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ABSTRACT

Background. Few studies examined ertapenem for the
treatment of pneumonia. This study aims to compare ertapen-
em with other antibiotics commonly used for the treatment of
pneumonia requiring hospital admission in elderly patients in
daily clinical practice.

Methods. We conducted an observational, retrospective
case-control study, between January 2011 and January 2014,
in a university hospital. Patients =65 years of age admitted to
the hospital with pneumonia treated with ertapenem were in-
cluded as cases. A control patient treated with antibiotics oth-
er than ertapenem, matched for age and pneumonia severity
index (PSI), was enrolled for each case. Hospital mortality was
the primary outcome.

Results. A total of 150 patients with a mean age of 84.1
years were studied. Ninety percent of patients had pneumo-
nia PSI grade IV-V and 82.7% had one or more comorbidities.
Healthcare-associated pneumonia (HCAP) and aspiration pneu-
monia were significantly higher in the ertapenem group (66.7%
vs. 24.0%, p < 0.001 and 73.3% vs. 54.7%, p < 0.017, respec-
tively), whereas malignancy was most common in the control
group. There was no difference in the hospital mortality rate
between ertapenem and control groups (20.0% vs. 20.0%, p =
0.500), after adjusting for HCAP, aspiration pneumonia and ma-
lignancy. Transfer from hospital to hospital at home was signifi-
cantly higher in the ertapenem group (25.3% vs. 9.3%, p = 0.09).

Conclusions. Ertapenem is as effective as other antibiot-
ics commonly used for the treatment of pneumonia requiring
hospital admission in elderly people. Ertapenem is associated
with a higher transfer to hospital at home.
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Tratamiento con ertapenem de la neumonia
que requiere ingreso en el hospital en el
paciente anciano

RESUMEN

Introduccion. Existen pocos estudios que analicen el tra-
tamiento de las neumonias con ertapenem. El objetivo de este
estudio es comparar ertapenem con otros antibidticos usados
comunmente en el tratamiento de pacientes ancianos hospitali-
zados por neumonia en condiciones de practica clinica habitual.

Métodos. Estudio observacional, retrospectivo, de casos
y controles, realizado entre enero de 2011 y enero de 2014,
en un hospital universitario. Se incluyeron como casos a los
pacientes de edad =65 afios ingresados por neumonia que
fueron tratados con ertapenem. Por cada caso se incluyo un
control apareado por edad y pneumonia severity index (PSI)
tratado con otros antibioticos distintos a ertapenem.

Resultados. Se estudiaron 150 pacientes con una edad
media de 84,1 afios. Noventa por ciento de los pacientes tu-
vieron neumonia con PSI grado IV-V y 82,7% tuvieron una o
mas comorbilidades. Neumonia asociada con los cuidados sa-
nitarios (NACS) y neumonia por aspiracion fueron significati-
vamente mas frecuentes en el grupo de ertapenem (66,7% vs.
24,09%, p < 0,001 y73,3% vs. 54,7%, p < 0,017, respectivamen-
te), mientras que el cancer fue mas comun en el grupo control.
No se observaron diferencias en la mortalidad entre los casos
y controles (20,0% vs. 20,0%, p = 0,500), después de ajustar
por NACS, neumonia por aspiracion y cancer. El traslado a una
unidad de hospitalizacion a domicilio fue mas frecuente en el
grupo de ertapenem (25,3% vs. 9,3%, p = 0,09).

Conclusiones. Ertapenem es tan eficaz como otros an-
tibidticos comunmente empleados para el tratamiento de la
neumonia en pacientes ancianos que requieren hospitaliza-
cion. Ertapenem se asocio a una mayor utilizacion de la unidad
de hospitalizacion a domicilio.
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INTRODUCTION

Pneumonia is the leading cause of mortality from infec-
tious diseases in developed countries and it is the ninth leading
cause of mortality'. Both the incidence and severity of pneu-
monia increase in elderly people. A wide range of microorgan-
isms cause pneumonia, therefore, there is no one antibiotic
or combination of antibiotics that it is adequate for all cas-
es. From the many antibiotics that have proven useful for the
treatment of pneumonia, especially for those severe cases re-
quiring hospital admission, ertapenem offers some advantages
on pharmacodynamic and microbiological levels. Ertapenem is
a group 1 carbapenem active against most bacteria common-
ly recovered from community-acquired infections?, including
pneumonia®* used as a single daily dose. Ertapenem is not only
active against Streptococcus pneumoniae and Haemophilus
influenza, some of the most frequent causes of communi-
ty acquired pneumonia, but also against Enterobacteriaceae
and anaerobes®. As is the case for any other B-lactam it is not
active against Legionella, Mycoplasma pneumoniae or Chla-
mydia especies, therefore it is sometimes used in combination
with other antibiotics active against these bacteria. Ertapenem
is one of the B-lactams recommended by current international
guidelines®” for the treatment of community-acquired pneu-
monia (CAP) and healthcare-associated pneumonia (HCAP) in
patients admitted to hospital.

Articles demonstrating the efficacy of ertapenem in treat-
ing pneumonia were first published in the 1980's; since that
time very few studies®'® have backed up this initial finding, and
there is a particular lack of information about its use for the
treatment of pneumonia requiring hospital admission in elder-
ly people. These facts motivate us to carry out a retrospective
study of the treatment of elderly patients with CAP or com-
munity onset HCAP with ertapenem in order to compare its
efficacy with other antibiotic regimens.

MATERIAL AND METHODS

Study setting. The Hospital Universitario Dr. Peset is a
531-bed urban tertiary care hospital in Valencia, Spain. It is a
referral hospital for a population of 370,000 people. The study
was approved by the ethics committee of the hospital.

Study design. We conducted an observational, retrospec-
tive case-control study, carried out between January 2011 and
January 2014. All patients diagnosed in a consecutive manner
with community acquired or community onset healthcare as-
sociated pneumonia = 65 years of age and treated with ertap-
enem (1 g once a day for a minimum of 2 days) were included
as cases in this study. A control patient treated with antibiotics
other than ertapenem was enrolled for each case. The selection
process of cases and controls is detailed in figure 1. The selec-
tion of control patients was made by two researchers (AA and
IL) without knowledge of either the case patients' goal varia-
bles or those of the control patients.

Data collection. Data was obtained from the patients'

electronic medical records. The information collected includ-
ed: demographic data; underlying illnesses; clinical, radiolog-
ical and laboratory information necessary to classify patients
according to HCAP', Pneumonia Severity Index (PSI)'? and
aspiration pneumonia’®; nursing home residence; antibiotic
treatment; microbiological tests, hospital mortality; length of
hospital stay; admission to hospital at home and readmission
within 30 days. In order to have thorough information about
antibiotic treatment in the three months previous to hospital
admission the authors also revised the patient's general practi-
tioner's electronic prescription records.

The primary outcome measured was hospital mortality.
Other prognostic variables analyzed were length of hospital
stay, transfer to hospital at home and readmission within 30
days.

Literature search. A review of the literature for the treat-
ment of pneumonia with ertapenem was done using PubMed
with ertapenem and pneumonia as search terms. In addition, a
manual search was conducted through reference lists of publi-
cations identified in the initial search.

Statistical analysis. To compare variables between the
case and control groups we used the chi-squared test for
categorical variables and the Student's t-test for continuous
variables. Logistic regression was used to test the association
between the prognostic variables (hospital mortality, length
of hospital stay, transfer to hospital at home and readmission
within 30 days) within the groups of case and control while ad-
justing for covariates (HCAP, aspiration pneumonia and can-
cer). Statistical significance was set at value of p<0.05. SPSS
v22.0.0 software (IBM Corp., Somers, NY) was used to perform
statistical analyses.

RESULTS

Demographic data as well as clinical characteristics of the
150 patients included, 75 cases and 75 control patients, are
shown in table 1. The mean age of the cohort was 84.16 +
6.55 years, 88 patients (56.0%) were female, 136 (90.7%) had
PSI grade IV or V and 124 (82.7%) had one or more comorbid-
ities. While aspiration pneumonia and HCAP were significantly
higher in the ertapenem group (66.7% vs. 24.0%, p < 0.001
and 73.3% vs. 54.7%, p < 0.017, respectively), no differences
were found for Charlson's index or nursing home residence.
Malignancy was the only comorbidity that was significantly
higher in the control group (5.3% vs. 20.0%, p = 0.007).

The comparison of the patterns of antibiotic treatment
between cases and controls is shown in table 2. No differenc-
es were observed between ertapenem and control groups for
monotherapy treatment, length of antibiotic treatment, length
of intravenous antibiotic treatment or sequential treatment.
Ertapenem was given as monotherapy in 59 (78.7%) cases. The
antibiotics associated with ertapenem were levofloxacin in 8
cases, vancomycin in 3 cases and in one case each with azith-
romycin, clindamycin, ceftriaxone, amoxicillin clavulanate and
ciprofloxacin. Monotherapy was used in the control group in
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967 patients admitted to the hospital with
pneumonia

302 patients were excluded due to:

A 4

665 patients aged >65 years with CAP or
HCAP

P (1) Age <65 years (n=177)
(2) Nosocomial pneumonia (n=125)

545 patients were excluded due to

A 4

120 patients aged >65 years with CAP or
HCAP treated with ertapenem

A

non-treatment with ertapenem

45 patients were excluded due to:

(1) Received antibiotic treatment
for >24 h within the 72 h prior to
hospital admission (n=22)

(2) Previously received >2 doses of

75 patients included as cases

antibiotic in the hospital (n=11)
(3) Primary lung cancer or lung
metastasis (n=10)
(4) Immunosuppression (n=7)
(5) Shock (n=3)

75 patients included as controls for
each case a control matched for age
(+5 years) and same grade of PSI
was selected in a blind fashion with
respect to the prognostic variables
studied from the 545 patients with

| CAP or HCAP who were not given
ertapenem and with the same criteria
of exclusion as the patients treated
with ertapenem

Abbreviations: CAP, community acquired pneumonia; HCAP, healthcare-associated pneumonia; PSI, pneumonia severity index.

Figure 1

53 (70.7%) cases. The antibiotics used in monotherapy were:
levofloxacin in 23 cases, meropenem in 11 cases, amoxicillin
clavulanate in 9 cases, ceftriaxone in 8 cases, and cefuroxime
and piperacillin-tazobactam in 1 case. Twenty-two (29.3%) pa-
tients were treated with antibiotic combinations in the control
group: meropenem and levofloxacin in 6 cases, ceftriaxone
and azithromycin in 6 cases, ceftriaxone and levofloxacin in 2

Flow chart of the case and control selection process and specific reasons
for exclusion from the study.

cases, meropenem and vancomycin in 2 cases, levofloxacin and
clindamycin in 2 cases, and in one case each with levofloxacin
and aztreonam, levofloxacin and amoxicillin clavulanate, levo-
floxacin and vancomycin and ceftriaxone and clindamycin.

Hospital mortality was 7.1% in PSI-IIl class, 14.6% in PSI-
IV class and 31.5% in PSI-V class (p = 0.025). There was no dif-
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Table 1

Comparison of the epidemiological and clinical characteristics of
150 patients with pneumonia treated with ertapenem or other
antibiotics (controls).

Pseudomonas aeruginosa (n =
1), Escherichia coli (n = 1) and
Citrobacter spp. (n = 1). S. pneu-
moniae was identified by detec-

Total Ertapenem Controls tion of capsular polysaccharide
P value i i | i
(N =150) (N=75) (N=75) antigen in urine in al! 10 cases
and also by isolation in sputum
Age, years, mean + SD 84.16 + 6.55 8392 +7.73 84.41 + 6.40 0.750 in 1 case. Other microorganisms
Female gender, N (%) 83 (55.3%) 42 (56.0%) 41 (54.7%) 0.870 were identified by isolation in
Health care associated pneumonia, N (%) 96 (64.0%) 55 (73.3%) 41 (54.7%) 0.017 Sput.um. No presence of bacter-
, aemia was detected in any case.
PSI% N (%) Two patients with pneumonia
Class Il 14 (9.3%) 7(9.3%) 7(9.3%) 1000 caused by S. pneumoniae died,
Class IV 82 (54.79%) 41 (54.79%) 41 (54.79%) ' the two of them in the control
Class V 54(360%)  27(360%) 27 (36.0%) group (one case treated with ce-
. _ furoxime and one with amoxicil-
Nursing home residence, N (%) 42 (28.0%) 26 (34.7%) 16 (21.3%) 0.069 lin). One further patient from the
Aspiration pneumonia, N (%) 68 (45.3%) 50 (66.7%) 18 (24.0%) <0.001 control group with Citrobacter
Charlson index 27, N (%) 58 (38.7%) 24(32000) 34 (45.3%) 0094 spp. identified in sputum died
' o after 13 days of treatment with
Three months previous antibiotic therapy, N (%) 72 (48.0%) 39 (52.0%) 33 (44.0%) 0.327 piperacillin-tazobactam. In the
Underlying illness, N (%) case group, one patient with
Congestive heart failure M%) 17@27%)  24(20%) 0200 isolation of methicillin resistant
: S. aureus in sputum was treated
Pulmonary disease 24 (16.0%) 13 (17.3%) 11 (14.7%) 0.656 . .
with ertapenem and levofloxacin
Malignancy 19 (12.7%) 4 (5.3%) 15 (20.0%) 0.007 and died after 7 days of treat-
Chronic kidney diseases 23 (15.3%) 7 (9.3%) 16 (21.3%) 0.041 ment.
Liver disease 3 (2.0%) 3 (4.0%) 0 (0.0%) 0.245
Cerebrovascular disease 33 (22.0%) 19 (25.3%) 14 (18.7%) 0.324 DISCUSSION
Diabetes mellitus 45 (30.0% 21 (28.00% 24 (32.0% 0.593 .
. £ LS &L This study demonstrates that
One or more diseases 124 (82.7%) 65 (86.7%) 59 (78.7%) 0.196 ertapenem is as effective as oth-
Patients with pathogen identified, N (%) 14 (9.3%) 5 (6.7%) 9 (12.00%) 0.262 er antibiotics commonly used to

PSI: Pneumonia Severity Index. * Variables used to match the controls

ference in the hospital mortality rate between ertapenem and
control groups (20.0% vs. 20.0%, p = 0.500), after adjusting for
HCAP, aspiration pneumonia and malignancy. Hospital mortal-
ity in patients with aspiration pneumonia and in patients with
nursing home residence were 24.0% vs. 27.8% and 15.5% vs.
31.3% in the ertapenem group and in the control group, re-
spectively (p = 0.751 and p = 0.265). Transfer from hospital
to hospital at home was significantly higher in the ertapenem
group (25.3% vs. 9.3%, p = 0.09), while there were no differ-
ences in length of stay at hospital and readmission within 30
days (table 3). Length of hospital stay was not different be-
tween cases and controls neither in the cases overall (mean =
7.48 + 3.89 and 7.29 + 5.03 days, p = 0.80, respectively) nor in
the subgroup of patients who were transferred from hospital
to hospital at home (mean = 7.73 + 3.89 and 11.00 + 4.69
days, p = 0.87, respectively). Only one patient from the control
group was transferred to the intensive care unit.

An aetiology of pneumonia was determined in 14 (9.3%)
cases, 6.7% in the ertapenem group and 12.0% in the con-
trol group (p = 0.262). The microorganisms identified were:
S. pneumoniae (n = 10), Staphylococcus aureus (n = 1),

treat pneumonia in elderly people
requiring hospital admission, even
though it is more frequently used in severe conditions such as
healthcare-associated pneumonia and aspiration pneumonia.
Another interesting finding is that patients who are treated
with ertapenem have a significantly higher rate of transfer to
hospital at home.

The population studied is a good reflection of the typical
elderly patient admitted to hospitals with pneumonia in devel-
oped countries in daily clinical practice, generally characterized
by very old age and several comorbidities. The patients studied,
with a mean age of 84.5 years, are older than the population of
previous studies of ertapenem therapy for pneumonia in elder-
ly people'™™, Besides, our patients also have a higher propor-
tion of underlying illnesses (82.1%), mostly congestive heart
failure and pulmonary diseases.

In this study cases were matched to controls by age and
severity, determined by PSI, however, three clinical charac-
teristics are statistically different between case and control
groups. First, aspiration pneumonia, which usually implies a
more severe disease with a longer hospital stay's, is more com-
mon in patients treated with ertapenem. Second, HCAP, which
has a higher mortality and may be caused by more resistant

Rev Esp Quimioter 2016;29(1): 8 - 14 11



A. Artero, et al. Ertapenem therapy for pneumonia requiring hospital admission in elderly people

Table 2 Comparison of the patterns of antibiotic therapy among patients
treated with ertapenem and those who received other antibiotics

is associated with a greater use
of hospital at home (25.3% vs.
9.3%). We do not know why pa-

{controls). tients in the ertapenem group
Variables Ertapenem Controls P value have a higher rate of transfer to
Monotherapy, No. (%) 59 (78.7%) 53 (70.7%) 0260 hospital at home, but we suggest
Duration of th . 0 that the once-a-day intravenous
uration of therapy, days (mean + SD) 10.78+5.30 12.18+4.90 0.284 or intramuscular administration
Duration of IV antibiotic therapy, days (mean + SD) 8.29+5.06 5.97+4.35 0.288 of ertapenem makes it more
Sequential antibiotic therapy, No. (%) 28 (37.3%) 26 (34.7)% 0.734 convenient and suited for use
in hospital at home than other
antibiotics that need to be ad-
ministered twice or more times a
Table 3 Comparison of prognostic factors between patients who received day. If this increase in transfer to
ertapenem and those who received other antibiotics (controls). hospital at home were confirmed
in future studies, it would repre-
sent the potential for significant

Variables® Ertapenem  Controls P value OR (95% Cl) . .p g .
savings in treatment cost given
Hospital mortality, No. (%) 15 (20.0) 15(2000  0.500 0.72 (0.28 - 1.84) that the greatest cost in treat-
Length of hospital stay < 7 days, No. (%) 34 (45.300)  41(547)  0.295 1.53 (0.68 - 3.40) ing pneumonia lies in the cost of
Transfer to hospital at home, No. (%) 19(253) 703 0009 468 (146 - 14.99) hospitalization'. We found that

Hospital readmission within 30 days, No. (%) 11(14.7) 7(9.3) 0.417

patients in the ertapenem group

10 =2 had a longer time of IV treatment

“Every variable was adjusted for health care associated pneumonia, aspiration pneumonia and malignancy.

OR = odds ratio; Cl = confidence interval

microorganisms'®", is also more common in patients treat-
ed with ertapenem. Third, malignancy, on the other hand, is
more common in the control group. In order to avoid influence
of these variables on prognostic factors every evaluated out-
come was adjusted to them. Nursing home residence is slightly
more common in the ertapenem group in this study without
being statistically significant. A previous study of CAP found
that ertapenem showed significantly higher clinical response
in patients coming from nursing homes'. We do not find this
association but due to the limited number of cases in our study
it is not possible to establish a conclusion.

We analyze hospital mortality as the primary outcome and
we find that ertapenem, in association with other antibiotics
in 21.3% of cases, is as effective as other antibiotics usually
used in clinical practice - mainly levofloxacin, meropenem, cef-
triaxone and amoxicillin clavulanate - for the treatment of
pneumonia (hospital mortality of 20.0% both in the ertapenem
and control groups; p = 0.504). This high mortality rate, both in
the ertapenem and control groups, may be due to the fact that
most patients included in the study have severe pneumonia
(PSI class IV or V in 90.7%) and most of them were very old
and with comorbidities. Besides, treatment restrictions could
have been applied to our patients as is suggested by the fact
that only one patient was transferred to an intensive care unit.
Due to the retrospective design of this study, clinical response
based on signs and symptoms along with absence of progres-
sive infiltration on chest X-ray is not analyzed given that some
information necessary for its evaluation may not have been
available in the medical records.

Another relevant finding of this study is that ertapenem

than the control group (mean =
8.29 vs. 5.97 days), although this
difference was not statistical-
ly significant. This finding was not due to a lower proportion
of sequential treatment as shown in table 2. We suggest that
this could be due to the fact that the patients with aspiration
pneumonia, who usually require a long period of IV antibiotic
treatment, were selected for ertapenem treatment.

Over 909% of the patients were treated without knowledge
of the aetiology of pneumonia, mainly due to the difficul-
ty of obtaining sputum samples from this profile of patients,
and therefore it is not possible to evaluate the adequacy of
the empiric antibiotic treatment according to susceptibility of
the isolated microorganisms. A broad-spectrum antibiotic, such
as ertapenem, may be the most appropriate choice for treat-
ing these patients due to the fact that they are a population
with a high proportion of severe pneumonia (PSI score grade
IV or V =90.1%), aspiration pneumonia and HCAP. Broad-spec-
trum antibiotics are indicated in most patients with aspiration
pneumonia since S. pneumoniae, S. aureus, H. influenzae and
Enterobacteriaceae predominate in patients with community
acquired aspiration pneumonia and in most cases no micro-
organism is identified in real clinical practice'. Previously, it
had been accepted that HCAP is caused by a higher number of
resistant microorganisms'®2%, however, some recent studies did
not find evidence of a higher rate of resistant microorganisms in
such cases??2. Ertapenem is active against Enterobacteriaceae
and anaerobes but it is not active against methicillin-resistant
S. aureus (MRSA) and P. aeruginosa. One case with isolation of
MRSA in sputum was treated with ertapenem with an unsuc-
cessful result, while no isolation of P. aeruginosa was obtained.
P aeruginosa is an uncommon cause of community acquired
pneumonia unless there are some conditions such as chron-
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ic lung disease or neutropenia®. However, we do not know if
these resistant microorganisms could have caused pneumonia
in some of our other patients and, logically, ertapenem should
not be used in cases in which these microorganisms are con-
sidered causative.

This investigation has several limitations. This is a retro-
spective study with data limited to the documentation in the
electronic medical records and with a relative small number
of patients. The study was carried out in a single institution,
therefore the data obtained may not be applicable to other set-
tings. Lastly, most of the pneumonias in the study lack identifi-
cation of a microorganism, making the evaluation of infections
caused by multi-drug resistant microorganisms impossible.

In conclusion, these findings support the use of ertapenem
for the treatment of elderly people with CAP or HCAP requiring
hospital admission. Ertapenem is as effective as other antibiot-
ics commonly used to treat these conditions and, interestingly,
ertapenem is associated with a higher transfer to hospital at
home. We find a tendency to use ertapenem in patients with
HCAP and aspiration pneumonia. Further studies in clinical
practice are needed to validate these findings in other settings.
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