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ABSTRACT

Background. Phase angle is a prognostic factor in patients
with months of survival, but its accuracy has not been
examined in patients with weeks/days of survival. We
determined the association between phase angle and sur-
vival in patients with advanced cancer admitted to an
acute palliative care unit (APCU).
Subjects, Materials, and Methods. We prospectively
assessed phase angle in consecutive patients with
advanced cancer admitted to our APCU. We conducted uni-
variate and multivariate survival analyses adjusting for
established prognostic factors. Post hoc subgroup analyses
examined patients with and without edema.
Results. Among 204 patients, the median overall survival
was 10 days (95% confidence interval [CI] 8–11 days).
Seventy-four (36%) did not have edema. The median phase
angle was 3.7� for the entire cohort, 3.9� for the

nonedematous subgroup and 3.6� for the edematous sub-
group. In univariate analysis, a low phase angle was associ-
ated with decreased survival for the entire cohort (≤3�

vs. >3�, median survival 7 vs. 10 days, p = .045) and the
nonedematous subgroup (5 vs. 18 days, p < .001) but not
the edematous subgroup (9 vs. 9 days, p = .84). In multi-
variate analysis, phase angle did not reach significance for
the entire cohort but remained significant in the nonede-
matous subgroup (hazard ratio 2.46, 95% CI 1.14–5.31,
p < .001). Specifically, phase angle ≤3� had an accuracy of
86% (95% CI 77%–93%) for 3-day survival in patients with-
out edema.
Conclusion. Phase angle had limited prognostic utility in unse-
lected APCU patients but was significant in the nonedematous
subgroup. Further studies are required to confirm these pre-
liminary findings. The Oncologist 2019;24:e365–e373

Implications for Practice: In this prospective study involving 204 patients with advanced cancer, phase angle as measured
by bioelectric impedance analysis was a significant predictor of mortality independent of known prognostic factors in
patients without edema but not patients with edema. Among patients without edema, a phase angle ≤3� had an accuracy
of 86% for 3-day survival, which may inform the diagnosis of impending death and potentially end-of-life decision making.

INTRODUCTION

In the last weeks of life, patients with cancer, their care-
givers, and health care professionals alike are faced with
many complex and difficult decisions regarding the initia-
tion and/or discontinuation of chemotherapy, indwelling
catheters, artificial nutrition, hospice care, and discharge
from the hospital [1, 2]. For these issues, a patient’s life
expectancy (weeks vs. days) can be a major factor in the
care planning process. Although clinicians often rely on
their experience to make survival estimation, clinician pre-
diction of survival (CPS) suffers from subjectivity and low
accuracy [3, 4]. Prognostic models such as the Palliative

Prognostic (PaP) Score have been found to be more accu-
rate than CPS [5], but are difficult to interpret and rarely
used. Thus, there is a need to develop simple, objective
prognostic tools to facilitate clinical decision making.

One promising prognostic marker is phase angle, which
is measured by bioelectric impedance analysis (BIA) and
reflects cellular membrane integrity and hydration level. It
typically ranges between 4 and 9 in healthy individuals and
decreases with increasing age, female sex, lower body
mass index, and various disease states [6, 7]. Phase angle
has been studied in both oncology and nononcology
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patient populations. A lower phase angle was consistently
found to be associated with a shorter survival [8, 9]. This
objective, inexpensive, and noninvasive assessment can be
easily conducted at bedside, making it a potentially attrac-
tive tool to facilitate clinical decision making. However, a
vast majority of the studies have been conducted in
patients with survival of months or longer [10–16].

To date, only one small study has examined phase
angle in a small cohort of patients with days to weeks of
survival [17]. If phase angle could accurately identify
whether patients will die in the next few days, it may facili-
tate the diagnosis of impending death (defined as 3 days
or less or survival) and support clinical decision making
during this critical time, such as the need for investigations,
appropriateness of various treatments, and discharge plan-
ning [1, 18, 19]. In this study, we determined the associa-
tion between phase angle and survival in patients with
advanced cancer admitted to an acute palliative care unit
(APCU) who had a median survival of days to weeks.

SUBJECTS, MATERIALS, AND METHODS

Eligibility Criteria
This is a single-center, prospective, longitudinal, observa-
tional study. Adult patients (aged ≥18) with a diagnosis of
advanced cancer were eligible for this study if they were
within 3 days of admission to the APCU at the University of
Texas MD Anderson Cancer Center in Houston, Texas, and
had parenteral hydration within the past 48 hours. The
requirement for parenteral hydration was because previous
studies reported that dehydration could negatively affect
the accuracy of BIA [20]. Patients were excluded if they
had extensive local infection/wound preventing placement
of BIA pads, defibrillator, or cardiac pacemaker or any
implanted electrical device, or were unable to communi-
cate in English. The APCU was selected as the study setting
because many complex end-of-life decisions are made dur-
ing this admission, and the patient population had a rela-
tively homogenous overall survival of 3 weeks or less [21].

The Institutional Review Board at MD Anderson Cancer
Center approved this study. We obtained written informed
consent from patients, or written surrogate permission
from the medical power of attorney or legal representative
based on the understanding of the patient’s values and
preferences if the patient was delirious. Enrollment
occurred between April 21, 2015, and August 24, 2016.

Data Collection
In this prospective study, we collected baseline patient
demographics on the day of study enrollment, including
age, sex, race, cancer diagnosis, disease stage, Palliative
Prognostic Score (PaP), and Palliative Prognostic Index
(PPI). The PaP score is a prognostic model validated for
patients with advanced cancer. It consists of six variables
(dyspnea at rest, anorexia, Karnofsky Performance Status
(KPS), clinician prediction of survival, total leukocyte count,
and lymphocyte percentage). The total score ranges
between 0 and 17.5, with a higher score indicating worse
survival [22, 23]. PPI represents another validated

prognostic tool that includes Palliative Performance Status,
oral intake, edema, dyspnea at rest, and delirium [24, 25].
PPI is scored between 0 and 15, with a score > 6 indicating
poorer survival.

We assessed phase angle, Edmonton Symptom Assess-
ment System (ESAS), and the Memorial Delirium Assess-
ment Scale (MDAS) once daily from enrollment until
discharge, except for weekends because of lack of research
staff.

Phase angle was measured using the RJL Systems Quan-
tum IV (Clinton Township, MI). With the patient in supine
position, the research staff first placed an electrode over
the right foot between the medial and the lateral malleoli
at the ankle and another over the middle of the dorsal sur-
face of the right hand between the distal prominence of
the radius and the ulnar styloid. Subsequently, a single
50 kHz frequency alternating low voltage electrical current
was applied to detect the reactance (Xc) and resistance
(R) over the right hemibody, which were used to calculate
the phase angle based on the following formula: Phase
angle (in degrees) = Atan(Xc/R). The entire procedure took
less than 5 minutes, and patients may or may not be
receiving medications or fluids intravenously at the time of
assessment. Phase angle has been shown to have high reli-
ability and predictive validity in previous studies [11, 26].

ESAS is a validated 10-item symptom battery that
examines the intensity of pain, fatigue, nausea, depression,
anxiety, drowsiness, shortness of breath, appetite, feeling
of well-being, and sleep. The average intensity of each
symptom over the past 24 hours is rated using a numeric
rating scale that ranges from 0 (none) to 10 (worst) [27].

MDAS is a 10-item clinician-rated assessment scale vali-
dated for assessment of delirium in patients with cancer
[28, 29]. It examines the level of consciousness, disorienta-
tion, memory, recall, attention, disorganized thinking, per-
ceptual disturbance, delusions, psychomotor activity, and
sleep, assigning a score between 0 and 3 for each item, for
a total score between 0 and 30. A score of 13 or higher
indicates delirium.

Survival data from study enrollment were collected
from institutional databases and electronic health records.

Statistical Analysis
Based on the previous data, the median survival in the
APCU population was 21 days [21]. For the purpose of
sample size justification, we considered the median of
phase angle as the cutoff point to divide patients equally
into two groups. We estimated that 194 patients
(97 patients with high phase angle and 97 with low phase
angle) would provide 80% power to detect a hazard ratio
(HR) of 1.5, with the overall survival rate of 43% in patients
with low phase angle versus 57% in patients with high
phase angle at 21 days, using the two-sided log-rank test
with a 5% significance level. We enrolled a total of
204 patients to account for an expected attrition rate
of 5%.

We summarized the baseline demographics using
descriptive statistics, including mean, SD, median, inter-
quartile range (IQR), frequency, and percentage.
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We estimated overall survival using the Kaplan-Meier
method and compared among degrees of phase angle
using the log-rank test. Because the ideal cutoff has not
been defined for this population, we prespecified the
median value as cutoff. We also applied the Contal and
O’Quigley method [30], a modified log-rank statistical pro-
cedure that examined all available cut points of phase
angle to identify the optimal cutoff based on the maximal
difference in survival outcome between two groups.

The univariate Cox Proportional Hazards model was
used to assess the effect of phase angle, patient character-
istics (age, sex, race, cancer type), and prognostic variables
(Karnofsky performance status, PaP Score, PPI, and MDAS)
on overall survival. We then included age, sex, race, cancer
type, PaP Score, phase angle, and MDAS in a multivariate
model with stepwise selection. PPI was not included in the
model because of its high correlation with PaP Score.
Because peripheral edema is common among patients with
cancer in the last weeks/days of life, and edematous status
may affect phase angle readings (lower resistance = high
values), we conducted post hoc subgroup analyses on
patients with and without clinical evidence of peripheral
edema.

We constructed a 2 × 2 table to assess the accuracy of
phase angle (≤3� based on the cutoff identified by the Con-
tal and O’Quigley method above) to inform the diagnosis
of impending death (i.e., ≤3 days of phase angle assess-
ment) [18, 19]. We then calculated the specificity, sensitiv-
ity, positive predictive value, negative predictive value, and
overall accuracy for phase angle to inform the diagnosis of
impending death.

All computations were carried out in SAS 9.3 (SAS Insti-
tute, Cary, NC) and RStudio version 1.0.136 (Integrated
Development for R. RStudio, Inc., Boston, MA). A p value
of <.05 is considered to be statistically significant.

RESULTS

Patient Characteristics
Among the 571 patients admitted to the APCU during the
study period, 356 (62%) were eligible and 204 (57%) partic-
ipated in this study (Fig. 1).

As shown in Table 1, the mean age was 62 (range
25–91), and 110 patients (54%) were female. Over half
(n = 106, 52%) were delirious. The mean KPS was 30%
(SD 16%). The median survival was 10 days (95% confi-
dence interval [CI] 8–11 days) for the entire cohort and
11 days (95% CI 9–20 days) for the 74 (36%) patients with-
out edema.

Survival Analysis with Overall Cohort
The median phase angle at the time of study enrollment
was 3.7� (IQR 3.1�–4.5�). There was no significant differ-
ence in survival using 3.7� as the cutoff (log-rank test
p = .28). The Contal and O’Quigley method identified the
phase angle cutoffs of 2.5� to 3� were significant for uni-
variate overall survival analysis. Specifically, a phase angle
≤3� was associated with decreased survival compared with
>3� in univariate analysis for the entire cohort (median

survival 7 vs. 10 days, p = .045; Fig. 2A) and for the none-
dematous cohort (median survival 5 vs. 18 days, p < .001;
Fig. 2B).

In univariate Cox regression analysis, phase angle of
≤3� was associated with a shorter survival in the nonede-
matous cohort (HR 4.42, 95% CI 2.09–9.36, p < .001), but
not the entire cohort (HR 1.44, 95% CI 0.99–2.09, p = .054)
or the edematous cohort (HR 1.04, 95% CI 0.67–1.62,
p = .85). As shown in Table 2, phase angle remained an
independent prognostic factor after adjusting for estab-
lished prognostic factors in multivariable analysis in the
nonedematous cohort (HR 2.46, 95% 1.14–5.31, p = .022).

Diagnosis of Impending Death
In the nonedematous cohort, phase angle ≤3� was associ-
ated with death within 3 days of phase angle assessment,
with a sensitivity of 50% and specificity of 90%. The overall
accuracy was 86% (95% CI 77%–93%) for 3-day survival
(Table 3).

DISCUSSION

In this study of patients admitted to an APCU and with a
median survival of 10 days, the association between phase
angle and overall survival was of borderline significance in
the entire cohort (p = .045 in log-rank test and p = .054 in
univariate Cox regression). Post hoc subgroup analyses
revealed that edematous status was a key determinant of
prognostic utility. Specifically, phase angle was significantly
associated with a shorter survival in patients without
peripheral edema but not in patients with edema. This
study highlights the importance of patient selection when
applying phase angle in both clinical practice and research.
Further research is needed to assess how phase angle may
be used to facilitate clinical decision making in patients
without edema.

Patients seen by palliative care often have advanced-
stage disease and have a short survival. The ability to
differentiate if patients have months, weeks, or days of
survival accurately is of paramount importance for clinical
decision making. Norman et al. examined the prognostic
utility of phase angle in 399 consecutive hospitalized
patients with cancer (61% had advanced-stage disease)
[11]. The investigators reported that phase angle was more
accurate at predicting 6-month survival than malnutrition
and disease severity in multivariate analysis.

To date, there have only been a handful of studies
examining phase angle in the advanced cancer palliative
care setting, all consistently validating the prognostic signif-
icance of phase angle. Davis et al. examined phase angle in
50 patients with advanced cancer from inpatient units with
a median survival of approximately 2 months, and reported
that a higher phase angle had a nonsignificant trend
toward longer survival (univariate HR 0.81, 95% CI
0.66–1.01, p = .57; multivariate HR 0.79, 95% CI 0.61–1.01,
p = .064) [15]. In another study, Perez Camargo et al. en-
rolled 452 patients hospitalized in a palliative care unit,
and found that a phase angle of ≥4� was associated with
longer survival (median 86 days vs. 163 days, p > .0001)
[31]. Because the BIA device used in this study required
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patients to be able to stand, patients with poor Karnofsky
Performance Status ≤40% or delirium were excluded. Our
research team also examined the association between
phase angle and survival in 222 patients with advanced
cancer seen by the inpatient palliative care consultation
team with a median survival of 106 days. Phase angle
remained a significant prognostic marker (HR 0.86, 95% CI
0.74–0.99, p = .04) independent of the PaP Score, lean
body mass, and serum albumin [10]. More recently, a sepa-
rate study also confirmed the prognostic utility of phase
angle among 366 patients at the outpatient palliative care
clinic with a longer median overall survival of 250 days.
The multivariate HR was 0.85 (95% CI 0.72–0.99, p = .048)
[32]. A separate study in Mexico that included 628 palliative
outpatients also identified phase angle ≤4� to be a signifi-
cant prognostic marker (HR 1.9, 95% CI 1.6–2.4,
p < .0001) [31].

Although the above studies have established that phase
angle is a prognostic factor in patients with months of sur-
vival, it is less clear if its discriminatory power extends to
the last weeks to days of life. In a small study that included
28 patients admitted to a palliative care unit in Korea, Lee
et al. reported that phase angle <4.4� was associated with
a shorter survival (23 days vs. 54 days, p = .013; multivari-
ate Cox regression HR 0.64, 95% CI 0.42–0.95, p = .028)
[17]. Importantly, this study excluded patients with edema,
pleural effusion, pericardial effusion, and ascites. In our
current study, phase angle only retained its significance in
the multivariable model in the nonedematous cohort, fur-
ther supporting that phase angle should be limited to
patients without edema.

At the end of life, edema is particularly common
because of various complications such as hypoalbumine-
mia, lymphatic obstruction, and renal failure. Consistent
with the literature, patients with edema had poorer

survival in our study (9 days vs. 11 days). These patients
also had a lower phase angle (median 3.6 vs. 3.9), although
phase angle was not significantly associated with survival
in this subgroup. Although resistance is reduced in edema-
tous state, cellular function may also be negatively
affected, leading to decreased reactance and thus a lower
phase angle [33]. Conversely, acute dehydration is associ-
ated with higher resistance, reactance, and phase angles
[20]. Indeed, bioelectrical impedance vector analysis has
been used to examine hydration status in patients with
advanced cancer, with a shorter vector indicating more
hydration and longer vector indicating less hydration [34].
Interestingly, patients with edema were often not excluded
from many previous studies [11, 15]. Based on our prelimi-
nary findings, future studies may consider stricter eligibility
criteria. Further research is needed to determine how the
extent and location of edema may impact the prognostic
accuracy of phase angle.

We found that a low phase angle of ≤3� was associ-
ated with impending death within 3 days. We were partic-
ularly interested in this time frame because it has
practical implications on end-of-life care, such as inform-
ing family of the last chance to say goodbye, discontinuing
invasive investigations or aggressive therapies, and focus-
ing purely on comfort care. Our previous research demon-
strated that the human body often undergoes various
neurocognitive, neuromuscular, and cardiovascular changes
in the final days of life that could be detected by various
tell-tale physical signs [18, 19, 35]. This current study sup-
ports that this deterioration also occurs at the cellular
level (i.e., cellular membrane permeability affecting reac-
tance), which could be detected by bioelectrical imped-
ance analysis. Thus, phase angle represents a novel
objective bedside assessment to facilitate diagnosis of
impending death.

Figure 1. Study flow diagram.
Abbreviation: APCU, acute palliative care unit.
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Table 1. Baseline characteristics (n = 204)

Characteristics
Entire cohort
(n = 204), n (%)a

Patients without edema
(n = 74), n (%)a

Patients with edema
(n = 130), n (%)a

Age in years, average (range) 61.8 (25–91) 59.9 (25–85) 62.8 (26–91)

Female sex 110 (53.9) 40 (54.1) 70 (53.8)

Race

White 150 (73.5) 46 (62.2) 104 (80)

Black 23 (11.3) 14 (18.9) 9 (6.9)

Hispanic 19 (9.3) 7 (9.5) 12 (9.2)

Asian 9 (4.4) 5 (6.8) 4 (3.1)

Other 3 (1.5) 2 (2.7) 1 (0.8)

Education

Advanced degree 42 (21.1) 15 (21.1) 27 (21.1)

College 90 (45.2) 30 (42.3) 60 (46.9)

High school or less 67 (33.7) 26 (36.6) 41 (32)

Missing 5 3 2

Cancer type

Breast 27 (13.2) 7 (9.5) 20 (15.4)

Gastrointestinal 48 (23.5) 21 (28.4) 27 (20.8)

Genitourinary 18 (8.8) 5 (6.8) 13 (10)

Gynecological 22 (10.8) 10 (13.5) 12 (9.2)

Head and neck 4 (2) 2 (2.7) 2 (1.5)

Hematologic 21 (10.3) 6 (8.1) 15 (11.5)

Respiratory 26 (12.7) 12 (16.2) 14 (10.8)

Other 38 (18.6) 11 (14.9) 27 (20.8)

Edmonton Symptom Assessment Scale,
mean (SD)

Pain 5.1 (2.8) 5.5 (3.1) 4.8 (2.5)

Fatigue 5.8 (2.3) 5.8 (2.5) 5.9 (2.2)

Nausea 2.5 (2.7) 2.9 (2.6) 2.1 (2.9)

Depression 3.2 (2.6) 3.4 (2.7) 3.0 (2.4)

Anxiety 3.8 (2.6) 4.1 (2.8) 3.5 (2.4)

Drowsiness 3.8 (2.7) 4.2 (2.9) 3.5 (2.4)

Dyspnea 4.3 (2.8) 4.5 (2.7) 4.1 (3.0)

Appetite 4.0 (2.9) 3.9 (3.1) 4.0 (2.7)

Well-being 4.8 (2.3) 4.8 (2.2) 4.8 (2.4)

Sleep 4.0 (2.7) 3.9 (2.7) 4.1 (2.8)

Memorial Delirium Assessment Scale

Median (IQR) 16 (3–28) 5 (2–23) 21 (4–30)

Proportion of patients with >13/30 106 (52.2) 27 (36.5) 79 (60.8)

Reason for admission

Delirium 74 (36.3) 12 (16.2) 62 (47.7)

Pain 185 (90.7) 68 (91.9) 117 (90)

Nausea 48 (23.5) 21 (28.4) 27 (20.8)

Dyspnea 71 (34.8) 22 (29.7) 49 (37.7)

Bowel obstruction 98 (48) 37 (50) 61 (46.9)

Weakness 57 (27.9) 20 (27) 37 (28.5)

Karnofsky Performance Status, mean
(SD)

30.2 (15.8) 35.8 (17.5) 27.1 (13.9)

(continued)
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Similar to signs of impending death [18, 19], it has a
high specificity but lower sensitivity. Thus, a phase angle of
≤3� suggests that impending death is likely, although a
phase angle of >3� cannot rule out impending death. The

positive likelihood ratio was 4.9, suggesting it is moderately
useful to increase the post-test probability of death within
3 days. Because phase angle is a quick measurement
(<3 minutes) whereas clinical signs require more

Table 1. (continued)

Characteristics
Entire cohort
(n = 204), n (%)a

Patients without edema
(n = 74), n (%)a

Patients with edema
(n = 130), n (%)a

Palliative Prognostic Score, mean (SD) 12.4 (3.4) 11.9 (3.6) 12.6 (3.2)

0–5.5 12 (5.9) 4 (5.4) 8 (6.2)

5.5–11 38 (18.6) 20 (27) 18 (13.8)

11.1–17.5 154 (75.5) 50 (67.6) 104 (80)

Palliative Prognostic Index, mean (SD) 8.7 (3.1) 7.2 (3.2) 9.6 (2.7)

0–4 14 (6.9) 12 (16.2) 2 (1.5)

4.1–6 49 (24) 20 (27) 29 (22.3)

6.1–15 141 (69.1) 42 (56.8) 99 (76.2)

APCU duration, median (IQR) 5 (3–8) 5 (3–9) 5 (3–8)

Overall survival (day), median (95% CI) 10 (8–11) 11 (9–20) 9 (6–10)

Phase angle, median (IQR) 3.7 (3.1–4.5) 3.9 (3.3–4.8) 3.6 (3–4.2)
aUnless otherwise specified.
Abbreviations: APCU, acute palliative care unit; CI, confidence interval; IQR, interquartile range.

Figure 2. Kaplan-Meier survival curves. A phase angle value of 3.0 was identified as the ideal cutoff. A lower phase angle was
associated with shorter survival. All 204 patients (A), patients without edema (B), and patients with edema (C).
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longitudinal observation, phase angle may offer additional
advantage. Further studies are needed to determine how
phase angle may be used in combination with the physical
signs of impending death to further improve the accuracy
of this challenging diagnosis.

Strengths of this study included a relatively large sam-
ple size adequately powered to detect a difference, the
fact that we included patients with delirium, and inclusion
of validated prognostic factors and scores in the multivari-
ate model. This study has several limitations. First, it was
conducted in a single palliative care unit in a comprehen-
sive cancer center. We also required parenteral hydration
to minimize the risk of dehydration. The patient population
is unique and our findings may be less generalizable to
other settings. Second, a substantial minority (n = 119,
33%) of patients or families approached by our research
staff were not interested in participating in this study.
Given that the median survival in this population was only
10 days and many patients were admitted to the APCU
because of distress, an enrollment rate of 58% was reason-
able and consistent with other studies in this setting [36].
Third, the subgroup analyses were conducted post hoc and
should be considered hypothesis-generating only. Because
the nonedematous subgroup only constituted one third of
patients, the small sample size and multiple comparisons
may contribute to false-negative or false-positive findings,
respectively. Future studies are needed to validate our
findings.

CONCLUSION

Phase angle ≤3� was independently associated with a
shorter survival in patients without edema after accounting
for established prognostic factors and was predictive of

impending death within 3 days. Phase angle had limited
prognostic value in patients with edema. Upon further vali-
dation, phase angle may be used to facilitate clinical deci-
sion making at the end of life.
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Table 3. Association between phase angle and impending death within 3 days

2 × 2 Table metrics
Patients without
edema (n = 74)

Patients with
edema (n = 130)

All
patients (n = 204)

Phase angle ≤3� and died within 3 days (true
positive), n (%)

3 (4) 5 (4) 8 (4)

Phase angle ≤3� and did not die within 3 days
(false positive), n (%)

7 (10) 27 (21) 34 (17)

Phase angle >3� and died within 3 days (false
negative), n (%)

3 (4) 11 (8) 14 (7)

Phase angle >3� and did not die within 3 days
(true negative), n (%)

61 (82) 87 (67) 148 (73)

Sensitivity 50% 31% 36%

Specificity 90% 76% 81%

Positive predictive value 30% 16% 19%

Negative predictive value 95% 89% 91%

Positive likelihood ratio 4.86 1.32 1.95

Negative likelihood ratio 0.56 0.9 0.78

Overall accuracy (95% confidence interval) 86% (77%–93%) 71% (62%–78%) 76% (70%–82%)
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