.53 

F 50.0 0.37 

RMSE 0.30 
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 The following three levels of amikacin control solution (L, M and H) were 

measured for their amikacin concentration and compared with the standard range of 

amikacin control concentration. 
 

Amikacin concentration (µg/mL) 
Control 

Standard Study 

L 4.25 – 5.75 4.75 

M 13.50 – 16.50 14.95 

H 27.00 – 33.00 29.22 

 

2. Sensitivity 

 
 According to the manufacturer, sensitivity is defined as the lowest measurable 

concentration which can be distinguished from zero with 95% confidence and was 

determined to be 0.8 µg/mL. 

 
3. Precision 

 
 According to the manufacturer, precision was determined as described in 

National Committee for Clinical Laboratory Standard (NCCLS) protocol EP5-T using 

human serum with 5.0, 15.0, and 30.0 µg/mL of amikacin added. Results from these 

studies typically yielded CV’s of less than 5%. 

 
4. Accuracy by recovery 

 
 According to the manufacturer, recovery was determined by adding amikacin 

to human serum at clinically relevant concentrations and assaying in replicates of five. 

Recoveries were found to be quantitative. The average recoveries are 100.1 ± 2.6%. 
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APPENDIX H 

 
Bioanalysis of ceftazidime  

 
Analytical Method 
 
 The concentration of ceftazidime in plasma samples were determined by using 

High-Performance Liquid Chromatography. 

 
1. Calibration curve and linearity 

 
 The linearity was determined from six levels of calibration curve between 

concentrations of 3 to 200 µg/mL for ceftazidime. The representative calibration 

curve was shown in Figure 1.  The heteroscedastic data were observed and weighting 

is needed. The value of power maximizing log-likelihood function was selected using 

SPSS version 11.5. The weighted (1/concentration squared) least squares linear 

regression equation was  

  y             =     0.018275x – 0.000865   , R square = 0.99976 
 Where 

 x     =    Plasma drug concentration 

 y      =    Peak area ratio of drug to internal standard (IS) 

                       R square  =    Coefficient of determination 

y = 0.018275x - 0.000865**
R square = 0.99976
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  ** weighted (1/concentration squared) least squares linear regression equation 

Figure 1   Calibration curve of ceftazidime 
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2. Specificity and selectivity 
 
 Chromatograms of drug-free plasma and spiked plasma are demonstrated in 

Figure 2. No interference from endogenous substances in plasma was observed. 

 

 

A 

 

 

B 

Figure  2    Chromatogram of    A: Drug – free plasma . 
  B: Spike plasma of IS (cephalexin), ceftazidime at 140 µg/mL. 
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3. Limit of quantification 
 
 The lowest concentration on the calibration curve which was linearity correlated 

with peak area of each drug and had acceptable in range ± 20% accuracy ( % RD; 

percent deviation from the nominal concentration = 3.12 %) and in range ± 20% 

precision ( % CV; coefficient of variation = 2.47 %) as showed in Table 1. 

Chromatogram of spiked plasma for 3 µg/mL (limit of quantification) was 

demonstrated in Figure 3. 

 

 
 
Figure 3  Chromatogram of spike plasma of IS (cephalexin) and ceftazidime at 3 
µg/mL. 
 
 
4. Accuracy, precision and recovery 
 
 The precision and accuracy of the assay procedure were evaluated from %CV 

and %RD, respectively. As showed in Table 1 , the intra-day and inter-day precision/ 

accuracy were in ranged of acceptable at all concentration levels ( acceptable range 

should be within ±15 %, except at LLOQ should be within ±20 % ). Extraction of 

ceftazidime resulted in percentage recovery of approximately 110 %. 
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Table  1  Accuracy , precision and recovery of  spiked plasma of ceftazidime  
 

Intraday(n=5) Interday  (n=15) 

QCs Acceptable 
limit(±%) 

Conc 
(µg/mL) Precision

(%) 

Accuracy 
deviation

(%) 

Precision
(%) 

Accuracy 
deviation 

(%) 

Recovery 
of drug* 

(%) 

Recovery 
of  IS** 

(%) 

LLOQ 20 3 2.47 3.12 2.84 0.35 - - 

QCL 15 7 0.94 1.73 1.83 -0.03 107.494 109.731 

QCM 15 40 1.29 -2.27 3.13 -0.73 109.089 108.949 

QCH 15 140 2.09 0.36 2.55 -1.5 105.067 109.731 
 
 

* : compare with ceftazidime solution ,    ** : compare with cephalexin solution 
 

5. Stability of spiked plasmas and extracts 
 
 The stability of plasma samples and extracts left at various conditions was 

checked and shown in Table 2. Sample were considered stable when the area of 

ceftazidime peak were at least 85% of freshly prepare sample. The stability of 

ceftazidime at QCL and QCH were always higher than 85%, a value comprised within 

the assay variability, indicating that the plasma samples appear to be stable through 

out the study. 

 
Table 2  Stability of ceftazidime in plasma samples and final extracts 
 

Stability (%) 
Condition 

QCL QCH 

Long -term stability* 98.34 91.46 

3 cycles of freeze/thaw 103.79 108.60 
 

Short – term stability 
 

  -  2  hr at room temperature 
 

 

 
 

96.77 
 

 

 
 

97.70 
 

Final extract stability   

- in autosampler for 2 hr 93.20 90.78 

- 4 °C for 10 hr 91.77 90.53 
 
 

* : Long – term stability were tested at 2 months. 
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