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n INTRODUCTION

I
n a proportion ofpatients, hospital-acquired p-
neumonia is associated with mechanical venti-
lation, inwhich case it is termed ventilator-as-

sociated pneumonia (VAP).In patients with VAP,
there is a 24% to 50% mortality rate,which in-
creases if infection is caused by multidrug-resis-
tant (MDR)pathogens [1].
Based on these data, the major goals for the
management of VAP emphasize early, appro-
priate broad-spectrum antibiotics in adequate
doses, while avoiding excessive antibiotics by
de-escalationof initial antibiotic therapy, based
on microbiological results and the clinical re-
sponse of the patient, and shortening thedura-
tion of therapy to the minimum effective peri-
od [2].
Tigecycline is a new glycylcycline antimicrobial
that is active in vitro against a variety of gram-
positive and gram-negative organisms, includ-
ing nosocomial resistant pathogens such as me-
thicillin-resistant Staphylococcus aureus (MRSA),
extended spectrum b-lactamases (ESBL)-pro-

ducing Enterobacteriaceae, and MDR-Acineto-
bacter spp. [3]. 
The Food and Drug Administration (FDA, US)
approved tigecycline for the treatment of com-
plicated intra-abdominal infections (cIAI), com-
plicated skin and skin structure infections (cSS-
SI) and community-acquired bacterial pneumo-
nia (CABP) [3, 4].
Notwithstanding this, the tigecycline’s pharma-
cological and microbiological profiles encour-
age physicians use of the drug in other infec-
tions caused by resistant pathogens featuring
limited therapeutics options [5, 6].
The role of tigecycline in VAP is uncertain; how-
ever, two observational studies showed that
VAP caused by MDR-Acinetobacter spp. was the
most frequent indication of this antibiotic [5, 6].
Based on these data, we designed the Latin
American Tigecycline Initial Use Registry for
VAP (LatinVAP) database. It was a multi-cen-
ter, prospective, chart review conducted to as-
sess patient-specific characteristics and clinical
outcome among patients receiving tigecycline
for VAP in a real-world settings.
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n MATERIALS AND METHODS

A prospective observational study was con-
ducted in the 10 Intensive Care Units (ICU) of
seven hospitals from 16 February, 2006 to June
23, 2009. 
Established criteria were used to define VAP
[7]. Patients were eligible for inclusion if they
had received ventilatory assistance for ≥3 days
and showed signs and symptoms of VAP: new
and persistent radiographical infiltrate(s) plus
two of the following: 
1) body temperature ≥38°C or ≤36°C; 
2) white blood cells ≥10,000 or ≤4,000·mm3; or 
3) macroscopically purulent respiratory secre-
tions, and 

4) pathogen isolated for quantitative culture
(the following microbiological cutoff were
considered: tracheal aspirate; >106 cfu/ml,
and bronchoaveolar lavage [BAL] and mini-
BAL >104 cfu/ml). 

All patients received tigecycline (initial dose
100 mg and then 50 mg every 12 h) alone or in
combination with other antibiotics [3].
Patient data were collected using a unique elec-
tronic form (LatinVAP) included in the website
ClinicalREC (http://www.clinicalrec.com.ar),
designed by Infectología Institucional SRL and
Tida SRL from Argentina.
Each ICU had a principal investigator, all of
whom had a personal username and password
to access the electronic form. 
The following data was recorded for patients
with VAP: 
- General data of the patients: number of reg-
istry, sex, age, date of admission in ICU,
severity of illness at admission (measured by
the APACHE II and SOFA scores), risk factors
for infections due MDR-pathogens.

- Infection data: date of diagnosis of infection
(clinical), mean of ICU stay before diagnosis
of VAP, clinical criteria of VAP, microbiolog-
ical documentation and clinical outcome at
the end of treatment with tigecycline defined
as clinical success (partial or complete im-
provement of signs/symptoms of infection),
clinical failure (no improvement or deteriora-
tion of signs/symptoms of infection), or inde-
terminate. 

- Antibiotic use data: type of tigecycline indica-
tion (i, empirical treatment [patient with signs
and symptoms of infection and cultures
pending]; ii-culture-directed prescription [pa-
tient with signs and symptoms of infection
and positive cultures]; or iii-clinically docu-

mented infection [patient with signs and
symptoms of infection without cultures or
with negative cultures]); and previous and
concomitant antibiotic therapies (defined as
the patient receiving at least one dose of an
antibiotic other than tigecycline before or
during the treatment with tigecycline, respec-
tively).

Bacterial identification, confirmation and an-
tibiotic susceptibility were performed accord-
ing to the clinical microbiology procedures
handbook [8].
ESBL-producing microorganisms were detect-
ed and confirmed according to the standards of
the Clinical Laboratory Standards Institute, us-
ing the double disc test for confirmation [9].
The isolates were tested by using disk diffusion
method as described by the Clinical and Labo-
ratory Standards Institute (CLSI) [10]. A 15-µg
disk of tigecycline (Oxoid Ltd, Cambridge, UK)
was used to determine the susceptibility to tige-
cycline, and the breakpoints suggested by the
FDA were used (Tygacil package insert [June
2005], Wyeth Pharmaceuticals Ins., Philadel-
phia, PA).
The study was directed in compliance with the
clinical routine practices determined by the re-
sponsible physician. 
The study was based on a anonymous case reg-
istry methodology and did not require the pre-
scription of specific drugs or other treatments,
nor the performance of procedures or diagnos-
tic tests other than the ones prescribed by the
responsible physician; therefore inform con-
sent was not required by the institutional re-
view board from the participating institutions.
The tigecycline use in these patients was re-
sponsibility of each participant physicians jus-
tified by individual clinical circumstances and
following the policies of each institutions for
these cases.
Results are expressed as proportions. When ap-
plicable, two tailed hypothesis testing for differ-
ence in proportions was used (Proportion Test);
a p value of <0.05 was considered significant.

n RESULTS

General data of the patients
One hundred and seventeen patients with VAP
coming from 10 ICUs from Argentina were
studied. The mean age of the patients was 56
years (range, 18-82 years). Eighty-five (72.6%)
patients were male. 
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Table 1 - Patient demographic and clinical characteristics.

Characteristics Value

Number of patients 117
Age; mean years (range) 56 (18-82)
Male; n (%) 85 (72.6)
Median APACHE II1 (SD±) 18 (6.1)
- APACHE II �15; n (%) 57 (49)
- APACHE II <15; n (%) 60 (51)
Median SOFA1 (SD±) 5 (4.1)
Risk factors for infections due to MDR-pathogens; n (%) 117 (100)
- previous hospitalization ≥2 days within the last 90 days; n (%) 100 (85.5)
- previous antibiotic treatment within the last 90 days; n (%) 53 (45.3)
- other2; n (%) 15 (12.7)
LOS3; mean days (range) 29 (5-38)
ICU4 stay before diagnosis of VAP5; mean days (range) 8.3 (3-17)
Diagnostic criteria of VAP5

- new progressive chest X-ray infiltrate plus 2 criteria; n (%) 45 (38.5)
- new progressive chest X-ray infiltrate plus >2 criteria; n (%) 58 (49.5)
- undetermined 14 (12)
Type of prescription; n (%)
- empirical treatment 45 (38.5)
- culture-directed prescription 53 (45)
- failure with a previous antibiotic treatment 17 (14.5)
- impairment of the renal function 2 (2)
Cultures of respiratory secretions before starting tigecycline treatment, n/total (%) 80/117 (68.4)
- mini-BAL6; n (% ) 67 (84)
- tracheal aspirate; n (%) 9 (11)
- BAL; n (% ) 4 (5)
• positive cultures /total patients with culture (%) 60/80 (75)
• isolates/positive cultures 95/60
• isolates/total patients with culture 1.6

Acinetobacter spp.; n/total (% ) 56/95 (54.5)
- carbapenems-resistant 47/56 (84)
- carbapenems-susceptible 9/56 (16)

-MRSA7; n/total (% )
- Pseudomonas aeruginosa; n/total (%) 21/95 (22)
- Enterobacteriaceae ESBL8-producing.; n/total (%) 14/95 (15)

4/95 (4)
Previous antibiotic therapy; n/total (%) 61/117 (52)
- Days
≥3 days; n (%) 59 (97)
<3 days; n (%) 2 (3)
- Type9

• Vancomycin; n/total (%) 27/61 (44)
• Carbapenems (imipenem or meropenem); n/ total (%) 21/61 (34.5)
• Piperacillin-tazobactam; n/n total (%) 16/61 (26)
• Broad-spectrum cephalosporins; n/total (%) 9/61 (15)
• Fluoroquinolones; n/total (%) 6/61 (10)
• Other; n/total (%) 24/61 (39)
Tigecycline treatment; mean days (range) 7.5 (3-29)

Concomitant antibiotic treatment; n (%) 74 (63)
- Anti-pseudomonals agents10; n/ total (%) 59/74 (82)
- Other; n/total (%) 15/74 (18)
1at admission; 2home therapy (IV antibiotics included), haemodyalisis within the last 90 days, wound care at home, close contact with a
patient colonized with a multidrug-resitant pathogen, and immunocompromise condition (medication or illness); 3length of stay; 4methi-
cillin-resistant S. aureus; 5extended spectrum b-lactamases; 6complicated intrabdominal infections, complicated skin and skin structure in-
fections and community-acquired bacterial pneumonia; 7ventilator-associated pneumonia, health-care associated pneumonia, osteomyeli-
tis; 8urinary tract infection, primary bacteriemia, meningitis; 9alone or in combination; 10carbapenems (imipenem, meropenem), cipro-
floxacin, and third or fourth generation cephalosporins.
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The median of APACHE II and SOFA score at
the admission were 18 (SD±6.1) and 5 (SD±4.1);
respectively (Table 1). APACHE II score at ad-
mission ≥15 was observed in 57 patients (49%),
and <15 in 60 patients (51%) (Table 1).
In this patient population, the prevalence of
risk factors for infections due to a MDR
pathogens was 100%. 
Hospitalization in an acute care hospital for 2 or
more days within the past 90 days; and previ-
ous antibiotic treatment within the past 90
days, were the risk factors more frequently ob-
served (85.5%, and 45.3% respectively) (Table
1).
The median length of stay was 29 days (range,
5-38).

Infection data
The mean ICU stay before diagnosis of VAP
was 8.3 days (range, 3-17) (Table 1). 
Taking into account the presence of a new of
progressive chest X-ray infiltrate as a cardinal
sign for the clinical diagnosis of VAP, 45 pa-
tients (38.5%) showed 2 other criteria, 58
(49.5%) >2 other criteria and in 14 patients
(12%) the presence of other criteria was not ob-
tained (Table 1).
Only in 80 patients (68.4%) cultures of respira-
tory secretions before starting the tigecycline
treatment were performed (mini-BAL 84%; tra-
cheal aspirate 11%; and BAL 5%). In 60 patients
(75%) a total of 95 microorganisms considered
as the causative agents of the infection were iso-
lated (Table 1). 
Among these isolates, Acinetobacter spp. (59%,
56/95; in 84% of cases carbapenems-resistant),
MRSA (22%, 21/95), were the most common
microorganisms, followed by Pseudomonas
aeruginosa (15%, 14/95) and ESBL-producing
Enterobacteriaceae (4%, 4/95) (Table 1). 
Eleven patients (1.5%) had VAP with bac-
teremia (respiratory sample and blood cultures
positives for the same pathogens) (Table 1).
With exception of P. aeruginosa, all the isolates
were susceptible to tigecycline.

Antibiotic use data
All patients (117) received tigecycline (initial
dose 100 mg and then 50 mg every 12 h) for an
average of 12.5days (range 4-36).
We found that tigecycline therapy was pre-
scribed as empirical treatment, culture-directed
prescription and failure with a previous antibi-
otic treatment in 38.3%, 45%, and 16.3% respec-
tively. 

Tigecycline was not indicated in cases of previ-
ous failure with colistin (Table 1).
Fifty-two percent of the patients (61/117) re-
ceived previous antibiotic therapy during the
current hospitalization, (≥3 days of treatment in
59/61 patients [97%], and <3 days of treatment
in 2/61 patients [3%]). 
The mean number of prior antibiotics received
was 1.6 (range 0-3). Vancomycin, carbapenems-
imipenem and meropenem-, piperacillin-
tazobactam, and third-generation cefalosporins
were the most frequent prior antibiotics used,
alone or in combination, (44%, 34.5%, 26% and
15%, respectively) (Table 1). 
Patients received tigecycline for an average of
7.5 days (range 3-29); in 74 (63%) it was ad-
ministered in combination with another an-
tibiotic. The most common concomitant antibi-
otics used were anti-pseudomonal agents:
ciproflo xacin, third/fourth generation cepha -
losporins and carbapenems - imipenem and
meropenem - (42.5%, 20% and 17% respective-
ly) (Table 1). There was no significant differ-
ence in a global use of concomitant antibiotics
betweenpatients with APACHE II score at ad-
mission <15 and ≥15 (33/60; [55%] vs 41/57;
[72%], p=0.0879).

Clinical outcomes
Overall, clinical success at the end of treatment
with tigecycline was observed in 63% (95% CI=
54.08-72.41%) of the patients (74/117) (Table 2).
Thirty-four patients (29%) were considered

Table 2 - Proportion of patients with clinical success
(CS) criteria.

Characteristics Clinical success

All patients, CS/total (%) 74/117 (63)

APACHE II score at admission; 
CS/total (%),
- 15 30/57 (52.6)1

- <15 44/60 (73.3)2

Prior antibiotic therapy; 
CS/total (%),
- Yes 42/61 (69)3

- No 32/56 (57)4

Concomitant antibiotic therapy; 
CS/total (%),
- Yes 47/74 (63.5)5

- No 27/43 (62.5)6
1vs2: p=0; 3vs4: p=0.2625; 5vs6: p=0.4520.
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clinical failure and in 9 patients (8%) the clinical
outcome was indeterminate.
The clinical success rate showed no significant
difference between the 61 patients with prior
antibiotic therapy and 56 patients without such
therapy (69%, 42/61 vs 57%, 32/56 respective-
ly, p=0.2625). Also, the success rate was not sig-
nificatly different in 74 patients with concomi-
tant antibiotic therapy and 43 without such
treatment (63.5%, 47/74 vs 62.5%, 27/43 95%,
p=0.4520) (Table 2). 
We observed that the clinical success rate was
significantly affected by the value of the
APACHE II score at admission: 73.3% (44/60)
of vs 52.6% (30/57) for patients with <15 and
≥15 respectively (p=0.0332) (Table 2).
Six of 11 patients with VAP and bacteremia
showed clinical success (54.5%).
Mortality rate was 33% (39/117), which includ-
ed all the patients showing failure of treatment
(n=34), 3 patients meeting clinical success crite-
ria and 2 patients with indeterminate clinical
outcome. We did not evaluate attributable mor-
tality and we did not registered the cause of
death of the patients. 
Patients with APACHE II score at admission
≥15 showed a mortality rate significantly high-
er than those with APACHE II score at admis-
sion <15 (45.6% [26/57]vs 21.7% [13/60], re-
spectively [p=0.0108]) (Table 3).
No recurrences were observed in patients who
met clinical success criteria in the 30-day fol-
low-up.

n DISCUSSION

Tigecycline has been approved for the treat-
ment of cIAI, cSSSI and CABP [3, 4]. 
A prospective, phase III, randomized clinical
trial which evaluated the efficacy of tigecycline
in hospital-acquired pneumonia (VAP includ-
ing) finished in 2007, but the indication has not
been approved yet (ClinicalTrials.gov Identifi-
er: NCT00080496). 
Nevertheless, clinicians have considered tige-
cycline a good option to treat patients with
VAP caused by MDR-pathogens, based on its
good in vitro activity and its pharmacokinetic
profile with high intrapulmonary concentra-
tion [3, 5, 6].
In our study we described the clinical outcome
of 117 patients with VAP treated with tigecy-
cline. 
The proportion of global clinical success in our
patients was 69%, with significant differences
between patients with or without concomitant
antibiotic therapy (63.5% vs 43%, p=0.0247) and
APACHE II score at admission ; <15 and ≥15
(73.3% vs 52.6%, p=0.0332).
Several observational studies of patients with
VAP treated with tigecycline have been report-
ed in the biomedical literature. 
Schafer et al. evaluated the use of tigecycline
alone or in combination with other antimicro-
bials for treatment of patients (n=25) with VAP
and/or bacteremia caused by multidrug-resis-
tant Acinetobacter baumannii [11]. Overall, 21
(84%) had clinical resolution. 
The median duration of tigecycline therapy was
20 days (range 2–56 days) and the antibiotics
most frequently used for combination therapy
were imipenem and colistin (intravenous or
nebulized). 
Four had clinical failure: three with VAP and
one with VAP plus bacteremia that developed
resistance to tigecycline during therapy (MIC
≥2 µg/mL). Microbial eradication was demon-
strated in 12 (80%) of 15 patients in whom re-
peat cultures were obtained. 
Three patients with VAP had a recurrence of in-
fection: one patient had two recurrences, and
two patients had one recurrence each. All four
recurrent episodes led to clinical resolution and
microbial eradication.
Similarly, we have conducted a study in 7 ICUs
in Argentina to evaluate the clinical success rate
of 73 patients with VAP caused by MDR-Acine-
tobacter spp. treated with tigecycline [12]. Clini-
cal success was 69.86% (51/73; CI= 58.65-

Table 3 - Proportion of mortality in the study pa-
tients.

Characteristics Clinical success

All patients, mortality/total (%) 39/117 (33) 

APACHE II score at admission; 
CS/total (%),
- 15 26/57 (45.6)1

<15 13/60 (21.7)2

Prior antibiotic therapy; 
CS/total (%),
- Yes 42/61 (69)3

- No 32/56 (57)4

Concomitant antibiotic therapy; 
CS/total (%),
Yes 47/74 (63.5)5

No 27/43 (43)6

1vs2: p=0.0108.
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81.07%), without significant differences be-
tween patients with VAP due to MDR-Acineto-
bacter spp. carbapenem-susceptible or car-
bapenem-resistant and only susceptible to col-
istin, minocyline and tigecycline (70% 44/73 vs.
69% 29/73 respectively, p=0.9006), and be-
tween patients who received ≤48h of prior an-
tibiotics (including those who did not receive
any) and those who received >48 h of prior an-
tibiotics (73.3% 22/30 vs 67.4% 29/43 respec-
tively, p= 0.7791). 
Twenty seven patients (37%) received tigecy-
cline plus other antibiotics, in all cases with an-
tipseudomonal activity (ie. colistin, cef-
tazidime, cefepime, ciprofloxacin and ami -
kacin). 
Only two of six patients with VAP and bac-
teremia showed clinical success (33%) and the
mortality rate was 33% (24/73), which included
all the patients considered treatment failures
(n=22) and two patients meeting clinical suc-
cess criteria.
Poulakou et al. have published an observation-
al retrospective study which included 18 pa-
tients with VAP (15 due to Acinetobacter bau-
mannii) treated with tigecycline [13]. 
Patients received combination therapy in 50%
cases (colistin, 7/9 or imipenem, 2/9). The glob-
al clinical success was 88% (77% and 100% in
the monotherapy and combination therapy, re-
spectively). 
In all the observational studies mentioned the
authors have used tigecycline at the approved
dose (100 mg, then 50 mg q12h).
In order to improve the antibiotic prescription
patterns, it is well-established that the precise
knowledge of the pathogens associated with
the disease allows a rational antibiotic selection.
In clinical practice, however, usage of antibi-
otics is often done even when culture results are
not available [14]. 
The number of respiratory cultures obtained in
our study is low (68.4%), which reflects that on-
ly 45% of patients received a culture-directed
antibiotic prescription. 
The challenge is that the ICU physicians should
understand that obtaining microbiological cul-
tures before initiating empirical antimicrobial
therapy is part of the diagnostic work-up of
ICU patients (14).
Acinetobacter spp. (in 84% of cases carbapen-
ems-resistant) and MRSA were the most com-
mon microorganisms, isolated in our patients
with VAP. This is not surprising since, beyond
the local epidemiology, 100% of our patients

have showed risk factors for infections due to
MDR-pathogens. 
The crude mortality proportion in our study
was 33%. 
Heyland et al. reported that in patients with
VAP there is a 20% to 55% of mortality rate
which increases to 76% if the infection is caused
by MDR pathogens [15].
Microbiological eradication data were not
specifically collected in our study.
Only 6 of 11 patients of our study who had VAP
and bacteremia met clinical success criteria.
Pharmacokinetic studies indicate that tigecy-
cline achieves modest serum concentration of
(0.63±0.28 mg/L) [3]. 
Although we have studied few patients, the
low tigecycline concentration in serum may be
the reason for the clinical outcome in our VAP
bacteremic patients. 
Since all patients were receiving sedation, the
main adverse events described for tigecycline
(nausea and vomiting) were not reported [3]. 
In conclusion, the clinical success obtained in
this prospective observational study evidences,
initially, that tigecycline may be an acceptable
option for therapy in patients with VAP caused
by MDR-pathogens. 
Nevertheless, observational studies are not ad-
equate to prove this conclusion. Only con-
trolled clinical trials provide sufficient evidence
to support approval for new indications. 

Key words: ventilator-associated pneumonia,
tigecycline, multidrug-resistant pathogens
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Objective: The aim of this study was to evaluate the
clinical success rate of the patients with ventilator-as-
sociated pneumonia (VAP) treated with tigecycline. 
Methods: Data from patients with established crite-
ria of VAPwere collected using a web-based re-
porting system from 16 February, 2006 to June 23,
2009. One hundred and seventeen patients coming
from 10 ICUs from Argentina were studied.
Results: Overall,attending physician reportedclini-
cal success in 74 patients (63%; 95% CI= 54.08-
72.41%). Global mortality proportion was 33%
(39/117 patients). Patients with APACHE II score
at admission ≥15 showed a clinical success rate sig-
nificantly lower and a mortality rate significantly
higher than those with APACHE II score at admis-

sion <15 (52.6% [30/57] vs 73.3% [44/60];
p=0.0332, and 45.6% [26/57]vs 21.7% [13/60];
p=0.0108). The etiology of VAP was established in
60 patients (51%). Acinetobacter spp. (59%; in 84%
of cases carbapenems-resistant), and methicillin-
resistant Staphylococcus aureus (22%) were the most
common microorganisms isolated. Eleven patients
(1.5%) had VAP with bacteremia (respiratory sam-
ple and blood cultures positive for the same
pathogens). 
Conclusions:As initial evidence, our results suggest
that tigecycline may be an acceptable alternative
for therapy in patients with VAP. Nevertheless,
only controlled clinical trials will provide the evi-
dence to support approval for new indications.

SUMMARY

Obiettivo: Questo studio si proponeva di valutare l’en-
tità del successo clinico nel trattare con tigeciclina pa-
zienti affetti da polmonite associata a ventilazione mec-
canica (VAP).
Metodi: I dati clinici dei pazienti con VAP conclamata
sono stati ottenuti mediante un sistema di rete informa-
tico, a partire dal 16 Febbraio 2006 fino al 23 Giugno
2009. L’analisi è stata condotta su un campione di 117
pazienti provenienti da 10 ospedali dell’Argentina.
Risultati: Il dato medico complessivo riporta successo
del trattamento in 74 pazienti (63%; IC95%=54,08-
72,41%) con una mortalità complessiva del 33%
(39/117 casi). Inoltre, rispetto ai pazienti con un pun-
teggio APACHE II <15, i pazienti che al ricovero ave-
vano un punteggio APACHE II ≥15 hanno mostrato un
tasso inferiore di successo clinico inferiore e un tasso su-

periore di mortalità, con una differenza statisticamente
significativa (52,6% [30/57] vs 73,3% [44/60];
p=0.0332, e 45,6% [26/57] vs 21,7% [13/60];
p=0,0108). Per 60 pazienti affetti da VAP (51%) è sta-
ta determinata l’eziologia. I microrganismi più frequen-
temente isolati sono stati Acinetobacter spp. (59%;
nell’84% dei casi resistenti al carbapenems) e Staphy-
lococcus aureus meticillino-resistente (22%). Undici
pazienti (1,5%) avevano una VAP associata a batterie-
mia (campioni respiratori e colture ematiche positive
agli stessi patogeni).
Conclusioni: Le evidenze iniziali dei nostri risultati
propongono la tigeciclina come terapia alternativa nei
pazienti affetti da VAP. Resta inteso che solo trial clini-
ci controllati forniranno evidenze tali da giustificare
l’approvazione di nuove indicazioni.
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