N
N

N

HAL

open science

Left ventricular assist device-related infections: a
multicentric study
S. Simeon, E. Flecher, M. Revest, M. Niculescu, J. -C. Roussel, M. Michel, P.

Leprince, P. Tattevin

» To cite this version:

S. Simeon, E. Flecher, M. Revest, M. Niculescu, J. -C. Roussel, et al.. Left ventricular assist device-
related infections: a multicentric study. Clinical Microbiology and Infection, 2017, 23 (10), pp.748-751.

10.1016/j.cmi.2017.03.008 . hal-01619296

HAL Id: hal-01619296
https://univ-rennes.hal.science/hal-01619296
Submitted on 7 Jun 2018

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://univ-rennes.hal.science/hal-01619296
https://hal.archives-ouvertes.fr

10

11

12

13

14

15

16

17

18

19

20

Original article
L eft ventricular assist device-related infections: a multicentric study

Running title: Left ventricular assist device-related infections

S. Siméon 1, E. FléchérM. Revest, M. Niculescl', J-C Roussel, M.

Michel °, P. Leprinc€, P. Tattevirt®"

1) Department of Infectious Diseases and IntenSa Unit, Pontchaillou University

Hospital, Rennes, France

2) Department of Cardio-Thoracic and Vascular Syrgeontchaillou University Hospital,

Rennes, France
3) Inserm U835, Rennes-1 University, France

4) Anesthesiology Department, Institut de Cardi@op&roupe Hospitalier Pitié-Salpétriere,

Université Pierre et Marie Curie, Assistance Pul#iges Hopitaux de Paris, France

5) Department of Cardio-Thoracic and Vascular Syrgehorax Institute, Laennec

University Hospital, Nantes, France
6) Department of Cardiovascular Diseases, Laenmdeelsity Hospital, Nantes, France

7) Surgery Department, Institut de Cardiologie, @ Hospitalier Pitié-Salpétriere,

Université Pierre et Marie Curie, Assistance Pul#iges Hopitaux de Paris, France

* Corresponding Author: P. Tattevin, Infectious Diseases and Intensiviee Chit,
Pontchaillou University Hospital, 2, rue Henri LeiBux, 35033 Rennes Cedex, France.

Tel +33 299289564. Fax +33 29928245ail address: pierre.tattevin@chu-rennes.fr




21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

ABSTRACT

Objectives. Implantable left ventricular assist device (LVAR)a major therapeutic progress
for end-stage heart failure in selected patients. tAeir use is expanding, infectious
complications are emerging, with limited data asalié to guide their management. We
aimed to better characterize LVAD-related infection

Methods. We enrolled all consecutive patients diagnosed WiAD-related infections in 3
referral centers in France, using standardizedidiein of infections in patients with LVAD.
Data were collected from medical charts using adsiedized questionnaire.

Results. Between 2007 and 2012, 159 patients received LVAIDehd-stage heart failure.
Among them, 36 (22.6%) -5 women, 31 men— preseattézhst one infectious complication,
after a median time of 2.9 months from LVAD implaion [interquartile range, 1.8-7.5],
with a median follow-up of 12 months [8-17]. Mainroorbidities were alcoholism (33%),
diabetes (11%) and immunosuppression (11%). Mearaagnplantation was 51 (x11) years.
LVAD were implanted as bridge-to-transplant (n=22jdge-to-recovery (n=8), destination
therapy (n=4), or unspecified (n=2). LVAD-relateddctions were restricted to the driveline
exit site (n=17), had loco-regional extension (N8 reached the internal pump (n=3). The
main bacteria isolated weBaphyl ococcus aureus (n=20), coagulase-negative staphylococci
(n=7), Enterobacteriaceae (n=14), Pseudomonas aeruginosa (n=10) andCorynebacterium
sp.(n=7), with polymicrobial infections in 19 cases/AD could be retained in all patients,
with the use of prolonged antibacterial treatmens4 (94%), and debridement in 17 (47%).
One patient died due to LVAD-associated infection.

Conclusions. LVAD-related infections are common after LVAD implation, and may be

controlled by prolonged antibiotic treatment.
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Introduction

Heart failure is a major cause of morbidity and talty worldwide [1,2]. The
prevalence and incidence of heart failure are amirgy [3,4], and the constant shortage of
donor organs increases the need for alternativesda transplant in patients with end-stage
heart failure refractory to medical treatment [Glirrently, around 2% of the adult population
in developed countries suffers from heart fail@g [

In this context, the advent of implantable left welar assist device (LVAD)
represents a major medical progress for end-stage failure in selected patients [7,8], and
is currently used as a bridge-to-heart transplanmat bridge-to-recovery, or as destination
therapy (i.e., as the last resort in patients widither perspectives of recovery, nor heart
transplant). Implantable LVAD intended for longfteuse rely on a percutaneous driveline,
to carry electric signals and energy from the calgr and batteries to the implanted pump.
As with any other implantable foreign device, LVA®subject to LVAD-related infections,
a consequence of medical progress that is gradeaiirging, proportionally to the number
of patients implanted with LVAD [9,10]. Indeed, theesence of a driveline piercing the skin
places the patient at a continuous risk for infewi that can affect the exit site, the
subcutaneous tunnel, the abdominal pocket (if pitgstine implanted pump, and disseminate
through bloodstream infections. The transition frguisatile to continuous-flow LVAD
significantly improved clinical outcome [11], andeateased the risk of infectious
complications, but LVAD-related infections are Istbmmon [12,13]. Due to the scarcity of
data currently available in the medical literatuthe management of these emerging
infections is poorly standardized, and mostly desifrom the state-of-the-art for the
management of other cardiovascular devices-relafedtions (e.g. pacemaker, intra-cardiac

defibrillator, prosthetic valves, or vascular phests), although their characteristics are
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significantly different. We aimed to better chasatde LVAD-related infections, their

treatment, and their outcome, through a multi-aestiedy in three referral centers in France.

Methods

La Pitié-Salpétriere is a 1663-bed university htadpgocated in Paris (France); Laennec is a
489-bed university hospital located in Nantes (Ri#sd.oire, France); and Pontchaillou is a
992-bed university hospital located in Rennes @yeé, France). They all serve as referral
centers for end-stage heart failure in their afdthough no national guidelines are currently
available for LVAD implantation in France, all tlerecenters use antibacterial prophylaxis
with cefamandole for less than 24 hours from theetof LVAD implantation, under rigorous
aseptic conditions, with no continuous antibactepeophylaxis following implantation.
Throughout the study period, skin preparation paces included preoperative shower with
chlorhexidine gluconate solution the night befanegery, and two separate skin preparation
before incision with either povidone-iodine or dfexidine with ethanol in the three
participating sites.

Patients with LVAD receive repeated counselling addcation by specialized nurse
before and after LVAD implantation, to reduce tiek rof infection and trauma at the exit
site. When LVAD-related complication is suspecteases are reviewed by the endocarditis
team in each site, including at least one cardimgeon, one infectious diseases specialist,
and one microbiologist. In the absence of any cwosise on the management of LVAD-
related infections during the study period, pasewkere managed on a case-by-case basis,
taking into account clinical and microbiologicaltaiaincluding drug susceptibility profiles.
Follow-up was tailored to the characteristics ofADrelated complications, and was mostly

performed by the cardiac surgery department, im@asBon with infectious diseases



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

specialist for any suspicion of infectious compica. All patients enrolled in these
databases provided informed consent for obsenaltgindies.

Cases of LVAD-related infections were identifiedaiigh a retrospective review of
medical charts for all patients with LVAD implantédm January 2007 to December 2012 in
the participating centers. LVAD-related infectiongere defined according to criteria
established by the Interagency Registry for Medtally Assisted Circulatory Support
(INTERMACS) [14], the North American registry foraohanical circulatory support devices
(MCSD) that serves as a quality improvement systeassess the characteristics, treatments,
and outcomes of patients receiving MCSD. Brieflgrqutaneous site infections were defined
as pain, erythema, or purulent drainage restrittethe LVAD entry site, with a positive
culture from the skin, and the decision to initisiestemic antimicrobial therapy. LVAD-
related infections were defined as loco-regionaémvthe erythema or induration extended >1
cm along the subcutaneous part of the drivelind/ann case of fever or leukocytosis not
explained by other conditions, with the decisionirtiliate systemic antimicrobial therapy.
Lastly, LVAD-related infections where classified apump infections when an
indistinguishable organism (genus, species, andnambbial susceptibility pattern) was
recovered from 2 or more peripheral blood cultuaéen at least 12 hours apart with no other
focus of infection, leading to the initiation of antimicrobial treatment.

A standardized questionnaire was used to collechodeaphical, clinical, and
laboratory data from medical records, with a foonsthe clinical features and microbiology
of LVAD-related infections, any surgical and anttexial treatment, and outcome. Statistical
analyses were descriptive. Categorical variable® yweesented as number and percentages.
Continuous variables were presented as either meghsstandard deviations (SD), or

medians with first- and third-quartile [interquétrange, IQR], if the distribution of the data
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were skewed. Statistical analyses were performadguSTATA software, version 12

(STATA Corporation).

Results

Between January 2007 and December 2012, 159 mauaadkerwent LVAD implantation at
La Pitié-Salpétriere, Paris (n=103), Laennec, Nante=32), and Pontchaillou, Rennes
(n=24). Of these, 36 patients (22.6%) presentddaast one LVAD-related infection during
the study period, with a median follow-up of 12 tien[IQR, 8-17]. Patients characteristics
and features of LVAD-related infections are presdnn tables 1 and 2. The median delay
from LVAD implantation to the diagnosis of LVAD-i#ed infection was 2.9 months [1.8-
7.5]. Microbiology documentation of LVAD-relatedfé@ctions was obtained using swabs
taken from the entry site (56%), surgical samplesng debridement (20%) or during heart
transplant (7%), blood culture (10%), and transoeda&is puncture (3%). Infections were
polymicrobial in 54% of cases. Main pathogens w&aphyloccocus aureus (n=20,
including 2 meticillin-resistant)Enterobacteriaceae (n=12, including 7 extended spectrum
beta-lactamase producers)Pseudomonas aeruginosa (n=10), coagulase-negative
staphylococci (n=6, including 2 meticillin-resistarCorynebacterium sp. (n=6), and others
(Acinetobacter baumanii, Haemophilus aprophilus, andStenotrophomonas malthophilia, one
patient each).

LVAD-related infections required hospital admission28 cases (78%). All patients
received systemic antibacterial treatment, basedpathmogen(s) identification and drug
susceptibility testing. Antibacterial treatment wasmporarily administered by the
intravenous route in 27 patients (75%), while Siqrdas only received oral antibiotics. The

median total duration of antibacterial treatmemtlfdAD-related infections was 90 days [40-
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120] per patient. Surgical debridement and drainagee performed in 17 patients (47%).
Indications for surgery were either loco-regionafection associated with collection
documented by computed tomography scanning orsolimad (n=12), or pump infection
(n=5). Procedures were always implemented with aoni@nt antibacterial treatment. Three
of the 17 patients treated with debridement regua&esecond local surgery due to persistent
drainage on appropriate antibacterial treatmentpalegent required wound vacuum-assisted-
closure (VAC), pump relocation, or antibiotic beadlshe device pocket.

The outcome was satisfactory in most cases: LVAB fwally extracted because of
heart transplant (n=17) - with a median time tmg@antation of 11.3 months [8.9-15.0], or
because of recovery from heart failure (n=4). Ndigo&a underwent LVAD extraction
because of uncontrolled infection, and no LVAD-teth infection was considered as a
definitive contra-indication for heart transplaburing the study period, 3 patients died, of
whom one was considered as attributable to LVAR¢e# infection. Of the 12 patients with
the LVAD still in place by the time of last followp, three had stopped all antibacterial
treatment - with a follow-up of 52, 98, and 138 slaynce last antibacterial treatment - and
nine were on prolonged oral antibacterial treatmkhutst patients (n=34, 94%) presented no

sequel of their LVAD-related infection.

Discussion

The most salient features of this multi-center gtuwd LVAD-related infections
performed in three referral centers are as follofisstly, we confirmed that infectious
complications are very common early after LVAD i@piation, documented in almost one

quarter of patients, with a median follow-up of grear. This is in agreement with previous
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series, and not unexpected given the continuousufsreous portal of entry, and the
comorbidities presented by these patients withstade heart failure. Secondly, we provided
a comprehensive documentation of the major patlgarolved in this emerging foreign
device-related infectious diseases, where thefiag are — as could be expected-aureus,
Enterobacteriaceae, P. aeruginosa, coagulase-negative staphylococci, &ualynebacterium
sp. Thirdly, we found that, despite the major aradles arising when infections occur on a
life-saving device, the overall outcome was fav@gaim most instances, at the price of
prolonged systemic antibacterial treatment for $696f patients, and surgical debridement
for almost half of them. This satisfactory outcomay be related to the destiny of these
devices, mostly implanted as bridge-to-transplammator bridge-to-recovery: Indeed, in this
situation, the main challenge for the managementMAD-related infections is to keep the
device in place until it is no longer necessaryiclwhs not the case for other foreign device-
related infections, such as prosthetic valve, asqurosthesis, or prosthetic joints, usually
planned to remain in place lifelong.

To our knowledge, few studies have reported th&emce, the characteristics, and
the management of LVAD-related infections thus Rrevious reports found an incidence of
LVAD-related infections similar to our cohort, butith a median time from LVAD
implantation that was slightly longer, at 4.4 td fhonths [13,15], as compared to 2.9 months
in our study. These discrepancies may be relatedhé& close monitoring routinely
implemented after LVAD implantation in our centets,limited sample size, or to the fact
that 58% of our patients were classified as INTERBSA by the time of implantation, which
has been associated with earlier first pump-relateféction [16]. Microbiological
characteristics of previous series are remarkabiylas to ours, although one previous series
also isolated fungi as potentially involved (17) @abte, 22 isolates were Gram negative

bacilli in our series, including 19 non-susceptitulehe antibioprophylactic regimen routinely
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used during LVAD implantation in our sites (i.e.fam@andole): extended spectrum beta-
lactamase producingnterobacteriaceae (n=7), and non-fermeting Gram negative bacilli
(n=12). However, given the median delay from LVARplantation to infection diagnosis

(2.9 months), this is unlikely that an antibioprigmyic regimen with broader coverage would
have prevented these infections. We found thatup@neous driveline exit is the most
common site of LVAD-related infections, as in p@s reports. Given that a number of
studies have demonstrated that trauma at the gaifa/ors the development of driveline

infections [10,18], prevention of driveline trauma@ay decrease the risk of LVAD-related
infections. Hence, patient education is an impartamponent for the prevention of LVAD-

related infections, and goes behind hygiene aretimn control education.

Up to now, the management of LVAD-related infectioa poorly standardized, due
to the scarcity of therapeutic studies in the fi@idd the absence of consensus guidelines. To
assist therapeutic decisions in this challengingntexd, Koval et al proposed
recommendations based on observational studieg)gelts opinion [18]. The management
of LVAD-related infections in our center followsehmain principles depicted in these
recommendations, including anti-infectious treatimashapted to microbiology in all cases,
with surgical revision in selected cases. Althou§tAD exchange is an option, this high-risk
surgery is often contra-indicated, and the useootinuous or iterative course of antibiotics
until transplantation, or recovery, is the rule fioost centers.

Our study has limitations. First, although data ev@rospectively collected, the
original database did not focus on infectious cooapions. Hence, collection of clinical data
and microbiological investigations were not staddaad. To address this limitation, the three
participating sites have implemented a prospectias@base for all patients who receive
LVAD since January 2012, with systematic follow-aipthe referral center at one month and

three months after implantation, and then at leastry 6 months, as well as each time
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requested by the patient and/or his general pi@otit. Second, due to limited sample size,
and the participation of three centers with simpaactices in a restricted geographic area,
our findings may not apply to other sites with éifnt practices, different case mix, or
different bacterial epidemiology. Third, the managat of LVAD-related infections was not
standardized during the study period. Indeed, p&tieere managed on a case-by-case basis,
by the local endocarditis team. This could havettedeterogeneity from one site to another,
although endocarditis teams follow the same basinciples, have access to similar
diagnostic tools and anti-infective treatment, gmdritize evidence-based medicine when

available.

Conclusions

LVAD is a significant progress that improves sualigtatus, functional capacity, and
quality of life, but it carries a high risk of irdfBous complications, evaluated at 22.6% at one
year in this study. With systemic antibacteriabtreent for all patients, and debridement in
selected cases, the final outcome is usually satmfy, as most cases of LVAD-related

infections may be controlled, with no sequel, andantraindication for heart transplant.

Transparency declaration and financial support statement

No external funding was received for this study.aithors: no potential conflicts of interest.

Acknowledgments

We are indebted to all the patients who particigpate the study, and to the health care
workers who took care of them in the departmentsardiology, cardiac surgery, and

infectious diseases.

10



References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK,aBa MJ, Cushman M, et al. Heart
disease and stroke statistics-2016 update: a répont the American Heart Association.
Circulation 2016;133(4):447-54

2. Ponikowski P, Voors AA, Anker SD, Bueno H, ClelaJG, Coats AJ, et al. 2016 ESC
Guidelines for the diagnosis and treatment of aeut@ chronic heart failure: The Task
Force for the diagnosis and treatment of acutecndnic heart failure of the European
Society of Cardiology (ESC). Eur Heart J 2016;37129-200

3. Heidenreich PA, Albert NM, Allen LA, Bluemke DAButler J, Fonarow GC, et al.
Forecasting the impact of heart failure in the BdiStates: a policy statement from the
American Heart Association. Circ Heart Fail 2018¢8&—19.

4. Bleumink GS, Knetsch AM, SturkeNboom MC, Str&kigl, Hofman A, Deckers JW,
Witteman JC, Stricker BH. Quantifying the hearludee epidemic: prevalence, incidence
rate, lifetime risk and prognosis of heart failufee Rotterdam Study. Eur Heart J
2004;25:1614-19.

5. Agence de la Biomédecine. Rapports annuels idit#ct2015. _https://www.agence-

biomedecine.fr/Rapports-annuels-d-activite-2015

6. Mosterd A, Hoes AW. Clinical epidemiology of Inefailure. Heart 2007;93:1137—-46.

7. Holman WL, Naftel DC, Eckert CE, Kormos RL, Gstiein DJ, Kirklin JK. Durability of
left ventricular assist devices: interagency regisor mechanically assisted circulatory
support (INTERMACS) 2006-2011. J Thorac Cardiov@sog 2013;146:437-41.

8. Rose EA, Geligns AC, Mosckowitz AJ, Heitjan C3tevenson LW, Dembitsky W, et al.
Randomised Evaluation of Mechanical AssistancetierTreatment of Congestive Heart
Failure (REMATCH) Study Group. Longterm mechanitedt ventricular assistance for

end-stage heart failure. N Engl J Med 2001;345:34135

11



9. Wus L, Manning M, Entwistle JWC. Left ventriculassist device driveline infection and
the frequency of dressing change in hospitalizeepts. Heart Lung 2015;44:225-29.

10. Zierer A, Melby SJ, Voeller RK, Guthrie TJ, HdiaGA, Shelton K, et al. Late-onset
driveline infections: the Achilles’ heel of proloed left ventricular assist of prolonged left
ventricular assist device support. Ann Thorac 0Q7;84:515-20.

11. Xie A, Phan K, Yan TD. Durability of continuctlew left ventricular assist devices: a
systematic review. Ann Cardiothorac Surg 2014;3:587

12. Topkara VK, Kondareddy S, Malik F, Wang IW, MabL, Ewald GA, Moazami N.
Infectious complications in patients with left veatilar assist device: etiology and
outcomes in the continuous-flow era. Ann Thoraay1910;90:1270-77.

13. Koval CE, Thuita L, Moazami N, Blackstone E.okrion and impact of driveline
infection in a large cohort of continuous-flow veatilar assist device recipients. J Heart
Lung Transplant 2014;33:1164-72.

14. Interagency Registry for Mechanically Assist€dculatory Support (INTERMACS)

user’s guide. Manual of operation, version 2.3186://www.uab.edu/medicine/intermacs

15. Aslam S, Hernandez M, Thornby J, Zeluff B, Dacbe RO. Risk factors and outcomes
of fungal ventricular assist-device infections.rfect Dis 2010;50:664-71.

16. Kirklin JK, Naftel DC, Pagani FD, Kormos RL,eS8enson LW, Blume ED, et al. Seventh
INTERMACS annual report: 15,000 patients and countiJ Heart Lung Transplant
2015;34:1495-04.

17. Califano S, Pagani FD, Malani PN. Left ventricuémsist device-associated infections.
Infect Dis Clin North Am 2012;26:77-87

18. Koval CE, Rakita R, AST Infectious Disease Camity of Practice. Ventricular assist

device related infections and solid organ trangptaon. Am J Transplant 2013;13:348-54

12



10

Table 1. Characteristics of patients with left ventriculasist device-related infections

(n=36) by time of implantation

Variables

Demographic characteristics

Age at implantation (years) 51+11

Male 31 (86)
Comor bidity

Immunocompromised 4 (11)

Diabetes mellitus 4 (11)

Chronic alcoholism 12 (33)

Left ventricular ejection fraction (%) 22+ 7

Body mass index (kg/f 25.4+4.9
Aetiology of heart failure

Ischemic cardiomyopathy 22 (61)

Dilated cardiomyopathy 14 (39)
Duration of heart failure

<12 months 17 (48)

1-5 years 9 (26)

> 5 years 9 (26)
Indication of LVAD implantation®

Bridge-to-transplantation 22 (65)

Bridge-to-recovery 8 (23)

Destination therapy 4 (12)
INTERMACS profile®

I 21 (58)

Il 0 (0)

1] 5 (14)

v 3(8)

V-V 7 (20)
LVAD device

Heartmate Il (Thoratec) 33 (92)

Others’ 3(8)

Categorical data are summarized as Number (%)tamia and continuous data are
summarized as mean * standard deviation.

LVAD, left ventricular assist device; INTERMACS teragency Registry for Mechanically
Assisted Circulatory Support

2 Data available for 34 patients;INTERMACS profile | = critical cardiogenic shock,=
progressive decline on inotropic support, Il =a but inotrope dependent, IV = resting
symptoms, V = exertion intolerant, VI = exertiomited, VIl = adavanced New York heart
association class 3Heartware, Thoratec (n=2); VentrAssist, Ventracerl)



Table?2

Characteristics and management of |eft ventricular assist device-associated infections (n=36)

Variables
Clinical manifestation
Time from implantation to infection, months 2.9[1.8-7.5]
Purulent drainage 31 (86%)
Pain 17 (47%)
Erythema 22 (61%)
Fever 28 (80%)
I nfection site ®
Percutaneous driveline 17 (49%)
Locoregiona 13 (37%)
Pump 5 (14%)
Laboratory variables
White Blood Cell count, 10%/L 11.8[5.6-27.7]
Serum C Reactive Protein, mg/l 26 [3-362]
Positive blood culture(s) 4 (10%)
Microbiology
Staphylococcus aureus 20 (56%) "
Enterobacteriaceae 12 (33%) ©
Pseudomonas aeruginosa 10 (28%)
Coagulase-negative staphylococci 6 (18%)
Corynebacterium sp. 6 (18%)
Others 3(8%) ¢
M anagement
Systemic antibacterial treatment © 36 (100%)
Median duration (days) 40 [14-120]
Surgical debridement 17 (47%)

Categorical data are summarized as Number (%) of patients and continuous data are
summarized as median values [first quartile-third quartile].

& data available for 35 patients

®including 2 (10%) methicillin-resistant Staphylococcus aureus

“including 7 (58%) extended spectrum beta-lactamase producers

4 Acinetobacter baumanii, Haemophilus aprophilus, and Senotrophomonas malthophilia,
one patient each

© Antibacterial treatment included cloxacillin (n=21), pristinamycin (n=15), ciprofloxacin
(n=12), gentamicin (n=12), amikacin (n=9), vancomycin (n=7), imipenem (n=7), rifampin
(n=6), piperacillin-tazobactam (n=5), and ofloxacin, amoxicillin-clavulanate, amoxicillin,
trimethoprime-sulfamethoxazole, clindamycin, doxycyclin, fusidic acid, ceftazidime,
ceftriaxone, cefamandol e, and linezolid (n<5 for each).





