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/Abstract )

Background: Sarcopenia is predictive of poor surgical outcomes including mortality, length of stay, morbidity, discharge
disposition and cost. Analytic morphomics utilizes Computed Tomography (CT) scans to measure elements of body
composition including sarcopenia. We examined the influence of morphomic variables on outcomes and resource utilization
in trauma patients.

Methods: This is a retrospective cohort study which investigates trauma patients treated at a large academic medical center
from January 1, 2000 to March 31, 2015 who had CT scans of the chest or abdomen prior to hospital admission as part
of their initial trauma evaluation. Admission characteristics including age, gender, Injury Severity Score (ISS), Glasgow
Coma Scale Score (GCS), and analytic morphomic variables examining muscle, fat, and bone compartments at the 11"
thoracic vertebral level were analyzed using the multinomial log-linear model and Poisson regression to predict discharge
disposition, hospital length of stay, intensive care unit (ICU) length of stay and ventilator days.

Results: 3049 patients were identified for analysis. Compared to patients discharged home, patients discharged to another
facility were significantly older (p<0.0001), had higher ISS (p<0.0001), were more likely to be women (p=0.001), and had a
higher percentage of low density muscle within their dorsal muscle group at the 11' thoracic vertebral level (p<0.0001) on
multinomial log-linear model. Morphomic variables were also independently associated with hospital length of stay, ICU
length of stay, and ventilator days. Patients who died were significantly older, with significantly higher ISS and lower GCS
compared to the patients who survived, (p <0.0001) and morphomic variables regarding muscle size and quality were not
significant for this group.

Conclusions: Morphomic measures, particularly muscle quality evaluation, may improve outcome risk stratification in
trauma patients such as discharge disposition. This could help to identify patient populations who might benefit from early
targeted nutrition and therapy interventions.
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Abbreviations: CT: Computed Tomography; ISS: Injury
Severity Score; GCS: Glasgow Comma Scale Score; ICU:
Intensive Care Unit; AIS: Abbreviated Injury Scale; BMD: Bone
Mineral Density; T11: 11" Thoracic Vertebral Cross-Sectional
Level; HU: Hounsfield Units; DMG: Dorsal Muscle Group;
DMGarea.T11: Muscle Size As A Measure of DMG area at T11
level; CM: Centimeters; LDM: Low Density Muscle; LDM_pct.
T11: Percentage Of LDM fibers present within the DMG area at
T11 level; vb2skin. T11: Distance in cm from the vertebral body
at T11 level to the skin on CT scan; BMD.T11: Bone Mineral
Density at T11 level; OR: Odds Ratio; CI: Confidence Interval;
IRR: Incidence Rate Ratio; BMI: Body Mass Index

Introduction

Sarcopenia, the age- and disease-related degeneration of
skeletal muscle mass and function, is increasingly recognized
as predictive of poor postoperative outcomes. [1-9] Low muscle
mass and associated protein depletion are defining traits among
sarcopenic patients and are thought to contribute to the increased
morbidity of this patient population. [10-15] Sarcopenia
independently correlates with postoperative mortality and length
of stay after controlling for chronologic age [16-19] and has been
associated with increased length of stay, morbidity, discharge
disposition, and cost in elective surgical patients. [5,8,20,21]
Analytic morphomics utilizes cross sectional imaging to provide
patient specific data on body composition including muscle
mass and quality, adipose tissue location and distribution, and
bone density. [22] Increasingly investigators are utilizing this
new technology to evaluate these underlying markers of body
composition which may not be captured by typical anthropometric
measures. [23-25] This technology has the potential to identify
underlying conditions such as sarcopenia and help determine
risk for complications across a variety of clinical populations
[8,18,19,26-28].

Previous work from our group has focused on how
morphomic variables can help predict injury. [29] Other groups
have evaluated psoas muscle area as a determinant of sarcopenia
in elderly trauma patients and found reduced psoas muscle area to
correlate with worse clinical outcomes. [30-32] Here we seek to
determine if morphomic variables based on dorsal muscle group
quantity as well as quality can provide insight into patient recovery
atany age following traumatic insult. To this end we retrospectively
evaluated the ability of morphomics at the time of trauma to
predict discharge disposition as well as hospital length of stay,

Intensive Care Unit (ICU) length of stay and ventilator days. We
hypothesized that morphomic markers of sarcopenia at the dorsal
muscle group level are independently associated with outcomes
and resource use after controlling for patient demographic and
injury severity factors.

Methods
Study Population

Trauma patients treated at Michigan Medicine from January
1, 2000 to March 31, 2015 eligible for inclusion in the Michigan
Medicine Adult Trauma Registry were entered in this study. This
cohort includes patients with blunt or penetrating mechanisms
of injury who were age > 18 years old. Many of these patients
underwent Computed Tomography (CT) scans on their initial
presentation to the hospital as part of their standard clinical
trauma evaluation. Patients who had CT scans obtained of either
the chest or abdomen were included in our study as both scans
contained the dorsal muscle group at the 11™ thoracic vertebral
level. Patient characteristics including age, gender, Injury Severity
Score (ISS), and Glasgow Coma Scale Score (GCS) were used in
combination with analytic morphomics as predictors in modeling
of our primary and secondary outcomes. To avoid the confounding
effect of the severely head injured patients, patients with a head or
neck specific Abbreviated Injury Scale (AIS) > 3 were excluded
from analysis. [33] This study was approved by the University
of Michigan Institutional Review Board and all research was
performed in accordance with relevant guidelines and regulations.
The need for informed consent was also waived by the University
of Michigan Institutional Review Board given the minimal risk
and retrospective nature of the study.

Analytic Morphomics

All CT scans were processed using semi-automated
algorithms in MATLAB as described previously. [34] The Bone
Mineral Density (BMD) was measured at the mid-11" thoracic
vertebral cross-sectional level in trabecular bone (average
pixel intensity within a slice aligned with the vertebral body).
All remaining measurements were taken at the bottom of the
11" thoracic vertebral cross-sectional level (T11) (Figure la).
The reason for choosing this level is that it was present in both
thoracic and abdominal CT scans, which maximized the sample
size. Visceral adipose tissue area was defined as the total area of
fat-intensity pixels [-205 to -51 Hounsfield units (HU)] within the
fascial envelope. Subcutaneous adipose tissue area was the cross-
sectional area of fat-intensity pixels between the fascia and skin.
The Dorsal Muscle Group (DMG) area was defined as muscle (31
to 100 HU) contained in the triangular region between the spinal
canal and bilateral lateral seams (Figure 1b) [34].
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Figure 1: Using admission CT imaging to measure morphomic variables. After identifying individual vertebral levels (1a), the imaging
slices at the bottom of the 11" thoracic vertebral cross-sectional level (T11) were selected. The total cross-sectional area of the dorsal
muscle group was measured at the T11 vertebrae (1b). The distance from the vertebral body at T11 to the skin on CT was measured as
vb2skin.T11 to assess a combination of visceral and subcutaneous adipose tissue (1¢).

Measures representative of body composition looking
at muscle, adipose and boney components were included for
analysis. We evaluated muscle size as a measure of DMG area
at T11 (DMGarea.T11) in centimeter squared (cm?) and we
evaluated muscle quality by determining the percentage of Low
Density Muscle (LDM) fibers present within that DMG area at T11
(LDM pct. T11). LDM fibers are representative of muscle with
fatty infiltration on CT scan. Higher percentage of LDM fibers
correlates with weaker, poorer quality muscle. [35,36] To assess
adipose tissue, we measured the distance in centimeters from the
vertebral body at T11 to the skin on CT scan which encompasses
measures of both visceral and subcutaneous adipose components
(vb2skin.T11) in centimeters (cm) (Figure 1c). Lastly we examined
bone density at T11 (BMD.T11) in HU.

Outcome Measures

Discharge disposition was the primary outcome. Discharge
disposition was grouped as either Discharge Home, Discharge to
Another Facility, or Death. Discharge Home includes patients who
discharged to home or self-care with or without home health or
other services, to a group home, to a correctional facility, and those
patients who left the hospital against medical advice. Discharge
to Another Facility includes patients who discharged to long

term care facilities, nursing homes, rehabilitation centers, skilled
nursing facilities, inpatient psychiatric units, other hospitals, and
hospice. Death includes patients who were pronounced dead in the
Emergency Room or died during the course of their hospitalization.
Patients with unknown discharge disposition were excluded from
study analysis. Secondary outcomes include hospital length of stay,
ICU length of stay, and ventilator days. If a patient was admitted
to the ICU or intubated for any part of day, it was counted as a
full day. Patients transitioned to floor level care despite physically
remaining in the ICU were no longer counted as ICU the following
calendar day.

Statistical Analysis

Univariate Analysis: Summary statistics were calculated for
the overall cohort and for the subgroup of patients with different
discharge locations. For categorical variables, the counts and
percentages are presented while the median and interquartile
values are shown for continuous variables. Univariate analysis
was used to determine the differences among different sub-groups.
Fisher’s exact test was used to investigate categorical variables.
For continuous variables, the Mann-Whitney test was used for two
group comparison and the Kruskal-Wallis test was used for three
group comparison.
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Multivariate Analysis: To investigate the independent association
between morphomic variables and discharge location, we utilized
a multinomial log-linear model to investigate the odds ratios
between patients who were discharged to other facilities or died
versus those who were discharged home. Secondary analyses
include investigation of hospital length of stay, ICU length of stay,
and ventilator days. We utilized a multivariate Poisson regression.
For all models, we included clinical variables: age, gender, ISS,
and GCS; and morphomic variables: DMGarea.T11, LDM pct.
T11, vb2skin.T11, and BMD.T11. In addition, we further utilized
a forward and backward selection procedure. The final selected
model was optimized with the best Akaike information criterion.
All statistical analyses were conducted in R 4.0.3 (http://www.r-
project.org). A two-sided significance of a = 0.05 was used for all
analyses.

Results

Atotal 0f 3546 patients were included in our study population.
Seventy-six patients had incomplete data on age, gender, ISS,
GCS, or discharge disposition and were therefore excluded from
analysis. Three thousand and forty-nine people had CT scans of
either their chest or abdomen with analytic morphomics data on
the 3 compartments (muscle, adipose, and bone) measured at T11
and were included in our primary analysis.

Discharge Disposition

Evaluated patient characteristics and associated discharge
disposition are depicted in Table 1. The majority of our cohort,
2218 patients (72.7 %) were discharged home while 795 patients
(26.1 %) were discharged to another facility. Only 36 patients
(1.2%) of this cohort died. Of the patients who died, it is notable
that they were significantly older, with significantly higher ISS and
lower GCS compared to the patients who survived, (p <0.0001).

. Discharge Death vs. Overall
Discharge to to Another Discharge Home Discharge 3-Grou
Another Facility (N= | Facility scharg 8¢ | Death (N=36) P
(N=12357) Home Comparison
799) vs. Home (p-value) (p-value)
(p-value) P P
Age (years) 52.0 (35.0, 67.5) <0.0001 37.0 (24.0, 50.0) <0.0001 69.5 (44.0, 80.8) <0.0001
Male Gender 487 (61%) 0.01 1556 (66%) 0.29 27 (75%) 0.02
ISS 16.0 (10.0, 22.0) <0.0001 9.0 (5.0, 16.0) <0.0001 23.0 (14.0, 38.8) <0.0001
GCS 15.0 (15.0, 15.0) 0.025 15.0 (15.0, 15.0) <0.0001 10.5 (3.0, 15.0) <0.0001
vb2skin. T11 (cm) 15.2 (13.0, 17.7) <0.0001 14.1 (12.3, 16.4) <0.0001 16.7 (14.9, 19.3) <0.0001
LDM _pct.T11 (%) 20 (10, 31) <0.0001 13 (6, 21) <0.0001 26 (17, 35) <0.0001
DMGarea.T11 (cm?) 32.2(24.2,42.1) 0.0002 34.2 (26.4,43.0) 0.16 30.2 (24.3,38.4) <0.0001
BMD.TI11 (HU) 206.8 (154.5, 249.0) <0.0001 235.0 (195.0,269.2) | <0.0001 igi'z)(lzo'z’ <0.0001

Table 1: Univariate analysis of characteristics of study population based on discharge disposition.
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Mean value with 95% confidence interval. ISS, Injury
Severity Score; GCS, Glasgow Coma Scale Score; vb2skin.
T11, distance from the vertebral body at T11 level to the skin
on CT scan; cm, centimeters; LDM pct.T11, percentage of low
density muscle fibers present within the dorsal muscle group area
at T11 level; DMGarea.T11, muscle size as a measure of dorsal
muscle group area at T11 level; BMD.T11, bone mineral density
at T11 level; HU, Hounsfield units. Of the surviving patients, all
evaluated predictors significantly correlated with patient discharge
disposition except for GCS as severely head injured patients were
excluded from our analysis. Older patients were significantly more
likely to discharge to another facility than younger patients (p
<0.0001). Similarly, less injured patients according to ISS were
more likely to be discharged home (p <0.0001). Morphomic
variables of reduced DMGarea.T11 (p<0.0001) and increased
LDM pct.T11 (p <0.0001) correlated with discharge to another
facility. Additionally increased vb2skin.T11 (p <0.0001) and

decreased BMD.T11 (p <0.0001) were associated with discharge
to another facility.

Table 2 shows results from a multinomial log-linear model
of adjusted odds ratios of discharge to another facility and death
in comparison to the reference group of patients discharged
home, where discharge home has an odds ratio equal to 1 in all
categories. Among survivors, morphomic variables of LDM pct.
T11 (p <0.0001) and DMGarea.T11 (p =0.03) remained significant
predictors of discharge to another facility even when controlling
for age and ISS. Directions of odds ratios of DMGarea.T11 and
vb2skin.T11 for patients with discharge to another facility from the
multivariate analysis were not coherent with univariate analysis.
This is due to co-linearity between these two variables. Adjusted
odds ratio of LDM pct.T11 for patients with discharge to another
facility is 1.02. Additionally, while the majority of patients in each
group were male, male gender was negatively associated with
discharge to another facility.

Discharge to Another Facility Death

OR (95% CI) p-value OR (95% CI) p-value
ISS 1.092 (1.080, 1.104) 0.0000 1.148 (1.113, 1.183) 0.0000
Age (years) 1.031 (1.024, 1.038) 0.0000 1.072 (1.048, 1.095) 0.0000
GCS 0.968 (0.936, 1.000) 0.0507 0.781 (0.727, 0.840) 0.0000
LDM_pct.T11 (%) 1.023 (1.013, 1.033) 0.0000 1.022 (0.988, 1.058) 0.2026
Male Gender 0.693 (0.550, 0.873) 0.0019 0.800 (0.301, 2.124) 0.6545
BMD.T11 (HU) 0.998 (0.996, 1.000) 0.1203 0.990 (0.984, 0.997) 0.0024
DMGarea.T11 (cm?) 1.011 (1.001, 1.021) 0.0304 1.032 (0.994, 1.071) 0.1003

OR: Odds Ratio; CI: Confidence Interval; ISS: Injury Severity Score; GCS: Glasgow Coma Scale Score; LDM_Pct. T11, Percentage
of Low Density Muscle Fibers Present within the Dorsal Muscle Group Area At T11 Level; BMD.T11, Bone Mineral Density At T11
Level; HU: Hounsfield Units; Dmgarea.T11, Muscle Size as a Measure of Dorsal Muscle Group Area at T11 Level; CM: Centimeters.

Table 2: Adjusted odds ratios of discharge disposition based on multinomial log-linear model compared to discharge home.
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For patients who died, BMD.T11 (p =0.01) and vb2skin.
T11 (p=0.048) were the only significant morphomic variables
after controlling for age, ISS, and GCS and correlates with age and
female gender.

Hospital Length of Stay

Table 3 shows the incidence rate ratio of length of hospital
stay based on the multivariate Poisson regression. Data on hospital
length of stay were missing in 2 patients so 3047 patients were
included in analysis. Increases in age, ISS, vb2skin.T11, LDM
pct.T11, and DMGarea.T11 were all significantly associated with
longer hospitalization (p <0.0001) while decreases in GCS were
associated with longer hospital length of stay (p <0.0001). Gender
was not associated with hospital length of stay.

IRR (95% CI) p-value
ISS 1.041 (1.040, 1.042) | 0.0000
Age (years) 1.007 (1.006, 1.008) | 0.0000
vb2skin. T11 (cm) 1.030 (1.024, 1.035) | 0.0000
GCS 0.967 (0.963, 0.970) | 0.0000
LDM pet.T11 (%) | 1.005 (1.004, 1.007) | 0.0000
DMGarea.T11 (cm?) | 1.002 (1.001, 1.004) | 0.0009
BMD.T11 (HU) 1.000 (0.999, 1.000) | 0.0492

IRR: Incidence Rate Ratio; CI: Confidence Interval; ISS: Injury
Severity Score; vb2skin.T11, distance from the vertebral body at
T11 level to the skin on CT scan; CM: Centimeters; GCS: Glasgow
Coma Scale Score; LDM pct.T11, percentage of low density
muscle fibers present within the dorsal muscle group area at T11
level; DMGarea.T11, muscle size as a measure of dorsal muscle
group area at T11 level; BMD.T11, bone mineral density at T11
level; HU: Hounsfield Units.

Table 3: Incidence rate ratio of length of stay based on the
multivariate Poisson regression.

ICU Length of Stay

In our cohort, 2694 patients had data regarding whether they
received ICU care. A total of 1152 of these 2694 patients received
ICU care. Table 4 shows the incidence rate ratio of length of ICU
stay based on the multivariate Poisson regression. Increases in age,

ISS, vb2skin. T11, LDM_pct. T11, and BMD.T11 were associated
with longer ICU length of stay (p <0.0001) while increased GCS
and increased DMGarea.T11 were associated with shorter ICU
length of stay (p <0.0001 and p=0.01, respectively). Men tended
to have increased length of ICU stays (p = 0.007). Of patients
admitted to the ICU, 662 were discharged home, 458 were
discharged to another facility, and 32 died.

IRR (95% CI) p-value
ISS 1.059 (1.057, 1.061) 0.0000
Age (years) 1.017 (1.015, 1.019) 0.0000
GCS 0.924 (0.919, 0.930) 0.0000
vb2skin. T11 (cm) 1.079 (1.067, 1.090) 0.0000
LDM_pet.T11 (%) 1.011 (1.008, 1.014) 0.0000
BMD.T11 (HU) 1.001 (1.001, 1.002) 0.0001
DMGarea.T11 (cm?) 0.996 (0.993, 0.999) 0.0192
Male Gender 1.087 (1.011, 1.169) 0.0238

ICU: Intensive Care Unit; IRR: Incidence Rate Ratio; CI:
Confidence Interval; ISS: Injury Severity Score; GCS, Glasgow
Coma Scale Score; vb2skin.T11, distance from the vertebral body
at T11 level to the skin on CT scan; cm, centimeters; LDM_pct.
T11, percentage of low density muscle fibers present within the
dorsal muscle group area at T11 level; BMD.T11, bone mineral
density at T11 level; HU, Hounsfield units; DMGarea.T11, muscle
size as a measure of dorsal muscle group area at T11 level.

Table 4: Incidence rate ratio of ICU length of stay based on the
multivariate Poisson regression.

Ventilator Days

A total of 411 of 2490 patients with data were intubated and
on a ventilator during some portion of their ICU admission. Table
5 shows the incidence rate ratio of days of ventilator dependence
based on the multivariate Poisson regression. Increased age, ISS,
vb2skin.T11, LDM pct.T11, and BMD.T11 were significantly
associated with increased duration of mechanical ventilation
(p <0.005). On the contrary, increased GCS, male gender, and
increased DMGarea. T11 were significantly associated with
decreased duration of mechanical ventilation (p <0.02).
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IRR (95% CI) p-value
ISS 1.061 (1.058, 1.064) 0.0000
GCS 0.876 (0.869, 0.883) 0.0000
Age (years) 1.021 (1.017, 1.024) 0.0000
vb2skin. T11 (cm) 1.122 (1.106, 1.139) 0.0000
LDM pct.T11 (%) 1.010 (1.006, 1.015) 0.0000
Male Gender 0.876 (0.789, 0.973) 0.0136
BMD.T11 (HU) 1.001 (1.000, 1.002) 0.0096
DMGarea.T11 (cm?) 0.995 (0.990, 0.999) 0.0219

IRR: Incidence Rate Ratio; CI: Confidence Interval; ISS: Injury
Severity Score; GCS: Glasgow Coma Scale Score; vb2skin.T11,
distance from the vertebral body at T11 level to the skin on CT scan;
cm, centimeters; LDM_pct. T11, percentage of low density muscle
fibers present within the dorsal muscle group area at T11 level,
BMD.T11, bone mineral density at T11 level; HU, Hounsfield
units; DMGarea.T11, muscle size as a measure of dorsal muscle
group area at T11 level.

Table S: Incidence rate ratio of days of ventilator dependence
based on the multivariate Poisson regression.

Discussion

We found morphomic markers to be independently associated
with discharge disposition in trauma patients without severe
head injury after controlling for known prognostic demographic
and clinical variables including age, gender, ISS and GCS. In
particular, muscle quality as identified on cross-sectional imaging
provides additive prognostic value regarding discharge disposition
more so than muscle quantity. This result confirms that post injury
imaging holds a large amount of patient specific data that can aid
in risk stratification and provide important information regarding
the impact of body composition on recovery time [34].

With regard to our primary outcome, surviving trauma
patients with decreased muscle quality were significantly more
likely to be discharged to another facility compared to home. We
evaluated the percentage of LDM in the DMG at T11 as a measure
of muscle quality as this represents the percentage of muscle with
fatty infiltration that is weaker and of poorer quality. [35,36] We
found that for every 1% increase in LDM within the DMG at T11,
there was an approximately 2.3% increase in the likelihood of a
patient being discharged to another facility compared to home even
when controlling for other factors including age, ISS, GCS, gender,
BMD, and muscle area. Interestingly, we found that DMG area at
T11 was positively associated with discharge to another facility
on multivariate analysis but negatively correlated with discharge
disposition on univariate analysis suggesting a confounding factor

at play, possibly mass or Body Mass Index (BMI). A patient with
a bigger mass or BMI may have a larger DMG area but overall
weaker muscle resulting in these discordant results. Unfortunately
there were a large number of patients missing data on height and
weight so analysis using BMI was not performed.

Compared to those who survived, patients who died were
significantly older, more injured, and with decreased GCS on
presentation despite exclusion of patients with severe head
trauma. While morphomic variables were significant on univariate
analysis of these patients, they were not significant on multivariate
analysis except for BMD, which is closely associated with age,
and vb2skin.T11.

We elected to evaluate DMG as the core muscle group
in this study instead of the more commonly used psoas muscle
for evaluation of muscle quantity and quality. Previous work
demonstrates a strong correlation between DMG area and total
psoas area suggesting that either of these core muscles groups may
serve as a measure of muscle quantity.[34] Additionally, DMG it
is captured in both abdominal as well as chest CT scans, resulting
in a larger sample size compared to total psoas area which is
only captured in abdominal CT scans. Using a muscle group that
is present in both forms of imaging will allow us to take further
advantage of these scans of opportunity in future broader analysis.

With regard to our secondary outcomes, we found muscle
quality to again be more significant than muscle quantity in
predicting length of stay, length of ICU stay and ventilator days.
Of note, DMG area was again positively associated with length of
stay yet negatively correlated with ICU length of stay and days of
ventilator dependency suggesting the presence of an unaccounted
confounding variable. Sarcopenic patients have decreased
respiratory capacity perhaps lending them to a prolonged number
of ventilator days and associated increase in ICU length of stay.
[37,38] Ventilator days may also be related to degree of chest injury
however sarcopenia and associated osteopenia have been shown to
correlate with traumatic thoracic and spine fractures although bone
density appeared less significant in our analyses. [39] Increased
adipose tissue as measured by vb2skin.T11 correlated with longer
hospital and ICU lengths of stay and increased ventilator days in
this patient population. This finding again supports the possibility
of mass or BMI as a confounding factor not evaluated in our
analysis. However, there is data to suggest improved outcomes
in certain critically ill patient populations with elevated fat mass
although exact mechanisms need to be elucidated.

From age 40 to 80 total skeletal muscle mass declines 30-
50% and up to a 3% annual decline in muscle functional capacity is
seen after age 60. [9] Inactivity is the primary cause of sarcopenia
which only worsens following hospitalization for trauma,
especially in the ICU. [40-42] Sarcopenic patients have decreased
physiologic reserve to deal with the stresses associated with
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trauma. [8] Protein depletion is a defining trait among sarcopenic
patients and likely contributes to an impaired immune response
and associated complications such as pneumonia and decreased
wound healing seen in this population[10-12] DeAndrade et al.
found sarcopenia in trauma patients to be associated with increased
overall complications (p<0.0001, relative risk 2.54, confidence
interval 1.78-3.61) and an independent risk factor for catheter-
associated urinary tract infections (p=0.011), wound infections
(p=0.011), need for reintubation (p=0.0062), and length of stay
(p=0.0007). [43] Moisey et al. highlight the discrepancy between
sarcopenia as diagnosed by CT and BMI in elderly trauma patients
as they found 71% of this patient population to be sarcopenic but
only 9% of the sarcopenic patients were underweight whereas
47% were considered overweight or obese by BMI. [24] Mortality
was also significantly higher in sarcopenic patients (32% vs. 14%,
p = 0.018) as were ventilator days (p=0.004) and ICU length of
stay (p=0.002). Additionally non-sarcopenic patients were more
likely to be discharged home than sarcopenic patients (p=0.085).
Fairchild et al. also noted that the loss of each additional 1 cm2
of psoas area predicted a 20% increase in loss of independence
among elderly trauma patients. [33] Others have also found that
sarcopenia predicts adverse discharge disposition in elderly trauma
patients, geriatric patients undergoing emergency surgery, and
surgical ICU patients. [21,33,44-46] To our knowledge, our study
is the first to evaluate and identify muscle quality as a predictor for
discharge disposition of the trauma patient.

Limitations of this study include that it is single-center and
retrospective. Additionally, not all trauma patients received CT
scans of either their chest or abdomen which could introduce bias
into our study as less injured patients may have been excluded.
Further, the majority of patients seen at our institution are blunt
trauma patients, so these results may not be reflective of trauma
populations in high volume penetrating trauma centers. The best
methods to diagnose sarcopenia are debatable and an increasing
number of software companies and cut-off values are being
developed and reported. Our study did not evaluate strict cutoffs
for sarcopenia but instead compared relative muscle area and
quality. Additionally our data set had a large amount of height and
weight data missing, potentially leading to BMI as a confounding
variable in our analysis.

While we do not recommend CT scanning for every
trauma patient due to unnecessary radiation and expense, CT
imaging is a commonly used diagnostic tool in trauma which
can provide prognostic information for hospitalization beyond
injury where age can be a poor proxy for physiologic reserve.
[47,48] These data demonstrate the importance of morphomic
measures such as sarcopenia and determinants of muscle quality in
predicting outcomes such as discharge disposition and functional
independence, and identify patient populations who could benefit
from early aggressive nutrition and therapy programs not captured

by classical anthropometric measures. [18,33] Additionally, the
early availability of this data may assist families in making care
decisions as well as discharge planning. Other studies aimed at
measuring sarcopenia such as hand grip strength or timed walk
tests are not always feasible in trauma patients due to decreased
mobility and pain associated with injury. [33] Scans of opportunity
are increasingly being used to harness biometric data [49] and
provide important prognostic information and we should utilize
their inherent availability in trauma populations.

Conclusions

CT scans represent a commonly used imaging modality in
trauma evaluation. Morphomic measures derived from these scans,
particularly muscle quality evaluation in addition to muscle size,
may aid outcome risk stratification in trauma patients including
in hospital resource utilization and discharge disposition. Having
this data early following acute injury could help to identify patient
populations who might benefit from early targeted nutrition and
therapy interventions.

References

1. Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, et al. (2010)
Sarcopenia and mortality after liver transplantation. J Am Coll Surg
211: 271-278.

2. Englesbe MJ (2012) Quantifying the eyeball test: sarcopenia, analytic
morphomics, and liver transplantation. Liver Transpl 18: 1136-1137.

3. Reisinger KW, Bosmans JW, Uittenbogaart M, Alsoumali A, Poeze
M, et al. (2015) Loss of Skeletal Muscle Mass During Neoadjuvant
Chemoradiotherapy Predicts Postoperative Mortality in Esophageal
Cancer Surgery. Ann Surg Oncol 22: 4445-4452.

4. vanVugt JL, Levolger S, de Bruin RW, van Rosmalen J, Metselaar HJ,
et al. (2016) Systematic Review and Meta-Analysis of the Impact of
Computed Tomography-Assessed Skeletal Muscle Mass on Outcome
in Patients Awaiting or Undergoing Liver Transplantation. Am J
Transplant 16: 2277-2292.

5. Sheetz KH, Waits SA, Terjimanian MN, Sullivan J, Campbell DA, et al.
(2013) Cost of major surgery in the sarcopenic patient. J Am Coll Surg
217: 813-818.

6. Masuda T, Shirabe K, lkegami T, Harimoto N, Yoshizumi T, et al. (2014)
Sarcopenia is a prognostic factor in living donor liver transplantation.
Liver Transpl 20: 401-407.

7. PengP, Hyder O, Firoozmand A, Kneuertz P, Schulick RD, et al. (2012)
Impact of sarcopenia on outcomes following resection of pancreatic
adenocarcinoma. J Gastrointest Surg 16: 1478-1486.

8. Friedman J, Lussiez A, Sullivan J, Wang S, Englesbe M (2015)
Implications of sarcopenia in major surgery. Nutr Clin Pract 30: 175-
179.

9. Marty E, Liu Y, Samuel A, Or O, Lane J (2017) A review of sarcopenia:
Enhancing awareness of an increasingly prevalent disease. Bone 105:
276-286.

10. Windsor JA, Hill GL (1988) Protein depletion and surgical risk. Aust N
Z J Surg 58: 711-715.

8
J Surg, an open access journal
ISSN: 2575-9760

Volume 08; Issue 02


https://pubmed.ncbi.nlm.nih.gov/20670867/#:~:text=Conclusions%3A Central sarcopenia strongly correlates,and%2C potentially%2C allocation policy.
https://pubmed.ncbi.nlm.nih.gov/20670867/#:~:text=Conclusions%3A Central sarcopenia strongly correlates,and%2C potentially%2C allocation policy.
https://pubmed.ncbi.nlm.nih.gov/20670867/#:~:text=Conclusions%3A Central sarcopenia strongly correlates,and%2C potentially%2C allocation policy.
https://pubmed.ncbi.nlm.nih.gov/22821551/
https://pubmed.ncbi.nlm.nih.gov/22821551/
https://pubmed.ncbi.nlm.nih.gov/25893413/
https://pubmed.ncbi.nlm.nih.gov/25893413/
https://pubmed.ncbi.nlm.nih.gov/25893413/
https://pubmed.ncbi.nlm.nih.gov/25893413/
https://pubmed.ncbi.nlm.nih.gov/26813115/
https://pubmed.ncbi.nlm.nih.gov/26813115/
https://pubmed.ncbi.nlm.nih.gov/26813115/
https://pubmed.ncbi.nlm.nih.gov/26813115/
https://pubmed.ncbi.nlm.nih.gov/26813115/
https://pubmed.ncbi.nlm.nih.gov/24119996/
https://pubmed.ncbi.nlm.nih.gov/24119996/
https://pubmed.ncbi.nlm.nih.gov/24119996/
https://pubmed.ncbi.nlm.nih.gov/24357065/
https://pubmed.ncbi.nlm.nih.gov/24357065/
https://pubmed.ncbi.nlm.nih.gov/24357065/
https://pubmed.ncbi.nlm.nih.gov/22692586/
https://pubmed.ncbi.nlm.nih.gov/22692586/
https://pubmed.ncbi.nlm.nih.gov/22692586/
https://pubmed.ncbi.nlm.nih.gov/25681482/
https://pubmed.ncbi.nlm.nih.gov/25681482/
https://pubmed.ncbi.nlm.nih.gov/25681482/
https://pubmed.ncbi.nlm.nih.gov/28931495/
https://pubmed.ncbi.nlm.nih.gov/28931495/
https://pubmed.ncbi.nlm.nih.gov/28931495/
https://pubmed.ncbi.nlm.nih.gov/3250431/
https://pubmed.ncbi.nlm.nih.gov/3250431/

Citation: Busch RA, Zhang P, Hemmila MR, Su GL, Wang SC (2023) Analytic Morphomics is Independently Associated with Discharge Disposition
in Trauma Patients: A Retrospective Cohort Study. J Surg 8: 1716. DOI: 10.29011/2575-9760.001716

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Windsor JA, Hill GL (1988) Risk factors for postoperative pneumonia.
The importance of protein depletion. Ann Surg 208: 209-214.

Haydock DA, Hill GL (1986) Impaired wound healing in surgical
patients with varying degrees of malnutrition. JPEN J Parenter Enteral
Nutr 10: 550-554.

Hill GL (1994) Impact of nutritional support on the clinical outcome of
the surgical patient. Clin Nutr 13: 331-340.

Castaneda C, Charnley JM, Evans WJ, Crim MC (1995) Elderly
women accommodate to a low-protein diet with losses of body cell
mass, muscle function, and immune response. Am J Clin Nutr 62: 30-
39.

Joseph C, Kenny AM, Taxel P, Lorenzo JA, Duque G, et al. (2005) Role
of endocrine-immune dysregulation in osteoporosis, sarcopenia, frailty
and fracture risk. Mol Aspects Med 26: 181-201.

Englesbe MJ, Terjimanian MN, Lee JS, Sheetz KH, Harbaugh CM, et
al. (2013) Morphometric age and surgical risk. J Am Coll Surg 216:
976-985.

Waits SA, Kim EK, Terjimanian MN, Tishberg LM, Harbaugh CM, et
al. (2014) Morphometric age and mortality after liver transplant. JAMA
Surg 149: 335-340.

Miller AL, Min LC, Diehl KM, Cron DC, Chan CL, et al. (2014) Analytic
morphomics corresponds to functional status in older patients. J Surg
Res 192: 19-26.

Terjimanian MN, Underwood PW, Cron DC, Augustine JJ, Noon
KA, et al. (2017) Morphometric age and survival following kidney
transplantation. Clin Transplant 2017: 31.

Zembron-tacny A, Dziubek W, Rogowski t., Skorupka E, Dgbrowska G
(2014) Sarcopenia: monitoring, molecular mechanisms, and physical
intervention. Physiol Res 63: 683-691.

Kirk PS, Friedman JF, Cron DC, Terjimanian MN, Wang SC, et al.
(2015) One-year postoperative resource utilization in sarcopenic
patients. J Surg Res 199: 51-55.

Lee C, Raymond E, Derstine BA, Glazer JM, Goulson R, et al. (2018)
Morphomic Malnutrition Score: A Standardized Screening Tool for
Severe Malnutrition in Adults. JPEN J Parenter Enteral Nutr 42: 1263-
1271.

Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, et al. (2013)
Cancer cachexia in the age of obesity: skeletal muscle depletion is a
powerful prognostic factor, independent of body mass index. J Clin
Oncol 31: 1539-1547.

Moisey LL, Mourtzakis M, Cotton BA, Premiji T, Heyland DK, et al.
(2013) Skeletal muscle predicts ventilator-free days, ICU-free days,
and mortality in elderly ICU patients. Crit Care 17: R206.

Sabel MS, Terjimanian M, Conlon AS, Griffith KA, Morris AM, et al.
(2013) Analytic morphometric assessment of patients undergoing
colectomy for colon cancer. J Surg Oncol 108: 169-175.

Paknikar R, Friedman J, Cron D, Deeb GM, Chetcuti S, et al. (2016)
Psoas muscle size as a frailty measure for open and transcatheter
aortic valve replacement. J Thorac Cardiovasc Surg 151: 745-751.

Lee JS, He K, Harbaugh CM, Schaubel DE, Sonnenday CJ, et al.
(2011) Frailty, core muscle size, and mortality in patients undergoing
open abdominal aortic aneurysm repair. J Vasc Surg 53: 912-917.

Englesbe MJ, Lee JS, He K, Fan L, Schaubel DE, et al. (2012) Analytic

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

morphomics, core muscle size, and surgical outcomes. Ann Surg 256:
255-261.

Parenteau CS, Zhang P, Holcombe S, Kohoyda-Inglis C, Wang SC
(2014) Can anatomical morphomic variables help predict abdominal
injury rates in frontal vehicle crashes? Traffic Inj Prev 15: 619-6526.

Zumsteg DM, Chu CE, Midwinter MJ (2020) Radiographic assessment
of sarcopenia in the trauma setting: a systematic review. Trauma Surg
Acute Care Open 5: e000414.

Yoo T, Lo WD, Evans DC (2017) Computed tomography measured
psoas density predicts outcomes in trauma. Surgery 162: 377-384.

Hwang F, McGreevy CM, Pentakota SR, Verde D, Park JH, et al.
(2019) Sarcopenia is Predictive of Functional Outcomes in Older
Trauma Patients. Cureus 11: e6154.

Fairchild B, Webb TP, Xiang Q, Tarima S, Brasel KJ (2015) Sarcopenia
and frailty in elderly trauma patients. World J Surg 39: 373-379.

Lee CS, Cron DC, Terjimanian MN, Canvasser LD, Mazurek AA, et
al. (2014) Dorsal muscle group area and surgical outcomes in liver
transplantation. Clin Transplant 28: 1092-1098.

Taaffe DR, Henwood TR, Nalls MA, Walker DG, Lang TF, et al. (2009)
Alterations in muscle attenuation following detraining and retraining in
resistance-trained older adults. Gerontology 55: 217-223.

Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M, et
al. (2005) Muscle mass, muscle strength, and muscle fat infiltration
as predictors of incident mobility limitations in well-functioning older
persons. J Gerontol A Biol Sci Med Sci 60: 324-333.

Pahor M, Kritchevsky S (1998) Research hypotheses on muscle
wasting, aging, loss of function and disability. J Nutr Health Aging 2:
97-100.

Theou O, Stathokostas L, Roland KP, Jakobi JM, Patterson C, et al.
(2011) The effectiveness of exercise interventions for the management
of frailty: a systematic review. J Aging Res 2011: 569194.

Oskutis MQ, Lauerman MH, Kufera JA, Shanmuganathan K, Burch C,
et al. (2016) Are frailty markers associated with serious thoracic and
spinal injuries among motor vehicle crash occupants? J Trauma Acute
Care Surg 81: 156-161.

Goodpaster BH, Carlson CL, Visser M, Kelley DE, Scherzinger A, et al.
(2001) Attenuation of skeletal muscle and strength in the elderly: The
Health ABC Study. J Appl Physiol 90: 2157-2165.

Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, et al. (2010)
Sarcopenia: etiology, clinical consequences, intervention, and
assessment. Osteoporos Int 21: 543-559.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, et al. (2019)
Sarcopenia: revised European consensus on definition and diagnosis.
Age Ageing 2019.

DeAndrade J, Pedersen M, Garcia L, Nau P (2018) Sarcopenia is a
risk factor for complications and an independent predictor of hospital
length of stay in trauma patients. J Surg Res 221: 161-166.

Mueller N, Murthy S, Tainter CR, Lee J, Riddell K, et al. (2016) Can
Sarcopenia Quantified by Ultrasound of the Rectus Femoris Muscle
Predict Adverse Outcome of Surgical Intensive Care Unit Patients as
well as Frailty? A Prospective, Observational Cohort Study. Ann Surg
264: 1116-1124.

Du Y, Karvellas CJ, Baracos V, Wiliams DC, Khadaroo RG, et al.

9

J Surg, an open access journal
ISSN: 2575-9760

Volume 08; Issue 02


https://pubmed.ncbi.nlm.nih.gov/3401064/
https://pubmed.ncbi.nlm.nih.gov/3401064/
https://pubmed.ncbi.nlm.nih.gov/3098996/
https://pubmed.ncbi.nlm.nih.gov/3098996/
https://pubmed.ncbi.nlm.nih.gov/3098996/
https://pubmed.ncbi.nlm.nih.gov/16843410/
https://pubmed.ncbi.nlm.nih.gov/16843410/
https://pubmed.ncbi.nlm.nih.gov/7598064/
https://pubmed.ncbi.nlm.nih.gov/7598064/
https://pubmed.ncbi.nlm.nih.gov/7598064/
https://pubmed.ncbi.nlm.nih.gov/7598064/
https://pubmed.ncbi.nlm.nih.gov/15811434/
https://pubmed.ncbi.nlm.nih.gov/15811434/
https://pubmed.ncbi.nlm.nih.gov/15811434/
https://pubmed.ncbi.nlm.nih.gov/23522786/
https://pubmed.ncbi.nlm.nih.gov/23522786/
https://pubmed.ncbi.nlm.nih.gov/23522786/
https://pubmed.ncbi.nlm.nih.gov/24500820/
https://pubmed.ncbi.nlm.nih.gov/24500820/
https://pubmed.ncbi.nlm.nih.gov/24500820/
https://pubmed.ncbi.nlm.nih.gov/25015750/
https://pubmed.ncbi.nlm.nih.gov/25015750/
https://pubmed.ncbi.nlm.nih.gov/25015750/
https://pubmed.ncbi.nlm.nih.gov/28758236/
https://pubmed.ncbi.nlm.nih.gov/28758236/
https://pubmed.ncbi.nlm.nih.gov/28758236/
https://pubmed.ncbi.nlm.nih.gov/25157651/
https://pubmed.ncbi.nlm.nih.gov/25157651/
https://pubmed.ncbi.nlm.nih.gov/25157651/
https://pubmed.ncbi.nlm.nih.gov/25990695/
https://pubmed.ncbi.nlm.nih.gov/25990695/
https://pubmed.ncbi.nlm.nih.gov/25990695/
https://pubmed.ncbi.nlm.nih.gov/29786877/
https://pubmed.ncbi.nlm.nih.gov/29786877/
https://pubmed.ncbi.nlm.nih.gov/29786877/
https://pubmed.ncbi.nlm.nih.gov/29786877/
https://pubmed.ncbi.nlm.nih.gov/23530101/
https://pubmed.ncbi.nlm.nih.gov/23530101/
https://pubmed.ncbi.nlm.nih.gov/23530101/
https://pubmed.ncbi.nlm.nih.gov/23530101/
https://pubmed.ncbi.nlm.nih.gov/24050662/
https://pubmed.ncbi.nlm.nih.gov/24050662/
https://pubmed.ncbi.nlm.nih.gov/24050662/
https://pubmed.ncbi.nlm.nih.gov/23846976/
https://pubmed.ncbi.nlm.nih.gov/23846976/
https://pubmed.ncbi.nlm.nih.gov/23846976/
https://pubmed.ncbi.nlm.nih.gov/26896357/
https://pubmed.ncbi.nlm.nih.gov/26896357/
https://pubmed.ncbi.nlm.nih.gov/26896357/
https://pubmed.ncbi.nlm.nih.gov/21215580/
https://pubmed.ncbi.nlm.nih.gov/21215580/
https://pubmed.ncbi.nlm.nih.gov/21215580/
https://pubmed.ncbi.nlm.nih.gov/22791101/
https://pubmed.ncbi.nlm.nih.gov/22791101/
https://pubmed.ncbi.nlm.nih.gov/22791101/
https://pubmed.ncbi.nlm.nih.gov/24867572/
https://pubmed.ncbi.nlm.nih.gov/24867572/
https://pubmed.ncbi.nlm.nih.gov/24867572/
https://pubmed.ncbi.nlm.nih.gov/32201738/
https://pubmed.ncbi.nlm.nih.gov/32201738/
https://pubmed.ncbi.nlm.nih.gov/32201738/
https://pubmed.ncbi.nlm.nih.gov/28551380/
https://pubmed.ncbi.nlm.nih.gov/28551380/
https://pubmed.ncbi.nlm.nih.gov/31890363/
https://pubmed.ncbi.nlm.nih.gov/31890363/
https://pubmed.ncbi.nlm.nih.gov/31890363/
https://pubmed.ncbi.nlm.nih.gov/25249011/
https://pubmed.ncbi.nlm.nih.gov/25249011/
https://pubmed.ncbi.nlm.nih.gov/25040933/
https://pubmed.ncbi.nlm.nih.gov/25040933/
https://pubmed.ncbi.nlm.nih.gov/25040933/
https://pubmed.ncbi.nlm.nih.gov/19060453/
https://pubmed.ncbi.nlm.nih.gov/19060453/
https://pubmed.ncbi.nlm.nih.gov/19060453/
https://pubmed.ncbi.nlm.nih.gov/15860469/
https://pubmed.ncbi.nlm.nih.gov/15860469/
https://pubmed.ncbi.nlm.nih.gov/15860469/
https://pubmed.ncbi.nlm.nih.gov/15860469/
https://pubmed.ncbi.nlm.nih.gov/10993575/
https://pubmed.ncbi.nlm.nih.gov/10993575/
https://pubmed.ncbi.nlm.nih.gov/10993575/
https://pubmed.ncbi.nlm.nih.gov/21584244/
https://pubmed.ncbi.nlm.nih.gov/21584244/
https://pubmed.ncbi.nlm.nih.gov/21584244/
https://pubmed.ncbi.nlm.nih.gov/27032014/
https://pubmed.ncbi.nlm.nih.gov/27032014/
https://pubmed.ncbi.nlm.nih.gov/27032014/
https://pubmed.ncbi.nlm.nih.gov/27032014/
https://pubmed.ncbi.nlm.nih.gov/11356778/
https://pubmed.ncbi.nlm.nih.gov/11356778/
https://pubmed.ncbi.nlm.nih.gov/11356778/
https://pubmed.ncbi.nlm.nih.gov/19779761/
https://pubmed.ncbi.nlm.nih.gov/19779761/
https://pubmed.ncbi.nlm.nih.gov/19779761/
https://pubmed.ncbi.nlm.nih.gov/30312372/
https://pubmed.ncbi.nlm.nih.gov/30312372/
https://pubmed.ncbi.nlm.nih.gov/30312372/
https://pubmed.ncbi.nlm.nih.gov/29229123/
https://pubmed.ncbi.nlm.nih.gov/29229123/
https://pubmed.ncbi.nlm.nih.gov/29229123/
https://pubmed.ncbi.nlm.nih.gov/26655919/
https://pubmed.ncbi.nlm.nih.gov/26655919/
https://pubmed.ncbi.nlm.nih.gov/26655919/
https://pubmed.ncbi.nlm.nih.gov/26655919/
https://pubmed.ncbi.nlm.nih.gov/26655919/
https://pubmed.ncbi.nlm.nih.gov/24929435/

Citation: Busch RA, Zhang P, Hemmila MR, Su GL, Wang SC (2023) Analytic Morphomics is Independently Associated with Discharge Disposition
in Trauma Patients: A Retrospective Cohort Study. J Surg 8: 1716. DOI: 10.29011/2575-9760.001716

46.

47.

(2014) Sarcopenia is a predictor of outcomes in very elderly patients
undergoing emergency surgery. Surgery 156: 521-527.

Mccusker A, Khan M, Kulvatunyou N, Zeeshan M, Sakran JV, et al.
(2019) Sarcopenia defined by a computed tomography estimate of the
psoas muscle area does not predict frailty in geriatric trauma patients.
Am J Surg 218: 261-265.

Salim A, Sangthong B, Martin M, Brown C, Plurad D, et al. (2006)
Whole body imaging in blunt multisystem trauma patients without
obvious signs of injury: results of a prospective study. Arch Surg 141:
468-473.

48.

49.

Rieger M, Czermak B, El Attal R, Sumann G, Jaschke W, et al. (2009)
Initial clinical experience with a 64-MDCT whole-body scanner in
an emergency department: better time management and diagnostic
quality? J Trauma 66: 648-657.

Pickhardt PJ, Graffy PM, Zea R, Lee SJ, Liu J, et al. (2020) Automated
CT biomarkers for opportunistic prediction of future cardiovascular
events and mortality in an asymptomatic screening populations: a
retrospective cohort study. Lancet Digital Health 2: €192-200.

10

J Surg, an open access journal
ISSN: 2575-9760

Volume 08; Issue 02


https://pubmed.ncbi.nlm.nih.gov/24929435/
https://pubmed.ncbi.nlm.nih.gov/24929435/
https://pubmed.ncbi.nlm.nih.gov/30122406/
https://pubmed.ncbi.nlm.nih.gov/30122406/
https://pubmed.ncbi.nlm.nih.gov/30122406/
https://pubmed.ncbi.nlm.nih.gov/30122406/
https://pubmed.ncbi.nlm.nih.gov/16702518/
https://pubmed.ncbi.nlm.nih.gov/16702518/
https://pubmed.ncbi.nlm.nih.gov/16702518/
https://pubmed.ncbi.nlm.nih.gov/16702518/
https://pubmed.ncbi.nlm.nih.gov/19276733/
https://pubmed.ncbi.nlm.nih.gov/19276733/
https://pubmed.ncbi.nlm.nih.gov/19276733/
https://pubmed.ncbi.nlm.nih.gov/19276733/
https://pubmed.ncbi.nlm.nih.gov/32864598/
https://pubmed.ncbi.nlm.nih.gov/32864598/
https://pubmed.ncbi.nlm.nih.gov/32864598/
https://pubmed.ncbi.nlm.nih.gov/32864598/

