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Summary. Purpose: This study aimed to evaluate the incidence and outcomes of Acute Respiratory Distress 
Syndrome (ARDS) in adult oncological patients in the ICU of a dedicated cancer hospital, as well as analyse 
the risk and protective factors associated with mortality in this population. Methods: A prospective cohort 
study evaluating all adult cancer patients admitted to the ICU, from January 2012 to December 2013. Results: 
The incidence of ARDS (n=87) was 11.9% of cancer patients in the ICU, and 17.8% among those in mechani-
cal ventilation. ARDS was more common in onco-hematological patients. Patients with ARDS had longer 
ICU length of stay, more complications (mainly acute kidney injury [AKI]) and mortality than non-ARDS 
patients. Among patients with ARDS, those with a later ARDS onset (>48 h hospitalised) and with a more 
positive Fluid Balance (FB) had a higher mortality incidence. No differences were found in the ventilatory 
parameters, although the patients who died presented reduced pulmonary static compliance. Conclusions: The 
incidence and morbimortality of ARDS were high (particularly in onco-hematological patients). Later onset 
ARDS and highly positive FB presented a trend to a higher mortality.
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List of abbreviations

AKI	 Acute Kidney Injury
APACHE: 	Acute Physiology and Chronic Health Evaluation 
	 score
ARDS: 	 Acute Respiratory Distress Syndrome
COPD: 	 Chronic Obstructive Pulmonary Disease
Cstat	 Pulmonary Static Complacency
FiO2	 Fraction of inspired oxygen
ICU: 	 Intensive Care Unit
MV	 Mechanical Ventilation
PaO2	 Partial pressure of Oxygen
PEEP	 Positive end-expiratory Pressure
PRBC	 Packed Red Blood Cells
SD:	 Standard deviation
TRALI	 Transfusion-related Acute Lung Injury
VAP	 Ventilation-associated Pneumonia

Introduction

Cancer remains one of the leading causes of death 
and hospital costs worldwide, particularly in develop-
ing countries (1, 2). The increase in survival rates, due 
to new screening and treatment strategies (3), also led 
to an increase in the incidence of admissions of cancer 
patients in the ICU (4). Oncological patients occupy 
up to 15% of all ICU beds with important medical, 
social and economic impacts (5-10).

Mortality caused by ARDS in cancer patients, 
particularly in onco-hematological malignancies, is 
superior to that of other ICU populations (11, 12) due 
to factors such as immunosuppression and infections, 
comorbidities, chemotherapeutic agents, radiation 
therapy, or the involvement of neoplastic tissue in the 
lung (13, 14).
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Objectives

This study aimed to evaluate the incidence and 
outcomes of ARDS in adult oncological patients in 
the ICU of a dedicated cancer hospital, as well as ana-
lyse the protective and risk factors associated with the 
mortality of this population.

Methods

Prospective cohort study. All patients admitted 
to the adult ICU from a dedicated cancer centre in 
southern Brazil from January 2012 to December 2013 
were evaluated for ARDS. The ICU has eight beds and 
admits an almost exclusively oncologic population.

Inclusion criteria were: adult patients admitted to 
the ICU during the study period with cancer (solid or 
hematological) and who developed ARDS.

Exclusion criteria: Patients who were <18 years 
and those who stayed in the ICU for only <2 h (there-
fore, patients between 2 and 24 h were included) were 
excluded from the analysis. 

Criteria and definitions:
- ARDS: Berlin Consensus Definition (15);
- �Acute Kidney Injury (AKI): Any serum creati-

nine level higher than or equal to 1.5 times the 
baseline serum level, excluding patients with 
known prior renal disease (16);

- �Sepsis: By the ACCP/SSCM Criteria (17), in 
use at the time of data collection;

- �Vasoactive drug use: Any dose of norepineph-
rine, dopamine or vasopressin;

- �Previous diseases (e.g. Chronic Obstructive Pul-
monary Disease, Heart Failure, Chronic Kidney 
Disease): clinically defined by the healthcare 
team;

Clinical management (e.g. sedation, antibiotics, 
tracheostomy, glycemic control, vasoactive drugs, etc.), 
as well as the ventilatory strategy, were defined by the 
assistant ICU team (physician and respiratory thera-
pist).

Descriptive statistical analysis was performed and 
percentages were expressed as frequency, mean and 
standard deviation. The analysis of baseline and epide-
miological data and outcome were conducted using the 

Student’s t-test, analysis of variance and Tukey’s test, 
applying a significance level of p<0.05.

Multivariate analysis by logistic regression was 
performed to identify variables related to higher mor-
tality.

The study was conducted in accordance with the 
recommendations in Resolution 466/2012 of the Bra-
zilian National Council of Health. This study was ap-
proved by the Research Ethics Committee of the Uni-
versidade Estadual do Oeste do Paraná-UNIOESTE. 

Results

During the study period, 729 adult oncological 
patients were admitted to the ICU. Of those, 489 re-
quired mechanical ventilation (MV). ARDS incidence 
(n=87) among cancer patients was 11.9% of the admis-
sions and 17.8% in the subgroup that received MV.

Comparison between mechanically ventilated pa-
tients with and without ARDS showed that the first 
ones were more critically ill at ICU admission (higher 
APACHE II score), younger, had more hematologi-
cal malignancies (mostly leukemias and lymphomas), 
higher rates of smoking and lower incidence of elective 
surgery as etiology. ICU length of stay, MV duration 
and mortality were significantly higher. Data on MV 
patients (ARDS or not) are shown in Table 1.

Among ARDS patients, 67.8% were admitted to 
the ICU due to medical causes; most common etiology 
was Pneumonia (57%), followed by extra-pulmonary 
sepsis (19%). Prevalence of previous radiation therapy 
or chemotherapy was 17% and 31%, respectively (even 
though only 4% had neutropenia). The most common 
administered antibiotics were Cefepime, Meropenem, 
Amikacin, Vancomycin and Teicoplanin. The most fre-
quent complications during ICU stay were Acute Kid-
ney Injury (AKI) (68.9%) and Ventilation-Associated 
Pneumonia (VAP) (64.4%).

Data analysis of the oncological patients that 
developed ARDS revealed that some factors were as-
sociated with higher mortality, including later-onset 
ARDS and a more positive fluid balance (supplemen-
tal archives [Table S-1], and Figures 2 and 3). How-
ever, logistic regression showed that only smoking and 
alcoholism were associated with higher mortality.
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Table 1. Comparison of mechanically ventilated patients with and without ARDS
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Supplemental File 1 - Table S-1. - Clinical and demographic data of patients with ARDS. n = 87

(continued)
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Supplemental File 1 - Table S-1. - Clinical and demographic data of patients with ARDS. n = 87
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Supplemental File 2 - Table S-2. Ventilatory parameters and outcomes of patients with ARDS. n = 87
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Figure 1. Ventilatory parameters of cancer patients with ARDS (n = 87) 
Cstat = Static Complacency (in mL/cmH2O); PEEP: Positive end-expiratory Pressure (in cmH2O); PaO2: Partial pressure of arterial 
oxygen; FiO2: Fraction of inspired oxygen; Pplateau: Inspiratory plateau pressure (in cmH2O); DrivPress: Driving Pressure (cmH2O); 
NS: Non-significant.

Figure 2. Fluid Balance in 1st  ICU day, 1st ARDS day, 2nd  
ARDS day (n = 87)
Fluid Balance in mL/24h.  ICU: Intensive Care Unit;  ARDS: 
Acute Respiratory Distress Syndrome.

Figure 3. MV and ICU time (before ARDS) x Mortality (n = 
87).
MV: Mechanical ventilation; ICU: Intensive Care Unit; ARDS: 
Acute Respiratory Distress Syndrome.
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MV parameters were not significantly different 
when survivors and non-survivors were compared, 
although deceased patients had a higher incidence of 
pulmonary static compliance (Cstat) <30 mL/cmH2O 
(supplement archives [Table S-2] and Figure 1).

Discussion

On this study, 11% of cancer patients admitted 
to the ICU developed ARDS, a similar percentage to 
that previously reported (11). The APACHE score was 
significantly higher in our ARDS patients than non-
ARDS. Illness severity scores and acute physiologic 
alterations have been shown to predict mortality in 
ICU for both oncological and non-oncological pa-
tients (18-20). Besides, these scores are usually higher 
in oncological subjects (13).

Among ARDS patients, the prevalence of hemato-
logical cancer (mostly Leukemia and Lymphoma) was 
higher than non-ARDS, where the vast majority had 
solid tumours. Up to 11% of patients with hematologi-
cal malignancies hospitalised will require ICU admis-
sion (21), and they are, in general, more severely ill, have 
higher rates of ARDS (22, 23) and mortality (24) than 
solid tumours patients. However, at least some of this 
result (higher mortality in onco-hematological patients) 
could be explained by the fact that most of the patients 
with solid tumours were admitted to the ICU for post-
operative care after elective surgeries that have lower se-
verity and risk of ARDS (25). When solid tumour and 
onco-hematological patients are compared, considering 
both being admitted to the ICU due to medical causes, 
such as acute respiratory failure or sepsis, ARDS inci-
dence and mortality are similar (13).

ARDS patients’ mortality in our study was excep-
tionally high, even when compared to other studies of 
oncological patients in the ICU (12). Although ARDS 
lethality went down recently, due to improving MV 
management and ICU care in general, the mortality 
remains high (26). Cancer-associated ARDS makes 
treatment more difficult due to poorly responsive in-
fections related to immunosuppression, chemotherapy, 
radiation therapy and the involvement of lung tissue 
by neoplastic infiltrates (14, 15); for those reasons, 
mortality in cancer patients with ARDS is higher than 

non-cancer. We theorise that this particularly high 
mortality in our research could have been attributed 
to the fact that many patients that were included in 
this study ended up receiving exclusively palliative 
care, with therapeutical limitations, or other patients 
that rapidly died in a few hours (excluded from most 
similar studies). Besides, some studies of ARDS in 
oncological patients, even though retrospective or 
epidemiological, included mostly patients that were in 
randomised clinical trials (RCTs); consequently, they 
were highly selected patients, with usually strict inclu-
sion criteria (12, 13). Thus, our study contributes and 
differentiates itself because we analysed ‘real life’ pa-
tients (without the effect of participation on RCTs). 
On the other hand, we should take into account the 
quality and intensity of care on ICU outcomes: sepsis 
mortality, e.g. has been shown to be higher in devel-
oping countries than in developed ones (27), and, at 
least in Brazil, it is higher in public hospital’s ICUs 
than in private ones (28). Therefore, this work may 
provide thoughtful insight into the reality of ARDS 
in cancer patients, specially from developing countries, 
which may be different from optimistic results recently 
reported, that showed a reasonably similar mortality 
from ARDS in oncological and non-oncological pa-
tients (11, 12).

The main factors associated with higher disease 
severity and mortality in ARDS patients were the 
duration of MV and ICU stay prior to ARDS de-
velopment (later onset of ARDS resulting in higher 
mortality), excessively positive fluid balance before 
ARDS development and the presence of clinical com-
plications, particularly AKI. Patients with a positive 
fluid balance are more prone to pulmonary edema 
with worsening of pulmonary compliance interfering 
with gas exchange, unfavorable clinical outcomes (e.g. 
AKI) and higher mortality (29). However, the effects 
of positive fluid balance before or during ARDS are 
still controverse (30).

Duration of either ICU stay or time of MV before 
ARDS might point to different pathophysiologies and 
influence prognosis, including mortality and illness se-
verity (31). Complications, such as nosocomial infec-
tions and AKI, have been described as factors of worse 
prognosis in ARDS, especially in oncological patients 
(12, 13, 32,33).
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In our study, ventilatory parameters from ARDS 
patients that did not survive were usually worse than 
in the survivors: worse (lower) lung compliance, lower 
PaO2/FiO2 and higher driving pressure. On the other 
hand, PEEP was higher in the surviving patients (al-
though lower mean PaO2/FiO2). MV strategies with 
lower tidal volume, plateau pressure, driving pressure 
and, possibly, higher PEEP have been shown to re-
duced mortality in ARDS in many different studies 
(26, 34-37), although ‘very high’ PEEP and alveolar 
recruitment strategies did not show any benefit (38). 
A previous study that analysed the impact of MV over 
mortality on oncological ARDS patients did not find 
prognostic association (13). Nevertheless, it is possi-
ble that because of the characteristics of that studied 
population (ARDSnet study subgroups), some varia-
bles might have been artificially different than those of 
daily practice (e.g. the median of the highest PEEP on 
this study was 8 cmH2O, significantly inferior to our 
results and to those published by most epidemiological 
studies) (26, 39). Regardless of that, it has been found 
that in patients with hematological malignancies, 
those with lower PaO2/FiO2 and higher PaCO2 had 
higher mortality rates (33). Lung compliance and gas 
exchange were found to be worse in oncological versus 
non-oncological ARDS patients, reflecting a possibly 
higher degree of lung involvement (14, 15, 19).

This study has several limitations (some of which 
are inherent to its nature), which may compromise the 
interpretation of the data. This was an observational 
study of a single centre (a specialised cancer hospital 
in Southern Brazil). This might not reflect the reality 
of most ICUs in our country or in the world, espe-
cially considering differences in outcomes regarding 
low/medium income versus high-income countries. 
In addition, the number of patients may not be large 
enough to answer questions about specific groups, 
such as the difference between solid cancer and onco-
hematological patients. However, it was still compa-
rable to many studies of the oncological patient in the 
ICU (24). Likewise, we did not have a control group 
of non-oncological patients developing ARDS. Due to 
being an observational study, the impact of evaluation 
and management strategies was not specifically stud-
ied, once the clinical decision was left to the medical 
and multi-professional team, according to local proto-

cols and routines. However, the objective of the study 
was to evaluate the ‘real life’ situation of adult onco-
logical patients who developed ARDS in the ICU of 
a dedicated cancer hospital in a developing country, 
and therefore, the design of the study was set up for 
this purpose.

Due to the study design, patients were only mon-
itored until ICU discharge. For this reason, the late 
outcomes (including quality of life) were not evaluated 
in the present study.

Conclusions

In a population of oncological patients in a Bra-
zilian ICU, the incidence of ARDS was high, par-
ticularly on medical and onco-hematological patients, 
with high mortality and complication rates. Patients 
with late-onset ARDS (after >24-48 h of ICU stay), 
more positive fluid balance on the 1st day of ARDS and 
lower lung compliance tended to have higher mortality 
rates. 
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