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Predictors of 3-month mortality with muscle ultrasound and palliative
prognostic tools among patients admitted to palliative care units

Subject Result
[ ] (] 0.9
. 2
\{\ p\"m mﬂy 3-month mortality 59.1%
NS TANT
88 patients in palliative care unit Risk factors v' Palliative prognostic index (PPI)

v' Palliative prognostic (PaP) score
Outcome

v" Muscle ultrasound

Rectus femoris (RF) cross-sectional area

|
=]

3-month mortality

Findings revealed that the combined use of the CSA of the RF, PPI, and PaP score are

Conclusion reliable predictors of mortality in patients admitted to the palliative care unit.

Background/Aims: Prognostic factors are an important issue in progressive and life-limiting diseases. This study evaluate
3-month mortality in patients admitted to the palliative care unit (PCU).

Methods: In this study, the patient’s demographics, comorbidities, nutritional status, and laboratory values were recorded.
The palliative performance scale (PPS), the palliative prognostic index (PPI), and the palliative prognostic (PaP) score were
calculated. The rectus femoris (RF) cross-sectional area (CSA), RF muscle thickness, gastrocnemius (GC) medialis muscle thick-
ness, pennation angle and fascicle length of the GC were measured by ultrasound for survival prediction.

Results: A total of 88 patients enrolled during the study period, with a mean age of 73.6 + 13.3 years and a 3-month mor-
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tality rate of 59.1%. The findings of a multivariable Cox proportional hazards regression model based on age, gender, C-re-
active protein level and Nutrition Risk Screening 2002 scores as covariates revealed the PPl and the PaP score to be significant
predictors of 3-month mortality. In addition, in the unadjusted Cox proportional hazard regression analysis, the CSA of the
RF muscle was also found to be a significant predictor of 3-month mortality.

Conclusions: Findings revealed that the combined use of the CSA of the RF, the PPI, and the PaP score are reliable predic-

tors of mortality in patients admitted to the PCU.

Keywords: Palliative care; Sarcopenia; Mortality; Ultrasonography

INTRODUCTION

The aim of palliative care is to improve the quality of life of
patients diagnosed with terminal illnesses and to facilitate
the provision of psychosocial care to patients and their fam-
ilies. The monitoring of prognostic findings is a challenging
but important issue for people with progressive and life-lim-
iting diseases, and various parameters and tools commonly
available in palliative care units are used to guide clinicians
in the prediction of survival.

Ultrasonography (US) is an imaging method that can be
used to identify sarcopenia by evaluating the muscle struc-
ture of geriatric patients through the assessment of mus-
cle architecture, such as muscle echogenicity and muscle
length, in clinical practice. It is easy to perform in palliative
and intensive care units, being a bedside tool [1]. Sarcopenia
is a common condition in older adults, and is a multifactorial,
global health issue that is associated with chronic diseases
and cancer, and that is known to reduce quality of life. Sar-
copenia is diagnosed based on assessments of muscle mass,
muscle strength, and physical performance through appro-
priate techniques and follow-up. Patients with sarcopenia
have reduced functional capacity in their daily lives, which
makes frailty very likely. There are several approaches to the
identification of a decrease in skeletal muscle mass, such as
computed tomography (CT), magnetic resonance imaging
(MRI), dual-energy X-ray absorptiometry (DEXA), bioelec-
trical impedance (BIA) and anthropometric measurements
[2-5]. While CT, MRI, and BIA are commonly used in studies
for the detection of sarcopenia, these techniques are more
difficult to apply in palliative care units, being expensive and
requiring the patient to be taken to go to the radiology unit
for imaging. We opted for the US in the present study for
the identification of sarcopenia and the assessment of mus-
cle structure due to its point-of-care applicability, its lack of
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radiation, and its low cost.

Muscle US allows the sensitive assessment of such muscle-
related factors as muscle echogenicity and muscle length.
These markers, which can be used to assess the quality
and the quantity of the muscle, can be determined from
US measurements and may be associated with survival. The
present study makes an assessment of several prognostic
scales and muscle US measurements that are specific to pal-
liative care clinics for the prediction of 3-month mortality
among the patient sample.

METHODS

Patients

This prospective study included 88 patients who were ad-
mitted to the palliative care unit of Eskisehir City Hospital
for any reason between October 1 and December 31, 2019.
The patient’s demographics and comorbidities were record-
ed. Charlson’s Comorbidity Index was used to predict mor-
tality based on the number of comorbidities [6].

Muscle mass

Muscle US was performed within the first 24 hours of ad-
mission by B-mode US using a 3-12 MHz transducer array
(Aloka Arietta V60 US machine; Hitachi LTD, Tokyo, Japan)
as previously described [1,7]. All US measurements were
made by a single researcher with 5-year experience. Patients
were positioned supine in 30°-upper body elevation, with
legs extended and muscles relaxed. The point that repre-
sented 60% of the distance from the anterior superior iliac
spine to the superior border of the patella was identified.
The cross-sectional area (CSA) and thickness of the rectus
femoris (RF) muscle and the thickness, pennation angle and
medial fascicle length of the gastrocnemius (GC) muscle in
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the dominant lower extremity were recorded for all patients.
For the imaging of the RF muscle, a point 3/5 along an imag-
inary line passing through the midpoint of the anterior su-
perior spina iliaca and patella was marked while the patient
was in the supine position, with the hip and knee joint at
rest in full extension, and the GC muscle measurement was
performed while the patient was in the supine position with
the knee fully flexed. To avoid any adverse effects on the re-
sults, probe compression was kept to a minimum and US gel
was used abundantly during the measurements. All mea-
surements were made from the screen of the ultrasound
unit at the bedside. To test the accuracy of measurements,
patients underwent repeat measurements of the right RF
and the GC muscles on two separate occasions on the same
day. The intra-class correlation coefficients were 0.92 and
0.96 for the muscle thickness of the GC and RF, respectively,
and 0.96 for the RF CSA.

Nutritional status and anthropometry

The Mini-Nutritional Assessment-Short Form (MNA-SF) and
Nutrition Risk Screening 2002 (NRS2002) were used for the
assessment of nutritional status. Body mass index, mid-arm
circumference and calf circumference were measured by a
single practitioner during the anthropometric assessment.

Laboratory testing

The complete blood count, blood urea nitrogen, creatinine,
total protein, albumin, sodium, potassium, uric acid, vitamin
B12, folic acid, C-reactive protein (CRP), and sedimentation
levels measured at admission were evaluated.

Prognostic scoring

The palliative performance scale (PPS) score, the palliative
prognostic index (PPI), the palliative prognostic (PaP) score
and the Karnofsky performance status (KPS) scale score, all
of which are used to assess survival, were obtained from
the patient files, having been recorded based on informa-
tion provided by the patients and their relatives during their
hospital stay.

The patient’s performance status, measured using the
KPS score, has been identified as a major predictor of sur-
vival. The KPS score is scored from 0% to 100%, based on
the patient’s performance, where 0% is death and 100% is
normal, while the PPS can be considered a modified version
of the KPS score that assesses also nutrition and conscious-
ness levels [8]. PPS scores with a low score being proportion-
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al to survival time. Only 10% of patients with a PPS score of
<50% are expected to survive for more than 6 months [9].

The PaP score, is ascertained from anorexia, dyspnea, to-
tal white blood-cell count and lymphocyte percentage. It is
an assessment that also includes the clinical prediction of
patient survival and the KPS score. A higher PaP score pre-
dicts a poor 30-day survival [10].

The PPl is an assessment based on the PPS score and oral
intake, edema, dyspnea at rest and delirium. If the PPlis > 6,
the reported survival is less than 3 weeks, with a sensitivity
of 80% and a specificity of 85% [11].

Ethics

The study was approved by both the Turkish Ministry of
Health and the Ethics Committee of the Eskisehir Osmanga-
zi University Faculty of Medicine (April 5th, 2021 dated and
07 numbered), and was carried out following the principles
of the Declaration of Helsinki and all applicable regulations.

Statistical analysis

Descriptive statistics were presented as frequencies and per-
centages for categorical variables. Continuous variables were
presented as mean (+ standard deviation) or median (25th—
75th percentiles) depending on their distribution. Pearson’s
and Fisher's Exact tests were used to analyze the differences
between the groups for categorical variables. A Mann-Whit-
ney U test and Student’s t-test were used to compare non-
normally and normally distributed variables, respectively. Uni-
variable and multivariable Cox regression analyses were car-
ried out determine the independent predictors of survival. Al
statistical analyses were performed using IBM SPSS Statistics
(version 27.0; IBM Corp., Armonk, NY, USA) and a value of
p < 0.05 was considered statistically significant.

RESULTS

The study included 88 patients with a mean age of 73.6
+ 13.3 years, among which 53.4% were male and 46.6%
were female. The 3-month mortality was 59.1% (52 deaths).

There was no significant correlation between age groups
and gender and mortality. When the patients were divided
into geriatric and non-geriatric patients, no significant cor-
relation was found with 3-month mortality (o = 0.091). The
average number of comorbidities calculated by Charlson’s
comorbidity index was found to be 3.31 (min: 1, max: 9),
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and it was found that mortality increased as comorbidity Table 1 presents the age, gender, comorbidities, PPS, PPI,
increased (p = 0.02). Among the comorbid conditions, only and KPS scores, PaP scores, anthropometric assessments,
malignancy (p = 0.002) and stroke (p = 0.011) were found nutritional status, laboratory parameters and muscle US
to be significant. assessment results of the patients who survived and those

Table 1. Baseline characteristic of patients

Alive (n = 36) Dead (n = 52) p value
Age, yr 75 (61-79) 77 (69-85) 0.075
Gender (female), % 52.8 423 0.333
Comorbidities
Malignancy 6 (16.7) 25 (48.1) 0.002
Stroke 16 (44.4) 10(19.2) 0.011
Renal failure 1(2.8) 8 (15.4) 0.055
Cardiac failure 4(11.1) 3(5.8) 0.363
Demans 6 (16.7) 10 (19.2) 0.759
DM 10 (27.8) 12 (23.1) 0.617
HT 13 (36.1) 21 (40.4) 0.686
COPD 5(13.9) 5(9.6) 0.535
Laboratory values
Hb 109(9 7-12.2) 10.3(9.2-11.6) 0.173
WBC 2 (5.8-12.1) .5 (6.8-15.0) 0.291
Platelet 259 (190-334) 208 (129-301) 0.053
BUN 20 (14-29) 32 (18-46) 0.007
Creatinine .7 (0.6-1.0) .8(0.6-1.6) 0.130
Albumin .0(2.7-3.2) 7 (2.5-3.1) 0.019
CRP 42.5(14.5-97.4) 71.5 (26.2-133.5) 0.120
MAC 24 (21-27) 23 (20-27) 0.509
CcC 28 (25-32) 29 (26-32) 0.772
MNA-SF .0(3.2-7.0) .0 (4.0-5.0) 0.025
NRS2002 .0(3.0-4.0) .0 (4.0-5.0) 0.001
Palliative prognostic index .5(3.5-6.8) .5(5.0-8.5) < 0.001
Palliative prognostic score .0(1.1-4.3) .5(4.5-11.0) <0.001
KPS 45.0 (30.0-70.0) 30.0 (12.5-40.0) 0.001
Palliative performance scale 45.0 (30.0-70.0) 20.0(10.0-30.0) < 0.001
RF muscle thickness 4 (6.0-8.4) 7 (6.4-8.7) 0.641
RF CSA .6 (1.5-4.6) 7(1.2-2.4) 0.031
GC muscle thickness 7 (6.7-9.0) .8(6.1-8.9) 0.171
GC pennation angle 17.0 (15.0-18.2) 16.0 (13.0-19.0) 0.418
GC fascicle length 29.7 (26.6-35.0) 31.8(26.5-34.7) 0.666

Values are presented as mean = standard deviation, median (25th—75th percentiles), or number (%).

DM, diabetes mellitus; HT, hypertension; COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; WBC, white blood cell;
BUN, blood urea nitrogen; CRP, C-reactive protein; MAC, upper mid arm circumference; CC, calf circumference; MNA-SF, Mini-Nu-
tritional Assessment-Short Form; NRS2002, Nutrition Risk Screening 2002; KPS, Karnofsky performance status; RF, rectus femoris;
CSA, cross-sectional area; GC, gastrocnemius.
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who died within 3 months. Notably, CRP (o = 0.120) was
higher and albumin (p = 0.019) was lower in the non-sur-
viving group. The CRP and albumin levels and the presence
of infection during hospitalization were evaluated, revealing
no correlation was found between albumin (p = 0.564) and
CRP (p = 0.653) levels, whereas a significant correlation be-
tween CRP levels and malignancy (p = 0.03).

Considering only the parameters used to predict progno-
sis in palliative care units, the PPS score and the KPS were
lower (p = 0.001) and the PPl and the PaP Score were higher
(p = 0.001) in the non-surviving group, and the difference
was statistically significant.

Both groups were assessed for nutrition using the short

Table 2. Evaluation of the predictive power of PPI, PPS and
RF CSA for mortality in the model assessing age, gender,
CRP and NRS2002 scores

HR (95% Cl) p value
Unadjusted
PPI 117 (1.07-1.27) 0.001
Palliative prognostic score 1.4(1.28-1.52) 0.001

RF CSA 0.75 (0.56-0.99) 0.050
Model 1

Age 1.02 (0.99-1.05) 0.100

Gender (female) 0.57 (0.31-1.06) 0.080

NRS2002 score 1.45 (1.06-1.98) 0.018

CRP value 1.005 (1.001-1.008) 0.010

PPI 1.15 (1.04-1.27) 0.006
Model 2

Age 1.04 (1.01-1.07) 0.013

0.6 (0.33-1.06) 0.080
(

Gender (female)

NRS2002 score 1.14 (0.84-1.55) 0.400
CRP value 1.002 (0.99-1.006) 0.340
Palliative prognostic score 1.4 (1.25-1.53) 0.001
Model 3
Age 1.05 (1.01-1.09) 0.018
Gender (female) 0.35(0.14-0.87) 0.025
NRS2002 score 0.87 (0.51-1.48) 0.610
CRP value 1.005 (0.990-1.010) 0.180
RF CSA 0.83(0.62-1.1) 0.200

PPI, palliative prognostic index; PPS, palliative performance
scale; RF, rectus femoris; CSA, cross-sectional area; CRP, C-re-
active protein; NRS2002, Nutrition Risk Screening 2002; HR,
hazard ratio; Cl, confidence interval.
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version of the multi-nutritional assessment (MNA-SF) and
NRS2002, yielding a mean NRS2002 score of 4 (p = 0.001).
The MNA-SF score was lower in the non-surviving group
(p = 0.025). The muscle US assessment revealed a lower RF
CSA in the non-surviving group (p = 0.031).

A multivariate Cox analysis of age, gender, and the CRP
and NRS2002 scores identified the PPI (hazard ratio [HR],
1.15; 95% confidence interval [Cl], 1.04-1.27; p = 0.006)
and PaP Score (HR, 1.4; 95% Cl, 1.25-1.53; p = 0.001) as
significant predictors of 3-month mortality, while the adjust-
ed Cox proportional analysis identified the CSA of the RF
muscle as a further significant predictor of 3-month mortali-
ty (HR, 0.75; 95% Cl, 0.56-0.99; p = 0.05) (Table 2).

DISCUSSION

Sarcopenia is a multifactorial, global health issue that is
common in older adults, and is diagnosed based on an
assessment of muscle mass, muscle strength and physical
performance with the right techniques and follow-up [12].
The European Working Group on Sarcopenia in the Elderly,
2018 (EWGSOP2) consensus uses low muscle strength as
the primary parameter of sarcopenia, and muscle strength
is considered the most reliable measure of muscle function.
Low muscle strength suggests sarcopenia and the diagnosis
of sarcopenia is confirmed by the presence of low muscle
quantity or quality. Sarcopenia is considered severe when
low muscle strength, low muscle quantity, quality and poor
physical performance are detected [13].

Grip strength has significant limitations in the establish-
ment of acute and chronic illness, is difficult to assess in
patients with delirium or dementia, and can be greatly af-
fected by sedative medications [14]. It is very difficult to de-
termine the physical performance status and grip strength
of patients with limited co-operation and those who are
immobile. A previous study has reported muscle strength
assessment to be an inappropriate approach to the assess-
ment of the physical functionality of patients in critically ill,
such as those in the intensive care unit [1].

Patients undergoing treatment in palliative care units are
mostly immobile and have very low-performance scores due
to terminal iliness. The algorithm developed by the EWGSOP
recommends a walking test followed by muscle strength as-
sessment to screen for sarcopenia in people over 65 years
of age, but direct assessment of muscle mass if walking
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speed is below 0.8 m/s [4]. In the present study, not walk
test could be performed as the majority of patients were
immobile, and no muscle strength assessment or hand grip
test could be administered due to the lack of patient coop-
eration, and these can be considered one of the limitations
of the present study. It is thus difficult to apply the sarcope-
nia assessment algorithms recommended for the geriatric
population to palliative patients, and so there is a need for
the development of novel scales and algorithms for use in
palliative care units for the screening and assessment of sar-
copenia.

Sarcopenia patients have reduced functional capacity in
their daily lives, which makes frailty very likely, and in the
presence of frailty, advanced age and immobility, imaging
can be considered superior to other methods, being acces-
sible, easily applicable and low-cost. That said, imaging may
be difficult to apply in obese patients or those with subcu-
taneous edema, and the practitioner should have a certain
level of experience and competence in the field [15,16]. US
can be used in place of CT or MRI for the evaluation of
muscle mass in patients admitted to the intensive care unit
[17]. Furthermore, unlike DEXA and BIA, ultrasonographic
assessments are less affected by the presence of acute and
chronic diseases and fluid balance [18].

US allows the measurement of changes in muscle ar-
chitecture and composition, such as muscle echogenicity,
pennation angle and fiber length [15]. According to a me-
ta-analysis published in 2017, lower extremity muscles with
anti-gravity functions, such as the quadriceps femoris and
GC medialis, were reported to be particularly useful in the
diagnosis of sarcopenia in the geriatric population when
compared to young adults, and may theoretically be used
for the detection of loss of muscle mass and functionality
in geriatric patients [18]. The use of US for the evaluation
of muscle quality has been described previously in the lit-
erature, reporting that muscle echogenicity increases and
the pennation angle of the muscles decreases with age on
US [15,19]. In 2018, the SARCopenia through UltraSound
(SARCUS) working group determined the main parameters
that can be evaluated with muscle US for standardisation
purposes as muscle thickness, CSA, echo intensity, fascicle
length and pennation angle of pennate muscles [20].

There have been studies assessing patients with esoph-
ageal and uroepithelial cancers reporting sarcopenia to be
associated with short-term survival [21-23]. In a sarcopenia
study evaluating inpatients, it was found that sarcopenic
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patients had longer hospital stays and higher mortality [24].
Previous studies have evaluated muscle mass and muscle
strength together for the diagnosis of sarcopenia, although
there have been few studies to date in which sarcopenia
is assessed based on muscle US in palliative care units. In
the present study made, certain assessments were made to
predict prognosis in palliative patients, as well as nutrition-
al assessments, anthropometric measurements and skeletal
muscle measurements using muscle US, and compared the
3-month mortality of the patients with low muscle mass.
The ultrasonographic assessments of the GC and RF muscles
in the present study revealed the GC thickness and penna-
tion angle to be lower and GC fascicle length to be higher in
patients who died within 3 months, although the difference
was statistically insignificant. In the non-surviving group,
sarcopenia was detected based on the low CSA of the RF
(p = 0.03), and a relationship was identified between low
muscle mass and poor survival, consistent with literature.

In this study, all anthropometric measurements in the sur-
viving and non-surviving patient groups were low, which
may be attributable to both the underlying disease and
poor nutrition. The nutritional status of the patients was
measured using the MNA-SF test and the NRS2002 form,
and while the MNA-SF score was lower in the non-surviving
group, the NRS2002 score was similar in both groups. It was
thus concluded that both groups needed nutritional sup-
port, although nutritional status was poorer in the non-sur-
viving group. Despite the lack of a statistically significant dif-
ference in nutritional status between the non-surviving and
surviving groups in the present study, it can be said that pal-
liative patients generally need nutritional support [2], as the
underlying disease and the clinical condition necessitating
hospitalization may lead to low nutritional levels, and pa-
tients with a poor nutritional level may also have increased
muscle breakdown. This can be explained by the nutrition-
al status and the underlying diseases among palliative pa-
tients triggering both primary and secondary sarcopenia.
The measurement results below the sarcopenia threshold
in the anthropometric assessment in the study can also be
explained by the need for support in the improvement of
nutritional status.

The high level of inflammation markers in sarcopenia can
be attributed to an increase in oxidative stress and inflam-
matory cytokines, and the possible mechanisms underlying
sarcopenia. For inflammation included in the GLIM crite-
ria developed for the malnutrition definition published in
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2019, CRP has been identified as a laboratory parameter
that promotes inflammation [25]. The lower albumin level
in the non-surviving group can be explained by the negative
acute phase response and the low nutritional level, second-
ary to inflammation of underlying diseases. In a study of
hematological cancers published in 2020, malnutrition was
associated with increased mortality independent of age and
duration of diagnosis, while low albumin and high CRP lev-
els were found to significantly increase the risk of mortality
[26]. In this study, it was found that the poor nutritional sta-
tus determined by NRS2002, low albumin and high CRP lev-
els were detected in patients who died within 3 months. No
correlation was found between high CRP levels and active
infection during hospitalization, although CRP levels were
found to be higher in patients with malignancy. CRP levels
were found to be above normal in both groups, which may
be attributed to an underlying malignancy or inflammation.

Considering only the parameters used to predict prog-
nosis in palliative care units, our study identified that the
KPS score and the PPS score were lower and the PPl and
the PaP score were higher in the non-surviving group. The
scores and indices used to determine prognosis in this study
were in concur with the findings of previous studies in lit-
erature [8,10,11]. The combination of certain clinical find-
ings and performance scales may increase the predictive
value of prognostic approaches. It is clearly apparent that
performance status is related to survival. The present study
found the scores and indices used to predict survival to be
statistically significantly different in patients who died within
3 months when compared to the surviving group.

The present study evaluates the prediction of mortality
based on muscle assessment, nutritional status, anthropo-
metric measurements and scales to identify the most pre-
dictive parameter of mortality among the RF CSA, the PPI
and PaP score. The PaP score and the PPl were included in
the model as they are more inclusive than the KPS score and
the PPS score.

Considering the similarity of the age, gender, NRS2002
score and CRP levels, the model yielded a HR of 1.15 for PPI
at 95% Cl, a HR of 1.4 for PaP score, and a HR of 0.83 for
the RF surface area assessed by US. A previous study involv-
ing surgical intensive care patients established a correlation
between the RF muscle surface area and frailty index, and
suggested that sarcopenia diagnosed by US could be a bio-
marker for frailty and poor nutritional status [1].

Muscle US can be easily applied in palliative care units for
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the assessment of sarcopenia and for the prediction of the
effect on mortality, with the benefits of easy applicability,
low-cost and lack of radiation risk. We believe that certain
scales used for prognosis and for the ultrasonographic as-
sessment of muscle mass and quality can guide clinicians
both in predicting survival and in the identification of the
optimum medical, nutritional and supportive treatments for
sarcopenia. We further believe that ultrasonographic mea-
surements of muscle mass may be used in future studies
with modified scales for specific use in palliative settings for
the assessment of sarcopenia.

Patients were immobile and poorly co-operated group in
palliative care service. Physical performance status and mus-
cle strength measured based on grip strength tests could
not be ascertained in the present study due to the immo-
bility and limited co-operation of the patients. Consequent-
ly, muscle US was used to assess muscle quality and mass
for the evaluation of sarcopenia. A further limitation of this
study is that it was conducted in a single center in Turkey.

KEY MESSAGE

1. Due to the presence of immobile patients in palliative
care centers, muscle ultrasonography (US) should
be preferred in the assessment of sarcopenia.

2. Palliative prognostic indices that can be used with
muscle US may be a guide in predicting mortality.
Especially the combined use of the cross-sectional
area of the rectus femoris and the palliative prog-
nostic index and the palliative prognostic score are
reliable predictors of mortality in patients admitted
to the palliative care unit.
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