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Abstract
There is a lack of consensus regarding

management of infections with carbapen-
em-resistant Gram-negative (CR-GN)
pathogens. This study comprised a medical
chart review to assess patient management
in a high CR prevalence setting. Data was
collated retrospectively from medical
records of patients hospitalized between
November 1st, 2015 and October 31st, 2016.
Of 29 patients, 66% had respiratory tract
infections. Median duration of hospitaliza-
tion was 28 days and ~50% of patients were
admitted to the intensive care unit, with
77% remaining for >2 weeks. Median time
to obtain respiratory culture results was 5
days. Isolation of patients with diagnosed
CR-GN infection took ≥5 days in >50% of
patients. A majority (76%) of patients
received ≥1 antibiotic before providing a
specimen for culture; a total of 17 antibiotic
treatments were used. Overall, 72% of
patients, and 68% of those with respiratory
infections, were discharged alive; 38% were
discharged without further antibiotics. The
difficulties in achieving effective manage-
ment in patients with CR-GN infections are
largely due to complex co-morbidities, a

history of prior antibiotic treatment, and
multiple referrals across health care facili-
ties. 

Introduction
Antibiotic resistance is a critical public

health concern, influencing survival of a
range of bacterial pathogens.1,2 Carbapenem-
resistant Gram-negative (CR-GN) pathogens
including Acinetobacter baumannii,
Pseudomonas aeruginosa, Klebsiella pneu-
moniae and Escherichia coli are considered
by the World Health Organization to be criti-
cal priority pathogens for developing new
antibiotics.3 The European Antimicrobial
Resistance Surveillance Network (EARS-
Net) has documented a dramatic increase in
carbapenem resistance over the past decade,
particularly in Southern and Eastern Europe.4
In Italy, K. pneumoniae carbapenem resis-
tance rates have risen sharply (<2.0% in 2009
to 33.5% in 2015),4 with a similar trend
observed in non-fermentative bacteria
(23.0% P. aeruginosa isolates from Italy were
carbapenem resistant in 2015; 20.0% of clin-
ical isolates resistant to ≥3 antibiotic
classes).4 For A. baumannii, combined resis-
tance to carbapenems, fluoroquinolones and
aminoglycosides has reached endemic levels
at ~75.0%.4 The prevalence of CR-GN
pathogens in Italy has driven an increase in
prescriptions of colistin accompanied by an
alarming rise in colistin-resistance, including
increased transmission of the mcr-1 gene.4,5

Widespread resistance to broad-spectrum
antibiotics has compromised their utility as
empiric regimens, and is associated with
delays in achieving adequate treatment, lead-
ing to increased morbidity and mortality.6 An
additional concern is that CR-GN pathogens
are increasingly isolated from lower respira-
tory tract infections and cases of hospital-
acquired pneumonia, where they have been
associated with a higher risk of mortality
compared with other infection sites.6–8 There
is a lack of consensus on the management of
infections with CR-GN pathogens. In order to
assess patient management in a setting of
high CR prevalence, we performed a pilot ret-
rospective medical chart review of patients
infected with CR-GN pathogens at an Italian
infectious diseases referral hospital.

Materials and Methods

Ethics
This was a retrospective study, which

involved anonymous data collection from
existing medical records, without any direct
contact with patients; therefore, informed
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consent was not required. Local ethical
approval was obtained prior to initiation of
the chart review.

Study design and patients
Patients aged ≥18 years with laborato-

ry-confirmed or clinically-documented CR-

GN infections (A. baumannii, P.aeruginosa,
K. pneumoniae or E. coli) who were hospi-
talized during the study period of
November 1st, 2015 to October 31st, 2016 in
a 200-bed intensive care unit of an Italian
hospital were selected. Patients with incom-
plete medical records were excluded. A pur-

posely developed data collection form was
used to collate data from existing medical
records, including details of demographics,
antibiotic usage and clinical outcome.
Results 

Twenty-nine patients were retrospec-
tively identified during the study period,
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Table 1. Clinical characteristics by pathogen of 29 patients with documented carbapenem-resistant Gram-negative infections from an
Italian infectious diseases referral centre (November 1st, 2015 – October 31st, 2016).

Variable                                                            Acinetobacter baumannii       Pseudomonas aeruginosa     Klebsiella pneumoniae      Total

Number of patients,                                                                             12 (41.4)                                               13 (44.8)                                          4 (13.8)                       29 (100)
Patient demographics                                                                                                                                                                                                                                                
       Age, years, mean (SD)                                                               52.4 (16.7)                                             49 (18.9)                                        47.5 (27.6)                  50.2 (18.6)
       Age ≥65 years                                                                                  3 (25.0)                                                 4 (30.8)                                           2 (50.0)                       9 (31.0)
       Men                                                                                                  11 (91.7)                                               11 (84.6)                                           4 (100)                       26 (89.7)
Private residence                                                                                  8 (66.7)                                                 7 (53.8)                                             2 (50)                        17 (58.6)
Admission source                                                                                                                                                                                                                                                        
       Direct admission                                                                            3 (25.0)                                                  1 (7.7)                                               0 (0)                          4 (13.8)
       Emergency room                                                                            6 (50.0)                                                 5 (38.5)                                           1 (25.0)                      12 (41.4)
       Transfer from MCF                                                                        3 (25.0)                                                 7 (53.8)                                           3 (75.0)                      13 (44.8)
Co-morbiditiesa                                                                                                                                                                                                                                                            
       Chronic pulmonary disease                                                         6 (54.5)                                                 2 (16.7)                                              0 (0)                          8 (29.6)
       Cystic fibrosis or bronchiectasis                                               2 (18.2)                                                  1 (8.3)                                               0 (0)                          3 (11.1)
       Moderate–severe liver disease                                                 2 (18.2)                                                 2 (15.4)                                           1 (25.0)                       5 (18.5)
       Moderate–severe renal disease                                                2 (18.2)                                                  1 (8.3)                                            1 (25.0)                       4 (14.8)
       Diabetes                                                                                            1 (9.1)                                                   1 (8.3)                                               0 (0)                           2 (7.4)
       HIV/AIDS                                                                                           4 (36.4)                                                  1 (8.3)                                               0 (0)                          5 (18.5)
       CR-GN documented prior to admission                                     0 (0)                                                    5 (38.5)                                           2 (50.0)                       7 (24.1)
       Positive colonization                                                                       0 (0)                                                     1 (7.7)                                            1 (25.0)                        2 (6.9)
       Prior antibiotic exposure                                                            11 (91.7)                                                7 (53.8)                                            4 (100)                       22 (75.9)
CR-GN infection site                                                                                                                                                                                                                                                   
       Respiratory tract                                                                            9 (75.0)                                                 8 (61.5)                                           2 (50.0)                      19 (65.5)
       Ventilator-associated                                                                    4 (44.4)                                                 6 (75.0)                                           1 (50.0)                      11 (57.8)
       Bloodstream                                                                                   3 (25.0)                                                    0 (0)                                              1 (25.0)                       4 (13.8)
       CVC-related                                                                                     1 (33.3)                                                    0 (0)                                                0 (0)                          1 (25.0)
       Urinary tract                                                                                       0 (0)                                                    2 (15.4)                                           1 (25.0)                       3 (10.3)
       Catheter-related                                                                               0 (0)                                                    2 (100)                                            1 (100)                        3 (100)
       Skin and soft tissue                                                                         0 (0)                                                    2 (15.4)                                              0 (0)                           2 (6.9)
       Total length of stay, days, median (range)                           27.5 (9–75)                                          36 (12–127)                                    17.5 (7–85)                 28 (7–127)
       Number of patients admitted to ICU                                        6 (50.0)                                                 6 (46.2)                                           1 (25.0)                      13 (44.8)
       Duration in ICU, days, median (range)                                24.0 (11–27)                                         32.5 (4–42)                                         6.0 (6)                     24.0 (4–42)
       Number of patients requiring isolation                                  12 (100.0)                                             13 (100.0)                                        4 (100.0)                    29 (100.0)
       Duration in isolation, days, median (range)                        10.0 (2–75)                                          14.0 (5–98)                                     11.5 (7–56)                11.5 (2–98)
       Days from culture to pathogen ID, median (range)              5 (3–9)                                                 5 (4–6)                                            5 (4–5)                        5 (3–9)
       Days from culture to patient isolation, median (range)   4.5 (−3–9)                                           5 (−22–14)                                        4 (1–5)                    5 (−22–14)
       Total number of different GN antibiotics prescribed                12                                                           14                                                      10                                 17
Patients treated by antibiotic classb                                                                                                                                                                                                                       
       3rd/4th generation cephalosporin                                                2 (16.7)                                                 4 (33.3)                                           1 (25.0)                       7 (25.0)
       Beta-lactam/inhibitor combination                                            9 (75.0)                                                 3 (25.0)                                           1 (25.0)                      13 (46.4)
       Carbapenem                                                                                   11 (91.7)                                                7 (58.3)                                           3 (75.0)                      21 (75.0)
       Fluoroquinolone                                                                             3 (25.0)                                                 5 (41.6)                                           1 (25.0)                       9 (32.1)
       Aminoglycoside                                                                                1 (8.3)                                                  7 (58.3)                                            4 (100)                       12 (42.9)
       Macrolide (azithromycin)                                                             1 (8.3)                                                   1 (8.3)                                               0 (0)                           2 (7.1)
       Tetracycline (tigecycline)                                                               0 (0)                                                      0 (0)                                              1 (25.0)                        1 (3.6)
       Polymyxin (colistin)                                                                      7 (58.3)                                                   9 (75)                                             3 (75.0)                      19 (67.9)
       Patients discharged alive                                                             8 (66.7)                                                 9 (69.2)                                            4 (100)                       21 (72.4)
       Patients discharged without antibiotics                                   5 (41.7)                                                 6 (46.2)                                              0 (0)                         11 (37.9)
       Patients discharged with antibiotics                                         3 (25.0)                                                 3 (23.1)                                            4 (100)                       10 (34.5)
       All-cause mortality                                                                         4 (33.3)                                                 4 (30.8)                                              0 (0)                          8 (27.6)
Data are presented as n (%) unless otherwise indicated. a n=27, patients could have more than one co-morbidity. b n=28 patients received treatment. SD, standard deviation; MCF, medical care facility; HIV, human
immunodeficiency virus; AIDS, acquired immune deficiency syndrome; CR, carbapenem-resistant; GN, Gram-negative; CVC, central venous catheter; ICU, intensive care unit; ID, identification.
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with the majority admitted from medical
care facilities (44.8%) or the emergency
room (41.4%); four (13.8%) patients were
admitted directly (Table 1). At time of
admission, presence of a CR-GN pathogen
was unknown in 22 (75.9%) patients. Seven
patients (24.1%) had a pre-existing CR-GN
infection, of which four were P. aeruginosa
respiratory tract infections, with 1/4 posi-
tive for respiratory colonization. Most
patients (55.2%) reported underlying respi-
ratory infections, of whom 31.3% had a
known background of tuberculosis. Other
co-morbidities included 29.6% chronic pul-
monary disease, 18.5% liver disease, 18.5%
HIV/AIDS, and 14.8% renal disease. 

The respiratory tract was the most com-
mon site of infection (19/29 patients,
65.5%); and 11/19 cases required ventila-
tion. Of these 19 patients, nine (47.4%)
were infected with A. baumannii, eight
(42.1%) with P. aeruginosa, and two
(10.5%) with K. pneumoniae. Other sites of
infection included bloodstream (13.8%),
urinary tract (10.3%), and skin and soft tis-
sue (6.9%).

Duration of hospitalization ranged from
7–127 days (median 28.0 days) and was
independent of the type of pathogen diag-
nosed. Overall, 44.8% of patients were
admitted to the intensive care unit (ICU)
during hospitalization (84.6% within 24 h),
mainly related to respiratory failure or sep-
tic shock (69.2%). Length of ICU stay var-
ied (4–42 days), with 76.9% of patients
remaining for >2 weeks, and 30.8% remain-
ing for >4 weeks. Median duration of ICU
stay for patients infected with P. aeruginosa
or A. baumannii (each n=6) was 32.5 days
and 24.0 days, respectively; 66.7% of P.
aeruginosa infections required an ICU stay
>30 days. Only one of four patients infected
with K. pneumonia required an ICU stay,
which was 6.0 days. The time taken from
sending a respiratory sample for culture to
receipt of results ranged from 3–9 days;
31.6% of results were reported within 4
days, with 89.5% by Day 5. All patients
were either isolated or placed in single
occupancy rooms with standard infection
prevention and control precautions upon
CR-GN infection diagnosis. Duration of
isolation was similar for all three pathogens
(10–14 days). However, for >50% of
patients there was a delay of ≥5 days before
isolation, representing a potential risk for
spread of resistance and outbreaks.

Automated antimicrobial susceptibility
testing was performed on all isolates; how-
ever, rapid diagnostic tests (polymerase
chain reaction or phenotypic assays) were
not routinely used to confirm carbapenem
resistance. In the 19 patients with respirato-
ry CR-GN infections, carbapenem resis-

tance was most frequently observed in non-
fermentative bacteria with A. baumannii
and P. aeruginosa representing 47.4% and
42.1% respectively, compared with 10.5%
K. pneumoniae. This ratio was in line with
the overall patient population (n=29), with
86.2% of infections associated with non-
fermenters. Eight P. aeruginosa isolates
were resistant to imipenem or meropenem,
of which five (62.5%) were resistant to
both. Detailed characterization of carbapen-
em resistance was only performed for
meropenem-resistant K. pneumoniae iso-
lates, all of which carried the KPC car-
bapenemase gene.

In total, 15/19 (78.9%) patients with
respiratory infections had received ≥1
antibiotic before a specimen was taken for
culture, consistent with the overall popula-
tion (22 of 29 patients, 75.9%); for 21/29
(72.4%) patients this included a carbapen-
em. Treatment was empiric for 47.6% of
patients, with the remainder being given to
treat existing concomitant infections. The
antibiotics chosen to treat CR-GN infection
were heterogeneous, reflecting the complex
patient cohort, with a total of 17 different
antibiotics with GN activity being pre-
scribed (excluding those prescribed for con-
current Gram-positive or tuberculosis infec-
tions). Among the 19 patients with respira-
tory infections, 13 (68.4%) received treat-
ment with colistin, and 14 (73.7%) received
a carbapenem during their period of hospi-
talization, reflecting the limited therapeutic
options for CR-GN infections. 

Overall, 21/29 (72.4%) patients, and
13/19 (68.4%) patients with respiratory
infections were discharged alive; 11/29
(37.9%) patients were discharged without
any further antibiotics, including all patients
with KPC-producing K. pneumoniae. All-
cause mortality during hospitalization was
27.6%. No deaths cited CR-GN infection as
the primary cause of death; however, it was
judged a contributory factor in 87.5% of
cases.

Discussion and Conclusions
Our survey provides insights into the

clinical complexity of managing CR-GN
infections in a setting of endemic multi-
drug resistance, particularly for respiratory
infections, which made up the majority of
infections in this survey. We show that
patients with CR-GN infections may have
complex co-morbidities, a long history of
prior antibiotic treatment, and referrals
across multiple health care facilities. We
also identified that most patients admitted
to the ICU remained there for >2 weeks,
demonstrating the difficulties faced around

achieving effective management.
A visit to Italy by the European Centre

for Disease Control in 2017 concluded that
antimicrobial resistance, including car-
bapenem resistance, poses a major public
health threat to the region, and risks com-
promising key medical services.9

Furthermore, a survey of 800 hospitals in
Europe and USA reported double combina-
tion therapy was almost universally used,
with meropenem routinely combined with
colistin, despite a lack of robust clinical evi-
dence to support this approach,10 reflecting
the lack of certainty around effective thera-
pies for CR-GN infections. Early prescrip-
tion of an effective antibiotic regimen is
crucial for the management of severe CR-
GN infections.

This pilot study was a retrospective,
single-center study with a small sample
size. Data for the 29 included patients were
analyzed based on the baseline pathogen (3
subgroups) or site of infection (4 sub-
groups), limiting the ability to draw conclu-
sions in each subgroup. However, this study
does show the feasibility of this type of
chart review. Larger case reviews are war-
ranted for optimizing management of CR-
GN infections.
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