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Abstract The aim of this study was to describe the
epidemiology and microbiology of bloodstream infections
(BSIs) among adult surgical cancer patients and to
determine independent factors that influence in-hospital
mortality. The study enrolled 112 consecutive episodes of
BSIs in adult surgical cancer patients during a 26-month
period. The median age of the patients was 64.5 years, and
crude in-hospital mortality was 19.6%. The median time
from surgery to the index blood culture was 11 days and
from index blood culture to death was 4.5 days. Seventy-
five percent of the patients had an advanced tumor disease,
36.6% were under intensive care, and 68.7% had a central
venous catheter in place at the time the bloodstream
infection was diagnosed. Associated infected sites were
present in 57.1% of the episodes. There were 328
noninfectious co-morbid conditions. Poor performance
status, weight loss, hypoalbuminemia, and ventilatory
support accounted for 67.4% of them. There was a
predominance of aerobic gram-negative bacilli (62%),
followed by gram-positive cocci (26.6%) and fungi
(9.3%). The observed mortality rates associated with

these organism groups were similar (23.6% vs 15% vs
28.6%, respectively; P=0.44). The most frequent organ-
isms were Enterobacter spp., coagulase-negative staphy-
lococci, Klebsiella spp., Acinetobacter spp., and fungi.
Nonfermentative strains predominated in patients with
catheters. Thirty-five (30.2%) pathogens were considered
resistant. There was no significant difference in the
mortality rate between patients with resistant and those
with nonresistant organisms (20% vs 26%, respectively;
P=0.49). Logistic regression analysis showed ≥4 co-
morbid conditions, advanced tumor, thoracic surgery,
catheter retention, and pulmonary infiltrates as indepen-
dent predictors of mortality. Medical and infection control
measures addressing certain variables amenable to inter-
vention might reduce the negative impact of postoperative
infectious morbidity and mortality of BSIs in adult
surgical cancer patients.

Introduction

Oncology patients undergoing major and complex opera-
tions have a high degree of morbidity and mortality,
mainly because of postoperative infectious complications
[1]. Despite all modern healthcare resources for preventing
and controlling these complications, hospital-acquired
bloodstream infections (BSIs) remain one of the major
life-threatening infectious conditions in these patients. The
majority of studies on surgical patients with nosocomial
infections analyze the epidemiology and risk factors for
surgical-site infection [2] as well as the relationship
between the type of organisms isolated from wound
cultures and postoperative bacteremia [3, 4].

To our knowledge, prospective studies to examine
prognostic factors associated with BSIs in patients with
malignancies submitted to elective surgeries have not been
undertaken. Nosocomial surveillance studies for BSIs
have shown a high prevalence of these infections among
patients submitted to aggressive surgical intervention with
the purpose of diagnosing, staging, or treating the
underlying disease [5, 6].

E. Velasco (*)
Rua General Glicério 486/1002,
22245-120 Rio de Janeiro, Brazil
e-mail: evelasco@inca.gov.br
Tel.: +55-21-25066138

M. Soares
Hospital do Câncer, Instituto Nacional de Câncer, Centro de
Tratamento Intensivo,
Praça Cruz Vermelha 23,
20230-130 Rio de Janeiro, Brazil

R. Byington
Hospital do Câncer, Instituto Nacional de Câncer,
Praça Cruz Vermelha 23,
20230-130 Rio de Janeiro, Brazil

C. A. S. Martins . M. Schirmer . L. M. C. Dias .
V. M. S. Gonçalves
Hospital do Câncer, Instituto Nacional de Câncer, Comissão de
Controle de Infecção Hospitalar,
Praça Cruz Vermelha 23,
20230-130 Rio de Janeiro, Brazil



Therefore, we performed a 26-month prospective cohort
study at a tertiary cancer center with two objectives. The
first one was to describe the epidemiology and microbi-
ology of BSIs among adult surgical patients. Our second
goal was to determine independent factors influencing in-
hospital mortality in order to identify a subgroup of
surgical patients at higher risk of death.

Patients and methods

The Hospital do Câncer, Instituto Nacional de Câncer, in Rio de
Janeiro, Brazil, is a 206-bed tertiary oncology care center that
provides specialized hematology/oncology care and is equipped
with a 10-bed medical/surgical intensive care unit. Annually, about
7,860 patients are admitted for the diagnosis and treatment of
malignancies, and about 5,700 (73%) of them undergo surgical
procedures.
We prospectively evaluated, between June 2000 and July 2002,

all consecutive adult (≥18 years) inpatients with solid tumors
submitted to an elective surgery who presented positive blood
cultures (BCs) within 30 days of surgery. All patients who entered
the operating room were considered to have had surgery.
Blood samples for culture were collected by nursing staff, and the

standard protocol required at least two samples for culture before or
at the moment of antibiotic initiation. If a central venous catheter
(CVC) was in place, at least two samples were obtained simulta-
neously from the catheter hub and from a peripheral site. Each
isolate from a positive BC was assessed to determine whether it
represented, on the basis of clinical or microbiological data, true
bacteremia or contamination. If potential skin contaminants (e.g.,
coagulase-negative staphylococci (CNS), corynebacteria other than
Corynebacterium jeikeium, diphtheroids, Propionibacterium spp.,
Bacillus spp., or micrococci) were isolated, at least two separate
positive BCs had to be obtained from different sites in order for the
episode to be considered a true infection. In addition, the treating
physician had to consider the infection to be clinically significant,
warranting the commencement of antimicrobial therapy.
A BSI episode was defined as a period beginning with the first

positive BC (index BC) and ending when the patient became
afebrile and was without clinical and laboratory signs of infection, or
upon death if the patient died during the infectious episode. All
positive BCs occurring during the same clinical infectious illness
were considered representative of the same BSI episode, even if
multiple sources were evident. Crude in-hospital mortality, used as
the measure of outcome, was defined as the number of patients who
died with BSI divided by the total number of patients with the
infection.
BSIs were defined according to the criteria of the Centers for

Disease Control (CDC) [7]. Primary BSI referred to bacteremia or
fungemia for which there was no documented focal source,
including infections that resulted from intravascular catheter infec-
tion. Associated BSI episodes were those that occurred concomi-
tantly or immediately prior to a clinically or laboratory-proven site
of infection. Catheter-related BSI was defined as the appearance of
fever, chills/rigors, or hypotension within 1 h after catheter flushing
or manipulation and a return to normal condition within 24 h of
catheter removal without antimicrobial treatment; the appearance of
fever, chills/rigors, or hypotension concomitant with a catheter exit
site or subcutaneous tunnel infection; or recovery of the same
microorganism from blood and catheter tip (roll-plate semiquanti-
tative culture with ≥15 cfu) without an apparent active focus.
The following variables were analyzed: demographics of the

patients, underlying conditions, clinical stage of cancer, performance
status (Karnofsky score) [8], BSI classification (monomicrobial or
polymicrobial) according to the number of species of organisms
isolated during the entire episode, type of BSI (transitory or
persistent) when organisms were isolated only within the first 48 h
or when BCs remained positive for more than 48 h, presence and
type of CVC, infectious and noninfectious co-morbid conditions

(evaluated within the 7 days after the index BC), hyperglycemia
(serum glucose level >200 mg/dl or therapy with an oral hypogly-
cemic agent or insulin), hypoalbuminemia (serum albumin
≤2.8 mg), recent 30-day weight loss ≥ 10%, and neurologic
dysfunction (a new or old focal deficit). Hypotension was defined as
a sustained (≥1 h) decrease in the systolic blood pressure of at least
40 mmHg from baseline or a resultant systolic blood pressure of
<90 mmHg after adequate fluid replacement and in the absence of
any antihypertensive drug. Patients with major vascular or locally
invasive tumors or those with metastasis were considered to have
advanced disease.
The following organisms were considered antimicrobial-resistant

bacteria: ceftazidime-resistant gram-negative bacilli, penicillin-re-
sistant enterococci and streptococci, and oxacillin-resistant Staphy-
lococcus aureus. Initial empiric therapy, prior to any change in
regimen made as a result of culture yield, was correlated with the in
vitro susceptibility of the BC isolate(s). Therapy was deemed
inadequate when the organisms isolated were resistant in vitro to all
the antibiotics administered or when the antimicrobial agents
administered were not directed toward a specific class of
microorganisms isolated, such as fungi. The antibiotics had to be
administered for at least 48 h in order to be evaluated for their effect
on outcome.
Blood specimens were inoculated into Bactec Peds Plus vials and

Bactec Plus anaerobic/aerobic vials (Becton–Dickinson Microbiol-
ogy Systems, Sparks, MD, USA). All cultures were processed in a
Bactec 9240 continuous-monitoring system (Becton–Dickinson) and
incubated until microbial growth was detected or for 5 days. Isolates
from positive bottles were identified by standard methods, using the
automated Vitek System (bioMérieux, Lyon, France) [9, 10]. The
Kirby–Bauer diffusion test and the E test were performed in
accordance with the guidelines for each organism tested. All
negative bottles remained incubated for 30 days. Both antibiotic-
resistant and intermediately susceptible organisms were considered
to be resistant when resistance percentages were calculated. BCs
positive for yeast were further processed in the mycological
laboratory. Yeasts were identified on the basis of morphology and
biochemical characteristics (API 20C; bioMérieux, Marcy l’Etoile,
France). Non-yeast fungi were identified on the basis of morphol-
ogy.
Continuous variables were analyzed by using the Student’s t test

for normally distributed variables and the Mann-Whitney rank-sum
test for non-normally distributed variables. Categorical variables
were compared by the chi-square test (with Yates’ correction where
applicable) or Fisher’s exact test, as appropriate. All statistical tests
were two-sided, and P values of ≤0.05 were considered statistically
significant. Variables with a P value of <0.10 in univariate analyses
and those known to be biologically important were included in a
stepwise multivariate logistic regression analysis. Calculations were
performed using SPSS software, version 11 for Windows (SPSS,
Chicago, IL, USA).

Results

The study enrolled 112 episodes of BSI occurring in 112
patients. The median number of days that elapsed from
surgery to the index BC was 11 days (range, 0–43 days)
and from the index BC to death was 4.5 days (range, 0–36
days). Forty-one (36.6%) patients were under intensive
care at the time of or within the 10 days preceding the BSI.
The overall in-hospital mortality was 19.6% (n=22
deaths).

The origin of BSI could not be determined in 5.4% of
the episodes. The BSI was considered to be associated
with other sites in 57.1% of the cases and related to the
CVC in 37.5%. BSI associated with other sites had the
highest crude mortality rate (25%), followed by BSI of
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unknown origin (16.7%) and CVC-related BSI (11.9%)
(P=0.25). A total of 159 concomitantly infected sites were
clinically or laboratory documented. The most frequent
diagnoses were surgical-site infection (32.1%), pneumonia
(30.2%), and urinary tract infection (13.8%).

Tables 1, 2 show the main characteristics of the patients
and the association of these characteristics with a fatal
outcome. Patients who had advanced tumor disease,
pulmonary infiltrates, and thoracic surgery were more
likely to die. There was a statistical trend toward a higher
proportion of deaths associated with polymicrobial infec-
tions in comparison with monomicrobial infections
(P=0.06).

Most CVCs were inserted for short-term purposes
(73/77; 94.8%). We did not observe a significant
difference in outcome between patients with and patients
without a CVC (18.2% vs 22.9%, respectively; P=0.75).
The median length of time from the index BC to CVC
removal was 1 day (range, 0–13 days) and did not differ
between survivors (median, 1 day; range, 0–13 days) and
nonsurvivors (median, 2 days; range, 0–6 days) (P=0.80).
The majority of catheters (73%) were removed within the
first 72 h after the index BC result was obtained. There
was a tendency toward a higher rate of CVC retention in
nonsurvivors (P=0.07). The risk of death decreased 82%
with catheter withdrawal in comparison with catheter
retention.

There were three deaths among patients submitted to
thoracic surgery. In two cases, diagnostic surgical
procedures were performed in hypoxemic patients with

very poor functional status: one had a large mediastinum
mass and superior vena cava obstruction and the other had
diffuse interstitial infiltrates. The third patient was
submitted to a pneumectomy with large chest wall
resection.

A total of 328 noninfectious co-morbid conditions were
observed during the entire study period (mean, 2.9±1.7).
Nonsurvivors had a higher number of co-morbid condi-
tions than survivors (mean, 4.0±1.5 vs 2.7±1.6; P<0.01;
respectively). We noticed a trend towards a higher
mortality rate among patients with ≥3 co-morbidities in
comparison with those with 0–2 co-morbidities (26.2% vs
10.6%, respectively; OR, 2.98; 95%CI, 0.91–10.27;
P=0.07). However, patients with ≥4 co-morbidities (39
patients; 34.8%) were at a significant risk of death (OR,
4.55; 95%CI, 1.53–13.83; P<0.01). Poor performance
status, weight loss, hypoalbuminemia, and need of
ventilatory support were associated with death in the
univariate analysis (Table 3). The median duration of
mechanical ventilatory support after the index BC was
similar in both groups (survivors, 12 days; range, 1–44
days, vs nonsurvivors, 9 days; range, 1–37 days; P=0.55).

A total of 150 pathogens were recovered from blood in
the first 48 h of infection. The most frequent isolates were
Enterobacter spp., CNS, Klebsiella spp., Acinetobacter
spp., and fungi (Table 4). Overall, there was a predomi-
nance of aerobic gram-negative bacilli (62%), followed by
gram-positive cocci (26.6%) and fungi (9.3%) (P<0.001).
The observed mortality rates associated with these organ-
ism groups were similar (23.6% vs 15% vs 28.6%,

Table 1 Demographics and main characteristics associated with death in 112 adult surgical cancer patients with BSIs

Characteristic All patients (n=112) Survivors (n=90) Nonsurvivors (n=22) OR (95%CI) P value

Mean age in years (±SD) 60.5±15.7 60.1±15.3 62.5±17.4 – 0.34
Sex
Female [no. (%)] 46 (41.1) 38 (42.2) 08 (36.4) 1
Male [no. (%)] 66 (58.9) 52 (57.8) 14 (63.3) 0.78 (0.26–2.27) 0.79
Extent of tumor
Limited disease [no. (%)] 28 (25.0) 27 (30.0) 1 (4.5) 1
Advanced disease [no. (%)] 84 (75.0) 63 (70.0) 21 (95.5) 9.0 (1.16–191.74) 0.03
Surgical procedures [no. (%)]
Upper abdominala [no. (%)] 35 (31.3) 27 (30.0) 8 (36.4) 1.33 (0.50–3.55) 0.75
Colon/rectum [no. (%)] 32 (28.6) 26 (28.9) 6 (27.3) 0.92 (0.33–2.62) 1.0
Head and neck [no. (%)] 6 (5.4) 6 (6.7) 0 NA 0.60
Nervous system [no. (%)] 19 (17.0) 17 (18.9) 2 (9.1) 0.43 (0.09–2.02) 0.35
Thoracic [no. (%)] 5 (4.5) 2 (2.2) 3 (13.6) 6.95 (1.08–44.48) 0.05
Genitourinary tract [no. (%)] 9 (8.0) 8 (8.9) 1 (4.5) 0.49 (0.06–4.12) 0.69
Bone/skin-soft tissue [no. (%)] 6 (5.4) 4 (4.4) 2 (9.1) 2.15 (0.37–12.57) 0.34
Presence of CVC
Yes [no. (%)] 77 (68.7) 63 (70.0%) 14 (63.6%) 1
No [no. (%)] 35 (31.3) 27 (30.0%) 8 (36.4%) 0.75 (0.28–2.00) 0.75
CVC removalb

Yes [no. (%)] 71 (92.2) 60 (95.2%) 11 (78.6%) 1
No [no. (%)] 06 (7.8) 03 (4.8) 03 (21.4) 0.18 (0.03–1.03) 0.07

CVC, central venous catheter
aEsophagus, gastrointestinal tract, hepatobiliary tract, pancreas, spleen
bCalculated from patients in whom a CVC was present: 63 survivors and 14 nonsurvivors
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respectively; P=0.44). The distribution of organism groups
was also similar in monomicrobial (n=68) and polymicro-
bial infections (n=82): gram-negative rods (61.7% vs
62.2%, respectively), gram-positive cocci (29.4% vs
26.8%), and fungi (7.3% vs 10.9%). We noticed a higher
proportion of fungal isolates in persistent infections than in
transitory episodes (21.4% vs 6.5%, respectively; P=0.03).

Gram-negative rods, gram-positive cocci, and fungi
were equally distributed between episodes with and
episodes without CVC (rods: 58.6% vs 69.5%, P=0.20;
cocci: 30.7% vs 21.7%, P=0.25; and fungi: 10.6% vs
6.5%, P=0.63). Fermentative bacilli were more commonly
isolated from patients without catheters (58.7% vs 33.6%,
respectively; P<0.01). However, nonfermentative isolates
were more predominant in patients with CVCs (25% vs
10.8%, respectively; P=0.05). There was no association
between polymicrobial BSIs and the presence or the
absence of a catheter (41.6% vs 34.3%, respectively;
P=0.60).

A total of 116 (77.3%) microorganisms were available
for comparison of susceptibility tests. Thirty-five (30.2%)
pathogens were considered resistant. We did not observe a

statistically significant difference in the mortality rate
between episodes with resistant and episodes with
nonresistant organisms (20% vs 26%, respectively;
P=0.49). Among the 93 episodes of gram-negative
bacteremia, there was not a statistically significant
difference in mortality between episodes due to antibiot-
ic-resistant versus susceptible organisms (20.7% vs 25%,
respectively; P=0.65).

When the variables studied were entered into the
multiple logistic regression analysis, five factors were
found to independently influence the in-hospital mortality
(Table 5): presence of ≥4 co-morbid conditions, advanced
tumor disease, thoracic surgery, CVC retention, and
presence of pulmonary infiltrates.

Discussion

The present prospective cohort study is unique in
evaluating the epidemiology and microbiology of noso-
comial BSIs in surgical cancer patients and the association
of possible variables with death. Most of the published

Table 2 Additional characteristics associated with death in 112 adult surgical cancer patients with BSIs

Characteristic No. (%) of patients OR (95%CI) P value

All patients (n=112) Survivors (n=90) Nonsurvivors (n=22)

Concomitant infected sites 97 (86.6%) 77 (85.6%) 20 (90.9%) 1.69 (0.35–8.10) 0.73
Pulmonary infiltratea 48 (42.9%) 34 (37.8%) 14 (63.6%) 2.88 (1.09–7.58) 0.05
Surgical site infection 51 (45.5%) 38 (42.2%) 13 (59.1%) 1.98 (0.77–5.10) 0.24
BSI classification
Monomicrobial 68 (60.7) 59 (65.6) 09 (40.9) 1
Polymicrobial 44 (39.3) 31 (34.4) 13 (59.1) 2.75 (0.95–8.03) 0.06
Type of BSI
Persistent 20 (17.9) 18 (20.0) 02 (9.1) 1
Transitory 92 (82.1) 72 (80.0) 20 (90.9%) 2.50 (0.49–17.26) 0.35
Primary infection
Yes 48 (42.9) 42 (46.7) 06 (27.3) 1
No 64 (57.1) 48 (53.3) 16 (72.7) 0.43 (0.13–1.32) 0.16
Inadequate therapy 45 (48.4) 34 (47.2) 11 (52.4) 1.23 (0.41–3.66) 0.87

BSI, bloodstream infection
aRadiological lung infiltrates at time of or after index blood culture

Table 3 Distribution of 328 noninfectious co-morbid conditions associated with death in 112 adult surgical cancer patients with BSIs

Main co-morbid condition No. (%) of patients 95%CI P value

All patients (n=112) Survivors (n=90) Nonsurvivors (n=22)

Weight loss 47 (42.0) 35 (38.9) 12 (54.2) 1.89 (0.74–4.83) 0.27
Hypoalbuminemia 42 (37.5) 32 (35.6) 10 (45.5) 1.51 (0.59–3.88) 0.54
Karnofsky score ≤60 94 (83.9) 72 (80.0) 22 (100) NA 0.02
Hypotension 26 (23.2) 17 (18.9) 9 (40.9) 2.97 (1.09–8.08) 0.05
Ventilatory support 38 (33.9) 25 (27.8) 13 (59.1) 3.76 (1.43–9.88) 0.01
Renal insufficiency 21 (18.8) 13 (14.4) 08 (36.4) 3.38 (1.19–9.66) 0.04
Hyperglycemia 20 (17.9) 17 (18.9) 03 (13.6) 0.68 (0.18–2.56) 0.80
Neurologic dysfunction 21 (18.8) 16 (17.8) 05 (22.7) 1.36 (0.44–4.23) 0.56

NA, not applicable
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data originated from patients hospitalized in intensive care
units following complex surgical procedures [11, 12].

The limitations of our study derive from the lack of
evaluation of patients’ clinical status at admission and the
lack of adjustment for the course of clinical illness after
the surgical procedure. Nevertheless, considering that all
operations were elective and that patients’ overall condi-
tions were stable with few or no co-morbid conditions at
admission, we may speculate that the burden of postop-
erative clinical status is a direct consequence of complex
surgeries for advanced malignant diseases.

Risk factors that independently affect the outcome in
multivariate analysis include advanced tumor, thoracic
surgery, presence of ≥4 co-morbid conditions, CVC
retention, and pulmonary infiltrates. The wide confidence
interval found to the OR of some variables may be due to
low statistical power or, in some cases, it may be a
reflection of associated co-morbid conditions.

The influence of CVC removal on the outcome of BSIs
has been evaluated mainly in nonsurgical cancer patients
[13–15]. These studies demonstrated an association of
catheter removal with a better prognosis. Catheter with-
drawal was not considered appropriate in patients with
unstable hemodynamic and hematologic conditions or in

those with a higher probability of death. As stated, catheter
retention could be merely a marker of the underlying
illness.

Our prognostic final model shows that CVC removal
had a significant protective effect on patient outcome.
Since the majority of vascular lines were in place for short-
term duration, the tendency was to withdraw them
immediately for any suspicion of catheter-related infec-
tion. This was evidenced by the finding that 73.2% of
removals occurred within the first 72 h of a positive BC,
and also by the 1-day median time from index BC to CVC
removal. Like other authors [16], we found a lower,
although not statistically significant (27.3% vs 72.7%;
P=0.16), proportion of deaths in primary BSIs in compar-
ison with BSIs associated with other infected sites.

The severity of illness, the functional status, and the
number of co-morbid conditions in hospitalized patients
are increasingly being recognized as important predictors
of patient outcome [17]. Moreover, patients with advanced
cancers submitted to extensive radical resections have a
significantly longer operating time and hospital stay with
greater transfusion requirements than those with more
limited resections [18]. In our study, the impact of
postoperative complications can be inferred from the
short time interval between the index BC and death, the
seriousness of co-morbid diseases, and the poor perfor-
mance status. Invasive procedures and the prevalence of
resistant organisms also might have contributed to the
unfavorable outcome.

In this study, gram-negative bacilli represented 62% of
the isolates. This finding highlights the importance of
these organisms as the main etiologic agents of BSI in our
surgical population. The observed high prevalence of
Acinetobacter spp., Enterobacter spp., and Pseudomonas
spp. strains is similar to findings of other studies [19–21]
in which the authors emphasized the importance of
endogenous origin and hospital cross-acquisition in these
infections. Martino et al. [22] have also shown a high
frequency of catheter-related nonfermentative bacteremia
in cancer patients, which was attributed to contaminated
fluids, instruments, and material used for patient care. Our
study demonstrates that 66% of the cases of gram-negative
bacteremia occurred in patients with a CVC in place, with
a significant predominance of nonfermentative isolates.

Candida spp. have become one of the most common
etiologic isolates in BSIs among critically ill surgical
patients [23]. Our data demonstrate fungi as the third
leading type of organism, together with Klebsiella spp.
and Acinetobacter spp., while Candida spp. infections
accounted for 64% of bloodstream fungal infections. A
temporal trend study in US hospitals [24] has shown a
124% rise in fungal infection rates in general surgical
services. This trend was attributed to the strong association
of Candida infections with the severity of underlying
illness, antibiotic exposure, and degree of Candida
colonization [13, 24, 25]. Other investigators [26] have
pointed out the importance of intestinal fungal transloca-
tion, total parenteral nutrition, prolonged central vein
catheterization, and the cross-transmission route in the

Table 4 Distribution of the most common pathogens recovered
from the blood of adult surgical cancer patients within the first 48 h
of the BSI episode

Microorganism No. (%) of isolates

Enterobacter spp. 23 (15.3)
Coagulase-negative staphylococcia 19 (12.6)
Klebsiella spp. 14 (9.3)
Acinetobacter spp. 14 (9.3)
Fungib 14 (9.3)
Pseudomonas aeruginosa 12 (8.0)
Staphylococcus aureus 11 (7.3)
Enterococci 09 (6.0)
Escherichia coli 07 (4.6)
Serratia spp. 06 (4.0)
Streptococci 06 (4.0)
Citrobacter spp. 05 (3.3)
Proteus spp. 04 (2.6)
Other 06 (4.0)
aOf these, 11 were Staphylococcus epidermidis.
bOf these, 9 were Candida spp. (4 Candida albicans, 4 Candida
tropicalis, 1 Candida glabrata), 2 Rhodotorula rubra, 1 Rhodo-
torula glutinis, 1 Hansenula anomala, and 1 Penicillium spp.

Table 5 Multivariate analysis of putative risk factors for mortality
in 112 adult surgical cancer patients with BSIs

Variable Odds ratio (95%CI)

Co-morbid conditions (n≥4) 4.71 (1.42–15.64)
Advanced tumor 34.34 (2.56–459.97)
Thoracic surgery 17.24 (2.03–146.10)
CVC retention 8.85 (1.04–75.25)
Pulmonary infiltrates 3.36 (0.98–11.47)

600



pathogenesis of postoperative fungal infections. The high
proportion of fungal isolates during persistent BSIs may be
related to variables commonly associated with or able to
perpetuate fungemia, such as poor performance status,
colonization of patients by yeast, presence of central lines,
parenteral nutrition, and antibiotic pressure.

The impact of nosocomial candidemia on outcome is
well documented in several studies and is associated with
high morbidity and with an increase of hospitalization and
total costs [26–28]. In our study, fungi were the fifth most
common pathogen recovered from BCs, accounting for
9.3% of the isolates. Several authors have demonstrated
that candidemia occurred in compromised patients treated
with broad-spectrum antibiotics, many of whom were
hospitalized in intensive care units, with organ dysfunc-
tion, and who underwent invasive procedures [28, 29].
The attributed mortality is high and depends on the study
design and the population under investigation. Although
not reaching a statistically comparative significant rate, the
observed 28.6% rate of in-hospital mortality due to fungi
in the present study represents the highest rate among all
groups of organisms. Nevertheless, it is lower than the
36% in-hospital mortality observed at 28 days in the study
of Blot et al. [29].

We found no significant difference in the mortality rate
between causative microorganisms or between resistant
and nonresistant organisms. In vitro resistance of gram-
negative bacilli to ceftazidime has been considered
indicative of extended-spectrum β-lactamase production
or the hyperproduction of Bush group 1 (Amp C) β-
lactamases. Although some investigators [30, 31] have
shown a strong association between antibiotic-resistant
infections and high morbidity and mortality rates, neither
we nor other authors [32] were able to demonstrate any
adverse effect of resistant isolates on outcome. The
administration of inadequate antimicrobial treatment to
critically ill patients with BSI has been shown to be
associated with poor outcome [33]. In our study, empirical
inappropriate therapy was not significantly associated with
death. Differences in patient populations, causative
organisms, and infection sites may explain these findings.
Besides, in our institution, infectious disease specialists
have provided prompt consultation, ensuring optimal
management of infections and antimicrobial therapy.

In summary, this study provides further insight into the
epidemiology and outcome of BSIs in this subgroup of
surgical patients at high risk of serious postoperative
complications. Direct surveillance activities with rigid
adherence to antibiotic and infection control measures in
order to minimize colonization pressure and bacterial
cross-transmission between patients may effectively inter-
fere with factors associated with an infection-related
unfavorable outcome. Moreover, improving preoperative
clinical status and tumor staging evaluation can potentially
decrease the morbidity and mortality of these major and
complex operations.
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