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Abstract:

Antibiotic selection is challenging in patients with severe B-lactam allergy due to declining
reliability of alternate antibiotics. Organisms isolated from these patients may exhibit unique
resistance phenotypes. The objective of this study was to determine which alternate antibiotics
or combinations provide adequate empiric therapy for patients with f-lactam allergy who
develop gram-negative infections at our institution. We further sought to determine the effect of
risk factors for drug resistance on empiric adequacy. A retrospective analysis was conducted of
adult patients hospitalized from September 2009 to May 2010 who had a severe -lactam allergy;
a urine, blood, or respiratory culture positive for a gram-negative organism; and met pre-defined
criteria for infection. Patient characteristics, culture and susceptibility data, and pre-defined risk
factors for antibiotic resistance were collected. Adequacy of B-lactam and alternate antibiotics
was compared for all infections and selected subsets. The primary outcome was adequacy of
each alternate antibiotic or combination for all infections. One hundred sixteen infections (40
pneumonias, 67 urinary tract infections, 9 bacteremias) were identified. Single alternate agents
were less frequently adequate compared to B-lactams and compared to combination regimens.
Only in cases without risk factors for resistance did single-agent regimens demonstrate
acceptable adequacy rates; each factor conferred a doubling of risk for resistance. Resistance
risk factors should be considered when selecting empiric antibiotics for gram-negative pathogens

in patients unable to take B-lactams due to severe allergy.
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Introduction

Empiric antibiotic selection is important to optimize therapy for bacterial infections.
Morbidity and mortality increase for certain infections when empiric therapy is inadequate for
the causative pathogens.! Guidelines recommend consideration of local microbiologic data and
patient risk factors for drug resistance when choosing empiric therapy.” p-lactam antimicrobials
play a prominent role in the therapy of many community- and healthcare-associated infections.™
Clinicians commonly encounter allergic intolerance to B-lactam antimicrobials and this may limit
therapeutic options, especially when the history includes a report of a severe reaction. Rates of
resistance among gram-negative pathogens to non-f3-lactam antimicrobials are increasing,
rendering these alternate agents less useful.”®  Studies to aid clinicians in selecting empiric
therapy in this population are lacking.

An institutional antibiogram that tabulates laboratory susceptibility of common pathogens
to antibacterial drugs can be a useful tool in selecting empiric therapy.”* The specificity of
antibiogram results to a given patient case can be increased by reporting on subsets of organisms
from various body sites or from patients in various care locations. Most antibiogram tables
report only single drug-organism susceptibility pairs without assessing the adequacy of
combinations of antibiotics.” Patients with B-lactam allergy may have been exposed to other
classes of antimicrobials more frequently than those without allergy and may be infected with
pathogens exhibiting altered patterns of resistance.

Most B-lactam antibiotic agents are safe but allergic reactions are not uncommon. In rare
instances, these reactions may be severe.”'® Cross-allergenicity between p-lactam agents and
other classes of antibiotics has been characterized.'' Antimicrobials unlikely to cross-react with
B-lactams include: fluoroquinolones, aminoglycosides, trimethoprim sulfamethoxazole,'!

9,10

tetracyclines, and the monobactam aztreonam. Where severe allergy to one B-lactam agent is
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reported (eg anaphylaxis to penicillin), many clinicians avoid the use of related p-lactam agents,
such as cephalosporins and carbapenems. *!

Recent reports document increasing rates of resistance to several non-f-lactam
compounds among clinically encountered gram-negative pathogens.™ '>"> This may complicate
empiric therapy for patients with serious bacterial infections who are unable to receive f-lactam
drugs. Declining reliability of non-p-lactam antibiotic agents against gram-negative pathogens in
our health system over the past decade prompted an institution-specific study of this issue.

Several factors have been shown to be predictive of bacterial resistance in patients with
serious infections. The American Thoracic Society and the Infectious Diseases Society of
America mention several of these risks in their guideline documents on hospital-acquired
pneumonia, healthcare-associated pneumonia, and ventilator-associated pneumonia.” These
include recent encounters in the health system, past antimicrobial therapy, and concurrent
immunosuppression. Several published studies identified similar risk factors.® '*'¢

Guidelines for the management of pharmacotherapy for patients with drug allergies have
been published and outline several options for patients with a history of severe reactions to B-
lactam drugs.'” These include a) skin testing, then b) graded challenge or desensitization, or
alternate (non- B-lactam) antibiotics. When treating serious infections in hospitalized patients,
the time constraints of empiric therapy usually limit these options to the latter. The purpose of
this study was to develop institution-specific recommendations for empiric therapy in patients
with a severe B-lactam allergy who develop gram-negative infections. The primary objective of
this study was to determine which alternate antibiotics or antibiotic combinations provide the

best empiric therapy for these infections. A secondary objective was to assess how selected risk

factors for drug resistance influence adequacy of antibiotics in this population.
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Materials and Methods

We performed this retrospective analysis at Wake Forest Baptist Medical Center
(WFBMC), an 885-bed academic hospital located in Winston-Salem, North Carolina. Term
definitions and the criteria for the diagnosis of infection are displayed in Tables 1 and 2,
respectively. This study was approved by the WFBMC Institutional Review Board and informed
consent was waived.

Patient Population

Potential patients for inclusion were identified from a computer-generated report of
blood, urine, and respiratory cultures. Adult patients hospitalized between 9/21/09 and 3/21/10
were included if they had a culture that grew a gram-negative, aerobic organism; had
susceptibility information available for that culture; had a history of severe -lactam allergy;
were > 18 years old; and were admitted to a non-pediatric service. Patients were excluded if
their cultures did not meet predefined criteria for infection (Table 2) or if the patient had
previously been included during that hospital stay. Medical records were used to collect patient
characteristics, including risk factors for gram-negative antibacterial resistance.

Only the first culture of a patient’s hospital stay was included unless a second culture
drawn within 24 hours grew a different pathogen representing a separate infection by predefined
criteria.

Microbiologic Data

Susceptibility data was recorded for the following antibiotics: aztreonam, ciprofloxacin,
amikacin, gentamicin, tobramycin, trimethoprim/sulfamethoxazole, meropenem,
piperacillin/tazobactam, and cefepime. Nitrofurantoin and tetracycline susceptibilities were
recorded for urine isolates only. Susceptibilities were determined by an automated, modified

broth microdilution method (Microscan) using the Clinical and Laboratory Standards Institute
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susceptibility breakpoints.'® For the purposes of this study, susceptibility tests reported as
“intermediate” were considered resistant.
Outcomes Measured and Statistical Analysis

The primary outcome was adequacy of each antibiotic or antibiotic combination for all
infections. Adequacy was defined as in vitro activity against gram-negative isolate(s) from each
culture.'””® Adequacy of combination regimens required at least one antibiotic in the regimen to
exhibit in vitro activity. Secondary outcomes included adequacy based on type of infection and
adequacy based on selected risk factors. Differing rates of adequacy between antibiotics and
combinations were analyzed using the y or Fisher’s exact test, as appropriate. A goal sample
size of 120 patients was set to detect a difference of 15% between antibiotics or antibiotic
combinations for the primary outcome in order to achieve 80% power and a two-sided alpha
error of 0.05. To test the significance of the various risk factors for antimicrobial resistance (and
thus lack of adequacy), a backward-stepping multivariate regression analysis was performed for
three regimens (aztreonam, ciprofloxacin, and their combination). Included in this analysis were
the risk factors listed in Table 1, as well as patient age, infection type, and the dichotomous
variables of patient gender, ICU location, mechanical ventilation, presence of an indwelling
bladder catheter, and presence of a central venous catheter. Factors were removed from the
model for p-value > 0.10. We conducted a similar analysis examining the effect of the number

of risk factors on likelihood of resistance.

Results

A total of 276 cultures were screened for inclusion; 116 cultures met inclusion criteria.
The major reasons for exclusion were failure to meet predefined criteria for infection and
previous inclusion of the patient in the study. The 116 included cultures were from 109 patients;

five patients were included twice due to second hospitalizations and two had two cultures within
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24 hours that represented infections at differing sites (Figure 1). Patient demographics are
summarized in Table 3. Forty percent of infections were hospital-acquired. One hundred thirty
pathogens were isolated and included Escherichia coli, 50 (38.5%), Pseudomonas species: 24
(18.5%), and Klebsiella species 20 (15.4%), Enterobacter species 12 (9.2%), Proteus mirabilis 6

(4.6%). Other organisms comprised 13.8% of the total.

Primary Qutcome

Adequacy of antibiotics and antibiotic combinations for all infections is reported in
Figures 2 and 3. The adequacy provided by monotherapy with a traditional B-lactam exceeded
the adequacy provided by all alternate agents except amikacin. Combining aztreonam and
ciprofloxacin significantly improved adequacy of coverage to 85% versus ciprofloxacin alone,
while adding amikacin to ciprofloxacin or aztreonam significantly improved adequacy of
coverage to 91% and 88%, respectively, compared to ciprofloxacin or aztreonam monotherapy.
When compared to each other, these combinations did not differ significantly.
Secondary Outcomes

For the 40 pneumonias identified, aztreonam monotherapy was adequate in 55% of cases.
Ciprofloxacin monotherapy demonstrated adequacy in 63% of cases. Adding amikacin to
aztreonam and to ciprofloxacin resulted in improved adequacy compared to each monotherapy
(75% and 86%, respectively). However, only the ciprofloxacin /amikacin regimen achieved
statistically significant improvement. The addition of ciprofloxacin to aztreonam resulted in
80% adequacy, also statistically significant compared to ciprofloxacin alone. Statistically
significant differences were not noted between any two combination regimens. See Figure 4.

For the 67 urinary tract infections identified, aztreonam resulted in the highest rate of
adequacy (84%) among monotherapies. This was significantly higher than all other alternate

monotherapies. The use of amikacin in combination significantly improved adequacy of
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174 ciprofloxacin to 94%. The addition of ciprofloxacin or of amikacin to aztreonam improved

175  adequacy to 85% and 94%, respectively, but these improvements were not statistically

176  significant.

177 Adequacy of the combinations examined did not differ significantly from one another.
178  See Figure 5.

179 With only nine primary bacteremias, this sub-group was not analyzed separately. We
180  included these cases in the composite primary outcome and in the analysis of the influence of
181  resistance risk factors.

182  Influence of Risk Factors

183 When the effects of individual risk factors were analyzed using a backward stepping

184  logistic approach, several factors demonstrated significance depending upon the antimicrobial
185  regimen studied. These results are shown in Table 4 for three regimens: ciprofloxacin,

186  aztreonam, and their combination. Of note, for all three regimens the odds ratio for hospital-

187  acquired infection was significantly less than 1, suggesting that acquisition of infection in the
188  hospital conferred less risk of resistance to these regimens compared to community-acquired

189  infection.

190 The relationship between the number of risk factors identified and adequacy of several
191  regimens is shown graphically in Figure 6. In patients lacking these risk factors (0 risks

192 column), the adequacy provided by aztreonam or ciprofloxacin was similar to that provided by
193 their combination. Backward stepping multivariate regression analysis described the cumulative
194  relationship of the number of risk factors and decreasing adequacy. Each encountered risk factor
195  conferred approximately a two-fold risk for resistance (ciprofloxacin: OR: 1.908 (95% CI: 1.282-
196  2.84), p=0.0015; aztreonam: OR: 2.566 (1.597-4.123), p<0.0001; ciprofloxacin/aztreonam

197  combination: OR: 2.579 (1.560-4.262), p=0.0002.

198
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199  Discussion

200 Patients with a history of serious -lactam allergy represent a unique patient population.
201  They are exposed to other classes of antibiotics more frequently than those without allergy,
202  which could alter patterns of antimicrobial resistance. Their allergies also reduce the antibiotic
203  options available for treatment. This study is the first to examine the issue of adequacy of

204  empiric therapy within this unique group of patients. A goal of our study was to learn how to
205  better care for infected patients with allergies to B-lactam drugs.

206 Most of the patients studied had a history of severe B-lactam allergy; however, patients
207  were included who had a status of reaction unknown. This was done because of the “real-

208  world”, clinical observation that when patients are unable to clarify their allergies, prescribers
209  frequently avoid pB-lactam antimicrobials altogether.

210 Several principles can be drawn from this investigation that could assist clinicians with
211  choosing empiric therapy for patients at our institution. First, with the exception of amikacin,
212 bacteriologic adequacy with non-B-lactam “alternate” antibacterials was less than that of

213 traditional B-lactam drugs. This provides a strong motivation to ensure that a patient’s allergy
214  history is accurate and truly prevents the use of traditional B-lactam antibiotics.

215 Second, risk factors for resistance appeared to significantly influence the adequacy of
216  various antibiotic regimens in this population. For each risk factor encountered, risk of

217  resistance (and thus for lack of adequacy) approximately doubled. We observed acceptable
218  adequacy above 90% for single alternate antibiotic agents only in those patients in whom such
219  risk factors were absent. This fact highlights the importance of assessing the patient’s history
220  when designing empiric therapy.

221 Third, combination therapies may be more toxic than monotherapies, especially if they
222 include aminoglycosides. By clarifying the relative roles of the various antibiotics evaluated in

223 this population, this investigation may better equip clinicians to weigh toxicity risks against the
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benefits of alternate antimicrobial regimens. Understanding situations in which these drugs are
necessary and when they can be avoided can help with empiric decision making.

Lastly, this study demonstrates the importance of combination therapy within this
population. With a few notable exceptions, single-agent, non-p-lactam empiric therapy in
patients with severe B-lactam allergy proved inadequate more than 25% of the time.

Combination regimens were found to have improved rates of adequacy compared to single
agents. With the exception of aztreonam monotherapy for urinary tract infections, combination
therapy is required to provide adequate empiric therapy if risk factors are present. We have
incorporated these clinical principles into care algorithms and guidelines at our institution.

A somewhat unexpected finding in this study was the observation that infections acquired
in the hospital were associated with less risk for resistance than those acquired elsewhere. Our
study was not designed to identify reasons for this result; however, this may be related to the fact
that use of ciprofloxacin and aztreonam is tightly controlled in our hospital and inpatient
exposure house wide to these antimicrobials has declined over the past five years. There are few
restrictions on the usage of these agents outside of our facility. Therefore, differences in rates of
resistance could be related to differences in antibiotic exposure.

This investigation is not without limitations. Although the study was very close to
achieving its target sample size, many differences between alternate therapies found to be non-
significant may have been statistically significant if more patients were included. Due to the
retrospective nature of the study, patient history data were limited to documentation in our
electronic medical records. Data on some aspects of care such as prior antibiotic use and
previous colonization or infection with resistant organisms may not have been available if not
documented in the medical record. It should be noted that this was a study of the pathogens
infecting patients admitted to our institution and specific results may not be applicable to other

settings.
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249 In conclusion, this investigation demonstrates that compilation of patient and

250  susceptibility data into a disease-specific combination antibiogram can be used to refine empiric
251  antibiotic choices in a subpopulation of patients with severe B-lactam allergy. This approach
252  demonstrated that, in our medical center, combination therapy improves empiric adequacy

253  against infecting gram-negative pathogens in this group of patients. The source of infection and
254  risk factors for drug resistance should be considered when selecting empiric antibiotic therapy in
255  this setting. This approach could be used to develop institution-specific treatment

256  recommendations in other health care systems.

257

258  References

259 1. Kollef KE, Schramm GE, Wills AR, Reichley RM, Micke ST, Kollef MH. 2008.
260 Predictors of 30-day mortality and hospital costs in patients with ventilator-associated
261 pneumonia attributed to potentially antibiotic-resistant gram-negative bacteria. Chest
262 134:281-7.

263 2. American Thoracic Society and the Infectious Diseases Society of America. 2005.
264 Guidelines for the management of adults with hospital-acquired, ventilator-associated,
265 and healthcare-associated pneumonia. Am J Respir Crit Care Med 171:388-416

266 3. Beardsley JR, Williamson JC, Johnson JW, Ohl CA, Karchmer TB, Bowton DL.
267 2006. Using local microbiologic data to develop institution-specific guidelines for the
268 treatment of hospital-acquired pneumonia. Chest 130:787-93.

269 4. Burgess DS, Abate BJ. 2005. Antimicrobial regimen selection. /n DiPiro JT, Talbert
270 RT, Yee GC, Matzke GR, Wells BG, Posey LM (ed), Pharmacotherapy: a

271 Pathophysiologic Approach. 6™ ed. The McGraw-Hill Companies, Inc., New York, NY.
272 5. Prabaker P, Weinstein RA. 2011. Trends in antimicrobial resistance in intensive care
273 units in the United States. Curr Opin Crit Care 17:472-9.

Page 11/22




274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

10.

11.

12.

13.

14.

Talan DA, Krishnadasan A, Abrahamian FM, Stamm WE, Moran GJ,
EMERGEncy ID NET Study Group. 2008. Prevalence and Risk factor analysis of
trimethoprim sulfamethoxazole- and fluoroquinolone-resistant Escherichia coli infection
among Emergency Department patients with pyelonephritis. Clin Infect Dis 47:1150-8
CLSI. 2009. Analysis and Presentation of Cumulative Antimicrobial Susceptibility Test
Data: Approved Guideline — 3rd ed. CLSI document M39-A3. Clinical and Laboratory
Standards Institute, Wayne, PA.

Christoff J, Tolentino J, Mawdsley E, Matushek S, Weber SG. 2010. Optimizing
Empirical Antimicrobial Therapy for Infection due to Gram-Negative Pathogens in the
Intensive Care Unit: Utility of a Combination Antibiogram Infect Control and Hosp
Epidemiol 31:256-261.

Gruchalla RS, Pirmohamed M. 2006. Antibiotic allergy. N Engl J Med; 354:601-09
Saxon A, Beall GN, Rohr AS, Adelman DC. 1987. Immediate hypersensitivity
reactions to B-lactam antibiotics. Ann Intern Med 107:204-15.

Frumin J, Gallagher JC. 2009. Allergic cross-sensitvity between penicillin,
carbapenem, and monobactam antibiotics: what are the chances? Ann Pharmacother
43:304-15.

Gasink LB, Fishman NO, Nachamkin I, Bilker WB. 2007. Risk factors for impact of
infection or colonization with aztreonam-resistant Pseudomonas aeruginosa. Infect
Control Hosp Epidemiol 28:1175-80.

Pop-Vicas A, Tacconelli E, Gravenstein S, Lu B, D’Agata EM. 2009. Influx of
multidrug-resistant, gram-negative bacteria in the hospital setting and the role of elderly
patients with bacterial bloodstream infection. Infect Control Hosp Epidemiol 30;325-31.
Pena C, Suarex C, Tubau F, Dominguez A, Sora M, Pujol M, Gudiol F, Ariza J.

2009. Carbapenem-resistant Pseudomonas aeruginosa: factors influencing multidrug-
Page 12/22



299 resistant acquisition in non-critically ill patients. Eur J Clin Microbiol Infect Dis 28:519-

300 22.

301 15. Seguin P, Redun Y, Laviolle B, Nesseler N, Donnio PY, Malledant Y. 2010. Risk
302 factors for multidrug-resistant bacteria in patients with post-operative peritonitis

303 requiring intensive care. J Antimicrob Chemother. 65:342;46.

304 16. Johnson MT, Reichley R, Hoppe-Bauer J, Dunne WM, Micke S, Kollef M. 2011.
305 Impact of previous antibiotic therapy on outcome of Gram-negative sepsis. Crit Care
306 Med 39:1859-65.

307 17. SolenskyR,Khan DA, 2010. Drug Allergy: An Updated Practice Parameter, Ann

308 Allergy Asthma Immunol 105;259-273-¢77.

309 18. CLSI. 2010. Performance Standards for Antimicrobial Susceptibility Testing; Twentieth
310 Informational Supplement, CLSI M100-S20. Clinical and Laboratory Standards Institute,
311 Wayne, PA.

312 19. Luna CM, Vujacich P, Neiderman MS, Vay C, Gherardi C, Matera J, Jolly EC.

313 1997. Impact of BAL data on the therapy and outcome of ventilator-associated

314 pneumonia. Chest;111:676-685

315 20. Kollef MH, Sherman G, Ward S, Fraser VJ. 1999. Inadequate antimicrobial treatment
316 of infections: a risk factor for hospital mortality among critically ill patients

317 Chest;115:462-474

318

319  Table 1. Definitions of terms.

Severe B-lactam Anaphylaxis, breathing difficulty, treatment requiring health care

allergy facility admission, hives, or reaction unknown

Traditional B-lactam | Penicillins, cephalosporins, cefamycins, carbapenems
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>10 days systemic corticosteroid steroid use (>20mg oral prednisone per
Immunosuppressive
day or equivalent), recent immunosuppressive chemotherapy (“recent”
therapy

defined by expected pharmacologic effects of individual agents)

Community
Infection acquired prior to hospital length of stay of 48 hours.
acquisition

Receipt of antibiotics in the previous 90 days

History of >2 days of hospitalization during the 90 days prior to the
Risk factors for
current hospitalization
gram-negative
Immunosuppressive disease or therapy
antibacterial
Residence in a skilled nursing facility or extended care facility prior to
resistance
admission

Receipt of home infusion therapy prior to admission
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Receipt of renal replacement therapy prior to or at time of culture.

320

321
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322

Table 2. Criteria for infection

Catheter-associated
urinary tract

infection

Significant culture growth with no more than two species of
microorganisms; indwelling urinary catheter in place at time of culture;
and one of the following:

o fever (temperature >38°C)

e suprapubic tenderness

e costovertebral angle pain/tenderness

Blood Stream

Infection

Presence of any gram-negative bacillus on blood culture (obligate

anaerobes not included)
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323  Figure 1l
324  Figure Legend: Patients included and infection classification.
325

326  Table 3. Patient characteristics and presence of risk factors (n=109).

Age (years, mean +/- SD) 62 +/- 18
Males 35%
Hospital-acquired Infections 40%
ICU location at time of culture 36%
At least 1 Risk Factor Present 78%
Antibiotic in prior 90 days 59%
History of >2 day hospitalization 38%
Skilled nursing facility resident 18%
Immunosuppressive therapy 13%
Immunosuppressive disease 8%
Recipient of home infusion therapy 7%
End stage renal disease 5%
327
328
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333 Figure 2.

334 *p<0.05 versus aztreonam alone; 'p<0.05 versus ciprofloxacin alone.

335  Figure Legend: Percent adequacy of antibiotics for all infections (n=116)

336

337

338  Figure 3.

339  Black bars represent adequacy achieved by first antibiotic. White bars represent additional
340  adequacy gained by adding the second agent listed. *p<0.05 versus aztreonam alone; 'p<0.05
341  versus ciprofloxacin alone.

342  Figure Legend: Adequacy of Antibiotic Combinations for All Infections (n=116)

343

344

345  Figure 4.

346  Black bars represent adequacy achieved by first antibiotic. White bars represent additional
347  adequacy gained by adding the second agent listed. . *p<0.05 versus aztreonam alone; 'p<0.05
348  versus ciprofloxacin alone.

349  Figure Legend: Adequacy of Antibiotics for Pneumonia (n=40)

350

351

352

353

354

355

356

357
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364

Figure 5.

Black bars represent adequacy achieved by first antibiotic. White bars represent additional

adequacy gained by adding the second agent listed. p<0.05 versus ciprofloxacin alone.

Figure Legend: Adequacy of Antibiotics for Urinary Tract Infections (n=67)
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366

367

368

Table 4

Association between patient characteristics and antibiotic resistance

Patient characteristic

Resistance to

Ciprofloxacin Aztreonam
Ciprofloxacin +
resistance resistance
Aztreonam
OR (95% CI) OR (95% CI)
OR (95% CI)
Infection site

Blood (reference) 1.0 1.0
Respiratory 19.3 (1.6 — 229)} 57.0 (4.7 - 691) oAk
Urinary 27.2 (2.3 -323)F 4.3 (0.4 -44.0)

Hospital-acquired infection

0.19 (0.05 — 0.69)F

0.2 (0.05 — 0.85)F

0.19 (0.04 — 0.91) T

Presence of urinary catheter

2.7(0.97-17.6)

Fok

k%

Presence of central line

43 (1.1 - 16.0)f

3.3(0.98-10.9)

46 (12— 18.5)F

Receipt of mechanical ventilation *k* wk* 3.7(0.97 - 13.8)
Receipt of immunosuppressive
HHE 3.5(0.86—14.7) 3.7(0.85-16.2)
therapy
Receipt of antibiotics within prior
3.1 (1.2-8.1)F HoHE *oEk
90 days
Admission to hospital within last 90
oAk 5.1(1.6-16.5)F 4.0 (1.2-13.7)
days
Admission from SNF
53(1.5-18.0)f oAk oAk
or long-term care facility
***Factor dropped from model for p-value > 0.10 tp value < 0.05
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Figure 6

Figure Legend: Adequacy of 4 regimens by number of risk factors for resistance (n=116)
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96
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Aztreonam

Ciprofloxacin

Amikacin

Tobramycin

Gentamicin
Trimethoprim/sulfamethoxazole
Piperacillin/tazobactam
Meropenem

Cefepime

I 75%t
I 60%
I 57%*t
I 75%t
I 73%
I 56%*
N 359 T
I 89%*+
I, 32961




Aztreonam + Amikacin

Aztreonam + Gentamicin

Ciprofloxacin + Amikacin

Ciprofloxacin + Gentamicin

Ciprofloxacin + Aztreonam

75%

\i

88%*

85%

60% 91%*

60%

78%t

60%

85%t




Aztreonam + Amikacin

Aztreonam + Gentamicin

Ciprofloxacin + Amikacin

Ciprofloxacin + Gentamicin

Aztreonam + Ciprofloxacin

75%

70%

73%
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