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The Comparative Efficacy of Colistin Monotherapy and Combination
Therapy Based on in vitro Antimicrobial Synergy in Ventilator-as-
sociated Pneumonia Caused by Multi-drug Resistant Acinetobacter

baumannii

Hang Jea Jang, MD.', Mi-Na Kim, M.D %2, Kwangha Lee, MD.', Sang-Bum Hong, M.D., Chae-Man Lim,
M.D.', Younsuck Koh, MD'

Departments of 'Pulmonary and Critical Care Medicine, “Laboratory Medlicine, Asan Medical Center, University of Ulsan College
of Medicine, Seoul, Korea

Background: Ventilator-associated pneumonia caused by multi-drug resistant Acinetobacter baumannii has been
increasing and growing as a threat in intensive care units, Limited therapeutic options have forced clinicians to
choose colistin with or without combination of other antibiotics, We tried to compare the effectiveness between
colistin monotherapy and combination therapy based on in vitro synergistic tests.

Methods: From January 2006 to December 2007 in medical ICU of a tertiary care hospital in Korea, We reviewed
the medical records of patients treated with intravenous colistin due to ventilator-associated pneumonia caused
by multi-drug resistant Acinetobacter baumannii,

Results: A total of 41 patients were analyzed. 22 patients had been treated with colistin monotherapy and 19 patients
with colistin and combination antibiotics that were found to have in vitro synergistic effects, Baseline characteristics
were similar in both groups but the mean duration of colistin administration was significantly longer in the
combination group (19.1+11.2 days vs. 12.3+6.8 days, p=0.042), There were no significant differences in outcome
variables between the two groups,

Conclusion: Combination treatment based on the in vitro antimicrobial synergy test did not show better outcomes
compared with colistin monotherapy in VAP caused by multi-drug resistant A, baumannii,

Key Words: Colistin, Acinetobacter baumannii, Multi-drug Resistance, Ventilator associated pneumonia, in vitro
antimicrobial synergy
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Table 1, Additional susceptibility results of the antibiotics
involved in synergy test (n=28)

No, of No. of
Antibiotics susceptible  intermediate or
strain resistant strain
Colistin 26 2
Cefoperazone/sulbactam 2 26
Minocycline 25 3
Trimethoprim/sulfamethoxazole 2 26
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Table 2, The common antimicrobial combination showing
synergistic effect by in vitro double disk synergy test

Antimicrobial combination % positive synergy cases

Colistin - cefoperazone/sulbactam 44 4 (12/27)
Colistin - minocycline 76.9 (20/26)
Minocycline - cefoperazone/sulbactam 88,9 (24/27)

Table 3, Antimicrobial combination patterns in colisitn+
synergistic antibiotics group (n=19)

Antimicrobial combination No. of patients

Colistin + cefoperazone/sulbactam 9
or ampicillin/aulbactam

Colistin +minocycline 3

Colistin + cefoperazone/sulbactam 5
+minocycline

Colistin + cefoperazone/sulbactam 2
+TMP/SMX
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oA AR WEAH 20INIT/16) T TR
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Table 4, Comparison of baseline characteristics between two groups

Colistin +synergistic

Characteristics Colistin only (n=22) antibiotios (n=19) p-value
Age, years 625+175 57.0+16.5 0.346
Male gender (%) 12 (75.0) 13 (68.4) 0.723
APACHE I score, on ICU admission 267+67 249+59 0407
APACHE Il score, on treatment 278+76 267+6.8 0.646
CPIS on VAP diagnosis 85+23 83+16 0.849
Characteristics at VAP onset
Leukocyte, 10%/mm® 13.7+6.8 127475 0672
CRP, mg/dL 143496 126+89 0,581
Creatinine, mg/dL 11+10 12+12 0814
Previous* carbapenem use (=5 days) 11 0476
Previous use of more than two broad 18 0.582
spectrum antibiotics (=5 days)
Previous immunosuppressive treatment 5 1.000
Underlying malignant neoplasm 10 0371
Duration of colistin administration, days 123+6.8 191+112 0.042
ICU: intensive care unit; CPIS: clinical pulmonary infection score; VAP: ventilator-associated pneumonia,
*Previous: less than 4 weeks before onset of MDR A, baumannii ventilator-associated pneumonia,
Table 5, Outcomes of total patients and comparison between two groups
) Total patients Colistin only Colistin +synergistic
Variables (n=41) (n=22) antibiotics (n=19) p-value
Duration of MV, days 511+463 493+56.6 532+319 0.286
ICU stay, days 553+463 526+569 583+322 0.706
Treatment success, n (%) 18 (43.9) 8 (36.4) 10 (52.6) 0.355
ICU mortality, n (%) 24 (58.5) 14 (63.6) 10 (562.6) 0,537
Hospital mortality, n (%) 25 (61.0) 14 (63.6) 11 (57.9) 0.757
Pneumonia related mortality, n (%) 19 (46.3) 12 (54.5) 7 (36.8) 0.412
Microbiological eradication, n (%) 12 (29.3) 6 (27.9) 6 (31.6) 0.760

ICU: intensive care unit,
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Table 6, Incidence of de novo nephrotoxicity after admin-
istration of colistin

Colistin Colistin Total
only +synergistic  patients
(n=22) antibiotics (N=19) (n=41)

De novo nephrotoxicity, 10 6 16 (39.0)
n (%)

No nephrotoxicity, 6 9 15 (36.6)
n (%)

Pre-existing renal failure, 6 4 10 (24 .4)
n (%)

3, Colistin Bt=x| 21} BigtQM 9| J7|X A& EM

Am

ZF 4199 A= F colistin A 80| 229, W
QYT 19901k, & = Fhel| Lo, A 5o <17}
2 549 Apol= (1L, A BAls ey HH
U Aol 28 APACHE I @fr S Frelg 2t
ol fid}. BFARE colistin F Fof 7|7k 12.3+6.8Y
¥ 19111298 HEF QWA FoldHAl(p=0.042)
AJTHTable 4).

4, 32 M

AA gAte] 28 AFTEL 4% F 18O 43 9%
THTable 5). & & ol A5 HFE(HFFHT 36.4%,

W QT 52.6%) B HerbtE, A AMdE, £
X}*‘ D717, AE71HE 7IRE Follx] FAHCE
oJgl Aol GGtk T &L WEQRTollA] 22.7%
W QoM 31.6%% YERTE

o
1

A2 - Al EM Ol AlH EM
1o [ =

o o

= 41

L
=]

=

= 10%-& colistin Fof AXE AIRA(NHA
) e el Al 54 A offE Hrh
I 168X A5 =5 4l FAo] B
]»’\17‘—}01]/‘1 2l 28 WRATIA Y] 717 et
Elb=
A=)

.
‘W e o
o,

o

1

ol
;9

rU

:L

4.1 (4~18)do|}. & & Fhel| 2l =4 LA
X}OIL At (Table 6). A1 HAJo] WAygh gjFte
FAEL colistin FAAZE AFEH EF-QHo 2
WA ] X|&Ega BE SRS A Al EAL colistin
AT T F 35S Btk Colistinel] o3 217 =4
Y o= lE S FTIE A8 Tl wiEel A=
J71E7] o AR 24 el o E FElE 5 5E3] o
AEe Sl it

Lmzam

gk

o

RS7NAl A, baumannii 153587198 HHdl| thsh
colistin | ZA4& o et A5+ “LX] 1 theksl 7)E
I A2 fApre] I A7) TR colistin®] &
S ksl elle st et % AT G A

Mof gHAIE ZkaL 9lom AR AT drte] A53E
2 43.9%0]2t}. 19999 Levin 572 T Pseud-
omonas aeruginosa®t A, baumanniiol] 9|3k o]z WL
Yl 7zl gigh colistin®] X5 E e m2H thE 29
TASY =2 ABAFTERA 58%)0l vl HHoM=
25% (2078 % 5%9)°] ARAEEIT ©1F 2003 Ga-
rmacho-Montero $°0] 57%2] X 84388 Byt
Pseudomonas aeruginosa W7} 7o) E3HE Az0]7]
= P el=e] 2 AgellA] Bargk 50~70% F=e]

A 8AFE Hlepa™? B dpdte] gAHe v
Holr}, of= thdgAFES] Afolellx] 71R1E Ao Als
ot 2 A7 ¥ W AFEES 61.0%= Garnacho-
Montero®] X.I1(61.9%)} B]$=3}ict

£ oM AsdeEel vis) o &0 T W
(43.9%2} 29.3%) Ao] UX glr?q-*‘oﬂfﬂ A bzzurmnmﬂ]—

AA| Hge] ] HeTtolde=A] ool Al71E < Uk
v e 2 2T ol o Ue
baumannii®] E*é% aEste] B ATolrE Aol
71egk =2 P, nAE AP 7EE wHEe] v
et 7hdol ofjuigh SEleS wiAlskaa} akqict. A7
WIS T A baumanniiol 2|3+ Q1F 3 g7 ¥
o2 T@e7) deate] colisting Fo YA $-5F
2Jol|A] ‘possible’Z} ‘less likely’ 2 F-FH 64 J

ALy, A BN ABHTOE ¥
b F 8 U E BRHII oJE
S S o el et ‘TR
WA 109 5 02 P sHeR 4 b2L11m111111°1
& A A= FHo] ZFeov Am T Fel=
o] A&EAT, o] SAfEelA lEer|d FHH I

P

O
1=}
RN

S

L
Mr oo

d
=
)

i‘}
(;13 rlr
I
.
[0e]
o,
2 1o

1-11
n: —n
ukd
ox

m
2
M2 O

¢

ko] 3F 2|32l clinical pulmonary infectious score 7]
= 25 64 o]Aato]|al 23] o]t vkEAH o 2 7| Y
1AANA A, haumannii7} FETFE wFHACH w}b
ghA FEe] o YA Yee] 7FeAde we Zlog A}
g4 Fa3 A5eS Byloy &7 e =
o] ALY FHER Tl

A. baumanni ¢ WA oo Uzlel 2o aela

o

217



HJ Jang et al: The efficacy of colistin combination therapy in MDR Acinetobacter baumannii

welsle} et Ao deld sl & ApopaEs
78-F- aminoglycosideo]] 7Hd& B 365 A|9fstH
AME 7hset AR FAAE disiA 2T de B
Ao}, A haumannii®] 7% carbapenemo]] WAJS Hol
' B-actam, aminoglycoside, quinolone 53 72 A%
2 A Wde 27 HER carbapenem WA
A 7 sefolAd 2rolaL et o] Hlsl thAWAS
ol vaA HAdE o] =2 colistin, sulbactam, min-
ocycline, tigecycline 5-& ‘B AEA JAYAZ EFsIL
Atk Colisting: A5t 2= A WA Kol
H A A T g 7Aool AL w o] Eut
AW A (pan-drug resistance)’ o]z} Aolslal i}, 2 A
T WEAEN Eeld dFe g ol2fdt S Y
ERASIAL T3 o' A AP Al Ee BE A
Aol Was Btk olgh Al #5 Al widat
of B AeH PA'E X A e AP
1 colistinoli= 92.9% (26/28)01] 773 HoIrh. E=5k
AU IS HA5l 302 F ARESHA]
39 minocycline’= 89.3% (25/28)] 7423 JERHCE
o] 7 7k eHAIEL AU ol T X sA|2A] A
7+ AAFEFITE. Minocycline ThE AR ol A]
HISBHA| 22 AlEH il 2rAs Basistont A
AFelA ARG A= A9 gl Aot AL o F
| 2-5-0]A]5F minocycline B doxycycline B0 2 T}
2 Al AE W A baumannii JFEF7| AT
ABg AFHe Arsichs 28 Rt AR
Minocycline®} 7+-& tetracycline A|g<] tigecyclineo]
= NEER T FANAE A baumanniidl & FREE
Ho colisting nR AR A Wol Alxxal i)
oF 7] colisting] e ok el et ol
o] Q3 B g o] SeiHon] 2ele] 74
AR Uepzo] A1 AR E Ak 252 Bl
A 27 Wl Bl o Bseict old
Fo] A% olgH 0 e WEO R gadol g oFAl
A Wkhe 2 A% AT Tl 4 3 Alvln
W AAtelA] dsatgo] FatEE o] 23 o] AlAIEA
o & Aol 8ol AR eFAlE©] colistin F
of A2t} FAfo TR Fetal R Al W
FEAE AAE AgE YRt 7IRte] At F R
oF Al W A AR Aldstals AAlEE col-
isitn F=-o 20t Eojdl7| % 3FL, A B 7= coli-

stin FE0 2 AL QYA 534S HolA] o} 4

L —

O-

o

o

)

K=

218

B A% o A3 Ul 58-S Bl okAlE St
7% BHdr. & i Xl APACHE II Hr& Uehdl 55
AARE Bk a oA FAA Fo 7|3t
o fofsHAl Arh= AFE refstd W] 4
G4 SAFEolA] %7] colistin THE Foof] A8 wkg-o]
plgajha el atere Be Ahs Al st
o]8J3}l ‘A ehulolo] A(selection bias)'d] 7FeAT & o
o) @7l 5 7 2 el Aolg Wlol FA
z3lon] Weae) B84 Wiol AHH okl & 7}
27F opdeb= A gk A o] AlgE 8 AER =S
AlFE U 3528 AAR A @2 3 338 A

oM colistin T T3} meropenem¥} B3 Fof
o

32

c

5 =
- bl vt A E2A34E Bl B APYES W
oA 9387 ] moP! i ] WL o
g 7t 2 F A AT

2l F3& colistin®] thEA Q] FAHE0 2 FHT 3l
= 8~30% FER UERon AEAEA v7hedA Al
&2o] Bargl Fe QIIeP ! B Aol Al EA
REL 39%0|3L BI7FA Al 45 Hel &A= ¢l
Ao} g FAkEo| 4l F24do] WAgE 3 colistin g
£ THekal B o R Wste] FoiE A&eHi,

QokshH ) tHAlUA == AW A (pan-drug resistant) A,
baumanniil &J&F 1ESF71A HH Ag5NM At
A colistin A& 5= QU= kAol Hgh o} 2| 7hA] A}
& Aol BA AN 7/do] A vt minocy-
clineo] 5= dhto] thA] kA=A 7FsAdo] itk w5 wl
&S B A A A AIEE W ASEE A
o W2 A WEaHo] B AFteMe SRl o5

o] A3Ah.

o 9

= =

o

ikl
Mo
ror

1. Pournaras S, Markogiannakis A, Tkonomidis A, Kondyli
L, Bethimouti K, Maniatis AN, et al, Outbreak of multi-
ple clones of imipenem-resistant Acinetobacter bau-
mannii isolates expressing OXA-58 carbapenemase in
an intensive care unit, J Antimicrob Chemother 2006;
57:557-01.

2, Wilks M, Wilson A, Warwick S, Price E, Kennedy D,
Ely A, et al, Control of an outbreak of multidrug-re-
sistant Acinetobacter baumannii-calcoaceticus coloniz-
ation and infection in an intensive care unit (ICU) with-
out closing the ICU or placing patients in isolation,
Infect Control Hosp Epidemiol 2006;27:654-8,



10.

11.

12.

13.

Tuberculosis and Respiratory Diseases Vol 67, No. 3, Sep. 2009

. Garnacho-Montero J, Ortiz-Leyba C, Jiménez-Jiménez

FJ, Barrero-Almodovar AE, Garcia-Garmendia JL, Bern-
abeu-Wittell M, et al. Treatment of multidrug-resistant
Acinetobacter baumannii ventilator-associated pneumo-
nia (VAP) with intravenous colistin: a comparison with
imipenem-susceptible VAP, Clin Infect Dis 2003;36:
1111-8.

. Garnacho-Montero J, Ortiz-Leyba C, Ferndndez-Hinoj-

osa E, Aldabo-Pallas T, Cayuela A, Marquez-Vacaro JA,
et al. Acinetobacter baumannii ventilator-associated
pneumonia: epidemiological and clinical findings. In-
tensive Care Med 2005;31:649-55,

. Lortholary O, Fagon JY, Hoi AB, Slama MA, Pierre ],

Giral P, et al, Nosocomial acquisition of multiresistant
Acinetobacter baumannii: risk factors and prognosis.
Clin Infect Dis 1995;20:790-6,

. Oh §J, Lee SU, Hwang HY, Bae IK, Jo HS, Lee BH,

et al, Prevalence of class A extended-spectrum beta-lac-
tamases in clinical isolates of acinetobacter baumannii
and pseudomonas aeruginosa, Korean J Lab Med 20006;
26:14-20.,

. Park AJ, Hong HR. Evaluation of methods for detection

of antimicrobial resistance of Acinetobacter baumannii
to Imipenem, Korean ] Lab Med 2003;23:388-94,

. Lee K, Lee HS, Jang SJ, Park AJ, Lee MH, Song WK,

et al. Antimicrobial resistance surveillance of bacteria
in 1999 in Korea with a special reference to resistance
of enterococci to vancomycin and gram-negative bacilli
to third generation cephalosporin, imipenem, and flu-
oroquinolone, J Korean Med Sci 2001;16:262-70,

. Hong SG, Lee J, Yong D, Kim EC, Jeong SH, Park YJ,

et al. Antimicrobial resistance of clinically important
bacteria isolated from 12 hospitals in Korea. Korean J
Clin Microbiol 2004;7:171-7.

Lee H, Kim CK, Lee J, Lee SH, Ahn JY, Hong SG, et
al. Antimicrobial resistance of clinically important bac-
teria isolated from 12 hospitals in Korea in 2005 and
2006, Korean ] Clin Microbiol 2007;10:59-69,

Rios FG, Luna CM, Maskin B, Saenz Valiente A, Lloria
M, Gando S, et al. Ventilator-associated pneumonia
due to colistin susceptible-only microorganisms, Eur
Respir J 2007;30:307-13.

Yoon J, Urban C, Terzian C, Mariano N, Rahal JJ. In
vitro double and triple synergistic activities of Polymyx-
in B, imipenem, and rifampin against multidrug-re-
sistant Acinetobacter baumannii, Antimicrob Agents Ch-
emother 2004;48:753-7.

Song JY, Kee SY, Hwang IS, Seo YB, Jeong HW, Kim
WJ, et al, In vitro activities of carbapenem/sulbactam

15,

16.

17.

18.

19.

20,

21.

22,

23

combination, colistin, colistin/rifampicin combination
and tigecycline against carbapenem-resistant Acinetob-
acter baumannii, ] Antimicrob Chemother 2007;60:317-
22,

. Tan TY, Ng LS, Tan E, Huang G. In vitro effect of min-

ocycline and colistin combinations on imipenem-resis-
tant Acinetobacter baumannii clinical isolates, J Antim-
icrob Chemother 2007;60:421-3,

Motaouakkil S, Charra B, Hachimi A, Benslama A,
Nosocomial pneumonia caused by multiresistant Acin-
etobacter baumanii treated by colistin and rifampicin.
Ann Fr Anesth Reanim 20006;25:543-4,

Sung H, Choi §J, Yoo S, Kim MN, [n vitro antimicrobial
synergy against imipenem-resistant Acinetobacter bau-
mannii, Korean J Lab Med 2007;27:111-7.

National Committee for Clinical Laboratory Standards.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard-sixth
edition, M7-A6, Wayne: National Committee for Clinical
Laboratory Standards; 2003,

National Committee for Clinical Laboratory Standards.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard-sixth
edition, M2-M8, Wayne: National Committee for Clin-
ical Laboratory Standards; 2003.

Levin AS, Barone AA, Penco J, Santos MV, Marinho IS,
Arruda EA, et al, Intravenous colistin as therapy for no-
socomial infections caused by multidrug-resistant Pseu-
domonas aeruginosa and Acinetobacter baumannii,
Clin Infect Dis 1999;28:1008-11.

Markou N, Apostolakos H, Koumoudiou C, Athanasiou
M, Koutsoukou A, Alamanos I, et al, Intravenous coli-
stin in the treatment of sepsis from multiresistant Gram-
negative bacilli in critically ill patients. Crit Care 2003;
7:R78-83.

Kasiakou SK, Michalopoulos A, Soteriades ES, Samonis
G, Sermaides GJ, Falagas ME, Combination therapy
with intravenous colistin for management of infections
due to multidrug-resistant Gram-negative bacteria in pa-
tients without cystic fibrosis. Antimicrob Agents Chem-
other 2005;49:3136-46.

Wood GC, Hanes SD, Boucher BA, Croce MA, Fabian
TC. Tetracyclines for treating multidrug-resistant Acin-
etobacter baumannii ventilator-associated pneumonia,
Intensive Care Med 2003;29:2072-6.

Holloway KP, Rouphael NG, Wells JB, King MD,
Blumberg HM. Polymyxin B and doxycycline use in pa-
tients with multidrug-resistant Acinetobacter baumannii
infections in the intensive care unit. Ann Pharmacother

219



HJ Jang et al: The efficacy of colistin combination therapy in MDR Acinetobacter baumannii

2000;40:1939-45, colistin monotherapy vs, colistin-meropenem combina-
24, Falagas ME, Rafailidis PI, Kasiakou SK, Hatzopoulou P, tion therapy for multidrug-resistant Gram-negative bac-
Michalopoulos A. Effectiveness and nephrotoxicity of terial infections, Clin Microbiol Infect 2006;12:1227-30,

220



