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Keywords:
 Purpose: To evaluate the relationship between phase angle (PA) and nutritional status and the prognostic signif-
icance of PA in critically ill cancer patients.
Methods: 31 patients that had been admitted to the intensive care unit (ICU) of a center on oncology were eval-
uated. Their PA was obtained from their bioelectrical impedance within 48 h of the ICU admission. The logistic
regression analysis of Cox was used in order to identify the independent predictors of the outcomes.
Results: Negative and significant correlations were observed between the PA and the following variables: the
length of hospital ward stay, the length of ICU stay, the total time of hospital stay, the mechanical ventilation
time, and the acute physiology and chronic health evaluation II (APACHE II) scores. A positive correlation was
ascertained between the PA and albumin. PA was significantly associated with death. Patients with a PA ≤3.8°
presented a significantly shorter survival time than those with a PA N3.8°.
Conclusion: PA was a prognostic marker in this population, independently of previously established prognostic
factors. PA can represent a clinically feasible approach for the initial identification of critically ill cancer patients
who require an early and specialized nutritional intervention.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Cancer is a world public health problem, occupying the second place
as the cause of death in Brazil [1,2]. The complications related to the
tumor itself and to the antineoplastic treatment can cause hospitaliza-
tion in an intensive care unit (ICU) [2]. Of those patients that require
hospitalization in an ICU, the prevalence of malnutrition is approxi-
mately 50%, which may reach 100%. This contributes to an increase in
their hospitalization time,morbidity, andmortality [3,4,5].Malnutrition
in a critical illness is associatedwithmetabolic changes, with an empha-
sis on an increased basal metabolic rate, protein catabolism, and insulin
resistance [3]. Therefore, the nutritional status deficit and the depletion
funding agencies in the public,
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of lean mass that are present in critically ill cancer patients are closely
related to a decrement in the response to chemotherapeutic,
radiotherapeutic or surgical therapy, their quality of life and functional
capacity, increasing their risk of infections, postoperative complications,
the length of hospital stay, and the occurrence of death [6,7]. In view of
these scenarios, the use of classicalmeasurements for an nutritional sta-
tus assessment may be limited, since metabolic and hydration alter-
ations, difficulties in patient mobilization, bed restrictions, alterations
of physiological homeostasis, mechanical ventilations and sedation,
are all common in an intensive care setting [8,9]. As a result, bioelectrical
impedance analysis (BIA) has beenwidely used, as it is a simple non-in-
vasive method and because it provides a phase angle (PA) measure-
ment. PA is considered to be an indicator of nutritional status, for it
reflects the changes in intracellular and extracellular fluids. Additional-
ly, it can be interpreted as an indicator of cell membrane integrity and a
predictor of total body cell mass [10-16]. Currently, there are studies
using PA as a tool, in order to assess the nutritional status of cancer pa-
tients and other chronic diseases [8,14,15,17-27]. However, as far as we
know, there are no studies evaluating its applicability in critical
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oncology patients when they are admitted to an ICU. Thus, the objective
of the present study has been to evaluate the relationship between PA
and nutritional status and the prognostic significance of PA in critically
ill cancer patients.
2. Materials and methods

2.1. Study design

This was a longitudinal prospective study, which was held between
April 2014 and May 2015. It included critically ill cancer patients, aged
19 years and older, whohad been diagnosedwith systemic inflammato-
ry response syndrome (SIRS) or sepsis and that had been admitted into
the ICU at the Cancer Hospital of the National Cancer Institute (INCA) in
Rio de Janeiro, Brazil. The protocol for this study was approved by the
Research Ethics Committee at the Hospital Universitário Clementino
Fraga Filho, Rio de Janeiro, Brazil and the aforesaid Cancer Hospital of
the National Cancer Institute. Informed written consent was
obtained from the patients or their legal guardians. The exclusion
criteria were as follows: patients with any amputation; patients
with a pacemaker or with a metal prosthesis; and patients with
skin problems that were susceptible of changing the conduction of
the electrode-skin.
2.2. Demographic and clinical data

The sociodemographical information, as well as the clinical data re-
garding the location and the type of neoplasia, the staging evaluated
by the classification system of malignant tumors TNM [28], the perfor-
mance status (PS) using the Eastern Cooperative Oncology Group
(ECOG) scale [29], the comorbidities, and the treatment that was used,
were all obtained from the medical records. The usage and the duration
of themechanical ventilationwere followedup during their hospitaliza-
tion in the units. In order to calculate the length of hospital stay, the dif-
ference between the date of the hospital stay and the date of discharge
or deathwere considered. The specific length of the ICU staywas obtain-
ed from the difference between the date of admission hospital and the
date of discharge/death dates in the referred units. The time of the hos-
pitalization until the admission to the ICU was also counted. The esti-
mated morbidity and mortality risk, together with the severity and
the prognosis of the disease, were calculated for each patient by using
the acute physiology and chronic health evaluation II (APACHE II) [30]
and sequential organ failure assessment I (SOFA I) [31] scores, per-
formed within 24 h of their ICU admission.
2.3. Phase angle

In order to obtain their PA, a BIA was performed by using a BIA-450
impedance analyzer (Biodynamics Corporation, Washington, USA), at a
current of 800 μA, with 50 kHz frequency, resistance range: 200–1500
Ohms, resolution: 1 Ohm and with an accuracy of 1%, within 48 h of
their ICU admission. The examinations were performed according to
the standardization of the technique [32]. All of the evaluations were
conducted on the right-hand side of the patients, with the subjects in
a supine position, with their legs apart andwith their arms not touching
their torso. Four electrodes were then positioned on the skin after
cleansing, between the prominences of the radius and the ulna; on the
posterior surface of the right wrist and between the malleolus of the
tibia and the fibula; and on the anterior surface of the right ankle. All
of themeasurementswere performed in duplicate, without the removal
of the electrodes, by the same examiner, within a maximum period of
15 min. Their PA was calculated by using the following equation:
Phase angle= (resistance (R) / capacitance (Xc)) × (180° / π).
2.4. Nutritional risk in the critically ill: the (NUTRIC) score instrument

The nutritional risk in the critically ill (NUTRIC) score instrument
[33] was applied within 24 h of the date of their ICU admission. Those
patients with scores above 5 were classified as high risk and according
to the information from the tool, they were associated with worse clin-
ical outcomes (mortality, mechanical ventilation).
2.5. Anthropometrical evaluations

For the anthropometrical evaluations, their current weight was ob-
tained by a bed-scale and their height was assessed from their recum-
bent length. Their body mass index (BMI) was calculated by using the
formula: weight(kg)/height(m2). The evaluations were carried out up
to the 48th hour after their hospital internment.
2.6. Serum albumin

The serumalbuminwas quantified by the bromocressol greenmeth-
od, the values were collected from their medical records, being those
that were used from the first examination after their admission to the
ICU. The hypoalbuminemia values were considered when they regis-
tered b3.5 g/dl [34].
2.7. Diagnosis of cachexia

The diagnosis of cachexia were made based upon the recommenda-
tions of the International Consensus on Cachexia of Cancer [35] and ac-
cording to the following criteria: weight loss N5% or body mass index
(BMI) b20 and weight loss N2% or sarcopenia and weight loss N2%.
Sarcopenia was evaluated by mid upper-arm muscle area below the
5th percentile by anthropometry.
2.8. Occurrence of death

The data on their deaths was obtained from the electronic medical
records and it was followed up for a period of 1 year after the date of
their admission. The following itemswere considered for an association
of PA and death: (i) those that occurred as a result of the anticancer
treatment; (ii) postoperative complications; and (iii) disease
progression.
2.9. Statistical analyzes

The distribution of the referred values was identified as not normal.
Statistical comparisons for significance were made using the Kruskal–
Wallis non-parametric test as appropriate and multiple comparisons
of Dunn's test were used in order to compare the three subgroups.
TheMann–Whitney testwas used to compare the numeric variables be-
tween the two groups. Associations between the categorical variables
were performed by ×2 test. The relationship between the phase angle
and the clinical and severity variables was analyzed by using
Spearman's Correlation Coefficient. A receiver operating characteristic
(ROC) analysis was used to determine the PA threshold with the best
death predictive value. For the Kaplan–Meier survival analysis, PAmea-
surements were categorizes into two equal and mutually exclusive
groups with a PA score of 3.8o as the cut-off, obtained by the ROC anal-
ysis. The influence of possible risk factors on patient survival was ana-
lyzed by Cox multivariate regression. The determination for the
significance of the level was adopted at 5%. All statistical analyzes
were performed by using the statistical software SAS® Version 6.11
(SAS Institute, Inc., Cary, North Carolina, USA).



Table 1
General characteristics of the critical cancer patients.

Variables Median IQR n (%)

Age (years) 61.0 47.0–68.0 31 (100%)
Gender – –

Female – – 16 (51.6%)
Male 15 (48.4%)

Phase angle (°) 4.0 3.2–5.2 31 (100%)
Site of tumor – –

Digestive tract – – 11 (35.5%)
Lymphomas – – 4 (12.9%)
Respiratory system – – 3 (9.7%)
Oral cavity and larynx – – 2 (6.5%)
Brain and nervous system – – 2 (6.5%)
Urinary system – – 2 (6.5%)
Other – – 7 (22.4%)

Stages – –
I/II – – 14 (45.2%)
III/IV – – 17 (54.8%)

Performance status
≥2 – – 12 (38.7%)
b2 – – 19 (61.3%)

APACHE II score 14.5 9.0–23.0 31 (100%)
SOFA 1 score 3.0 1.8–6.3 31 (100%)
Weight (kg) 65.7 57.0–84.5 31 (100%)
BMI (kg/m2) 25.1 21.7–30.1 31 (100%)
Cachexia

Yes – – 20 (64.5%)
No – – 11 (35.5%)

NUTRIC scores
High risk – – 5 (16.1%)
Low risk – – 26 (83.9%)

Albumin (mg/dl) 2.60 2.10–3.10 27 (87%)
Length of hospital ward stay (days) 19.0 13.0–40.0 31 (100%)
Length of ICU stay (days) 8.0 4.0–18.0 31 (100%)
Total time of hospital stay (days) 5.0 2.0–11.0 31 (100%)
MV

Yes – – 18 (58.1%)
No – – 13 (41.9%)

Time of MV (days) 4.0 0–13.0 18 (58.1%)

Results are reported as median - IQR: Interquartile Range (Q1–Q3).
APACHE, acute physiology and chronic health evaluation; BMI, body mass index; ICU, in-
tensive care unit; MV, mechanical ventilation; SOFA, sequential organ failure assessment.

Table 2
Correlation between the phase angle (°) and the clinical variables and the disease severity.

Variables n rs p value

Age (years) 31 −0.460 0.009
APACHE II 30 −0.579 0.0008
SOFA1 30 −0.277 0.14
Length of hospital ward stay (days) 31 −0.496 0.004
Length of ICU stay (days) 31 −0.463 0.008
Total time of hospital stay (days) 31 −0.495 0.004
Time of MV(days) 31 −0.428 0.016
Albumin (g/dl) 27 0.565 0.002

r Spearman's rank correlation coefficient.
APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit; MV,
mechanical ventilation; SOFA, sequential organ failure assessment.

Table 3
Phase angle variation (°) according to the clinical and severity variables.

Patient subgroup n Median IQR p value

Gender
Male 15 4.6 3.5–5.5 0.15
Female 16 3.7 3.1–4.5

NUTRIC scores
High risk 5 2.7 2.1–3.9 0.018
Low risk 26 4.3 3.5–5.4

Albumin
b3,5 g/dl 22 3.8 3.1–4.7 0.052
≥3,5 g/dl 5 4.7 4.5–5.8

Cachexia
Yes 20 3.5 2.9–4.7 0.021
No 11 4.7 4.0–5.6

Performance status
≥2 12 3.5 2.7–3.9 0.009
b2 19 4.7 3.7–5.6

Stages
I/II 14 4.3 3.5–5.4 0.25
III/IV 17 3.7 2.9–4.7

Results are reported as median - IQR: Interquartile Range (Q1–Q3). Comparison was con-
ducted by using the one way Mann–Whitney U test. p b .05 was considered to be statisti-
cally significant.
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3. Results

A total of 31 critical cancer patients who met the inclusion criteria
participated in this study. The characteristics of the patients are de-
scribed in Table 1. The median age was 61 years (19–82), with a total
of 51.6% female patients (n = 15). The most prevalent tumor sites
were: digestive system 35.5%, lymphomas 12.9%, respiratory system
9.7%, as well as an oral cavity, pharynx, brain, nervous system, and uri-
nary system,with 6.5% each, representing a total of 77.6% of the sample.
Regarding the severity of the disease, 54.8% had clinical stage III and IV
and 38.7% had PS ≥ 2. The median length of the hospital stay was 19
days, ranging from 2 to 70 days, while the median length of stay in the
ICUwas 8 days (1–39). According to theNUTRIC scores, 16.1%were con-
sidered to be high risk. 64.5% (n=20) of the patients had diagnosis of
cachexia. At the time of hospitalization in the intensive care unit, the
APACHE II scores of the patients presented a median of 14.5 (IQR 9.0–
23.3) points. 58.1% of the patients required invasivemechanical ventila-
tion and they remained for an average time of 8 (0–36) days. The ICU
death rate was 29% (n= 9), while 38.7% (n= 12) of the patients had
died by the end of the study period.We found significant positive corre-
lations between the PA and albumin (r=0.565; p= .002). Additional-
ly, a significant reverse correlation was observed between the PA and
the length of hospital ward stay (r=−0.495; p= .004); the length of
stay in the ICU (r=−0.463; p= .008); the total time of the hospital
stay (r=−0.496; p= .004); the time of mechanical ventilation (r=
−0.428; p= .016); and the APACHE II scores (r=−0.579; p= .008)
(Table 2).
The data presented in Table 3 shows the variations of the PA accord-
ing to the clinical variables. It was observed that themedian PAwas sig-
nificantly lower in patients with high nutritional risk assessed by the
NUTRIC scores, as well as in individuals with PS ≥ 2 and in patients
with cachexia diagnosis.

Table 4 presents the results of the comparisons between the me-
dians of the clinical and severity variables, among those patients who
evolved, or not, into death in the ICU. Those who resulted in death pre-
sented significantly higher values of hospital stay prior to the ICU (p=
.016), the length of stay in the ICU (p= .035), the time of mechanical
ventilation (p = .002), and the severity indexes of APACHE II and
SOFA 1. Those patients who progressed into death had significantly
lower values of PA (p= .002) and albumin (p= .021).

Fig. 1 shows the ROC curve for the PA as a predictor of death in the
ICU. According to the ROC curve, it was identified that the best cut-off
point for predicting death was ≤3.8°, with a sensitivity of 88.9% and a
specificity of 77.3%. The arean under the curve was 0.86 (95% CI: 0.73
to 0.99; p= .002).

During the study period, 12 (38.7%) patients died and 19 were cen-
sored (i.e., they reached the end of the follow-up periodwithout dying).
Those patients with a PA ≤3.8° had an average survival time of 130 days
(95% CI: 47–213), while those with a PA N3.8° lived on average for 329
days (95% CI: 294–364). PAwas significantly associatedwith death (p b

.0001). The Kaplan–Meier survival curve thatwas stratified by thephase
angle cut-off point is shown in Fig. 2. Those patients with a PA ≤3.8° had
a significantly shorter survival time than those with a PA N3.8°.

Table 5 shows the results of the Cox regression analyzes for the
death outcomes, including the following variables: male gender, age
(in years), APACHE (scores), SOFA1 (scores), staging III/IV, BMI (kg/



Table 4
Comparison between death and survival in the ICU.

Variables Death in the ICU Survival in the ICU p value

n Median IQR n Median IQR

Age (years) 9 66.0 55.5 – 68.5 22 56.5 45.3 – 67.3 0.24
APACHE II 8 22.0 15.5 – 29.5 22 11.5 8.0 – 21.3 0.034
SOFA1 8 6.5 4.5 – 12.5 22 2.0 1.0 – 5.3 0.005
Weight (kg) 9 58.6 56.5 – 69.8 22 67.9 57.0 – 85.5 0.34
Length of hospital ward stay (days) 9 27.0 16.5 – 45.0 22 18.5 12.0 – 36.5 0.27
Length of ICU stay (days) 9 18.0 7.5 – 30.0 22 6.0 4.0 – 15.0 0.035
Total time of hospital stay (days) 9 10.0 7.5 – 17.5 22 4.0 1.8 – 9.3 0.016
Time of MV (days) 9 11.0 9.5 – 23.0 22 0.0 0.0 – 11.3 0.002
Phase angle (°) 9 3.0 2.4 – 3.7 22 4.7 3.8 – 5.5 0.002
Albumin (g/dl) 7 2.20 1.90 – 2.50 20 2.85 2.25 – 3.60 0.021

Results are reported as median - IQR: Interquartile Range (Q1–Q3). Comparison was conducted by using the one way Mann–Whitney U test. p b .05 was considered to be statistically
significant.
APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit; MV, mechanical ventilation; SOFA, sequential organ failure assessment.
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m2), albumin b3.5 g/dl, NUTRIC scores (high risk), symptomatic PS/bed
(≥2) and cachexia. The multivariate Cox regression analyzes showed
that a PA ≤3.8° (p= .008, 95% CI: 2.37–363) and stage III/IV (p= .050,
95% CI: 1.0–175) were independent predictors for death in the ICU.

4. Discussion

This study has allowed us to evaluate PA behavior in cancer patients
in the ICU and its association with nutritional status, clinical outcomes,
and prognoses. We have observed that those patients with lower PA
values had longer hospital and ICU stays, longer mechanical ventilation
times, and higher clinical severity scores. PA readings ≤3.8° were a pre-
dictor of mortality, independently of other factors, such as staging.
These findings may be considered a relevant indicator for unfavorable
clinical and worse outcomes, with a decrement in the survival rate. PA
correlated with the nutritional status of these patients, which was ob-
served through the NUTRIC scores and cachexia diagnosis. Additionally,
those patients with a lower PA had a relative risk of death in the ICU of
29.9%. In a previous study, the PA ≤4.4° in the patients with advanced
cancer was a predictor of mortality, independently of the other factors,
such as hypoalbuminemia, malnutrition and a palliative prognostic
(PaP) score [12], in our research PA values were lower, probably due
Fig. 1. Receiver operating characteristic (ROC) curve analysis: phase angle for death in the
ICU.
to the influence of inflammation and its metabolic repercussion on crit-
ical cancer patients. Although the biological significance of PA has not
yet been fully elucidated, it has been considered a good indicator of nu-
tritional status as it reflects total cell mass. Thus, inflammation, malnu-
trition as well as other factors can result in disturbances in the electrical
properties of tissues, altering PA since catabolic diseases are associated
with intracellular dehydration [24,36].

In the present study, the PA values were significantly lower among
the group that died (3.0°) than in those who survived (4.7°). Similarly
to our findings a study that was conducted in critical but non-cancer pa-
tients that were hospitalized in a general ICU, the PA values were 2.89°
in the patients who died and 4.11° in the patients who survived [37].
However, they were lower than those that were found by Peres et al.
[7] whowhen evaluating patients with a chronic liver disease, observed
a PA median of 4.55° in the patients who died versus a PA median of
5.28° in the survivors. These findings reinforce the postulation that
low PA levels are associated with decreased cell membrane integrity
and increased mortality.

Our findings have indicated a better sensitivity and a specific cut-off
point of PA ≤3,8° (IC5%: 0,73–0,99), in order to predict the death of can-
cer patients in the ICU, which is below that which has been previously
described in the literature. Gupta et al. [17] observed that a PA value
of 5.3° was the best predictor of survival in patients with lung cancer.
In a study of patientswith terminal cancer, it was demonstrated that pa-
tients with a PA N4.4° presented a longer survival time [4]. In lung can-
cer and in advanced cancer, patients with a PA N4.5° presented a higher
Fig. 2. Kaplan–Meier cumulative survival for death when stratified by a PA ≤ 3.8°.

Image of Fig. 1
Image of Fig. 2


Table 5
Multivariate cox regression analyzes for death in the UCI.

Significant variable Coefficient SE p value RR 95% CI

Phase angle ≤3.8° 3.380 1.283 0.008 29.4 2.37–363
Stages III/IV 2.551 1.332 0.050 12.8 1.0–175

SE: Standard Error; RR: relative risk; 95% CI: Confidence Interval 95% for the relative risk.
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survival [12,18]. The difficulty in defining a cut-off point lies in the fact
that each study has consisted of a different disease and the data can
not be extrapolated to different groups. However, it is important to
note that although these studies were performed in different popula-
tions, they provided consistent results, associating low PA values with
lower survival.

In the present study, the correlation between PA and the APACHE II
prognostic index, that is widely used in the ICU, has been highlighted.
The inverse correlation that was found between PA and the APACHE II
scores and between PA and the length of stay in the ICU and the me-
chanical ventilation time, has shown that a reduction in PA values was
associated with worse clinical and prognostic indicators, since these
conditions are associated with a worsening of the nutritional status
and the loss of lean mass. However, a study by Berbigier et al. [38]
with septic patients did not find a relationship between PA and the
prognostic indexes of APACHE II and SOFA and the time of hospitaliza-
tion, which was attributed to the homogeneity of their sample. In this
study, the PA correlated positively with nutritional status assessed by
the NUTRIC scores tool. Many groups have been dedicated to studying
the relation between PA and nutritional status [14,39]. A recent study
performed with patients who were diagnosed with head and neck can-
cer showed that the individuals thatwere classified asmoderately or se-
verelymalnourished by SGA (SGA-B and SGA-C), had lower values of PA
(4.73° ± 0,96°), while those that were defined as well-nourished, had
higher PA values (5.25° ± 0.76°), corroborating our findings [39].

Although the total number of the samplewas small, it represents the
number of eligible patients attended at the timeof this study's collection
at the national reference center for cancer treatment in Brazil.

5. Conclusions

To our knowledge, this is the first study to evaluate PA as a predictor
of death and its relationship with nutritional status, in patients with
cancer who were admitted to an ICU. Our results have been consistent
with the hypothesis of the present study, in identifying PA as an impor-
tant prognostic marker in critically ill cancer patients, independently of
previously established prognostic factors, such as staging, PS, APACHE II
and SOFA. It is now possible to suggest that the best cut-off point for a
PA to predict an ICU death is ≤3.8°. PA has been shown to be a clinically
viable tool for the initial use and the identification of critical cancer pa-
tients who require an early nutritional intervention and specialized
treatment.
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