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The pharmacokinetics of aztreonam in eight adult patients with severe burn injuries (total body surface area
burn, 49% + 21% [mean + standard deviation]) were studied. The time of initiation of study following burn
injury was 7.0 ± 1.4 days. Four patients at first dose and at steady state were studied. Aztreonam
concentrations were measured by high-performance liquid chromatography, and a two-compartment model
was used to fit the data. No significant differences in any pharmacokinetic parameters between first dose and
steady state were observed. Volume of distribution of the central compartment after first dose (0.14 liters/kg)
and volume of distribution at steady state (0.31 liters/kg) were approximately 30% higher than those reported
for other patient populations. Total drug clearance and renal drug clearance when normalized to creatinine
clearance (CLCR) were similar to those previously reported for other critically ill patients. CLCR was strongly
correlated with renal drug clearance (r = 0.94) and total drug clearance (r = 0.95). The extent and degree of
burn (percent second or third degree burn) were poorly correlated with all pharmacokinetic parameters with
the exception of the volume of distribution at steady state, which was correlated with both total body surface
area burn (r = 0.95) and percent second degree burn (r = 0.83). Aztreonam pharmacokinetics are altered as
a result of thermal injury; however, CLCR can be used to assess the clearance of aztreonam in burn patients.

Thermal burn injury and its subsequent treatment result in
complex pathophysiologic changes in burned patients. Al-
terations in renal (16), cardiovascular (12), and hepatic (6,
12) function and plasma protein concentrations (17) may
significantly alter the pharmacokinetics of antibiotics admin-
istered to these patients. Previous reports have been limited
primarily to the aminoglycosides (16, 25-28) and vancomy-
cin (1, 4, 10, 20). Clearance of these antibiotics, which are
eliminated primarily via glomerular filtration, has been
shown to be increased in these patients. Thus, more frequent
and/or higher doses are usually recommended to maintain
therapeutic concentrations. In contrast, there is a dearth of
reported information regarding P-lactam antibiotics. Only
reports on ceftazidime (24) and imipenem (3) are available.
Aztreonam, which is renally eliminated, possesses a spec-

trum of activity similar to that of aminoglycosides, with
activity against gram-negative organisms including Pseudo-
monas aeruginosa (5, 13, 14). However, it lacks the toxicity
often associated with aminoglycosides and does not require
serum concentration monitoring. Thus, aztreonam is a rea-
sonable alternative to aminoglycosides for the therapy of
infections due to susceptible organisms.

Since there is documented evidence of changes in the
pharmacokinetic parameters of other renally eliminated
drugs in burn patients and no information is available for
aztreonam, we evaluated the effect of thermal burn injury on
aztreonam pharmacokinetics.

MATERIALS AND METHODS
Patients. Patients, aged 18 to 75 years, admitted to the

Medical University Hospital Burn Unit with a total body
surface area burn (TBSAB) (7) of greater than 20% (exclud-
ing first degree burns) and with suspected or documented

* Corresponding author.

gram-negative infection were eligible for study participation.
Patients with a history of cystic fibrosis, allergy to aztreo-
nam, history or evidence of alcoholic cirrhosis of the liver,
or electrical burn injury or undergoing any type of dialysis
were excluded from study. The study was approved by the
Institutional Review Board of the hospital, and informed,
written consent was obtained from all patients prior to the
study.
Drug administration and sample collection. Two grams of

aztreonam (lot no. 7K91598 [expiration date, 1 October
1989] and 8B01829 [expiration date, 1 February 1990]; E. R.
Squibb & Sons, Princeton, N.J.) was diluted in 10 ml of
sterile water for injection (Travenol, Deerfield, Ill.) and
administered via a slow intravenous push over 10 min. A 6-h
dosing interval was used in all patients except patient no. 7,
in whom a 12-h interval was used. Blood samples (7 ml) were
obtained at the following times around the first dose and at
steady state (10th to 15th dose): immediately prior to aztre-
onam administration and 10, 20, 30, 45, 60, 120, 180, 240,
and 330 min after the end of the aztreonam infusion.
Blood samples were collected in nonanticoagulant (red-top)
VACUTAINER tubes, allowed to clot, and centrifuged, and
the serum was collected. All samples were processed and
stored within 2 h of collection. A preliminary study revealed
that no degradation of aztreonam occurred over this time
period.
A baseline urine sample was obtained immediately prior to

drug administration. To quantitate aztreonam urinary excre-
tion, urine was collected over the initial sampling period.
After the total volume was measured, a 3-ml aliquot was
obtained and immediately placed on ice. Urine was also
collected for the 24 h immediately prior to or immediately
following drug administration for creatinine clearance
(CLCR) measurement.

All serum and urine samples for aztreonam concentration
determination were stored at -70°C until analyzed.
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Aztreonam assay. Aztreonam concentrations in serum and
urine samples were assayed in duplicate by high-perfor-
mance liquid chromatography by using a modification of the
method described by Pilkiewicz et al. (19). Differences
included a mobile phase consisting of 70% 0.0025 M tetrabu-
tylammonium hydrogen sulfate-0.0025 M ammonium sulfate
adjusted to a pH of 4.2 and 30% acetonitrile, with a flow rate
of 1.2 ml/min. The chromatographic system consisted of a
Waters WISP 710B autoinjector, Waters 510 pump, Waters
Lambda-Max model 481 LC spectrophotometer, and Shi-
madzu C-R3A Chromatopac integrator with a C-18 reverse
phase column and precolumn.
Serum samples were allowed to thaw at room tempera-

ture, and 100 ,u of acetonitrile was added to an equal volume
of the sample. Urine samples were thawed at room temper-
ature and then diluted 1:10 with the mobile phase. All
samples were vortexed for 1 min and centrifuged for 5 min at
1,244 x g, and the resultant supematant was used for
analysis. An injection volume of 20 ,l was used.
Serum standards were prepared in pooled human serum

(Biological Specialty Corporation, Lansdale, Pa.). To ac-
commodate the wide range of expected concentrations in
serum, two standard curves were prepared with the follow-
ing concentrations: 5, 10, 25, 50, and 100 p,g/ml (r = 0.9999)
and 50, 100, 200, and 300 ,ug/ml (r = 0.9999). Absorbance
units, full scale, were set at 0.02 and 0.10, respectively.
Urine standards were prepared in the mobile phase at
concentrations of 50, 100, 200, 300, 400, and 500 ,ug/ml (r =
0.9999), with an absorbance unit, full scale, of 0.20. All
standard curves were prepared with laboratory grade stan-
dard powder (lot 05314-13733-600; Squibb). The intraday and
interday coefficients of variation for the serum standard
curves were <7 and s11%, respectively, for all concentra-
tions. All urine samples were assayed within the same day,
with an intraday coefficient of variation of <l% at all
concentrations.

Pharmacokinetic analysis. The RSTRIP computer program
(9) was used to obtain initial pharmacokinetic parameter
estimates, and weighted least squares regression was used to
fit the data (8). All datum points were weighted by the
inverse of the assay variance. Determination of the optimal
compartmental model was based on visual inspection of the
concentration-time curves, minimization of the residual sum
of squares, and the Model Selection Criterion obtained from
RSTRIP, which is an adaptation of the Akaike Information
Criterion. Computer-fitted estimates of elimination rate con-
stants k1o, k12, and k21 (k1o, from central compartment; k12,
from central to peripheral compartment; k2l, from peripheral
to central compartment) and V1 (volume of distribution of
the central compartment) were used to calculate the follow-
ing parameters with standard pharmacokinetic equations:
disposition rate constants a and ,B, distribution and elimina-
tion half-lives (t112. and tl2,, respectively), zero time inter-
cepts for the a phase and phase, and steady-state volume
of distribution (V..) (11). The area under the serum concen-
tration-time curve (AUC) was calculated by using the linear
trapezoidal rule. The AUC for the first dose was extrapo-
lated to infinity as follows: AUCo, = AUCO + Cls/3,t
where AUCO., is the AUC for the sampling period, Crast is
the last measured concentration, and is the terminal
elimination rate constant. The ALJC at steady state (AUC..)
was caloulated over the dosing interval. The concentration at
the end of the dosing interval was simulated from the fitted
data for each patient and used in the AUC00 calculation.
Concentrations in serum immediately following the end of
the infusion were simulated for each patient by using their

TABLE 1. Patient demographic characteristics

Age Wt % Burn injury' DaysPatient (yr) (kg) TBAB 20 30 bunY ( g) ~TBSAB 20 30 bumb

1 56 85 22 20 2 5
2 37 98 35 25 10 7
3 45 68 25 21 4 6
4 34 91 75 10 65 7
5 62 80 60 0 60 9
6 27 84 62 52 10 6
7 74 70 41 9 32 9
8 36 84 74 15 59 7

Mean (SD) 46 (16) 83 (10) 49 (21) 19 (16) 30 (27) 7 (1.4)

a Percent TBSAB was determined by using the Lund and Browder chart
(7). 2°, Second degree burn; 30, third degree burn.

b Days post-burn injury at the time of first dose.

respective fitted data and were used in both the AUC OO and
AUCSS calculations. Aztreonam total clearance (CLT), renal
clearance (CLR), and nonrenal clearance (CLNR) for the first
dose were calculated as follows: CL, = doseiv/AUCO,
(where doseiv is the intravenous dose), CLR = amount of
aztreonam recovered in the urine during the initial sampling
period/AUCO, and CLNR = CLT - CLR. Aztreonam
clearance at steady state (CLT..) was calculated as CLTSS =
doseiv/AUCss. The percent aztreonam excreted in urine was
calculated as (the amount of aztreonam recovered in the
urine/doseiv) x 100.

Statistical analysis. A two-tailed, paired Student's t test
was used to determine the statistical significance between
pharmacokinetic parameters in those patients studied after
the first dose and at steady state. Linear regression, by using
the method of least squares, was used to assess relationships
between variables of interest, with statistical significance
determined by using the F test. A P value of <0.05 was
considered to be statistically significant.

RESULTS

Nine patients (eight male and one female) were studied.
One patient experienced a hypotensive episode immediately
prior to the initial dose. The episode, which lasted approxi-
mately 2 h, required the use of pressor agents. Thus, this
patient was omitted from any further analysis and the
reported results are for the remaining eight patients (seven
male and one female). The mean (standard deviation) dose
administered to all patients was 24.7 (3.2) mg/kg of actual
body weight. Patient demographic parameters are shown in
Table 1. Four patients were studied following the first dose
and at steady state. Six patients were treated for pneumonia,
and one each was treated for fever of unknown origin and
catheter line sepsis. All patients were studied at least 3 days
after fluid resuscitation was completed.
A two-compartment open model was used to fit the

observed concentration-time data for all patients. The phar-
macokinetic parameters for all patients studied following the
first dose are shown in Table 2. The aztreonam excreted in
the urine during the initial 6-h dosing interval was 45% +
18%, mean + standard deviation. CLcR was significantly
correlated with CLR (r = 0.94, P = 0.0018) and CLT (r =
0.95, P = 0.0012) but not with the percent aztreonam
excreted in the urine (r = 0.72, P = 0.0700), although it did
approach statistical significance. CLR was significantly cor-
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TABLE 2. Aztreonam pharmacokinetic parameters following first dosea

Patient AgB/VlVSia2AUCr,s CLT CLR CLCRPtet (mg/liter) (mg/liter) a (h' P (h-' (liters/kg) (liters/kg) (h) liter)h (liters/h) (liters/h) (ml/min)

2
3
4
S
6
7
8

108.6
103.5
134.0
80.4
111.2
108.9
101.2

43.4
70.3
61.1
89.9
43.7
97.4
67.6

3.17
1.24
1.67
1.76
1.68
1.99
2.40

0.39
0.29
0.24
0.15
0.20
0.08
0.21

0.13
0.17
0.11
0.15
0.15
0.14
0.14

0.29
0.25
0.22
0.24
0.33
0.27
0.28

1.79
2.42
2.91
4.55
3.38
9.05
3.35

148
334
339
406
284

1,336
350

13.5
6.0
5.9
4.9
7.1
1.5
5.7

9.7 191
4.8 117
3.3 95
2.4 44
3.4 115
0.8 19
2.6 79

Mean (SD) 106.8 (15.8) 67.6 (20.8) 1.99 (0.63) 0.22 (0.10) 0.14 (0.02) 0.27 (0.04) 3.92 (2.42) 457 (396) 6.4 (3.6) 3.9 (2.8) 94 (56)

a A and B, Zero time intercepts for the a phase (A) and P phase (B).

related with CLT (r = 0.96, P = 0.0005). t1/2 was signifi-
cantly correlated with CLCR (r = -0.82, P = 0.0255) and
CLT (r = -0.77, P = 0.0447); however, it was not signifi-
cantly correlated with CLR (r = -0.70, P = 0.0776). The
TBSAB and percent third degree burn were poorly corre-
lated with all pharmacokinetic parameters. The percent
second degree burn was significantly correlated with Vrs (r =
0.83, P = 0.0201), but not with any other pharmacokinetic
parameters.

Pharmacokinetic parameters at steady state are presented
in Table 3. No statistically significant differences between
any pharmacokinetic parameters in those patients studied
after the first dose and at steady state were noted. CLTS5 was
significantly correlated with CLCR (r = 0.95, P = 0.0143) and
t1/2 (r = -0.92, P = 0.0294). CLCR was significantly
correlated with tl/2,1 (r = -0.89, P = 0.0435). The percent
second and third degree burn was not correlated with any
pharmacokinetic parameters; however, the TBSAB was
significantly correlated with Vss (r = 0.95, P = 0.0149) but
not with V1 (r = 0.81, P = 0.0981).

DISCUSSION

Boucher et al. (3) reported the pharmacokinetics of imi-
penem in 11 burn patients. No statistically significant differ-
ences for any pharmacokinetic parameters were noted when
compared with those reported for normal volunteers. Imi-
penem clearance was significantly related to CLCR (P <
0.0001); however, the severity of burn injury did not corre-
late with any pharmacokinetic parameters. The authors
concluded that imipenem pharmacokinetics in burn patients
were similar to those in normal volunteers. Ceftazidime
pharmacokinetics in burn patients have also been reported

(24). The authors found that, compared with those of other
patients, the apparent volume of distribution, CLNR, and
CLT were higher, while tl/23, CLR, and urinary recovery of
ceftazidime were lower in burn patients. However, the CLR
was significantly related to CLCR (r = 0.95). The severity of
burn injury did not correlate with the apparent volume of
distribution.

Similar to the results reported by Walstad et al. (24), we
noted changes in the volume of distribution of aztreonam in
burn patients. Both V1 and Vss were higher than previously
reported in normal subjects (21-23) (V1, 0.05 to 0.11 liters/
kg; VSS 0.11 to 0.22 liters/kg) and in critically ill patients (15)
(Vss, 0.16 liters/kg). In contrast to the findings of Walstad et
al. (24) with ceftazidime, the CLT and CLR of aztreonam in
burn patients were similar to those previously reported in
other patient populations.
Other investigators have documented alterations in vol-

umes of distribution in critically ill patients receiving aztre-
onam. These changes were attributed to lower protein bind-
ing secondary to low serum albumin concentrations (2, 15,
18). Burn injury is well known to result in decreased serum
albumin concentrations. Serum albumin concentrations
were low in our patients (2.5 + 0.7 and 2.1 + 0.2 g/dl [mean
+ standard deviation] at first dose and steady state, respec-
tively), and albumin concentrations were poorly correlated
with V1 (P = 0.5012) and Vss (P = 0.7208) following the first
dose. At steady state, albumin and V1 were poorly correlated
(P = 0.2831); however, albumin was significantly correlated
with Vss (r = -0.99, P = 0.0085). Thus, it is possible that
serum protein binding decreased, resulting in alterations in
the volume of distribution, although this was not directly
evaluated in this study. This effect would be expected to be
more pronounced with those drugs that exhibit a higher

TABLE 3. Aztreonam pharmacokinetic parameters at steady statea

Patient Agltr Bmgla(hA) (h() ()(m2gACh/ CLT CLCRPtet (mg/liter) (mg/liter) ot(-) 0(- (liters/kg) (liters/kg) (h) liter)h (liters/h) (ml/min)

122.2
59.4
87.8
60.1
101.9

86.1
70.0
62.8
33.0
89.7

4.60
3.00
1.80
0.87
1.71

0.33
0.47
0.07
0.17
0.05

0.11
0.16
0.17
0.26
0.15

0.23
0.23
0.36
0.42
0.30

2.12
1.48
9.95
4.04
14.87

293
173
963
263

1,986

6.8
11.6
2.1
7.6
1.0

120
191
46
80
12

Mean (SD) 86.3 (27.1) 68.3 (22.7) 2.40 (1.45) 0.22 (0.18) 0.17 (0.06) 0.31 (0.08) 6.49 (5.75) 736 (767) 5.8 (4.3) 90 (69)

a A and B, Zero time intercepts for the a phase (A) and 3 phase (B).

1
2
5
6
7
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FIG. 1. Relationship between CLCR and aztreonam CLT follow-
ing first dose.

degree of protein binding than aztreonam, which is approx-

imately 60% protein bound.
As expected with a drug that is primarily eliminated via

glomerular filtration, a statistically significant linear correla-
tion was demonstrated between the CLCR and CLT of
aztreonam (Fig. 1). This relationship is similar to that
reported in other critically ill patients receiving aztreonam
with a similar range of CLCR (15, 18). The CLT and CLR in
our patients were higher than previously reported. However,
when normalized to individual patients' CLCR, CLT/CLCR
(1.11) and CLR/CLcR (0.68) ratios are similar to those
reported for nonburned patient populations. Therefore, it
appears that any differences in clearance were likely due to
higher CLcRs in our patients. Although drug loss across the
burn wound may have contributed to the CLT observed, this
was not measured in our study.

Interestingly, we noted statistically significant relation-
ships between the extent of burn injury (TBSAB) as well as

percent second degree burn and the volume of distribution.
This is in contrast to previous investigations with other
P-lactams.
Aztreonam disposition in burn patients is altered as a

result of thermal injury, with the major effect being an

increase in the volume of distribution. Moreover, aztreonam
clearance (CLT, CLR) did not appear to be affected and
remained strongly associated with the CLCR. On the basis of
these results, larger doses of aztreonam may be necessary in
this patient population; however, more frequent dosing
intervals may not be warranted. Further work is necessary

to better delineate the pharmacokinetic changes that occur
and their possible effects on dosing regimens in this patient
population.
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