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ABSTRACT 

A double-blind, randomized study (with secondary cross-over) of 

cystic fibrosis patients hospitalized for worsening pulmonary symptoms 

was conducted to determine the efficacy and safety of peak tobramycin 

serum concentrations between 5-8 mcg/ml("usual") or 8-12 

mcg/ml("higher"). Eleven subjects participated, four enrolled twice 

resulting in seven subjects in the "usual" and eight subjects in the 

"higher" groups. Average tobramycin dose rquired for "usual" 

concentrations was 9.5 mg/kg/d and for "higher" concentrations was 11.9 

mg/kg/d. Admission and discharge NIH scores and pulmonary function 

tests were similar between groups. Quantitative sputum counts of 

Pseudomonas aeruginosa and tobramycin minimum inhibitory concentrations 

did not change with therapy in either group. No subject became 

ototoxic or nephrotoxic. Urinary excretion of leucine aminopeptidase 

(LAP) and N-acetyl-6-glucosaminidase was highly variable and did not 

correlate with peak serum tobramycin concentrations. Carefully 

monitored "higher" peak serum tobramycin concentration for up to 23 

days were safe. Greater improvement of pulmonary symptoms may not 

occur with a single course of higher dose tobramycin therapy because of 

the chronic, progressive nature of cystic fibrosis. 

ix 



CHAPTER 1 

INTRODUCTION 

Individuals with cystic fibrosis live longer and have a better 

quality of life now than at any time in the past. Despite a lack of 

irrefutable evidence, many physicians who care for cystic fibrosis 

patients feel that much of the improved survivial is attributable to 

progress in anti-Pseudomonas aeruginosa chemotherapy. A prevalent 

attitude is that £s. aeruginosa plays an important role in the 

deterioration of pulmonary status of these patients, so agressive 

antimicrobial therapy directed against this bacteria should benefit the 

patient. 

Tobramycin and ticarcillin are two antimicrobials active 

against Ps. aeruginosa that are routinely administered to patients 

requiring hospitalization for worsening of their pulmonary symptoms. 

During this 10 to 14 day "pulmonary tune-up" patients receive intensive 

chest physiotherapy and nutritional supplementation. Because of 

improved methods for measuring serum drug concentrations and the low 

incidence of tobramycin toxicity in cystic fibrosis patients, 

physicians have tended to use increasingly greater doses of tobramycin. 

Their rationale is that the higher serum tobramycin concentrations may 

increase lung penetration by the antimicrobial and hasten improvement 

of pulmonary symptoms. 

1 
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The investigator felt it critical to demonstrate the safety of 

such higher-dose tobramycin therapy. Since ticarcillin is also an 

integral part of hospital management of these patients, it is 

impossible to design an acceptable study omitting this antimicrobial. 

In evaluating the safety of higher-dose tobramycin therapy for 

hospitalized cystic fibrosis, patients, the investigator also hoped to 

determine if there is any difference between efficacy of higher-dose 

compared to usual-dose tobramycin therapy. 

Purpose of the Study 

The investigator's objective was to compare efficacy and safety 

in cystic fibrosis patients of two tobramycin peak serum concentration 

ranges: "usual" or 5-8 mcg/ml and "higher" or 8-12 mcg/ml, occurring 30 

minutes after completion of a 30 minute tobramycin infusion. For both 

groups the trough serum concentration at the end of the dosing interval 

was less than 1.5 mcg/ml. In addition the study was to evaluate 

specific urinary enzymes for monitoring nephrotoxicity in these 

subjects. The present investigation was part of another study to 

prospectively compare initial tobramycin dose based on age-specific 

glomerular filtration rate (GFR) (corrected for body surface area) or 

based on a weight-derived method utilizing average pharmacokinetic data 

derived from cystic fibrosis subjects. 
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Tobramycin 

Tobramycin is a member of the aminoglycoside family of 

antimicrobials particularly active against gram negative bacteria. The 

bactericidal effect occurs by irreversible binding of the drug molecule 

to the 30s subunit of the bacterial ribosome, resulting in depletion of 

the ribosomal pool and inhibition of protein synthesis. Like other 

aminoglycosides, the toxic effects of tobramycin are seen in the 

kidneys and auditory-vestibular system. Mechanisms of toxicity are 

incompletely understood, but probably are related to selective 

accumulation of drug in the kidney and in perilymph and endolymph. 

Auditory toxicity 

Ototoxic effects of aminoglycosides are difficult to study 

because of difficulties in sampling fluids and tissues of the various 

delicate inner ear compartments. Nonetheless, some workers have 

successfully sampled these areas in animals and found a direct 

correlation among serum, endolymph, and perilymph aminoglycoside 

concentrations (Tran Ba Huy et al., 1981; Federspiel, Schatzle, and 

Tiesler, 1976). Using electron microscopy Theopold (1977) and 

Parravicini et al., (1982) have demonstrated dose-dependent damage to 

both the vestibular and cochlear apparatus in guinea pigs. Cochlear 

injury follows a progressive pattern, starting with disruption of outer 

hair cells of the basal turn and then advancing apically. This pattern 

of damage correlates with high frequency hearing loss which is the 
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earliest sign of cochlear toxicity. The central region of the 

vestibular apparatus appears to be affected first and most severely 

(Assael, Parini, and Rusconi, 1982). 

Although all aminoglycosides can produce cochlear and 

vestibular toxicity in animals (and presumably man) if enough drug is 

given, there appear to be differences in relative ototoxicity. 

Experimentally, tobramycin is the least cochleotoxic aminoglycoside and 

in the middle of the spectrum for vestibular toxicity (Akiyoshi, 1978; 

Neu and Bendush, 1976; Brummett et al., 1978). Clinical studies in 

humans lend some support to the idea that tobramycin may be less 

ototoxic (cochlear and vestibular toxicities) than other 

aminoglycosides, particularly gentamicin. Any firm conclusions about 

relative ototoxicity in man must be tempered by an awareness that 

patients in these studies may have had complicated illnesses treated 

with other potentially ototoxic drugs, such as furosemide, non 

steroidal anti-inflammatory agents, or quinidine (Brown and Feldman, 

1978). Some of these patients also may have been critically ill when 

hearing tests were performed, making the results difficult to 

interpret. Fee, Vierra, and Lathrop (1978) noted that among the 

patients they studied for ototoxicity while receiving either gentamicin 

or tobramycin, the majority had abnormal audiograms prior to receiving 

any drug and several gave a history of occupational noise exposure or 

previous ear infections. The importance of a pre-therapy audiogram is 
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obvious, although one is not always performed (Smith et al., 1980). 

Similarly, one might be skeptical about reports of ototoxicity based on 

bedside audiometry (Smith, Lipsky, and Lietman, 1979) or 

non-quantitative test such as listening for a watch ticking or the 

patient's response to questioning about tinnitus or vertigo. 

Environmental noise can seriously affect results of bedside audiometry, 

and results of other non-standardized hearing for vestibular tests 

often cannot be reproduced reliably. 

Nephrotoxicity 

Ample evidence documents renal cortical uptake of 

aminoglycosides from glomerular filtrate (Whelton, 1978; Collier, 

Lietman, and Mitch, 1979; Morin et a!., 1980). Silverblatt and Kuehn 

(1979) demonstrated that 10 minutes after an intravenous dose of 

radiolabeled gentamicin, radioactivity was associated only with 

proximal tubular cells in the rat. Similar results were seen when mice 

were injected with T3H] gentamicin (Kuhar, Mak, and Lietman, 1979). 

Hsu, Kurtz, and Weller (1977) have shown that aminoglycosides are 

actively transported into the proximal tubular cell, but the exact 

mechanism is controversial. One or more of several carrier systems may 

be responsible: an amino acid pathway (Whelton, 1978), an organic 

polycation pathway (Josepovitz et al, 1982; Lipsky et al., 1980; 

Bennett et al., 1978b) or pinocytosis (Silverblatt and Kuehn, 1979). 

Aminoglycoside progression within the proximal tubular cell is better 

described than uptake process. In a sequence of electron micrographs, 
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Silverblatt and Kuehn (1979) showed that within 60 minutes and lasting 

up to 24 hours, autoradiographic grains (presumably unaltered 

radiolabeled gentamicin) were associated with intracellular lyosomes. 

To a lesser degree, radioactivity was also associated with the 

mitochondria. Although these observations cannot elucidate the 

mechanisms(s) of aminoglycoside nephrotoxicity, they do correlate the 

site of histological damage, the proximal tubular cells, with drug 

uptake and accumulation. 

Several potential mechanisms of toxicity have been suggested. 

Silverblatt and Kuehn (1979) speculated that aminoglycosides might 

directly affect the proximal tubular cell lysosomes, perhaps 

interfering with normal lysomal degradation processes and resulting in 

accumulation of a toxic digestion product or depletion of a vital 

metabolite. Similarly they suggested that a critical concentration of 

intra-lysosomal aminoglycoside might somehow interfere with lysosomal 

membrane integrity, thus allowing the digestive enzymes access to the 

cytoplasm. Either of these mechanisms could explain tubular cell 

necrosis seen with aminoglycoside administration, but they offer no 

insight into the observation in animals that proximal tubular cell 

regeneration occurs despite continued aminoglycoside administration. 

Luft et al., (1978) and Bennet et al.,(1978a) demonstrated that the 

regenerated proximal tubular cells accumulated less aminoglycoside than 

the previously injured epithelium. However, the mechanism which 

induces this altered jptake is totally unknown and its relevance to the 

use of aninoglycosides in humans is uncertain. 
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Rationale for Tobramycin Therapy of Cystic Fibrosis. 

Occurring at an incidence of about 1 in 2000 live births, 

cystic fibrosis is the most common fatal inherited disease in the 

Caucasian population. The underlying genetic defect remains undefined, 

but one of its consequences is the production in the lungs of 

hyperviscous mucus which may predispose to bacterial colonization and 

invasion. Bacterial infection plays a major role in pulmonary 

deterioration (di Sant' Agnese and Talamo, 1967) and much effort has 

been directed at understanding the pathogenesis of this aspect of the 

disease. Bronchiolar and bronchial obstruction are primary events, 

with bacterial colonization leading to chronic bronchitis and 

subsequent mucus plugging, atelectasis, and bronchiectasis. Chronic 

inflammation results in the formation of granulation tissue, worsening 

the obstruction and facilitating the local necrotizing pneumonitis. 

These infections are confined to the lungs, with bacteremia and 

septicemia being extremely rare events (McCarthy, Rourk, and Spock, 

1980). 

Reporting the results of cultures taken from various areas of 

the lung during autopsies of cystic fibrosis patients, Iacocca, 

Sibinga, and Barbero (1963) verified that sputum provides a 

representative sample of the lower respiratory tract flora in these 

patients. The organisms most commonly isolated from expectorated 

sputum of cystic fibrosis patients are Staphylococcus aureus and 

Pseudomonas aeruginosa, particularly mucoid strains. In recent years 
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the recovery of staphylococci has declined, particularly among patients 

older than one or two years, leaving Ps_. aeruginosa as the major 

pathogen. Some physicians feel that staphlycocci cause pulmonary 

damage, and Ps. aeruginosa colonization may represent nothing more than 

a contaminant (di Sant' Agnese and Talamo, 1967). However there is 

evidence that Ps. aeruginosa produces enzymes that contribute to 

pulmonary damage (Liu, 1974). Wood (1975) points out that even if its 

presence does not result in infection, Ps^ aeruginosa or its mucoid 

coat may contribute to small airways obstruction, impair mucociliary 

clearance or be ciliotoxic. This "slime," a mucopolysaccharide matrix, 

characterizes the mucoid strains which are almost pathognomonic for 

cystic fibrosis (Doggett, 1969). The reason for the association of a 

particular strain and this disease is unknown but might relate to the 

metabolic defect of cystic fibrosis. 

Since there is some evidence that rigorous antimicrobial 

treatment of pulmonary exacerbations (worsening cough, fever, shortness 

of breath, increased sputum production) improves survival of these 

patients (Mearns, 1972), a rationale exists for treating these episodes 

with anti-Pseudomonas antimicrobials, such as tobramycin. 

Unfortunately, the mucoid strains of Ps^ aeruginosa found in the sputum 

of a majority of cystic fibrosis patients are extremely resistant to 

eradication. 
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The reason for this failure to sterilize the sputum is unknown 

but hypotheses abound. They include poor penetration of the. .viscous 

mucus by the antimicrobial (Klastersky, Thys, and Mombelli, 1981; Marks 

et al., 1971), a specific local immune problem due to defective 

opsonization or a circulating inhibitor (Biggar, Holmes, and Good, 

1971; Boxerbaum, Kagumba, and Matthews, 1973), impermeability of the 

Ps. aeruginosa due to its mucopolysaccharide "slime", or inactivation 

or inhibition of antimicrobials by constituents of the bronchial 

secretions. With regard to the last hypothesis, studies have 

documented that the increased magnesium and calcium content of cystic 

fibrosis respiratory secretions can inhibit adsorption of 

aminoglycosides to the outer cell membrane of Ps^ aeruginosa, resulting 

in enhanced resistance to these antimicrobials (Abdel-Sayed, Gonzalez, 

and Eagon, 1982; Day, 1980). Kelly and Matsen (1976) emphasized the 

importance of cations on Ps_. aeruginosa susceptibility by demonstrating 

a linear correlation between cation concentration in growth medium and 

minimum inhibitory concentration (MIC) to amikacin, and others have 

reported similar results using tobramycin or other aminoglycosides 

(Zimelis and Jackson, 1973; Gilbert et al., 1971; D'Amato et al., 

1975). 

Irrespective of the specific mechanism(s) that results in low 

concentrations of aminoglycosides in bronchial secretions, several 

investigators have sought to delineate the relationship between serum 
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arid bronchial or sputum drug concentrations. Results have been 

somewhat conflicting, with Marks et al. (1971) and Wong et al. (1975) 

noting a linear relationship between serum and sputum gentamicin 

concentrations, while others (Levy, Baran, and Klastersky 1982; McCrae, 

Raeburn, and Hansen, 1976) did not find any relationship between serum 

and sputum or bronchial secretion aminoglycoside concentrations. The 

use of different antimicrobial assay methods may explain some of this 

discrepancy, but another explanation may be erratic bronchial secretion 

penetration by aminoglycosides in cystic fibrosis. 

Not surprisingly the reported bactericidal activity of sputum 

or bronchial secretions is also inconsistent. A rapid intravenous 

injection of gentamicin in dogs can produce bronchial concentrations 

averaging 3 mcg/ml, exceeding the MIC of many Ps. aeruginosa strains 

(Pennington and Reynolds, 1975). In non-cystic fibrosis patients with 

pneumonia or bronchitis, bronchial concentrations of tobramycin 

averaged 3.75 mcg/ml (Alexander et al., 1979). Alexander et al. 

(1982) found similar bronchial secretion tobramycin concentrations in 

patients without pulmonary infections. These findings contrast with 

sputum tobramycin and gentamicin concentrations from cystic fibrosis 

patients, in whom the antimicrobial levels almost never approach the 

MIC for an infecting Ps^ aeruginosa strain (Marks et al, 1971; Levy, 

Baran, and Klastersky, 1982; McCrae, Raeburn, and Hanson, 1976). 
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Lack of bactericidal activity may not be due solely to poor 

penetration of the thick cystic fibrosis bronchial secretions. Vaudaux 

and Waldvogel (1980) demonstrated gentamicin inactivation due to 

binding of the molecule to lysed polymorphonuclear cell DNA. 

Similarly, aminoglycosides can be bound by cell membranes, soluble 

intracellular proteins, and various cellular components, resulting in a 

reduction of free active drug (Bryant and Hammond, 1974; Kornguth, 

Bayer, and Kunin, 1980; Kunin, 1970). Since chronic inflammation and 

recurrent infections characterize the lung disease of cystic fibrosis, 

one might hypothesize that even if tobramycin penetrates the lung 

tissue, much of the antimicrobial will be inactivated or bound to 

tissue breakdown products. 

As already noted, aminoglycoside binding to cellular 

constituents complicates the measurement of antimicrobial 

concentrations in sputum or bronchial secretions. Furthermore, some 

investigators have not reported calcium and magnesium concentrations 

used in the microbiologic susceptibility tests. The day-to-day 

variation and numerous uncontrollable variables (agar or broth 

components, size of innoculum, rate of bacterial growth) of this 

popular bioassay method should make one cautious about extrapolating 

results to drug concentrations in the lung tissue or secretions. 
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Review of Tobramycin Therapy for Cystic Fibrosis 

Clinical response of cystic fibrosis patients to tobramycin 

therapy has been more encouraging than might be anticipated from 

penetration and sputum-bactericidal studies. Eradication of Ps. 

aeruginosa has been reported in 26-70 percent of cystic fibrosis 

patients treated with an aminoglycoside, with or without a semi

synthetic penicillin (Crozier and Kahn, 1976; Liu et al., 1977). In 

all cases however, recolonization has occurred within weeks to months. 

Thomsen and Friis (1979) reported disappointingly similar results even 

when high dose tobramycin (lOmg/kg/day) was given, despite an earlier 

study suggesting that tobramycin might be more effective for 

eradicating Ps. aeruginosa from cystic fibrosis patient's sputum 

(Friis, 1976). 

Other observations have been more encouraging. Noone et al. 

(1974) reported that patients with gram-negative pneumonias and higher 

peak serum concentrations (8-12 mcg/ml) gentamicin were more likely to 

survive than patients having peak concentrations of 5-8 mcg/ml. 

Two to three week courses of tobramycin (or other aminoglycosides) do 

not appear to increase resistance of the Ps^ aeruginosa strains 

recovered from sputum after a course of therapy ranging from 5 

mg/kg/day to 16 mg/kg/day (Hawley et al., 1974; Boxerbaum et al., 1971; 

Rabin et al., 1980). However, with repeated exposure to antimicrobials 

and the hospital environment which selects for multiply-resistant 



13 

microorganisms, cystic fibrosis patients are at risk to acquire 

resistant Ps_. aeruginosa. In fact, gentamicin resistance among Ps. 

aeruginosa isolated from cystic fibrosis sputum samples has become 

quite common and has led to replacement of gentamicin by tobramycin in 

the antimicrobial armamentarium. Even new antimicrobials with enhanced 

anti- Pseudomonas activity such as azlocillin are not superior to 

tobramycin, and may have the undesirable effect of inducing Pseudomonas 

resistance after a single course of therapy (McLaughlin et al., 1983; 

Pennington, Johnson, and Piatt, 1982). 

A second encouraging observation from clinical studies is that 

improvement of pulmonary symptoms (decreased cough, sputum production, 

improved pulmonary function tests or arterial blood gases) does not 

always correlate with antimicrobial susceptibility of aeruginosa 

sputum isolates (Parry et al., 1977; Phari et al., 1970). Furthermore, 

respiratory symptoms may improve significantly after tobramycin or 

other aminoglycoside therapy without any change in Ps_. aeruginosa 

sputum colony counts (Hawley et al., 1974; Parry and Neu, 1976; Crozier 

and Kahn, 1976). Although these findings might lead to the questioning 

the efficacy of aminoglycosides, Hyatt et al. (1981) found that anti -

Pseudomonas antimicrobials were more effective than anti-staphylococcal 

antimicrobials for producing subjective improvement and better 

pulmonary function test results. 
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Assessment of Treatment Efficacy. 

Outcome of treatment with antimicrobials and comparison of 

studies utilizing different antimicrobials or therapies remains 

difficult to assess because of the paucity of objective, quantifiable 

criteria. Most studies use subjective parameters such as amount of 

cough and sputum production, shortness of breath, and sense of 

well-being. Other subjective parameters, prone to observer or 

performance bias, are lung auscultation, chest radiograph 

interpretation, spirometry, and forced expiratory volume in one second. 

Purely objective criteria might allow cross-validation of treatment 

modalities. However, as Taussig and Landau (1977) have pointed out, 

the manifestations of cystic fibrosis are diverse, and patient's 

clinical course are so variable, that it would be hard to evaluate the 

effect of any treatment regimen, even with objective criteria. In 

fact, treatment outcome of acute exacerbations in these patients may be 

more dependent on the severity of underlying pulmonary disease than any 

other factor (Parry et al., 1977). 

Despite the lack of a "gold standard," some quantifiable 

parameters can be used to evaluate patient response to single or 

successive courses of therapy. The National Institutes of Health (NIH) 

scoring system devised by Taussig et al., (1973) is an objective and 

subjective evaluation of cystic fibrosis patients. The score is based 

primarily on pulmonary parameters and those complications shown to be 

of prognostic significance: pneumothorax, hemoptysis, pulmonary 
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resection, and cor pulmonale. Quantifiable pulmonary parameters 

include chest radiographic changes and simple pulmonary function tests-

- vital capacity and forced expiratory volume in one second (FEV1). 

The pulmonary score contributes 75 percent to the final score. The 

remaining 25 percent of the score is based on general parameters: 

weight changes, fatiguability, attitude about the disease, and 

compliance with therapy. All of the items can be scored during routine 

clinic visits, with points subtracted in relation to the severity of 

the symptom or complication. The final score represents the total 

number of points subtracted from 100. Three and six-year mortality 

rates show distinct break-points in scores, with 67 percent of patients 

with scores below 60 dying within three years, and 88 percent of 

patients with scores below 70 dying within six years. This scoring 

system is one of the most accurate means for assessing the current 

status and likely prognosis of a cystic fibrosis patient. An added 

advantage is the low interscorer variability {Taussig, et al., 1973), 

making this a useful tool for comparing treatment outcomes among 

different patient groups or between different treatments in the same 

patients. Unfortunately many investigators have evaluated only 

selected parameters of the NIH score, since even this relatively 

simplified system necessitates a rigorous, more costly study design. 

Tests of pulmonary function correlate well with the clinical 

status of cystic fibrosis patients (Mearns, 1968; Featherby et al., 

1970). Three of these- -vital capacity, forced expiratory volume in 
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one second, and peak flow rate- -are the most precise measurements, 

showing the least within subject variability {Nickerson et al., 1980), 

These spirometric measurements provide important information about 

changes in a patient's pulmonary status and do not require 

sophisticated equipment. When the equipment and trained personnel are 

available, more complete pulmonary function testing, with measurement 

of total lung volumes {total lung capacity and residual volume), allows 

for a more detailed assessment of pulmonary status. 

Quantitative sputum culture for Ps_. aeruginosa has been used 

as a parameter of treatment efficacy. Ideally sputum uncontaminated by 

saliva is needed and this gelatinous specimen must be liquified so the 

organisms are distributed uni'ormly throughout the sample when it is 

plated onto the media. A standardized method for preparing the sputum 

has not been widely accepted, probably because it requires special 

materials and excessive technician time (Hammerschlag et al., 1980). 

Some mucolytics may inhibit bacterial growth (Parry and Neu, 1977), 

depending on how long the mucolytic and microrganisms incubate 

together. Thus, changes in Ps. aeruginosa colony counts are 

interesting, but may be overrated for assessing treatment outcome. 

Toxicity of Tobramycin in Cystic Fibrosis Patients 

Administration of aminoglycosides often causes great concern 

about possible oto-or nephrotoxicity. Most of this fear is probably 

unwarranted when patients have normal renal function and peak serum 
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concentrations are maintained below 12 to 15 mcg/ml (Dahlgren, Anderson 

and Hewitt, 1975; Falco, Smith and Arcieri, 1969). Retrospectively, 

the overall incidence of tobramycin nephrotoxicity was 4.4 percent of 

3506 patients (Bendush and Weber, 1976), but prospective studies have 

reported incidences between 3 and 10 percent (Smith et al., 1980; Feld, 

Valdivieso, and Bodey, 1977). Those primarily at risk seem to be 

patients on high-dose, long duration therapy, and presumably more 

seriously ill. Ototoxicity has been reported in 0.8 percent of 3506 

patients (Neu and Bendush, 1976) but a recent review of ototoxicity 

studies in children treated with aminoglycosides suggests that younger 

patients may be more resistant to this side effect (Assael, Parini, and 

Rusconi, 1982). 

Of interest, some investigators have reported ototoxicity 

primarily in patients with impaired renal function (Neu and Bendush, 

1976, Gailiunas et al., 1978) but Smith, Lipsky, and Lietman (1979) 

found no relationship between auditory and nephrotoxicity when serum 

levels were monitored and aminoglycoside concentrations were carefully 

maintained within accepted therapeutic ranges. 

Rapid intravenous administration of aminoglycosides appears to 

be safe in patients with normal renal function. Because the 

distribution phase lasts only about 10 minutes (Dobbs and Mawer, 1976) 

potentially toxic serum concentrations return to a "safe" range (less 

than 12 mcg/ml) within 15 minutes (Michel et al., 1974; Gillett et al., 

1976; Stratford and Dixon, 1974, Mendel son et al., 1976). 
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Reports of tobramycin toxicity among cystic fibrosis patients 

are unusual despite close monitoring of renal and audiotyr-vestibular 

function in these patients (Hassel and Crozier, 1976). This fact, 

along with increased awareness that tobramycin may be more rapidly 

cleared from the cystic fibrosis patient than a non-cystic fibrosis 

subject, has resulted in a change in the dosing practice of many 

physicians. 

Now when the cystic fibrosis patient requires hospitalization 

for a "flare-up" of pulmonary symptoms, his tobramycin is administered 

every six hours, instead of every eight hours. Pharmacokinetic studies 

have provided a rationale for this more frequent dosing regimen in any 

patients with normal renal function, (Gillett et al., 1976; Kelly et 

al., 1982; Kelly, 1982; Hsu et al., 1983), and at least one study 

documents the safety of every six hour gentamicin administration to 

patients with normal renal function (Setia and Gross, 1976). 

At the same time increased concern about the role of 

Pseudomonas aeruginosa in the pathogenesis of chronic lung disease 

(Liu, 1974; Woods et al., 1982, Gray and Kreger, 1979) and its 

inexorable downhill course has prompted physicians to continue efforts 

to eradicate the organism from the patient. As previously discussed, 

one study has provided evidence that peak serum tobramycin 

concentrations may decrease the Ps^ aeruginosa load without increasing 

the resistance of the organism {Rabin et al., 1980). However, no 
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previous study has analyzed the risk versus benefit of high serum 

tobramycin concentrations in cystic fibrosis. If increased toxicity 

accompanies high dose tobramycin, then the cost of any benefit may be 

too great. Conversely, if toxicity remains uncommon and the patients' 

response to higher dose therapy clearly is superior to lower dose 

therapy, then one would advocate high-dose therapy. The difficult 

outcome to assess is the middle-ground, in which some benefit and 

toxicity occur. In order to weigh the risks and benefits of any 

treatment, an investigator would like the parameters of toxicity and 

efficacy to be as objective, sensitive, and specific as possible. The 

limitations of the efficacy parameters have been discussed earlier in 

this section. Now let us examine the various parameters used to 

evaluate oto- and nephrotoxicity. 

Parameters for Assessment of Auditory or Renal Toxicity 

- Pure-tone audiometry, impedance tympanometry and 

electronystagmography are accepted, objective methods for measuring 

auditory and vestibular function. Interpretation of these tests is 

well standardized. Hearing impairment is defined as a threshold 

sensitivity above 15 to 20 decibels (db) at any frequency, and hearing 

loss is defined as an increase of 10 to 15 db in threshold sensitivity 

at two or more frequencies. Typically these frequencies range from 500 

to 8000 Hertz (Hz), with tests made at increments of 500 Hz. Impedance 

tympanometry profiles can also be easily characterized as normal or 

abnormal, according to accepted criteria. Electronystagmography 
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provides a means to assess the integrity of neurophysiological 

responses within the vestibular system. Standard texts on each of 

these tests provides more detailed descriptions of the methods, as well 

as referenced results of tests in normal populations. Suffice it to 

say, these tests provide the investigator with quantifiable, objective 

means for assessing the patient's hearing and vestibular function prior 

to and during treatment. 

In cystic fibrosis patients, Kulczycki, Herer, and Butler 

(1970) reported that up to 30 percent of patients they tested by 

pure-tone audiometry had mild to moderate hearing loss (greater than 20 

db and up to 40 db). Others have not been able to corroborate these 

results and have reported a two to three percent incidence of hearing 

loss, comparable to that of the normal population (Seigel and Taylor, 

1970; Forcucci and Stark, 1972). Kulczycki, Herer, and Butler (1970) 

noted that a majority of their subjects had upper respiratory tract 

pathology (chronic serous otitis, chronic otitis media, perforated 

tympanic membrane, nasal polyps), which, if left untreated or 

improperly treated, could account for the hearing loss. In recent 

years increased awareness of these complications has led to their early 

recognition and agressive treatment, probably contributing to the 

lowered incidence of hearing loss among cystic fibrosis patients. 

Assessment of nephrotoxicity is not as clear-cut as 

ototoxicity. Although glomerular filtration rate (GFR) is indicative 
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of renal function, accurate measurement of GFR is difficult and 

clinically impractical. Available methods are either indirect 

(measuring plasma levels of endogenously-produced, filtered compounds 

such as urea and creatinine) or require simultaneous measures of urine 

flow with plasma and urine concentrations of a glomerular "marker" 

(filtered compound which ideally is filtered but not reabsorbed by 

tubules) in order to calculate clearance. 

Indirect methods can be misleading. Rate of urea or creatinine 

production may be decreased due to under-nutrition and reduced muscle 

mass, not uncommon among cystic fibrosis patients. Diezi and Biollaz 

(1979) have shown that until GFR has declined by 50 percent, any 

decrease in GFR and serum urea or creatinine concentration is not 

linear. Furthermore they point out that filtered urea is reabsorbed 

and creatinine can be secreted by the proximal tubules. To make 

interpretation more difficult, analytical methods for determining 

creatinine concentration also measure non-creatinine chromogen. While 

dilution of the sample overcomes much of this error in urinary 

determinations (Husdan and Rapoport, 1968), a more complicated 

procedure is necessary for accurate measurement of serum creatinine. 

Because of the errors in measuring creatinine, endogenous 

clearance of this compound only approximates GFR. While tubular 

secretion of creatinine results in underestimation of serum 

concentration, the increased urinary concentration will overestimate 
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GFR. Since one is interested in the average GFR during a 24-hour 

period, all urine needs to be collected during that time. Even among 

hospitalized, cooperative adult patients this can be difficult if 

someone inadvertantly discards one void, or leaves the urine at room 

temperature for several hours so that the growing bacterial population 

can metabolize creatinine to creatine. 

Because tobramycin can produce a dose-dependent decrease in GFR 

that is distinct from its proximal tubular effects (Baylis, Rennke, and 

Brenner, 1977), GFR or some indicator of GFR must be monitored during 

therapy with any aminoglycoside. Despite their shortcomings, serum 

creatinine and urea measurements, along with creatinine clearance, are 

the most widely available and utilized clinical tests for estimating 

GFR. 

Even if we use all three measurements - serum creatinine, urea 

nitrogen, and creatinine clearance - to improve estimates of glomerular 

function, we must still define nephrotoxicity. How much can glomerular 

function decline before it is considered nephrotoxicity? Somewhat 

arbitrarily, most clinical investigators consider nephrotoxicity as an 

increase in serum creatinine of 0.4 to 0.5 mg/dl (over pre-treatment 

levels less than 2 to 3 mg/dl), and an increase of 0.8 to 1.0 mg/dl 

(over pre-treatments levels greater than 2.5 to 3 mg/dl) (Snydman et 

al., 1979; Smith et al., 1980). However, Kumin (1980) considered an 

increase of 33% over baseline serum creatinine as evidence of 
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nephrotoxicity, and Lerner, Seligsohn, and Matz (1977) required an 

increase of 5035 over pre-treatment serum creatinine. Still others have 

considered any "significant" increase in serum creatinine (no level 

defined!) as indicative of aminoglycoside nephrotoxicity (Frimodt-

Moller, Maigaard, and Madsen, 1979). 

Although most investigators do not attribute decline in renal 

function to aminoglycoside therapy if other causes cannot be excluded, 

it is not always clear that the assessment of renal function is 

accurate. Coefficients of variation for serum creatinine measurements 

are not reported and additional estimates of GFR (such as 

aminoglycoside or creatinine clearance) usually are not performed. 

Furthermore, clinical reports of aminoglycoside nephrotoxicity rely on 

tests of GFR alone. Recall that proximal tubular dysfunction 

characterizes the earliest stages of renal damage due to 

aminoglycosides. The following disturbances, which have been observed 

with experimental nephrotoxicity in animals, might precede a decline in 

GFR in man also: proteinuria, aminoaciduria, glycosuria, electrolyte 

abnormalities, enzymuria, and impaired urinary concentrating ability. 

Low level proteinuria occurred shortly after the initation of 

aminoglycoside therapy in rats and reflected early alteration of 

proximal tubular function (Luft, Young, and Kleit, 1976). 

Aminoaciduria occurred after neomycin was administered to rats (Emerson 

and Pryse-Davies, 1964), and glycosuria was a late complication of 
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high-dose gentamicin in dogs (Cronin, 1978). The cause(s) for 

electrolyte abnormalities-hypomagnesemia, hypocalcemia, and 

hypokalemia— is unclear, but since the aforementioned proximal 

tubular defects resemble a Fanconi syndrome, Cronin (1979) suggested 

that a proximal type renal tubular acidosis might occur. Impaired 

proximal tubular bicarbonate absorption might produce hypokalemia, at 

least explaining this electrolyte disturbance. Enzymuria, the presence 

in urine of enzymes normally contained within proximal tubular cells, 

has been reported in experimental animals within 3 days of initiating 

aminoglyoside treatment, before any change in GFR was detected (Patel 

et al., 1975; Adelman et al., 1976). Since many of these proximal 

tubular disturbances precede alterations in GFR, and serum creatinine 

and creatinine clearance measurements may not change until GFR has 

declined by as much as 30% (Dossetor, 1966) clinical investigators 

could assess this aspect of renal function by such tests as urinalysis, 

urine specific gravity or osmolality, urine electolytes and if 

available, urinary enzyme measurement. Surprisingly, very few studies 

mention any of these tests for assessing renal function. The present 

study undertook to evaluate several tests of proximal tubular and 

glomerular function, in order to assess sensitivity and specificity 

different tests in monitoring renal function during tobramycin therapy. 

Assessment of glomerular function has already been discussed, and 

specific gravity, proteinuria, glycosuria, and serum potassium can be 

monitored easily {discussed in Methods). Since urinary enzymes have 
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been a major focus of the investigator's interest and laboratory 

endeavors, and are potentially the earliest indicator of 

aminoglycoside-induced renal changes, a more detailed discussion 

fol1ows. 

Nephrotoxicity and Urinary Enzymes 

Because serum creatinine and urea nitrogen may not rise above 

normal until extensive renal damage has already occurred (Dossetor, 

1966), investigators concerned with nephrotoxicity have sought more 

sensitive yet clinically feasible indicators of renal damage. Several 

proximal tubular urinary enzymes can be quanitated by fairly simple 

methods and potentially are useful for detecting renal disease if the 

following criteria are met (modified after Gonick, Kramer, and Shapiro, 

1973): (1) high concentrations of the enzyme should be present in renal 

parenchyma but absent or at much lower concentrations in the lower 

urinary tract; (2) the enzyme should be of high molecular weight 

(greater than 80,000) so that if it occurs in other organs, it cannot 

be filtered at the glomerulus; (3) bacteria or urinary sediment should 

not be a source of the enzyme; (4) inhibitors or activators of the 

enzyme should not be present in urine, or if present, should be 

eliminated by dialysis; (5) assay method should be accurate and valid. 

As indicators of proximal tubular cell injury, leucine aminopeptidase 

(LAP) and N-acetyl-e-D-glucosaminidase fulfill these criteria. 
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Leucine aminopeptidase is one of a group of alpha-aminopeptide 

aminoacidohydrolases with little substrate specificity (Mattenheimer, 

1971). Leucine-6-naphthylamine or leucine-p-nitroanilide as a 

substrate detects microsomal LAP, while other substrates are utilized 

by the cytoplasmic LAP (Raab, 1972). Most often the former substrates 

is used to quantitate urinary LAP, which will simply be referred to as 

LAP throughout the discussion. 

Renal cortex contains the highest activity of LAP in human 

kidney (Mattenheimer, 1958). It appears to be contained within the 

cytoplasm of the proximal tubular cells (Mattenheimer, 1971). Although 

the enzyme is practically ubiquitous in other tissues and serum, its 

large molecular weight (approximately 157,000) prevents its glomerular 

filtration. 

In addition, Ono, Eto, and Arakawa (1968) showed that LAP in 

urine and serum differ in electrophoretic mobility. Since Rutenburg, 

Goldbarg, and Pireda (1958) first described elevations of serum and 

urinary LAP associated with pancreatic cancer and other malignancies, 

numerous other investigators have reported an associations between 

renal damage and elevated urinary LAP. (Rutenburg, Goldbarg and Pineda 

did not evaluate renal status or look for administration of possibly 

nephrotoxic drugs in their patients, so they erroneously concluded that 

the enzyme was filtered at the glomerulus). An excellent review by 

Raab (1972) lists the various conditions associated with elevated 
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urinary LAP, including proximal tubular toxins (mercuric chloride), 

"renal irritants" {sulfonamides, aminoglycosides), acute inflammatory 

renal disease (acute glomerulonephritis and acute pyelonephritis), 

glomerular filtration impairment (associated with large molecular 

weight proteinuria), hypoxic renal damage (hypotension), and urogenital 

tract tumors (kidney, cervix). A study by Hohenegger and Raab (1970) 

has added furosemide to the list of "renal irritants" which result in 

elevated urinary LAP. 

From this listing it should be clear that renal status and 

concurrent medications may contribute to urinary LAP concentrations. 

In addition, diuresis and saluresis are associated with increased 

urinary LAP (Hohenegger and Raab, 1970), making it difficult to 

establish a consistent reference volume for expressing enzyme activity. 

"Enzymes in urine can therefore not be determined in random urine 

samples." (Mattenheimer, 1971). This urinary volume and electrolyte 

dependency also makes it difficult to establish normal LAP values, 

particularly among different patient populations. Nonetheless, the 24-

hour values reported by Goldbarg and Rutenburg (1958) in their healthy 

controls are quoted as normal ranges, and the calculation factors out 

volume in the final result. Because the "G-R" unit reported by 

Goldbarg and Rutenburg is an optical density unit which calculates to 

0.5 mg of product liberated per hour in one ml of urine, recent 

investigators have suggested a definition which relates the enzyme unit 
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to 1.0 mole of substrate, the Sigma Unit or SU (Berger and Broida, 

1977). Thus, normal urinary LAP for females is 70 to 245 SU per 24 hr 

and for males is 175 to 612 SU per 24 hr. 

N-acetyl-B-glucosaminidase (NAG), a proximal tubular cell 

lysosomal enzyme, is of sufficient molecular weight (between 120,000 

and 140,000) that it cannot be filtered by the normal glomerulus. 

Although Raab (1972) states that NAG is not found in normal urine, 

numerous other workers have documented its presence at low levels in 

urine of healthy males and females (Dance et al., 1969; Wellwood et al, 

1975b; Merle et al., 1980; Jones et al., 1980). This discrepancy may 

be explained by the difference in methods used to measure urinary NAG. 

Although a colorimetric method has been described, the most sensitive 

method is fluorimetric (Leaback and Walker, 1961). In addition since 

most assays utilize diluted urine, added protein is necessary to 

stabilize the enzyme and preserve its activity (Palmieri and Koldovsky, 

1972). Like LAP, NAG urinary concentrations do not vary diurnally 

(Dance et al., 1969; Price and Dance, 1970). Unlike LAP however, NAG 

concentration appears to directly correlate with urinary creatinine, 

validating the use of random or "spot" urine determinations (Wellwood 

et al., 1975a and 1975b). Although normal males tend to have higher 

values for NAG than females, the difference is not statistically 

significant in most studies, and values less than 100 units per 

milligram urinary creatinine are considered normal (Dance et al., 1969; 
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Kunin et al., 1978). In addition, Kunin et al. (1978) did not find any 

significant difference in NAG excretion among individuals aged 10 to 70 

years, suggestive that NAG excretion is fairly constant with age (less 

than 100 units) when expressed per milligram of urinary creatinine. 

Nonetheless, the prudent investigator will establish a normal range(s) 

for the age of his study population and, if necessary, determine 

whether excretion varies between sexes. 

Because the assay is procedurally simple, the enzyme is stable 

in urine for weeks at 4°, 0° and -20°C (Merle et al, 1980, Kunin et al, 

1978), and it is a marker of proximal tubular cell injury, NAG 

enzymuria has been measured in a number of renal pathological states. 

Price and Dance (1970) noted an immediate post-operative rise of NAG in 

patients who underwent kidney resections. The amount of enzymuria 

roughly correlated with the degree of surgical trauma (e.g., 

manipulation versus incision of kidney), and NAG concentrations 

returned to pre-operative normal values within about four days. 

Wellwood et al. (1973) and Sandman, Margules, and Kountz (1973) 

reported that urinary NAG rose in patients with renal allografts prior 

to any other signs of rejection, and the amount of enzymuria correlated 

with the degree of renal ischemia. Wellwood et al. (1975) measured 

serial urinary NAG in patients with renal allografts treated with 

gentamicin and found that enzymuria preceded proteinuria and elevations 

of serum creatinine by 10 days. Renal biopsies of three patients 
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during therapy were examined by light and electron microscopy, showing 

changes characteristic of aminoglycoside toxicity rather than acute 

graft rejection. 

Other proximal tubular cell toxins (mercuric chloride, high 

dose aspirin, gold, other heavy metals, sulfonamides, and 

cephaloridine) result in dose-related enzyme elevations 12 to 18 hours 

after the agent is administered (Merle et al., 1980; Raab, 1972; 

Prescott, 1982). Urinary NAG activity rises in parallel with proximal 

tubular cell exfoliation, while at the same time there is histological 

evidence of proximal tubular necrosis (Wellwood et al., 1976). 

Morin et al., (1980) and Adelman et al. (1979) showed that in 

animals, low or high dose aminoglycoside administration resulted in 

elevated urinary NAG within 3 days, followed much later by proteinuria 

and then increased serum creatinine. As with other proximal tubular 

toxins histological changes correlated with the dose and amount of 

enzymuria, suggesting that progressively more NAG was released as the 

population of injured ("leaky") and exfoliated proximal tubular cells 

increased. Adelman et al., (1979) confirmed an observation previously 

made by clinicians; namely, that furosemide enhances aminoglycoside 

toxicity. Harding and Munro (1978) showed that furosemide alone can 

increase NAG excretion in normals for up to four hours after a single 

dose. Since their results were expressed per milligram of urinary 



creatinine, this finding cannot be attributed to diuresis. Thus NAG 

values must be interpreted cautiously if a patient receives furosemide 

along with a potential proximal tubular toxin. 

Supported by evidence obtained in animals (Raab, 1978; Morin et 

al., 1980), others have evaluated NAG and LAP as potentially more 

sensitive clinical indicators of aminoglycoside nephrotoxicity. 

Although some investigators have reported dose-related enzymuria 

(Hirokama et. al., 1980), these results are not clear-cut. In these 

studies the subjects are not always homogenous with respect to age, 

sex, or sometimes, initial renal funtion; they may require numerous and 

varied medications, and have complicated medical conditions; other 

causes of renal dysfunction must be excluded. Already mentioned is the 

difficulty of accurately assessing renal function by means of serum 

creatinine and creatinine clearance. 

Not surprisingly, results of these clinical studies have been 

conflicting. Brenner (1978) found that enzymuria (MAG) occurred 

several days before creatinine clearance declined by 50% or more in 

patients receiving gentamicin. In this study no tobramycin treated 

patients became nephrotoxic or had enzymuria comparable to 

gentamicin-treated patients, so it is possible that in humans, the 

degree of aminoglycoside nephrotoxic potential may correlate with the 

amount of NAG in urine (Lechi et al., 1982). Compared with age-matched 

controls, term and premature newborns and children had elevations of 
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NAG throughout their courses of gentamicin therapy, but serum 

creatinine values remained normal in all cases (Adelman and Zakauddin, 

1980). However, these authors do not mention what other medications 

were administered to the subjects, and interpretation of serum 

creatinine is particularly suspect during the neonatal period when 

glomerular filtration rate is changing almost daily. 

Feig et al., (1982) found no relationship between urinary NAG 

and nephrotoxicity when patients received either tobramycin or 

gentamicin. There was no difference in the amount of enzymuria between 

nephrotoxic and non-nephrotoxic groups. However, urinary NAG was 

measured in single voids every three days so it is conceivable that the 

sample collection was too infrequent to detect true differences between 

the groups. 

Finally and most pertinent to the study conducted by the 

present investigator, recent evidence suggests that there may be no 

correlation between enzymuria and the occurrence of nephrotoxicity 

among cystic fibrosis patients receiving aminoglycosides (Reed et al., 

1981). However, the unexpected fluctuation of NAG excretion in these 

patients casts doubt on the authors' interpretation. The present study 

will seek to verify the variation of NAG enzymuria and also evaluate 

urinary LAP excretion. Since subjects will have serum tobramycin 

concentrations in the usual (5-8 mcg/ml) or higher range (8-12 mcg/ml), 

it should be possible to determine if dose correlates with enzymuria, 
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as well as enzymuria with nephrotoxicity. From the results of the 

urinary enzyme determinations the investigator hopes to conclude the 

value (or lack of value) of these measurements to monitor renal 

function of cystic fibrosis patients during tobramycin therapy. 

Tobramycin Pharmacokinetics In Cystic Fibrosis 

Since the unknown defect of cystic fibrosis alters so many 

metabolic processes, one might ask if tobramycin pharmacokinetics are 

unique in this population. Some renally-cleared antimicrobials are 

eliminated more rapidly from cystic fibrosis patients than normals 

(Nelson, 1980; Jusko et al., 1975). Kearns, Hilman and Wilson (1982) 

found a greater total body clearance for gentamicin in cystic fibrosis 

subjects than in normals. Since tobramycin pharmacokinetics are almost 

identical with gentamicin (Regamey, Gordon, and Kirby, 1979), it is not 

surprising that Kelly et al., (1982) also noted a similar rapid total 

clearance for tobramycin. In these studies, increased tobramycin 

clearance resulted from a larger-than-normal volume of distribution, 

and not more rapid glomerular filtration rate, shorter half-life (ti) 

or smaller elimination rate (Ke). Others (McCoy et al., 1982; Kildoo 

et al, 1983) have been unable to document more rapid tobramycin 

clearance in their patients. McCoy et al., (1982) also confirmed the 

existence of a deep tissue compartment responsible for the 

"accumulation" kinetics seen in non-cystic fibrosis subjects 

(Kahlmeter, Jonsson, and Kamme, 1978; Evans et al., 1980; Schentag et 

al., 1977, 1978). Drug concentrations in autopsied tissues demonstrate 
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that this accumulation occurs almostly exclusively in the kidney, just 

as in animals. Presumably the same uptake mechanism functions in the 

cystic fibrosis kidney. 

Whether or not tobramycin pharmacokinetics are altered in 

cystic fibrosis, dosing adjustments based on an individual's kinetic 

parameters can optimize therapy by minimizing the guesswork of dose 

changes (Evans et al., 1978; Sawchuk et al., 1977). Changes in dose 

are usually necessary during a course of therapy because the physician 

cannot predict precisely the amount which will achieve desired serum 

concentrations (Young et al., 1976). Young et al. (1976) provided 

evidence that in adults, aminoglycoside dose based on body surface area 

produces a more predictable serum concentration than dose based upon 

body weight. Similar observations have been noted in children without 

cystic fibrosis (Siber, Smith, and Leven, 1979). Schwartz et al. 

(1978) used normalized body mass plus 40 percent of adipose weight to 

predict accurately serum tobramycin concentrations in obese subjects. 

Calculating volume of distribution from lean body mass or body weight, 

Hull and Sarubbi(1976) found that the estimate based on lean body mass 

improved the accuracy of predicted gentamicin serum concentrations. 

To improve further the accuracy of predicted serum tobramycin 

concentrations, Evans et al. (1978) advocated an equation that accounts 

for aminoglycoside accumulation and adjusts upward the predicted serum 

concentrations. Although the computer program used to adjust 
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tobramycin doses in this study utilized this equation, the degree of 

error in the unadjusted predictions does not justify the rigors of the 

mathematics involved for most clinicians. Consequently most cystic 

fibrosis patients receive between 2 and 4 mg/kg of tobramycin every six 

to eight hours, with dose adjustments made empirically or, sometimes, 

based on results of serum tobramycin concentrations. 

An additional benefit obtains from serial serum tobramycin 

determinations. For monitoring renal function during therapy, 

tobramycin clearance is a more accurate reflection of glomerular 

filtration rate than serum creatinine or creatinine clearance (Kearns, 

Hilman, and Wilson, 1982; Barza et al., 1975; Brochner-Mortensen and 

Rodbro, 1976). 
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Summary 

The following sections which detail the study design, results, 

and conclusions seek to answer these questions: 

(1) Does peak serum tobramycin concentration of 8-12 mcg/ml 30 

minutes after a 30 minute infusion benefit the cystic fibrosis patient, 

and what is the effect on Ps_. aeruginosa isolated from sputum? 

(2) Is the risk of toxicity increased for subjects having 

"higher" peak serum tobramycin concentrations; and what is the 

relationship between urinary enzyme excretion and peak serum tobramycin 

concentration or nephrotoxicity? 

(3) What is the best method for achieving desired peak serum 

tobramycin concentrations—age-specific GFR (per 1.73m ) or body 

weight, based on average kinetic data obtained in cystic fibrosis 

patients? 



CHAPTER 2 

MATERIALS AND METHODS 

Study Protocol: Comparison of Efficacy and Toxicity of Two Tobramycin 
Dosing Regimens in Cystic Fibrosis 

The sequence of events listed below are those which each study 

participant is expected to complete. For the sake of simplicity, the 

listing is chronologic, beginning with the first day in the hospital. 

It is assumed that each subject and/or subject's legal guardian has 

given informed consent by reading and signing the consent form. 

Day 0 - This is the first day of hospitalization, prior to 

administration of tobramycin. 

1. Audiometric battery performed in Audiology Clinic. 

2. Start daily 24-hour urine collection for creatinine and urinary 

enzymes. 

3. Sputum specimen for quantitative Pseudomonas culture and MIC's 

against ticarcillin and tobramycin. 

4. Admission laboratory: Renal panel (sodium, potassium, 

chloride, carbon dioxide, blood urea 

nitrogen, creatinine) 

Liver panel (S60T, alkaline phosphatase, 

total and direct bilirubin) 
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CBC (complete blood count 

with differential) 

Urinalysis 

Viral culture - throat swab 

5. Weight (in kgs) and height (in cms) recorded and body surface 

area (BSA) is calculated. 

6. Skin fold thicknesses are recorded for calculation of lean body 

mass (LBM), 

7. NIH scoring (includes chest radiograph, pulmonary function 

tests). 

8. Ear oximetry 

9. Complete pulmonary function tests and lung volumes. 

Day 1 - First day of tobramycin therapy. 

A. Tobramycin dosing - this section is performed by the blinded 

observer. 

1. Subject is randomized to "usual" or "higher" group: 

a. "usual" defined as 30-minute 

post-infusion ("peak") serum levels of 5-8 ug/ml. 

b. "higher: defined as 30-minute post-infusion 

("peak") serum levels of 8-12 mc/ml. 

2. Subject's initial dose is calculated by randomization to 

either group: 

a. Initial dose based on weight will be 2.78 mg/kg 

every 6 hours ("higher" group), based on previous 

pharmacokinetic data (McCoy et al., 1982). 
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b. Initial dose is calculated from a computer program 

that (GFR) corrected for BSA. This GFR was 

determine age-specific glomerular filtration rate, 

assumed to be equal to tobramycin clearance. 

Glomerular filtration rate in suibjects over 20 

years of age was calcuated form the regression 

equation of Siersbaek-Nielsen et al. (1971). For 

subjects less tyhan 20 years, GFR was obtained from 

age-specific tables (Johnson, Moore, and Jeffries, 

1978). 

All subjects will have 6-hour post-infusion ("trough") serum 

levels of less than 2 mcg/ml. 

Prior to the start of the study, the blinded obsever performed 

the subject randomization. Slips of paper on which either "usual" or 

"higher," and either "weight" or "BSA" were written were placed in a 

hat. Group and initial dosing method assignments were made as the 

papers were sequentially withdrawn from the hat. Subjects who ahve 

participated in the study once and agree to participate again during a 

subsequent hospitalization will not be randomized the second time. 

They will be crossed-over to the opposite group for both peak serum 

tobramycin concentration and initial dose method. 

After the patient has been randomly assigned to 

method-of-initial-dose and treatment groups, the blinded observer will 

calculate and order the initial dose of tobramycin. Each subject's 
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dose will be number coded (by the pharmacy) and the number written on 

the chart. Tobramycin doses will be infused over 30 minutes, every 6 

hours or at appropriate intervals. The observer will maintain a record 

of each subject's dose and any subsequent adjustment of dose or time 

interval. 

Following the first dose, blood will be drawn for serum 

tobramycin determinations at these times: 

1. 30 minutes after the infusion is complete 

2. 90 minutes after the infusion is complete 

3. 180 minutes after the infusion is complete 

B. Ticarcillin dosing 

Standardized ticarcillin dose is 250 mg/kg per day, divided 

every 6 hours (rounded to the nearest gram). Maximum dose will not 

exceed 3 gm every 6 hours. Dose is diluted appropriately in a buretrol 

and infused over 30 minutes. Infusion should begin 60 minutes after 

the tobramycin infusion started. (This corresponds to beginning the 

ticarcillin 30 minutes after tobramycin was infused.) 

Day 3-1. Lab: "peak" and "trough" tobramycin levels 

serum creatinine 

urinalysis 

Day 6-1. Lab: urinalysis 

serum creatinine 

"peak" and "trough" tobramycin levels 



2. Audiologic battery in Audio!ogy Clinic 
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Day 10-1. Lab work: serum creatinine 

urinalysis 

"peak" and "trough" tobramycin levels 

Day 14 or discharge date (if discharge date is beyond day 17, then the 

following studies will be done on day 14 and discharge day; otherwise 

the studies will be performed on day of discharge only). 

1. Lab work: renal panel 

liver panel 

CBC 

urinalysis 

2. NIH scoring (includes chest radiograph, pulmonary function 

tests) 

3. Quantitative sputum culture for Pseudomonas, with MIC's 

4. Complete pulmonary function tests and lung volumes 

5. Audiometric battery 

6. Ear oximetry 

2 week follow-up visit 

1. Quantitative sputum culture for Pseudomonas, with MIC's. 

2. Audiometric battery 
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In the unlikely even that a subject has nephro- or oto

toxicity, the study will be terminated and additional lab studies may 

be necessary. The particular studies and when they are obtained will 

be determined in conjunction with the pulmonary service. 

CONSENT FORM: Comparison of Efficacy and Toxicity of Two Tobramycin 

Dosing Regimens in Cystic Fibrosis 

We are asking you (your child) to participate in a study of 

tobramycin, one of the main drugs used in the treatment of cystic 

fibrosis patients with lung problems. Our study has two objectives: 

(1) determine whether there is an optimal range of blood tobramycin 

concentrations that results in the most benefit with the least 

side-effects, and (2) from the results of this study and certain of 

your body measurements, determine the most accurate method of 

calculating tobramycin dose that achieved your blood concentration. 

Some recent evidence suggests that patients with pneumonia may 

benefit from a higher-than-usual blood tobramycin level, without having 

more adverse side effects. The worsening of your lung problems is much 

like a pneumonia. Although we know the currently recommended dose of 

tobramycin is helpful in treating your lung problems, it is not 

specifically formulated for people with your disease. At this time it 

is not known if higher blood levels might result in greater drug 

penetration of the lung and sputum, improve symptoms faster, and kill 

the infecting bacteria in these areas. 
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You (your child) are being asked to be in the study because you 

have cystic fibrosis and presently need to be hospitalized for two 

weeks of intravenous tobramycin therapy, along with other medications 

normally used when your lung symptoms worsen. Most of the study can be 

completed while you (your child) are in the hospital. 

The plan of the study is to assign you (your child) to one of 

two groups, to receive a tobramycin dose calculated to produce either 

"usual" or "higher" blood concentrations. The assignment will be made 

in a "blinded" fashion. That is, neither you nor your doctors will 

know which blood level has been selected and the dose of tobramycin 

being given. The blood levels and dose will be selected by a 

pediatrician on the faculty who is a specialist in the study of drug 

interactions with the body. This pharmacologist will monitor your 

blood levels in the routine manner now used when patients receive 

tobramycin. To be sure that the blood level is in the range chosen for 

you, three blood samples (less than 1/2 ounce) will be drawn at timed 

intervals after the first dose is given. Results of these 

determinations will allow the pharmacologist to decide if he must 

change the dose. To verify that the tobramycin levels stay in the 

proper range, two blood samples will be drawn (about 1/4 ounce) on 

approximately the 3rd, 6th and 10th days. A sputum specimen will be 

collected on the first and last hospital days, and on the day of your 

follow-up clinic visit to determine if any changes have occurred in the 

bacteria usually present. Depending on the results of this culture, we 

may request another sputum specimen at periodic intervals. The other 
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tests which will be evaluated with respect to the study include chest 

radiographs, ear oximetry, and pulmonary function tests. These are 

routine in evaluating how your heart and lungs are working. 

The potential side-effects of tobramycin are on kidney function 

and hearing. In addition to the blood and urine tests we routinely use 

to monitor kidney function of patients receiving tobramycin, we would 

like you (your child) to collect all your urine during the hospital 

stay. In the urine we can measure the amount of certain enzymes 

(proteins) that the kidney produces. These appear in increasing 

amounts whenever certain drugs are given that affect kidney function. 

Temporary or permanent hearing loss or dizziness due to 

tobramycin can occur, but is rarely seen in patients with cystic 

fibrosis. We do not know if giving more drug to reach slightly 

higher-than-usual blood levels will increase that risk but because you 

(your child) may be in the group having slightly higher blood levels, 

we want to minimize any potential risks. Therefore, you will have a 

hearing test and impedance audiometry (measurement of eardrum motion by 

placing in the ear a soft plug that transmits high frequency waves). 

These tests will be performed by a certified audiologist in the 

Audiology Clinic before you are admitted, on days 6 or 7, discharge, 

and two weeks after you are discharged. A screening test for early 

signs of balance impairment will also be done. This requires that you 

sit in a revolving chair after two electrode patches have been taped to 

the skin beside your eyes to record electrical activity. In the 
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unlikely even that the test is abnormal, we may want to do further 

standard testing. 

At the completion of the study we hope to use information about 

your (child's) body measurements and determine the best method of 

calculating the tobramycin dose which attained the range of blood 

levels selected for you. One of the methods is based on the relative 

amounts of fat and muscle in the body, and is calculated from various 

skin thickness measurements taken with a caliper (like a pincer). 

The risk to you (your child) involves the unlikely possibility 

of kidney or hearing impairment. If any of the tests at any time 

suggests that you may be having harmful side-effects from the 

tobramycin dose, then the pharmacologist will be asked to decrease the 

dose or stop the drug completely. The risks involved in blood sampling 

are minimal pain and possible bruising. It may be inconvenient to 

collect daily urine samples. The hearing test and impedance audiometry 

are accepted methods for hearing and eardrum evaluation and involve no 

risks or discomfort. Measurement of skinfold thickness is also an 

accepted assessment of nutritional state and should not cause 

discomfort. 

There will be no charge to you for these tests. You may 

withdraw at any time without jeopardizing the relationship you have 

with your regular physician. All results will be confidential and 

reported as group data, or use initials to identify individual results. 
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Any information that could benefit your treatment will be conveyed to 

your regular physician. Should the unlikely event of injury or harm 

due to this research occur, financial compensation is not available and 

any expense related to such injury or harm must be borne by you. 

The nature, demands, risks and benefits of this projects have 

been explained to me, an I understand what my participation involves. 

Furthermore, I am free to ask questions or withdraw from the project at 

any time without affecting my medical care. I also understand that 

this consent form will be filed in an area designated by the Human 

Subjects Committee with access restricted to the principal investigator 

or authorized representatives of the particular department. A copy of 

this consent is available to the subject upon request. 

Subject's Signature Date Parent or Guardian's Date 

(7 years of age or older) Signature 

Witness1 Signature Date 

Tobramycin administration ' 

For each subject the intravenous drug administration set-up 

consisted of the following: IMED (Cutter) infusion pump, with cassette 

and tubing, 3-way stop-cock between the end of cassette tubing and 

3-foot extension tubing, {volume of 3.5 ml) which was fitted with a 

needle that inserted into the subject's heparin-locked intravenous 

catheter. Each tobramycin dose, brought to a final volume of 5 ml with 
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5% dextrose in water, was injected over 3 to 5 minutes into the 

extension tubing via the 3-way stopcock. A flush of 0.5 ml of 9% 

sodium chloride was used to clear any remaining drug from the stopcock 

after the dose was pushed into the tubing. The pump was set to infuse 

25-30 ml per hour, a rate which was shown to deliver 95 to 99% of the 

tobramycin dose within 15 to 25 minutes in a preliminary study 

(unpublished observations). Thus, the dose was infused within 30 

minutes, followed by a 30-minute "flush" before the start of the 

30-minute ticarcillin infusion. 

On some occasions the tobramycin dosing interval had to be 

extended to every 8 or 12 hours for the subject's "trough" 

concentration to fall below 2 mcg/ml. Since no changes were made in 

ticarcillin dosing interval during the study period, these patients did 

not always receive the tobramycin one hour before the start of 

ticarcillin. However, the start of tobramycin and ticarcillin 

infusions was always separated by at least one hour. 

Efficacy Evaluation 

NIH score 

Each subject was interviewed and his or her records reviewed by 

the cystic fibrosis clinic nurse to determine NIH score. 

Pulmonary Function Testing. 

All subjects were tested by a trained pediatric pulmonary 

function laboratory technician. Results were compared with published 



results from normal subjects measured in the same laboratory (Lemen, 

1977). The following parameters were measured: total lung capacity, 

liters (TLC); residual volume, liters (RV); forced vital capacity, 

liters (FVC); Wright peak flow, liters/min (PF,L)-, forced expiratory 

volume per 1 second, liters/sec (FEV1); maximal mid-expiratory flow, 

liters/sec (MMEF); FEV1/FVC; peak flow, liters/sec (PF,L/S); maximum 

flow at 50% of vital capacity, liters/sec (MF 50% VC); and maximum flow 

at 25% of vital capacity, liters/sec (MF 25% VC). For data analysis, 

results of these tests were expressed as percent of normal for age and 

height. In addition ear oximetry was performed at the time of 

pulmonary function testing to determine percent saturation of 

hemoglobin. 

Quantitative Pseudomonas aeruginosa Culture and Minimum Inhibitory 
Concentration (MICJ of Tobramycin and Ticarci11in. 

Sputum samples for quantitative Pseudomonas aeruginosa culture 

were visually inspected by the investigator to insure the presence of 

mucopurulent material. A subject was requested to produce another 

sample if the first specimen appeared to consist mainly of saliva. 

Adequate samples were processed as quickly as possible, in most cases 

within 15 to 30 minutes of their collection. To liquefy the sputum, an 

approximately equal amount of 20% N-acetyl-cysteine ( Mucom.yst ) was 

added and the mixture vortexed for one to two minutes. Preliminary 

work showed no inhibition of Ps^. aeruginosa growth under similar 

conditions (unpublished observation). A sterile cotton swab was dipped 

into the suspension and then used to inoculate a MacConkey isolation 



plate. A flame-sterilized calibrated bacteriology loop was used to 

streak a MacConkey plate, or to transfer 0.01 ml of the suspension into 

one ml of sterile phosphate buffered saline. For each sputum specimen 

-2 -4 a MacConkey plate was prepared at 0, 10 and 10 dilutions of the 

original suspension. All plates were incubated at 37°C in a C02 

incubator. After 48 to 72 hours a microbiology technician counted the 

number of £s. aeruginosa colonies on the plate with the most discrete 

colonies. Decrease of _Ps. aeruginosa was defined as a decline of at 

4 least 10 organisms per ml relative to the admission sputum culture; 

eradication was defined as less than 10 colonies on an undiluted plate. 

Mucoid colonies of Ps^. aeruginosa were selected randomly from 

the plate after counting and frozen in calf serum at -70°C for later 

determination of tobramycin and ticarcillin MIC's. At approximately 

six month intervals, MIC's were performed by standard tube 

microdilution technique. 

Virus isolation 

A sample of posterior oropharyngeal secretions and epithelial 

cells was taken with a throat swab and transported to the laboratory in 

viral transport media (veal infusion broth). One ml of Hank's solution 

containing an antibiotic-antimycotic was added and the suspension 

centrifuged for 10 - 15 minutes at 3500 rpm (4°C). A slide was 

prepared from the pellet and examined for immunofluorescence (IFA) 

against respiratory syncytial virus, influenza, and parainfluenza, 

Types 1 and 3. An 0.2 ml aliquot of the filtered supernatant was added 



to tissue culture containing tubes (HL, human embryonic tonsil and 

green monkey kidney cell lines), and the capped tubes placed in a 

rotating drum at 37°C. After one hour, the tubes were removed and 

maintenance media was added. The capped tubes were again placed in the 

rotating drum at 37°C. Tubes were examined for cytopathic effect daily 

for 5 days and three times weekly for 9 days. Tubes were heme-absorbed 

with guinea pig erythrocytes on days one, two, three, and three-times 

weekly thereafter. A specimen was negative for virus isolation if the 

IFA was negative and no cytopathic effect was noted within 14 days. 

Blood studies 

Serum determinations of sodium (Na) potassium (K), chloride 

(CI), carbon dioxide (C02), blood urea nitrogen (BUN), and creatinine 

were performed on an ASTRA - 8 automated analyzer (Beckman 

Instruments). Cumulative coefficients of variation during the study 

period were as follows: Na with mean of 139.8 meq/1 = 1.1%, with mean 

of 155.8 = 1.1%; K with mean of 4.4 meq/1 = 1.9%, with mean of 7.4 -

1.4%; CI with mean of 105.4 meq/1 = 0.9%, with mean of 122.0 = 1.0%; 

C02 with mean of 23.8 meq/1 = 5.6%, with mean of 8.2 = 3.9%; BUN with 

mean of 14.5 mg/dl = 1.8%, with mean of 81.9 = 4.2%, creatinine with 

mean of 0.94 mg/dl - 6.2%, with mean of 8.4 = 2.6%. Liver function 

tests (serum glutamic-asparate aminotransferase, [SGOT] and alkaline 

phosphatase) were performed on a VP Bichromatic Anayzer (Abbott 

Instruments), and total and direct bilirubin were assayed on an ACA 

Model III autoanalyzer (Dupont Instruments). Cumulative coefficients 
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of variation for these assays were as follows: SGOT with mean of 79.4 

III = 8.3%, with mean of 188 = 5.3%; total bilirubin with mean of 1.1 

mg/dl = 6.0%, with mean of 6.6 = 2.1%, with mean of 18.1 = 4.3%; direct 

bilirubin with mean of 2.3 mg/dl = 5.0%, with mean of 0.524 = 6.7%. 

Complete blood count, including hemoglobin, hematocrit, erythrocyte 

indices, total white blood cell count, and platelet count were 

performed on a Coulter Model S-Plus automated analyzer (Coulter). A 

hematology technician counted the white blood cell differential from a 

Wright's stained blood smear. 

The investigator performed all urinalyses, using an aliquot of 

the 24-hour urine. A Bili-Labstix strip {Ames Company) was dipped into 

the aliquot to quantitate pH, protein, glucose, and hemolyzed or 

non-hemolyzed blood. A portion of the aliquot was centrifuged and the 

sediment examined microscopically for tubular cell casts. 

Blood for serum tobramycin determination was obtained before 

and after a dose, at the times already defined as "trough" and "peak." 

Drug assays were performed in the clinical laboratory during routine 

daily runs by an automated EMIT method (COBAS-BIO, Roche Analytical 

Instruments). Cumulative coefficients of variation for a mean of 1.88 

mg/ml = 9.0%, for a mean of 6.45 = 5.6%. 
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Toxicity Evaluation 

24 - Hour Urine Collection 

Daily urine output was collected in containers without 

preservative and kept at 4°C. At the end of each collection period, 

total volume was measured and an aliquot stored in a glass vial at 4°C 

for creatinine and N-acetyl-e-glucosaminidase (NAG) determination, A 

25-ml aliquot was dialyzed for leucine amiuopeptidase (LAP) 

measurement, as described below. Cloudy urine was centrifuged prior to 

storage or dialysis. Creatinine assay was performed when possible 

within 12 hours and always within 72 hours of collection. Urinary 

enzymes were measured within 7 days of collection, well within the 2 

week LAP and 4 week NAG stability periods (unpublished observations, 

Jones et. al. 1980). 

Urinary Enzymes- - N-acetyl-B-glucosaminidase (NAG) 

The fluorimetric assay used was from Jones et al., 1980, a 

modification of the Leaback and Walker method (1961). All reagents 

were purchased from Sigma Chemical Company. 

Urine was diluted 1:20 with deionized distilled water. For 

each test sample, 0.05 ml diluted urine was added to 0.95 ml of 0.264 

mM methyl umbelliferyl-NAG and 0.01% (W/V) bovine serum albumin in 0.05 

M sodium citrate buffer (pH 5.0). The reaction was carried out at 

37°C. After 30 minutes, three ml of 0.20 sodium glycinate buffer (pH 
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10.65) was added to stop the reaction. Urine control samples were 

prepared in the same manner, except that the diluted urine was added 

after the reaction was quenched. 

An Atninco-Bowman spectrophotofluorimeter (American Instrument 

Company) measured the amount of liberated 4-methylumbel!iferone as an 

increase in fluorescence (excitation at 360 nm, emission at 450 nm). 

The fluorescence standard was 2 mcg/ml quinine in 0.1 N sulfuric acid. 

For each set of urinary NAG determinations, a linear standard curve was 

generated using concentrations of 4-methylumbel!iferone ranging from 1 

to 125 ng/ml, in 0.15M sodium glycinate buffer (pH 10.3). A 

Hewlett-Packard Model 25 calculator was used to determine the linear 

regression coefficients and interpolate the percent transmission of the 

difference between the urine test and control tubes. 

Preliminary studies by this investigator corroborated reports 

by others (Wellwood et al,. 1975a; Kunin et al., 1978) that variations 

in individual urine flow rates can be taken into account by expressing 

the amount of NAG per mg urinary creatinine. Since NAG results are 

expressed as units, and one unit equals one nMole of 

4-methylumbelliferyl liberated per hour, the final results are 

expressed as units per mg creatinine. Although 24-hour urine 

collections were used for NAG determinations in the present study and 

could have made it unnecessary to express NAG units per mg urinary 

creatinine, this convention was followed in order to compare the enzyme 

results with those already published. 
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Urinary Enzymes— Leucine Aminopeptidase (LAP) 

Quantitation of urinary LAP was performed using Marti nek's 

modification (Martinek, Berger, and Broida, 1964) of the Goldbarg and 

Rutenberg method (1958). Reagents and assay instructions were obtained 

from Sigma Chemical Company (Berger and Broida, 1977). 

The procedure is as follows: 

1. 25 ml of the 24-hour urine is dialyzed overnight at 4°C 

against deionized distilled water. 

2. Volume of dialyzed urine is measured and dialysis 

dilution factor calculated (DDF = vo^ume). 

25 

3. Dialyzed urine is diluted 1:15 with deionized distilled 

water and the following tubes are prepared: 

*Reagent blank = 0.5 ml water plus 0.5 ml LAP 

substrate (20% L-leucyl-B-naphthylamide in 

phosphate buffer, pH 7.1) 

A (urine blank) = 0.5 ml water plus 

0.5 ml diluted dialyzed urine 

_B (test) = 0.5 ml LAP substrate plus 

0.5 ml diluted dialyzed urine 

* (one reagent blank is prepared for each group of 

determinations done at the same time) 

All tubes are incubated at 37° for one hour. 

4. 0.5 ml of 2N HCL is added to each tube to stop the 

reaction. 



5. 0.5 ml of 0.2% sodium nitrite solution is added. Each 

tube is vortexed and exactly 3 minutes is allowed to 

pass before proceeding to the next step. 

6. 1.0 ml of 0.5% (w/v) ammonium sulfamate solution is 

added to each tube. Each tube is vortexed and exactly 3 

minutes is allowed to pass before proceeding to the next 

step. 

7. 2.0 ml of 0.5% (w/v) N-(l-naphthyl)-ethylene diamine 

solution is added to each tube. Each tube is vortexed 

and allowed to remain at room temperature for 45 ± 10 

minutes before spectrophotometry analysis at 580 nM 

(Stasar III, Gilford Instrument Company). 

Calibration tubes are prepared each time urine 

determinations are performed. The six calibrators 

contain from 0 to 2.52 Sigma units/ml of B-naphthylamine 

(0.018%, v/w in acid solution). A final volume of 1.5 

ml is achieved by the addition of 2N HC1 to each tube. 

Each tube is then treated as described as above, steps 5 

through 7. 

A Hewlett Packard Model 25 calculator was programmed to 

determine linear regression coefficients and interpolate values of each 

test minus control sample. These results expressed as Sigma units are 

a linear transform of the Goldbarg and Rutenburg "0D units" (Goldbarg 

and Rutenburg, 1958). Thus, one Sigma LAP (SU or unit) unit will 
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release 1 uMole (143 meg) of e-naphthylamine from 

L-leucyl-B-naphthylamide per hour at 37°C at pH 7.1. 

Urinary Creatinine Determination 

Urinary creatinine was determined by a method based on the 

Jaffe or alkaline-picrate reaction (Folin, 1914). Urine was diluted 

10-fold with deionized distilled water and brought to a final volume of 

3 ml with water, amd tjem 1.0 ml of picric acid solution (saturated 

solution of picric acid diluted 1:2 with deionized distilled water)was 

added. One ml of 0.75 N sodium hydroxide was added, the mixture 

vortexed and the color was allowed to develop for 15 to 25 minutes. 

Absorption was read at 510 nm (Stasar III spectrophotometer, Gilford 

Instruments). Creatinine standards containing from 0 to 120 mcg/ml 

were prepared as above. A Hewlett-Packard Model 25 calculator was used 

to determine linear regression coefficients and interpolate the values 

of the urine samples. 

Creatinine clearance 

The following standard formula was used to calculate creatinine 

clearance (CrCl): 

CrCl (ml /min/1.73M2) = M x Ml x M where 
P BSA 1440 

U = urinary creatinine, mg/ml 

V = 24-hr urine volume, ml 

P = serum creatinine, mg/dl 

2 BSA = body surface area, M 

-ppjg= conversion factor so clearance is expressed in ml/min 
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Ototoxicity evaluation 

A certified audiologist performed pure-tone audiometry (Model 24 

audiometer, Maico) and impedance tympanometry (Model TA-3D acoustic 

impedance audiometer, Teledyne) according to standard methods. 

Vestibular screening consisted of a modified torsion swing test, 

similar to the Hal 1 pike maneuver (Barber and Stockwell, 1980). Seated 

in a chair, the subject was rotated while electronystagmography 

electrodes placed at the outer canthus of each eye recorded changes in 

electrical potential due to horizontal eye movements (Model 3002-ENG, 

Lifetech). If this screening test produced abnormal results, complete 

electronystagmography and caloric testing would be performed according 

to standard methods (Barber and Stockwell, 1980), 

Tobramycin Dosing 

Initial tobramycin dosing and was performed by a blinded 

observer as part of a separate study. The same observer made 

subsequent changes in dose or interval. For initial dose based on 

age-specific GFR per 1.73 M or weight, an Apple-II computer (Apple) 

was programmed as described in the Protocol. Any subsequent dose 

adjustments were made on an Apple-II computer, programmed to utilize 

the equations of Evans et al. (1980) and the measured serum tobramycin 

peak and trough levels. 

Efficacy of initial dosing method was evaluated by comparing 

the number of dose changes made within the first 72 hours for each 
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group since these changes were likely due to inappropriate dose. Dose 

adjustments made after 72 hours were assumed to be necessitated by 

tobramycin accumulation and not the result of inaccurate dose 

practicing. Adjustments in dosing interval were not included in this 

evaluation eithe, since they were likely to be necessary because of 

drug accumulation also. 

Lean Body Mass (LBM) and Lean Body Weight (LBW) 

An experienced dietician measured skin-fold thicknesses. 

Measurements of triceps, suprailiac, front thigh, chest, and abdomen 

were used to calculate body density (BD) from Johnson and Pollock's 

quadratic regression equation (1978). LBM and LBW were then calculated 

from BD using the following standard equations (Brozek and Henschel, 

1961): 

% Body fat = 495/BD - 450 

Lean Body Mass (LBM) = (100)x(%Body Fat) 

LBW = LBM/100 x body weight (kg) 

The results of LBW calculations were compared with normal data from a 

healthy population of similar age and sex (Durnin and Womersley, 1974), 

since no data are available for cystic fibrosis individuals. 

The correlation between tobramycin dose based on LBW or body 

weight was examined by linear regression of each subject's final dose 

on LBW or body weight in kg. The more precise method (LBW or weight) 

was that one with the higher correlation coefficient. 
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Tobramycin Pharmacokinetic Calculations 

Calculations were performed using standard pharmacokinetic 

equations. Serum half-life (t£) was determined from each set of 

tobramycin "peak" and "trough" results. Elimination rate constant (K) 

was calculated as follows: 

k = .693 
ti 

Tobramycin Pharmacokinetic Calculations 

Volume of distribution was calculated on a programmed Apple II computer 

(Apple) from the equations of Sawchuk and Zaske (1976). Total body 

clearance (TBC) was calculated as follows: TBC = K x Vd. 

Statistical Analysis 

Paired data between and within groups were analyzed by means of 

unpaired and paired Student's t-test, respectively. These tests were 

performed using an Apple II computer or a subroutine of the Statistical 

Packages for the Social Sciences (SPSS) computer program. 

Inspection of urinary enzyme results and serial creatinine 

clearances revealed extreme variability of the values. However, 

because of the increasing (LAP, NAG) or decreasing (creatinine 

clearance) trend with time, an approximation of 

area-under-the-enzyme—time or creatinine clearance- -time curve was 

thought to be the most appropriate evaluation. Linear regression of 

enzyme or creatinine clearance was performed using the subroutine New 

Regression of the SPSS program. Average slopes of regression lines 

were compared for statistically significant differences by means of 

Student's t-test, unpaired. 



CHAPTER 3 

RESULTS 

Subjects 

Eleven patients enrolled in the study. Four patients 

participated on two occasions, and were crossed over to the opposite 

group on the second occasion, bringing the total number of subjects to 

15. Two crossed over subjects were in the "higher" group the first ime 

they enrolled, two crossed over subjects were in the "lower" group the 

first time. Because there were too few crossed over subjects for 

separate case-control data analysis, these results were pooled with 

results from subjects who participated only once.There were five males 

in each group, with two females in the "usual" and three females in the 

"higher" group. 

Table 1 summarizes important subject characteristics. There 

were no statistically significant differences between groups (Student's 

t-test, unpaired) with regard to average age, NIH or pulmonary score, 

tobramycin exposure in the previous 12 months, and average hospital 

stay during the study ("usual" group = 16.3 days; "higher" group = 17.1 

days). Additional medical conditions are mentioned only to indicate 

that these subjects received some medications in addition to the 

following routine medications taken by all subjects: pancreatic enzyme 

60 
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replacement, multiple vitamins, vitamin K, and oral and/or inhaled 

bronchodilators. The subject with pulmonary osteoarthropathy received 

ibuprofen (Motrin) as needed for joint pain and swelling. One subject 

(subject 1 and 101) received a phenothiazine because of an acute 

psychotic episode two years prior to the study. In addition this 

patient was maintained on a thiazide diuretic. The patient (subject 

10) with congenital nephrogenic diabetes insipidus was well controlled 

with intranasal desmopressin acetate (DDAVP). 

During their hospitalizations no subjects received furosemide 

or other diuretics (except the subject mentioned above). One subject 

(subject 103) received cephalothin; otherwise, subjects received no 

antimicrobials other than tobramycin and ticarcillin during the study. 

No subject had a history of renal or auditory-vestibular dysfunction. 

Virus Isolation 

No virus was isolated rom the throat swabs taken on the day of 

admission. 

Does a Peak Serum Tobramycin Concentration of 8-12 mcg/ml 30 Minutes 
After a 30-Minute INfusion Benefit the Cystic Fibrosis Patient 
and What is the Effect on Ps. aeruginosa Isolated from Sputum? 

NIH Score 

Shown in Table 2, total NIH score and the pulmonary score at 

the time of discharge were significantly improved over pre-therapy (day 

0) scores for both groups (p<,003, Student's t-test, paired). However, 
I 

there was no statistically significant difference between the 

groups when day 0 scores were compared with discharge scores. 
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Pulmonary Function Tests 

As shown in Table 3, both groups showed significant improvement 

with respect to certain pulmonary function tests. However, there was 

no statistically significant difference in the amount of improvement 

between the groups. Figures 1 through 4 are graphic representations of 

pulmonary function tests for which significant improvements occurred 

from day 0 to discharge.. 

Quantitative Sputum Culture for £s, aeruginosa and MIC's of Tobramycin 
and Ticarcillin 

Sputum samples were collected from all subjects on days 0 and 

14, and from 10 subjects at the two-week clinic visit. Three subjects 

in the "usual" group did not have clinic visit specimens collected (one 

subject lived out of state and did not return for follow-up), and two 

subjects in the "higher" group were unable to produce adequate sputum 

specimens at the time of the visit. Despite numerous attempts for 

several days after the clinic follow-up, these two subjects were still 

unable to expectorate sputum. One of these subjects had similar 

difficulties expectorating sputum after participating in the "usual" 

group, but succeeded 5 days after the clinic visit. Results of Ps. 

aeruginosa colony counts and antimicrobial susceptibilities of all 

subjects are shown in Table 4. 

There were no statistically significant differences between the 

two groups with respect to colony count or antimicrobial MIC's at the 

start of therapy, on day 14, or two weeks after discharge (Student's 

t-test, unpaired) (Table 5). Most of the £s. aeruginosa isolates were 
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quite sensitive to tobramycin, with MIC's of 4 mcg/ml or less. 

Tobramycin MIC's of two subjects in the "usual" group were 8 mcg/ml, 

and another subject in this group had the highest MIC, 16 mcg/ml. 

Unfortunately no other isolates from this subject's later sputum 

samples were stocked by the microbiology lab. (Failure of the lab to 

stock organisms isolated from sputum of other subjects resulted in the 

missing MIC data.) Mean tobramycin MIC of the "usual" group was 

greater on day 0 than at any other time because of the single value of 

16 mcg/ml. Since most values for this group on that day were 8 mcg/ml 

or less, the median MIC of 2.0 mcg/ml probably represents the data more 

accurately. 

In the "usual" group tobramycin MIC ranges were as follows: 

0.06 to 16.0 mcg/ml (day 0), 0.06 to 8.0 mcg/ml (day 14), and 0.06 to 

4.0 mcg/ml (12 weeks after discharge). Tobramycin MIC ranges for the 

"higher" group were as follows: 0.5 to 2.0 mcg/ml (day 0), 0.06 to 4.0 

mcg/ml (day 14), and 0.06 to 8.0 mcg/ml (2 weeks after discharge). 

Although the range of ticarcillin MIC's was greater for both 

groups, the mean MIC's did not differ significantly. In the "usual" 

group, the range of ticarcillin MIC's was as follows: 8.0 to 512 (day 

0), 16.0 to 256 mcg/ml (day 14), and 8.0 to 512 mcg/ml (14 days after 

discharge). Range of ticarcillin MIC's for the "higher" group were as 

follows: 16.0 to 512 mcg/ml (day 0), 32.0 to 512 mcg/ml (day 14), 2.0 

to 512 mcg/ml (2 weeks after discharge). 
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Is the Risk of Toxicity INcreased For Subjects Having "Higher" Peak 

Serum tobramycin Concentrations; and What is the Relationship 

Relationship Between Urinary Enzyme Excretion and Peak 

Serum Tobramycin Concentration or Nephrotoxicity? 

Ototoxicity 

None of the subjects developed ototoxicity. One subject had mild high 

frequency (25 to 30 db at 4000-8000 Hz) hearing loss diagnosed on day 

0; this remained unchanged throughout the study. In all other 

subjects, results of day 0 and subsequent pure-tone audiometry were 

normal. Impedance tympanograms were normal for all subjects throughout 

the study. Since no subject had an abnormal vestibular screening 

result, complete electronystagmography was not performed. 

Nephrotoxicity 

No subject developed nephrotoxicity. Although the maximum 

range of serum creatinine was 0.4 mg% in two subjects, this difference 

did not occur between serial determinations. During the study the 

maximum change for any subject from baseline (day 0) serum creatinine 

was ±0.2 mg/dl. Serial microscopic examination of urine was normal 

except for one subject (subject 1 and 101) who had from 0-3 tubular 

casts per high power field throughout both study periods. Urine from 

the subject with insulin-dependent diabets mellitus occasionally 

contained from 1+ to 2+ glucose. Despite large variations serial 

creatinine clearance determinations in both groups tended to decrease 

with time (Figures 5 and 6 ). There was no statistically significant 

difference between the two groups with regard to the mean slope of 

creatinine clearance regressed on day of tobramycin therapy. 
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Urinary Enzymes 

LAP and NAG concentrations in 24-hour urine collections of 

healthy non-cystic fibrosis controls (average age 27.7 years) were 

compared with pre-therapy results of subjects (Table 6). In three day 

continuous urine collections there was little day-to-day variability of 

NAG excretion in 24-hour samples of two controls. In these controls 

LAP excretion appeared to vary somewhat with urine volume but there was 

insufficient data for statistical analysis The LAP values were within 

the reported range of normal for all but one control (less than 245 SU 

per 24 hr for females and less than 612 SU per 24 hr for males). One 

female control had a value of 375 SU. 

Daily values of NAG and LAP varied considerably in both 

treatment groups (Figures 7-10). For most subjects enzymuria tended to 

increase with time. Data was analyzed by linearly regressing each 

subject's enzyme values with time; average slopes of the regression 

line were compared. There was no statistically significant difference 

between the slopes for either LAP or NAG between the "usual" and 

"higher" groups (p>.2 for LAP; p>.8 for NAG, Student's t-test, 

unpaired). 

What is the Best Method For Achieving Desired Pgak Serum Tobramycin 
Concentrations -- Age Specific GFR (per 1.73M) of Body Weight 

Based on Average Kinetic Data Obtained in Cystic Fiborosis Patients? 

Although mean initial tobramycin dose in m£| per kg per day and 

2 mg per 1.73M per day was statistically different between "usual" and 
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"higher" groups, there was no statistically significant difference 

between the mean final dose for each group (Table 7). 

Initial dose calculations based on both age-specific GFR per 

2 1.73M and weight required changes to achieve desired serum 

concentrations. Tobramycin dose was changed on the second day of 

therapy (after results of inital serum drug concentrations were 

available) for 6 of 8 subjects in the age-specific GFR group, and for 5 

of 7 subjects in the weight group. 

To maintain serum tobramycin concentrations within desired 

ranges, dosage and dosing interval changes were necessary in both 

groups. However, dosing interval changes were more frequent in the 

"higher" group (mean number of dose changes = 1.6 times, range 1-3; 

mean number of interval changes = 1.2 times, range 0-2). In the 

"usual" group, three subjects' dosages and dose intervals required no 

changes throughout hospitalization. Average number of dose changes in 

the usual group was 0.9 times (range 0-3), and average number of 

interval changes was 0.3 times (range 0-1). The number of dosing 

interval changes was significantly greater for the "higher" group (p< 

.05, Student's t-test, unpaired). 

Half of the ten dosing interval changes in the "higher" group 

were made after the fourth day of tobramycin therapy. Except for one 

subject whose dosing interval was changed from six to eight hours, and 

then back to every six hours, all dosing interval changes represented 
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an increase in the time between doses. In the "usual" group, four of 

seven subjects received tobramycin at six hourly intervals throughout 

the hospitalization; two of eight subjects in the "higher" group 

remained on a six hourly dosing interval (interval was briefly 

increased to eight hours in one subject because of a spurious serum 

tobramycin result). One subject (in the higher group) required a 

change from a six to eight hour interval on day 4, and then to a 12 

hour interval on day 7 until discharge. For all other subjects desired 

serum tobramyin concentrations were achieved with either six or eight 

hour dosing intervals. 

Correlation coefficients for LBW or body weight regressed on 

the final tobramycin dose (mg) for all subjects was similar (r = .97 

for LBW, r = .96 for body weight). 

Tobramycin Pharmacokinetics 

Individual results are shown in Table 8. In the "usual" group, 

total body clearance (TBC) and volume of distribution (Vd) did not 

change significiantly during tobramyin therapy (for TBC, p>.l; for Vd, 

p>.3; Student's t-test, paired). Although TBC did not decrease 

significantly with therapy in the "higher" group (p>.5, Student's 

t-test, paired), average Vd was significantly higher at the end of 

tobramycin therapy in this group (p>.05, Student's t-test, paired) 

(Table 9). Elimination rate constants (Ke), calculated from each pair 

("peak" and "trough") of tobramycin serum concentrations, tended to 

decrease with time. Average values for each group are shown in Figure 
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11. Points on each graph are the mean of from one to seven ("usual" 

group) or one to eight ("higher") values, since serum tobramycin 

concentrations were not measured on the same day of therapy for all 

subjects. 

Comparison of Ke for subjects who were enrolled in each group 

is shown in Figure 12 and 13. Readmissions occurred two months or more 

after the first enrollment in the study. Tv/o subjects each were in the 

"higher" group the first time, and the usual group for the later 

admission. Nonetheless, the decrease in Ke for all four subjects 

tended to be greater when serum tobramycin concentrations were 

maintained in the "higher" range. 



TABLE 1. PATIENT CHARACTERISTICS 

NUMBER 
OF AVERAGE NIH SCORE PULMONARY 

GROUP SUBJECTS AGE (Yrs) (±SD) SCORE(±SD) 

"USUAL" 7 24.4(16-29) 61(12) 40(11) 

"HIGHER" 8 22.6(9-27) 58(12) 38(10) 

ADDITIONAL 
MEDICAL 
CONDITIONS (n) 

TOBRAMYCIN 
EXPOSURE 
(avg. mg/kg) 

Insulin-dependent diabetes 
niellitus (1) 

Pulmonary osteoarthropathy (1) 145.4 
Thought disorder (1) 

Insulin-dependent diabetes 
nielli tus (1) 

Pulmonary osteroarthropathy (1) 192.0 
Thought disorder (1) 
Nephrogenic diabetes insipidus (1) 

o\ 
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TABLE 2. NIH SCORES 

SERUM NIH SCORE 
CONC. (Day 0) 

(number of subjects) (±SD) 

"USUAL" (7) *61±12 

"HIGHER" (8) *58±12 

NIH SCORE 
(Discharge) 

(±SD) 

*71±12 

*69±10 

PULMONARY SCORE 
(Day 0) 
(±SD) 

*40±12 

*38±10 

PULMONARY SCORE 
(Discharge) 

USD) 

*49±12 

*46±9 

p <.003, Student's t-test, paired 

Four subjects enrolled in the study twice, were crossed-over to the opposite group on the second 
hospitalization. Data from these subjects are included in each group. 



TABLE 3. PULMONARY FUNCTION TESTS 

"USUAL" GROUP (7 subjects) 

DAY 
OF FEV, EAR 

THERAPY TLC(±SD) RV FVC PF,L/MIN FEVX MMEF FVC1 PF,L/S MF5Q MF25 OXIMETRY 

0 106+19 258±107 *62±20 *68+7 *37±15 13±8 49+7 56+8, 14+9 8±4 88±9 

DISCHARGE 87±42 157±96 *75±22 *77±9 *48±20 21±17 54±14 60±14 20±17 10±9 94±2 

0 108±30 

DISCHARGE 100±27 

"HIGHER" GROUP (8 subjects) 

291±117 *53±17 50±16 *29±12 *10±8 *45±8 *37±13 *11+9 *7±5 89±3 

237±105 *60±17 62+14 *36±13 *14±9 *51+10 *54+16 *15+10 *12+8 92±3 

* p <.05, Student's t-test, paired 

Results are expressed as percent of predicted value for age and height, except ear oximetry which is 
per cent saturation of hemoglobin. 

Abbreviations: TLC, total lung capacity; RV, residual volume; FVC, forced vital capacity; PF,L/MIN, peak 
flow in liters per minute; FEV,, forced expiratory volume in one second; MMEF, maximal mid-expiratory flow 
rate; FEV,/FVC, forced expiratory volume in one second/forced vital capacity, PF,L/S, peak flow in liters 
per second; MF^q, maximal flow rate at 50% vital capacity; MFgjj, maximal flow at 25% vital capacity 
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Figure 1. Selected Pulmonary Function Tests, TLC and FEV1. There was no 
significant difference between the results of the two groups 
on day 0 or at discharge. 
* p<.05, Student's t-test, paired comparison of day 0 with discharge. Upper half of 
standard deviation is shown above each bar. 
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Figure 2. Selected Pulmonary Function Tests, MF25% and HF50%. There was no 
significant difference between the results of the two aroups on day 0 or at 
discharge. 
* p<.05, Student's t-test, paired comparison of day 0 with discharge. Upper half of 
standard deviation is shown above each bar. 
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Figure 3. Selected Pulmonary Function Tests, FVC and FEV1/FVC. There was no 
significant difference between the results of the two groups on day 0 or at 
discharge. 
* p<.05, Student's t-test, paired comparison of day 0 with discharge. Lines between 
days 0 and discharge connect mean values for each group. 
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Figure 4. Selected Pulmonary Function Tests, PF and MMEF. There was no 
significant difference between the results of the two groups on day 0 or at 
discharge. 
* p<.05, Student's t-test, paired comparison of day 0 with discharge. Lines between 
days 0 and discharge connect mean values for each group. 



TABLE 4. SPUTUM RESULTS FOR ALL SUBJECTS 

MEAN COLONY MEAN TOBRA MEAN TICAR 
DAY COUNT/ml±SD (n) MIC(mcg/m1 )±SD (n) MIC(mcg/ml)±SD (n) 

0 144,211±24 (15) 2.47±3.97 (15) 185.07±207.49 (15) 

14 330,370±19 (14) 2.71±2.30 (9) 147.56±166.23 (9) 

2 Weeks 
After Discharge 310,455+12 (10) 2.03±2.62 (9) 203.78±234.09 (9) 

Colony counts, tobramycin (TOBRA), and ticarcillin (TICAR) minimum inhibitory concentrations (MIC's) 
of Ps. aeruginosa from sputum of subjects for whom data were available. 



TABLE 5. SPUTUM RESULTS BY GROUP 

DAY 
MEAN COLONY 

COUNT/mHSD (n) 

"USUAL" GROUP 
MEAN TOBRA 

MIC(mcg/ml)±SD (n) 

(7 Subjects) 
MEAN TICAR 

MIC(mcg/ml)±SD (n) 

0 

14 

2 Weeks 
After Discharge 

181,134±34 (7) 

169,434+14 (7) 

831,763±3 (4) 

4.29±5.34 (7) 

3.61±2.95 (5) 

2.02±1.61 (4) 

243.43±251.96 (7) 

118.40±125.78 (5) 

260.00±284.22 (4) 

"HIGHER" GROUP (8 Subjects) 

0 

14 

2 Weeks 
After Discharge 

118,304±22 (8) 

161,435±138 (8) 

160,694+20 (6) 

0.87±0.95 (8) 

1.58±1.84 (4) 

2.05±3.43 (5) 

134.00±159.07 (8) 

184.00±222.28 (4) 

154.00±205.03 (5) 

Colony counts, tobramycin (TOBRA), and ticarcillin (TICAR) minimum inhibitory concentrations (MIC's) 
of Ps. aeruginosa from sputum of subjects for whom data were available. 
Between group differences were not statistically significant for colony counts or MIC's 
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Figure 5. Creatinine Clearance Changes With Time, Usual Group. 
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Figure 6. Creatinine Clearance Changes Vlith Time, Higher Group. 



TABLE 6. URINARY ENZYMES OF STUDY PATIENTS (DAY 0) AND NON-CF CONTROLS 

ENZYME MEAN SEM RANGE * P-VALUE 

NAG Subjects (n=14) 186.0 49.7 (0-474) 
(UNITS/mg creat/24h) .008 

Non-CF (n=20) 29.0 4.2 (2-100) 

LAP Subjects (n=14) 664.0 244.8 (79-3615) 
(UNITS/24h) .152 

Non-CF (n=20) 289.1 29.0 (111-633) 

One subject's urine was not collected prior to beginning tobramycin 

* Student's t-test, unpaired 
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Figure 7. Daily Excretion of N-acety-B-glucosaminidase (NAG), Usual Group. NAG results are 
expressed in units/mg urinary creatinine. 
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* SUBĴ lOl 

X 5UBJ-102 

a SUBJ-103 

• SUB.M04 
I 
25 

DAY OF TOBRAMYON THERAPY 

Figure 8. Daily Excretion of N-acetyl-B-glucosaminidase (NAG), Higher Group. NAG results are 
expressed in units/mg urinary creatinine. 
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Figure 10. Daily Excretion of Leucine Aminopeptidase (LAP), Higher Group. LAP results are 
expressed in units/24 hr. 



TABLE 7. INITIAL TOBRAMYCIN DOSE 

GROUP « 
(number of subjects) mg/kq/d SD RANGE mg/1.73M /d SD RANGE 

"USUAL" (7) * 10.8 .89 9.4-11.8 * 348 37 308-390 

"HIGHER" (8) * 12.9 2.87 9.0-15.6 *402 57 306-478 

p <.05, Student's t-test, unpaired, comparing "usual" with "higher" dose in mg/kg/d 
and mg/1.73M /d. 

FINAL TOBRAMYCIN DOSE 

GROUP 
(number of subjects) mg/kg/d SD RANGE mg/1.73M /d SD RANGE 

"USUAL" (7) 9.5 2.35 7.3-13.2 305 80 216-438 

"HIGHER" (8) 11.9 3.62 8.8-18.4 366 77 259-475 



TABLE 8. PHARMACOKINETIC RESULTS 

SERUM 
CONC. SUBJECT 

Vd (Day 1) 
L/kg 

TBC (Day li 
ml/min/1.73M 

Vd ( DISCHARGE) 
L/kq 

TBC ( DISCHARGE) 
ml/nrin/1.73M 

1 .28 145 .26 79 
2 .24 89 .26 81 
3 .20 99 .29 88 

"USUAL" 4 .40 177 .32 128 
5 .23 94 .28 103 
6 .29 166 .52 188 
7 .26 110 .25 84 

8 .24 82 .27 80 
9 .32 156 .36 113 
10 .26 151 .37 131 
11 .27 134 .42 145 

"HIGHER" 101 .14 71 .32 91 
102 .31 107 .32 108 
103 .32 168 .47 146 
104 .40 170 .37 122 

Data collected at 14 days on the average (range 9-19 days) 
Four subjects enrolled in the study twice: and 101v 2 and 102, 3 and 103, 4 and 104 
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TABLE 9. PHARMACOKINETIC AVERAGES 

SERUM Vd (Day 1) TBC (Day li Vd ( DISCHARGE) TBC ( DISCHARGE) 
CONC. L/kg+SD m1/min/1.73M£±SD L/kg±SD ml /min/1.73M^±SD 

"USUAL" .27+.6 125±34.5 .31±.9 107±15.0 

"HIGHER" *28±.8 130+38.7 *.36±.6 117+24.0 

* p <.05 Student's t-test, paired, comparing day 1 with discharge results. There 
was no significant difference in Vd or TBC between groups on day 1 or discharge. 
Data collected at 14 days on the average (range 9-19 days) 
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Figure 11. Average Elimination Rate Constants (K) With Time For Each Group. Not all 
subjects had serum tobramycin determinations on the same days, so each point 
represents the average of subjects for whom elimination rate constants could be 
calculated that day. 
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Figure 12. Elimination Rate Constants (K) For Subjects Enrolled First in the Usual Group. 
These subjects were randomized to the "usual" peak serum tobramycin group on first 
hospitalization and crossed over on the second admission. 
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Figure 13. Elimination Rate Constants (K) For Two Subjects Enrolled First in the Higher Group. 
These subjects were randomized to the "higher" peak serum tobramycin group on first 
hospitalization and crossed over on the second admission. 



CHAPTER 3 

DISCUSSION 

Does A Peak Serum Tobramycin Concentration of 8-12 mcg/ml 
After"~a 30-Minute Infusion Benefit the Cystic Fibrosis Patient and 

What is the Effect on Ps aeruginosa Isolated from Sputum? 

NIH Scores and Pulmonary Function Tests 

Results of NIH scores and pulmonary function tests did not show 

statistically significant differences between the "higher" and "usual" 

serum tobramycin concentration groups. Perhaps with a larger number of 

subjects the results would have been more conclusive. However, lung 

function in both groups improved significantly with therapy. Had 

significant differences resulted between the groups, it would be 

difficult to prove that a single treatment modality was responsible. 

Each subject received therapy based on his clinical condition, so that 

for any individual, his regimen of chest, physiotherapy, aerosolized 

bronchodilators, and supplemental oxygen could vary from 

hospitalization to hospitalization. 

Cystic fibrosis is a chronic disease, and acute changes in 

these efficacy parameters are not likely to be great. A longer study 

period, perhaps two years, with subjects assigned to "higher" or 

"usual" groups for any hospitalizations during that time, would permit 

serial pulmonary function tests and NIH scoring. These results might 
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show that the "higher" group had less deterioration of pulmonary 

disease with time. 

Quantitative Sputum Culture for Ps. aeruginosa 
and MIC"s of Tobramycin and Ticarcillin. 

In these subjects there was no statistically significant 

decrease in the numbers of Ps^ aeruginosa in sputum from admission to 

discharge. Only in a single patient was the organism absent from 

sputum at the time of discharge. However, this patient had difficulty 

in producing even a small amount of sputum by the end of his 

hospitalization, and the specimen at the end of hospitalization 

submitted for culture may not have been adequate. Such a sputum 

speciment may not have reflected accurately lower respiratory tract 

bacterial flora. Several subjects in both groups had similar 

difficulties producing an adequate sputum specimen, and one subject was 

still unable to expectorate any sputum as late as three weeks after 

discharge. During the study the investigator was impressed with the 

innate variation of subject's ability to expectorate sputum, 

independent of severity of lung disease or symptoms. 

It is difficult to conclude that any single factor is 

responsible for the reduced sputum production. More likely, intensive 

chest physiotherapy, bronchodilators, and antimicrobials each 

contribute. The problems of collecting adequate sputum samples, (ones 

not comprised of mostly saliva), makes interpretation of post-therapy 

quantitative sputum cultures difficult. 
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The lack of increased resistance of Ps_. aeruginosa isolates 

after higher dose tobramycin therapy was reassuring. Unfortunately 

statistical evaluation could not be performed because of missing data 

(organisms were not saved for MIC's because of laboratory oversight). 

However, for those isolates tested, all were equally susceptible to 

tobramycin before and after therapy, plus or minus one dilution. This 

amount of change is not considered significant, since it is within the 

range of variability expected for observer error when Interpreting the 

results of the test. 

The lack of altered aeruginosa susceptibility to tobramycin 

also may be interpreted as evidence that the organism was not exposed 

to the drug. This could occur if bronchial secretions of cystic 

fibrosis patients are impervious to tobramycin diffusion. Definitive 

resolution of the issue of sputum penetration by antimicrobials awaits 

the development of an assay which distinguishes bound (active) from 

unbound drug, and which removes or is unaffected by the various 

proteins and cellular debris in sputum. 

A less likely possibility is that tobramycin in sputum is 

inactivated by the presence of ticarcillin. The chemical inactivation 

of aminoglycosides by penicillins or semi-synthetic penicillins is 

known but not well understood. It usually occurs when the two 

antimicrobials are mixed, as in the same intravenous solution or in 

patients with renal failure. If both ticarcillin and tobramycin 



penetrate sputum and are very slowly cleared, inactivation of 

tobramycin might occur. 
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Is the Risk of Toxicity Increased For Subjects Having "Higher Peak 
Serum Tobramycin Concentrations; and What is the Relationship 

Between Urinary Enzyme excretion and Peak Serum 
Tobramycin Concentration or Nephrotoxicity? 

Ototoxicity and Nephrotoxicity 

Despite receiving large amounts of tobramycin (on the average, 

9.5 mg/kg/day for the "usual group, and 11.9 mg/kg/day for the higher 

group), no subject demonstrated oto- or nephrotoxicity. One subject in 

the "higher" group was found to have mild high frequency hearing loss 

when first tested and on later audiometry. He was unaware of his 

hearing loss and did not remember having had previous ear infections. 

Like other patients, this subject had received numerous courses 

of tobramycin and gentamicin for past exacerbations of his lung 

disease. This same subject also appeared to "accumulate" tobramycin to 

a greater degree than other subjects. To maintain the "trough" 

tobramycin concentration below 1.5 mcg/ml, it was necessary to lengthen 

his dosing interval from six to eight hours, and then to 12 hours for 

the remainder of his 14 day hospitalization. Since no other subjects 

required such a long interval between tobramycin doses or had any 

hearing deficit, it is possible that the two findings are related. If 

the subject received an aminoglycoside for a prolonged period in the 

past, and serum concentrations were not monitored carefully, or blood 

sampling was not timed properly in relation to drug administration, 
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then dose-related toxicity may explain his high frequency hearing loss. 

That this subject's hearing loss was previously unnoticed underscores 

the need for periodic assessment of hearing in patients who are 

repeatedly exposed to aminoglycosides. 

Urinary Enzymes 

Because nephrotoxicity did not occur in any subject, the 

second part of the question is unanswerable. However, daily excretion 

of up to 20 times the "normal" value for NAG are tolerated without 

evidence of nephrotoxicity. In these subjects urinary enzyme excretion 

was not predictive of nephrotoxicity. 

Urinary enzyme excretion of either LAP or NAG did not correlate 

with peak serum tobramycin concentrations. Individual daily variation 

of enzymuria made analysis of the data difficult. This variability 

could not be attributed to varying urinary volumes or assay 

variability. However, all of the subjects took numerous medications, 

and some of these have not been evaluated for effects on urinary enzyme 

excretion. 

Urinary enzyme data was skewed by extremely high values in 

several subjects. Two subjects with the highest values deserve to be 

mentioned. One of these (subject 1 and 101), maintained on a thiazide 

diuretic and phenothiazine, had NAG values greater than 1000 units per 

mg urinary creatinine (greater than 10 times normal) on several days. 

Similar values were recorded when he was enrolled in the "higher" and 
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"usual" groups. His LAP values exceeded 5000 units per day (greater 

than 9 times normal) during both hospitalizations as well. The subject 

with nephrogenic diabetes insipidus (subject 10) had the highest NAG 

and LAP values of any subject. These high values occurred despite 

little day-to-day variation of her urine output. It seems unlikely 

that her underlying renal defect, namely, distal tubular insensitivity 

to anti-diuretic hormone, would be responsible for the extreme 

enzymuria. Since both of these subjects were given medications that no 

other study patient received, it is conceivable that the drugs effected 

proximal tubular cells in a way which increased enzyme excretion 

without causing cell necrosis. 

NAG excretion before tobramycin therapy was greater in subjects 

than in non-cystic fibrosis controls. If not due to medications 

effecting enzymuria, this difference could be the result of intrinsic 

differences between the kidney of the cystic fibrosis and non-cystic 

fibrosis individual. Enzyme determinations of urine collected from 

non-hospitalized cystic fibrosis patients might be useful to confirm 

this elevated baseline excretion of NAG. Urinary LAP was similar for 

both controls and subjects prior to tobramycin therapy, so perhaps 

different factors influence the baseline excretion of this enzyme. 

What is the Best Method For Achieving Desiretj Peak Serum Tobramycin 
Concentrations -- Age Specific GFR (per 1.73M ) or Body Weight, Based 

on Average Kinetic Data Obtained in Cystic Fibrosis Patients? 

Both age-specific, body surface area-adjusted glomerular 

filtration rate and the weight-based method were equally unsuccessful 
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in achieving desired "peak" serum tobramycin concentrations on the 

first dose. For most subjects the initially calculated dose had to be 

adjusted to produce the desired drug concentrations. The inaccuracy of 

predicted dosages and the later changes of dose or interval 

necessitated by drug accumulation (particularly in the "higher" group), 

emphasize the need for individualized dosing based on results of serum 

tobramycin determinations. 

Lean body weight (per kg) did not differ significantly from 

body weight, and therefore could not improve accuracy of initial 

tobramycin dose calculations. Because skin-fold measurements have not 

been correlated with underwater weighing of cystic fibrosis patients, 

the method used here to calculate lean body mass may be inaccurate. 

However, because calculations of dosage based on lean body weight are 

more predictive of subsequent serum concentrations in obese 

individuals, the investigator wished to determine if dose predictions 

could be improved similarly in an asthenic population. 

Tobramycin pharmacokinetic parameters of these subjects 

support the suggestion that there are no differences between cystic 

fibrosis and non-cystic fibrosis individuals in this respect (McCoy et 

al., 1982). Tobramycin clearance approximated creatinine clearance, 

and initial volumes of distribution were similar to reported values for 

non-cystic fibrosis individuals (Dobbs and Mawer, 1976; Regamey, 

Gordon, and Kirby, 1973). The increase in volume of distribution at 

the end of therapy was statistically significant only in the "higher" 
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group and probably represents tobramycin accumulation. The decrease of 

elimination rate constant over time was probably due also to drug 

accumulation in a deep tissue compartment. Presumably the kidney is 

this site of drug uptake, but there are no published reports of 

tobramycin concentrations in kidney tissue of cystic fibrosis patients. 

Tobramycin accumulation was dose-related, as expected. 

Elimination rate constants tended to decrease more with time when the 

four subjects who participated twice were in the "higher" group. None 

of the subjects was exposed to tobramycin in the two and a half to six 

months before receiving the higher dose therapy. This should be 

adequate time for "wash-out" of any drug accumulated during previous 

tobramycin therapy {Kahlmeter, Jonsson, and Kamme, 1978). Thus, the 

temporal decline of elimination rate constant could not be attributed 

to saturation of the deep-tissue compartment at the start of therapy. 

The need for changes in dosing interval for several subjects 

receiving higher dose tobramycin also reflected drug accumulation. The 

intervals ranged from six to twelve hours in this group,-and it was 

impossible to predict which subjects would require interval adjustments 

to maintain desired peak and trough concentrations, since tobramycin 

and creatinine tended to decrease with time for all subjects. 

Conclusions 

1. There appears to be no difference in treatment efficacy when 

30-minute post-infusion serum tobramycin concentrations are 

consistently 8-12 mcg/ml or 5-8 mcg/ml. 
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2. "Higher" peak serum tobramycin concentrations are not associated 

with eradication of P£. aeruginosa from sputum of cystic fibrosis 

subjects. 

3. "Higher" dose therapy does not appear to increase tobramycin 

susceptibility of Ps^. aeruginosa in sputum. 

4. Carefully monitored "higher" dose tobramycin does not increase the 

risk of oto- or nephrotoxicity when given for 10 to 23 days. 

5. Urinary excretion of LAP and NAG are not predictive of 

nephrotoxicity and do not correlate with peak serum tobramycin 

concnetrations. 

6. Tobramycin pharmacokinetics are similar in cystic fibrosis and 

non-cystic fibrosis individuals (published data). 

7. Glomerular filtration rate adjusted for age and body surface area, 

or a weight-based method based on average pharmacokinetic data from 

cystic fibrosis patients, predict tobramycin dose with equal 

accuracy. 

8. Individualized dosing is necessary to maintain desired "peak" and 

"trough" tobramycin serum concentrations. 
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