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Abstract
AIM: To describe the intensive care unit (ICU) outcomes 
of critically ill cancer patients with Acinetobacter 
baumannii  (AB) infection.

METHODS: This was an observational study that 
included 23 consecutive cancer patients who acquired 
AB infections during their stay at ICU of the National 
Cancer Institute of Mexico (INCan), located in Mexico City. 
Data collection took place between January 2011, and 
December 2012. Patients who had AB infections before 
ICU admission, and infections that occurred during the 
first 2 d of ICU stay were excluded. Data were obtained 
by reviewing the electronic health record of each patient. 
This investigation was approved by the Scientific and 
Ethics Committees at INCan. Because of its observational 
nature, informed consent of the patients was not required. 

ORIGINAL ARTICLE

World Journal of
Critical Care MedicineW J C C M

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5492/wjccm.v4.i3.258

World J Crit Care Med  2015 August 4; 4(3): 258-264
ISSN 2220-3141 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

August 4, 2015|Volume 4|Issue 3|WJCCM|www.wjgnet.com 258

Observational Study



RESULTS: Throughout the study period, a total of 
494 critically ill patients with cancer were admitted to 
the ICU of the INCan, 23 (4.6%) of whom developed 
AB infections. Sixteen (60.9%) of these patients had 
hematologic malignancies. Most frequent reasons for 
ICU admission were severe sepsis or septic shock 
(56.2%) and postoperative care (21.7%). The respira-
tory tract was the most frequent site of AB infection 
(91.3%). The most common organ dysfunction observed 
in our group of patients were the respiratory (100%), 
cardiovascular (100%), hepatic (73.9%) and renal 
dysfunction (65.2%). The ICU mortality of patients with 
3 or less organ system dysfunctions was 11.7% (2/17) 
compared with 66.6% (4/6) for the group of patients 
with 4 or more organ system dysfunctions (P  = 0.021). 
Multivariate analysis identified blood lactate levels (BLL) 
as the only variable independently associated with in-
ICU death (OR = 2.59, 95%CI: 1.04-6.43, P  = 0.040). 
ICU and hospital mortality rates were 26.1% and 
43.5%, respectively.

CONCLUSION: The mortality rate in critically ill 
patients with both HM, and AB infections who are 
admitted to the ICU is high. The variable most associ-
ated with increased mortality was a BLL ≥ 2.6 mmol/L 
in the first day of stay in the ICU. 

Key words: Outcomes; Cancer patients; Acinetobacter 
baumannii ; Intensive care; Critical care
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Core tip: Several factors have been associated with 
poor prognosis among critically ill patients with infec-
tions caused by Acinetobacter baumannii  (AB) in 
the intensive care unit (ICU) including renal failure, 
thrombocytopenia, neutropenia, history of prior immu-
nosuppressive therapy use, the need for invasive 
mechanical ventilation, and development of severe 
sepsis. In this study the mortality rate in patients with 
both hematological malignancies, and AB infections 
who are admitted to the ICU is high. The variable most 
associated with increased mortality was a blood lactate 
levels ≥ 2.6 mmol/L in the first day of stay in the ICU. 
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INTRODUCTION
Acinetobacter baumannii (AB) is an aerobic, gram-
negative coccobacillary rod that grows at 20 ℃-30 ℃ 
on standard laboratory media[1]. AB infections may be 

fatal in patients with suboptimal immune defenses[2]. 
The mortality attributable to infections caused by AB in 
critically ill patients ranges from 40.7% to 73%[3-5].  The 
intensive care unit (ICU) and hospital mortality rate of 
patients with both hematologic malignancies and AB 
infection is 83%[6]; however, patients with solid tumors 
and bacteremia caused by AB have a relatively good 
prognosis with a mortality rate of 14.5%[7].  

Risk factors associated with AB colonization or 
infection include prolonged hospitalization, admission 
to the ICU, recent surgical procedures, exposure to 
antibiotics, use of central venous catheter, hospitalization 
and nursing home residence before hospital admission[8]. 
Several factors have been associated with poor prognosis 
among critically ill patients with infections caused by AB 
in the ICU, including renal failure, thrombocytopenia[9], 
low Glasgow coma scale, neutropenia, history of 
prior immunosuppressive therapy use, the need for 
mechanical ventilatory support, and development of 
severe sepsis[6]. 

In Latin America Acinetobacter spp has been 
reported as one of the most commonly isolated species 
(9.6%) from patients with suspected hospital-acquired 
pneumonia[10]. In Mexico, information on the prevalence 
and incidence of AB infections is limited[11,12]. The aim of 
the present study was to describe the ICU outcomes of 
critically ill cancer patients with AB infection.

MATERIALS AND METHODS
This was an observational study that included 23 
consecutive cancer patients who acquired AB infections 
during their stay at ICU of the National Cancer Insti-
tute of Mexico (INCan), located in Mexico City. Data 
collection took place between January 2011, and 
December 2012. Data on the characteristics, organi-
zation, and recommendations for admission to our ICU 
have been previously reported[13,14]. Patients who had 
AB infections before ICU admission, and infections that 
occurred during the first 2 d of ICU stay were excluded. 
This investigation was approved by the Scientific and 
Ethics Committees at INCan (Rev/02/13). Because of its 
observational nature, informed consent of the patients 
was not required. 

Data were obtained by reviewing the electronic 
health record of each patient. Data obtained included: 
the Eastern Cooperative Oncology Group scale for 
performance status[15] prior to hospitalization, malig-
nancy types, reasons for ICU admission, the need for 
invasive mechanical ventilation (IMV), the need for 
vasopressor therapy, durations of vasopressors, length 
of IMV, the length of stay (LOS) in the hospital before 
ICU admission, the LOS in hospital wards before ICU, 
use of antibiotics 30 d before ICU admission, infection 
sites, and the ICU and hospital mortality rate. The 
LOS in the ICU was measured by the number of hours 
or days spent there by the patient. The LOS in the 
hospital before ICU admission was quantified as the 
number of days from date of hospital admission until 
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ICU admission. The AB was categorized as follows: 
multidrug-resistant (MDR), pandrug-resistant (PDR), 
and pansensitive (PDS). AB MDR was defined as 
non-susceptible to ≥ 1 agent in ≥ 3 antimicrobial 
categories. AB PDR was defined as non-susceptible 
to ≥ 1 agent in all but ≤ 2 categories. AB PDS was 
defined as susceptible to all antimicrobial agents[16]. 
The Acute Physiology and Chronic Health Evaluation II 
score[17], and the Sequential Organ Failure Assessment 
(SOFA) score[18] were calculated within the first day ICU 
stay. In this study we have defined organ dysfunction as 
a SOFA score ≥ 1 point[14]. Malignancies were grouped 
into either hematological malignancies (HM) or solid 
tumors. Patients were divided into two groups based on 
their blood lactate levels (BLL): BLL ≥ 2.6 mmol/L or 
BLL < 2.6 mmol/L. 

Data presentation
The Kolmogorov-Smirnov test was performed to verify 
the normality of the distributions of the data; all of 
continuous variables were normally distributed. Data 
are presented as the mean ± SD. The continuous 
variables were compared using student’s t test and the 
chi-square or the Fisher exact test was used to compare 
categorical data. 

Discrimination was assessed using the area under 
the receiver operating characteristic (ROC) curve to 
evaluate the potential for using the lactate levels to 
discriminate between patients who die from those 
who survive. The sensitivity and specificity of the BLL 
cuoffs for predicting ICU mortality were examined. We 
constructed a multivariable model to identify factors 
associated with ICU mortality. We entered parameters 
into the model that were statistically significant on 
univariate analysis at a level of P < 0.20. Results were 
summarized as odds ratios (OR) with 95%CI. We asse-
ssed model discrimination using the area under the ROC 
curve[19]. Calibration was assessed using the Hosmer-
Lemeshow goodness-of-fit test and an adequate fit 
was assumed if P > 0.05[20]. Survival curves were 
estimated by the Kaplan-Meier method and differences 
between survival curves were checked with the log-rank 
test. Statistical analysis was done using the Statistical 
Package for the Social Sciences version 20.0. All tests 
were two-tailed, and a P < 0.05 was predetermined for 
statistical significance. All reported P values are 2 sided. 

Statistical analysis 
The statistical methods of this study were reviewed by 
Silvio A Ñamendys-Silva, Department of Critical Care 
Medicine, Instituto Nacional de Cancerología, Mexico City 
14080, Mexico. Telephone: +52-55-47471020-13015, 
13016.

RESULTS
Throughout the study period, a total of 494 patients 
with cancer were admitted to the ICU of the INCan, 
23 (4.6%) of whom developed AB infections. Sixteen 

(60.9%) of these patients had HM. Most frequent 
reasons for ICU admission were severe sepsis or septic 
shock (56.2%) and postoperative care (21.7%). In 
Table 1 are presented demographic and clinical data of 
patients. The mean time between the admission to the 
ICU and the development of AB infection was 13 ± 9.9 
d. The respiratory tract was the most frequent site of 
AB infection (91.3%). The most frequent co-morbidity 
associated with AB infection was diabetes mellitus 
3/23(13%), followed by cardiovascular disease (8.7%). 

The most common organ dysfunction observed in 
our group of patients were the respiratory (100%), 
cardiovascular (100%), hepatic (73.9%) and renal 
dysfunction (65.2%). The ICU mortality of patients with 
3 or less organ system dysfunctions was 11.7% (2/17) 
compared with 66.6% (4/6) for the group of patients 
with 4 or more organ system dysfunctions (P = 0.021) 
(Table 2).

The primary outcome variable of interest was 
ICU mortality. Univariate analysis indicated that the 
following three factors were associated with ICU death: 
BLL, four or more organ dysfunctions, and creatinine 
level (Table 3). Multivariate analysis identified BLL as 
the only variable independently associated with in-
ICU death. The area under the ROC curve was 0.88 
(95%CI: 0.74-0.99), P = 0.006, demonstrating a 
good discriminatory power to predict ICU mortality. 
The cut-off point was a BLL ≥ 2.6 mmol/L, with 
100% sensitivity and 77% specificity (Figure 1). ICU 
and hospital mortality rates were 26.1% and 43.5%, 
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  Characteristics Values

  No. of patients 23
  Age (years), mean ± SD 44.09 ± 17.10
  Gender (women), n (%) 11 (47.8)
  Length of ICU stay (d), mean ± SD 21.9 ± 28.9
  Length of hospital stay (d), mean ± SD 23.9 ± 12.3
  Need for vasopressors, n (%) 23 (100)
  Need for invasive mechanical ventilation, n (%) 23 (100)
  Length of mechanical ventilation (d), mean ± SD 21.4 ± 11.8 
  In hospital ward time before ICU admission, n (%) 20 (86.9)
  Length of stay in hospital wards before ICU 
  admission (d), mean ± SD

8.8 ± 10.6

  Use of antibiotics 30 days before ICU admission, n (%) 17 (73.9)
  Infection site, n (%)
     Respiratory 21 (91.3)
     Blood culture 3 (13)
     Surgical site 1 (4.3)
     Pansensitive, n (%) 2 (8.7)
     Pandrug-resistant, n (%) 5 (21.7)
     Multidrug-resistant, n (%) 16 (69.6)
     APACHE II score, mean ± SD 13.3 ± 5.8
     SOFA score, mean ± SD 8.7 ± 2.4
     Performance status 0-2, n (%) 22 (95.7)
     ICU mortality, n (%) 6 (26.1)
     Hospital mortality, n (%) 10 (43.5) 

Table 1  Demographic and clinical characteristics of the study 
population

ICU: Intensive care unit; APACHE: Acute Physiology and Chronic 
Health Evaluation; SOFA: Sequential Organ Failure Assessment; IQR: 
Interquartile range; PEEP: Positive end expiratory pressure.
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with an infectious diseases attending physician[22]. Levy 
and collaborators[23] reported that the implementation of 
guidelines for management of severe sepsis and septic 
shock is associated with sustained, continuous quality 
improvement in sepsis care, and with a significant 
reduction in hospital mortality among patients with 
severe sepsis and septic shock. 

The patients with HM admitted to our ICU had 
higher ICU mortality rates than those with solid tumors 
(21.4% vs 46.1%)[13,14]. Sepsis remains a frequent 
complication in patients with cancer, and is associated 
with high mortality[24]. Immune dysfunction has been 
documented in patients with cancer. Predisposing 
factors for infection include the tumor site, intravenous 
devices, neutropenia because of an underlying disease, 
corticosteroids, monoclonal antibodies, and treatment 
with chemotherapy or radiation therapy[25]. 

Risk factors for developing AB infections in patients 
with HM include advancing age, prior exposure to 
aminoglycosides, central venous catheterization, and 
the presence of nasogastric tube[6]. Turkoglu et al[6] 
reported that a low Glasgow coma scale, neutropenia, 
history of prior immunosuppressive therapy use, the 
need for IMV, and development of severe sepsis were 
associated with mortality in patients with HM. Infection 
with AB an APACHE II score ≥ 21 points are variables 
associated with a poor clinical outcomes for patients 
with solid tumors and AB complex bacteremia[7]. In our 
study all of the patients who died in the ICU had HM, 
and required vasopressors. Univariate analysis primarily 
identified three factors that were related with ICU 
mortality; BLL, four or more organ dysfunctions, and 
creatinine levels. Multivariate analysis identified BLL as 
an independent prognostic factor for in-ICU death. The 
patients with BLL ≥ 2.6 mmol/L in the first day of stay 
in the ICU were less likely to survive. Increased BLL 

respectively. ICU survival by BLL is presented in Figure 2, 
indicating that the patients who had a BLL ≥ 2.6 mmol/L 
in the first day ICU stay were less likely to survive. 

DISCUSSION
In this study, the incidence of AB infection in cancer 
patients who were admitted to the ICU was 4.6%, 
and ICU and hospital mortality rates were 26.1% and 
43.5%, respectively, which is lower than the mortality 
rates reported by other authors[4,6]. All of the patients 
who died had HM. Patients who had four or more organ 
system failures at the time of admission to the ICU had 
a high mortality rate. In the multivariate analysis, the 
only variable independently associated ICU mortality 
was a BLL ≥ 2.6 mmol/L. Patients with a BLL ≥ 2.6 
mmol/L in the first day ICU stay were less likely to 
survive. 

The overall ICU mortality rate found in our study 
could be related to the implementation of medical 
management protocols. Patients with severe sepsis and 
septic shock had received standard guidelines-based 
treatment[21]. Patient care rounds were performed daily 
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  Characteristics Survivors Nonsurvivors P

  Age, years, mean ± SD 42.6 ± 16.6     48.1 ± 19.3   0.510
  Women, n (%) 8 (47) 3 (50) 0.901
  APCAHE II score, mean ± SD         12.7 ± 5.0   15.3 ± 7.9 0.357
  SOFA score, mean ± SD   8.4 ± 2.4     9.6 ± 2.6 0.318
  PEEP, cmH2O   8.4 ± 2.8     7.3 ± 2.3 0.422
  Durations of vasopressors 7.59 ± 4.2      11 ± 4.9 0.122
  Leukocytes, × 109/L   8.6 ± 6.9     11.6 ± 13.1 0.487
  Absolute neutrophil count, 
  cells/mm3

  7.5 ± 6.2     10.2 ± 11.2 0.472

  Lymphocytes, cells/mm3   682 ± 542     666 ± 871 0.959
  Platelets, × 109/L   184.4 ± 149.2     112.8 ± 105.0 0.291
  Sodium, mmol/L    138 ± 5.85 135.3 ± 6.4   0.330
  Potassium, mmol/L     3.9 ± 0.51      4.0  ± 0.71   0.800
  Chloride, mmol/L 109.1 ± 8.74 109.3 ± 4.2 0.967
  Lactate, mmo/L   2.01 ± 1.29     5.2 ± 3.2 0.002
  Magnesium, mmol/L   0.93 ± 0.24     0.97 ± 0.13 0.722
  Phosphorus, mmol/L   1.33 ± 0.46     1.28 ± 0.66 0.816
  Hemoglobin, g/L   91.3 ± 19.2     94.5 ± 18.8 0.739
  Creatinine, µmol/L     75.8 ± 39.01   133.2 ± 34.4 0.004
  Glucose, mmol/L 8.34 ± 3.5   8.09 ± 2.2 0.877
  Bilirubin, total, µmol/L   17.8 ± 12.5     22.5 ± 15.5 0.465
  Uric acid, µmol/L       219.0 ± 94.0     189.3 ± 149.0 0.576
  ARDS, n (%) 13 (76.4) 4 (66.6) 0.632
  Number of organ 
  dysfunction (≥ 4)

2 (11.7) 4 (66.6) 0.021

  Malignancies
     Hematological 
     malignancy, n (%)

8 (47) 6 (100)   0.030

     Solid tumor, n (%) 9 (52.9) 0 (0) 

Table 2  Demographic and clinical characteristics of the 
critically ill cancer patients with Acinetobacter baumannii 
infection on the day of admission to the intensive care unit 
(initial) according to outcome

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: 
Sequential Organ Failure Assessment; IQR: Interquartile range; PEEP: 
Positive end expiratory pressure; ARDS: Acute respiratory syndrome 
distress.
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Figure 1  Receiver operator characteristic curve for lactate. The area 
under the Receiver operator characteristic curve is 0.88 (95%CI: 0.74-0.99), 
demonstrating a good discriminatory power for intensive care unit mortality.
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have been related to morbidity and mortality[26]. BLL are 
frequently elevated in critically ill patients and correlate 
well with disease severity. Hyperlactatemia (> 2 mmol/L) 
is observed in shock states when oxygen consumption 
becomes critically dependent on oxygen delivery[27]. 
The results of the current study suggest that in critically 
ill patients with cancer, and sepsis caused by AB, BLL 
may be used to identify patients at an increased risk of 
an adverse outcome. This may help to identify patients 
who may benefit from early admission to ICU. This 
report confirms that BLL is a valuable biomarker in 
the treatment of critically ill cancer patients with septic 
shock caused by AB infection. There have been no new 
cases reported since July 2014 in our ICU. 

This study has the following limitations: (1) The 
clinical data were obtained from a single institution; and 
(2) A small number of patients was included. 

The mortality rate in critically ill patients with both 
HM, and AB infections who are admitted to the ICU 
is high. The variable most associated with increased 
mortality was a BLL ≥ 2.6 mmol/L in the first day of 

stay in the ICU. 
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The mortality attributable to infections caused by Acinetobacter baumannii (AB) 
in critically ill patients ranges from 40.7% to 73%. The intensive care unit (ICU) 
and hospital mortality rate of patients with both hematologic malignancies and 
AB infection is high. Risk factors associated with AB colonization or infection 
include prolonged hospitalization, ICU admission, recent surgical procedures, 
antimicrobial agent exposure, central venous catheter use, prior hospitalization 
and nursing home residence. Several factors have been associated with poor 
prognosis among critically ill patients with infections caused by AB in the ICU, 
including renal failure, thrombocytopenia, the presence of neutropenia, prior 
immunosuppressive therapy, the need for invasive mechanical ventilation, and 
development of severe sepsis. 
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  Variables Univariate P Multivariate P
OR 95%CI OR 95%CI

  Age (yr) 1.02 0.96-1.08 0.491
  Gender (male) 1.12 0.17-7.24 0.901
  APACHE II score 1.07 0.92-1.25 0.345
  SOFA score 1.23 0.82-1.84 0.308
  Length of stay in hospital wards before ICU admission (d) 0.76 0.51-1.12 0.171
  Duration of vasopressors (d) 1.18 0.95-1.48 0.129
  Blood lactate level (mmol/L) 2.59 1.04-6.43         0.04 2.59 1.04-6.43 0.04
  Number of organ dysfunction (≥ 4)        15.00   1.58-142.1 0.018
  Creatinine (µmol/L) 1.03 1.004-1.064 0.024
  Total bilirubin (µmol/L) 1.02 0.95-1.10 0.449
  Albumin g/L 1.06 0.89-1.27 0.494
  Platelets (× 109/L) 0.99 0.98-1.00 0.295
  Absolute neutrophil count/µL 1.04 0.92-1.17 0.459
  Absolute lymphocytes count/µL 1.03 0.93-1.15 0.479

Table 3  Univariate and multivariate logistic regression analysis for identifying independent risk factors for mortality in the intensive 
care unit 

Goodness-of-fit (Hosmer-Lemeshow) χ 2 = 4.42, P = 0.817, AUC = 0.88 (0.74-0.99), P = 0.006. APACHE: Acute Physiology and Chronic Health Evaluation, 
ICU: Intensive care unit; OR: Odds ratio; CI: Confidence interval; AUC: Area under receiver operator characteristic curve.
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Figure 2  Overall survival with respect to blood lactate level in the first 24 h of intensive care unit stay.
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Research frontiers
In Latin America Acinetobacter spp has been reported as one of the most frequent 
species isolated from patients hospitalized with suspected pneumonia. In Mexico, 
information on the prevalence and incidence of AB infections is limited.

Innovations and breakthroughs
Blood lactate level (BLL) is a valuable biomarker in the treatment of critically 
ill cancer patients with septic shock caused by AB infection and thereby the 
importance of providing ICU treatment.

Applications
The results of our study suggest that in critically ill cancer patients with sepsis 
caused by AB, BLL may be used to identify patients at an increased risk of an 
adverse outcome. This may help to identify patients who may benefit from early 
admission to ICU. 

Peer-review
The manuscript is well conceived and indicates that lactate is a valuable 
biomarker in the treatment of critically ill cancer patients with septic shock 
caused by AB infection and thereby the importance of providing ICU treatment.
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