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Abstract
Background: Frailty has been shown to be an independent negative predictor of surgical outcomes in geriatric patients. Traditional
measurements of frailty are impractical in emergency settings, and computed tomography (CT)-measured skeletal muscle mass has
been proposed as an alternative. However, the cutoff values of these CT metrics for frailty are still unknown, and their impact on
abdominal emergencies in the elderly population is unclear.

Study Design: A total of 462 young trauma patients aged 18-40 years were analyzed to establish sex-specific reference cutoff values for
the CT-measured muscle index (MI) and muscle gauge (MG) values. The impacts of low MI and MG values were investigated in 1192
elderly patients (aged ≥ 65 years) undergoing abdominal surgery.

Results: The sex-specific cutoff values for MI and MG were determined by adopting European Working Group on Sarcopenia in Older
People (EWGSOP) guidelines. The correlation between MG and ageing was significantly stronger than that between MI and ageing. With
regard to the MG, the L4 psoas muscle gauge (L4 PMG) was further investigated in an elderly cohort owing to its high predictive value
and ease of use in the clinical setting. A low L4 PMG value was an independent risk factor for overall complications and mortality in
elderly patients with abdominal emergencies.

Conclusion: The current study was the largest study investigating the correlations between MG values and ageing in the Asian
population. Frailty, as indicated by a low L4 PMG value, may help surgeons during preoperative decision making regarding geriatric
patients with abdominal emergencies.

Background
Abdominal surgical emergencies in the elderly population are a potentially fatal condition that remains a challenge with regard to surgical
decision making. Identifying preoperative risk factors is crucial for these patients. Several systems, such as the American Society of
Anesthesiologists (ASA) classification system(1), Charlson Comorbidity Index (CCI)(2), and American College of Surgeons National
Surgical Quality Improvement Program database (ACS NSQIP)(3), have been proposed for use during preoperative risk assessment.
However, none of these systems provide the patient’s preoperative functional status. Frailty, as an age-related risk factor, is rarely included
in the assessment before an emergency operation(4). However, it has been associated with poor surgical outcomes in elderly patients
and is increasingly used as a functional metric in perioperative risk assessments(5-8). Traditional assessment tools (measuring grip
strength, establishing walking speed, and administering detailed multi-item questionnaires) that are used to evaluate frailty are usually
unavailable in the emergency setting(9). Recent evidence suggests that frailty, as indicated by low values for skeletal muscle area,
skeletal muscle index, and skeletal muscle density, can be used to predict surgical outcomes(10-13). Computed tomography (CT) images
are often obtained in emergency settings to assist with preoperative diagnosis and advance surgical planning, and they can rapidly
provide quantitative and qualitative measurements of skeletal muscle. However, there have been few studies discussing the changes in
the CT-measured muscle metrics associated with aging in the healthy population, and clear cutoff values to define “low” muscle metrics
are lacking(14, 15).

By describing the distribution of muscle index (MI) and muscle gauge (MG) values at different vertebral levels in the Asian trauma
population, this study established the cutoff values of these CT metrics. In addition, we investigated their prognostic value in geriatric
patients presenting with abdominal emergencies.

Materials And Methods
Reference Cohort

The reference cohort was described in a previous study(15). In summary, a total of 939 trauma patients with a mean age of 42.16 years
(standard deviation, SD: 17.62) were included. CT imaging of cross-sectional areas of the skeletal muscle at the T12 and L3 vertebral
levels, the dorsal muscle group at the T12 vertebral level, and the psoas muscle at the L4 vertebral level were measured. The muscle
areas were normalized by the patient’s height to obtain the muscle index (MI, in cm2/m2)(16). To further investigate the impact of both
muscle quantity and muscle quality, a muscle gauge (MG, cm2 HU/m2) was used. It was first described by Weinberg et al., and it is
calculated by multiplying the MI by the mean muscle density(17).

Muscle index (MI) = cross-sectional muscle area(cm2) / subject’s heigh2 (m2)
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Muscle gauge (MG) = cross-sectional muscle area(cm2) x mean muscle density(HU) / subject’s height2 (m2)

Study Cohort

We retrospectively reviewed the medical records of geriatric patients (aged 65 years old) who presented with abdominal emergencies at a
single medical center between September 2010 and December 2016. A total of 1907 patients over age 65 underwent emergency
abdominal surgery at our institution. The exclusion criteria included unavailability of preoperative CT in the picture archiving and
communication system (PACS) repository (n = 418), missing recorded body height (n = 254), and incomplete medical records (n = 48).

After exclusion, a total of 1192 patients (660 males, 532 females) were enrolled in the study. Clinical data were collected for the following
variables: age, sex, height, weight, medical comorbidities, and vital signs at the emergency department. The MI and MG of the cohort were
measured. Hemodynamic instability was defined as a systolic blood pressure less than 90 mmHg during emergency admission.

The primary outcome measures in this analysis were perioperative complications and overall mortality. The secondary outcomes
included were the length of hospital stay (LOS) and length of intensive care unit stay (ICU LOS).

CT Image Processing

The patients’ preoperative CT studies were collected from the PACS repository in the original Digital Imaging and Communications in
Medicine (DICOM) format. The CT images were anonymized and further processed using Analytic Morphomics, which has been
previously described(18, 19). Measurements of the psoas muscle area, dorsal muscle area, and skeletal muscle area were taken from the
slice at the inferior aspect of the stated vertebral body.

Statistical Analyses

The correlations between age and the MI value and the MG value of the reference cohort were quantified with the Pearson correlation
coefficient (r), and Hittner’s method(20) was used to compare dependent correlations. Locally weighted scatterplot smoothing (LOWESS)
curves were adopted. The continuous variables were summarized as the means and SDs and evaluated with Student's t-test. The
categorical variables are expressed as frequencies and were analyzed with the chi-squared test. For nonnormally distributed data, the
Mann-Whitney U test was used. Univariate and multivariate logistic regression was used for outcome evaluation. A significance level of
p<0.05 was employed. All analyses were carried out using R 3.6.3(21) with packages “cocor”, “finalfit”, “tableone”, and the data were
plotted with “ggplot2”.

Results
Reference Cohort

The correlations of MI and MG values with age in the reference cohort is plotted in Figure 1A and 1B. The MI and MG values were
significantly higher in males than in females. Previously, we found that the L4 psoas muscle index (PMI) value peaked in the 2nd to 3rd

decade of life(15). Interestingly, other MIs, including the T12 skeletal muscle index (SMI), T12 dorsal muscle index (DMI), and L3 SMI,
peaked in later stages of life. All MIs were significantly correlated with age after the age of 40, with L-spine MI values showing a steeper
declining trend than T-spine indices (Supplemental Table 1). Comparing the MI and MG values in the same muscle group, the MG values
had a steadier declining trend with increasing age (Figure 1B). All MG values had significantly stronger correlations with age than did the
MI values (r range from -0.55 to -0.45, all p < 0.05) after the age of 40.

Correlations between the eight different CT-based muscle metrics were analyzed (Supplemental Table 2). The MI and MG values had
moderate to strong linear relationships between the thoracic (T12) and lumbar (L3, L4) vertebrae, and the relationships were strongest
between the L4 PMI and the L4 PMG (r = 0.89) and the weakest between the L4 PMG and the T12 DMI (r = 0.5).

Definitions of Low Muscle Index(MI) and Muscle Gauge(MG) Values

Four hundred sixty-two adults (356 males and 106 females) aged 18 to 40 were analyzed to generate Asian mean reference values for
each metric. We adopted the EWGSOP consensus recommendations to define low MI or MG values as those that were two standard
deviations (SD) below the sex-specific mean reference values in a healthy, young adult cohort(22). A stricter definition (very low MI or MG)
was described as 2.5 SD below the sex-specific reference values. The sex-specific cutoff values for each metric are summarized in
Supplemental Table 3. The study cohort was further analyzed using these cutoff values.
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Study Cohort

The demographics of the geriatric patients presenting with abdominal emergencies are shown in Table 1, with 660 males and 532
females included. The mean age of the cohort was 76.16 ± 7.42 years old. Male patients had a lower body mass index (BMI) than female
patients (23.34 ± 3.71 vs. 24.09 ± 4.14 kg/m2, p=0.001). Seventy-three patients (6.1%) were hemodynamically unstable before surgery.
The most common comorbidities were hypertension (54.4%), followed by diabetes mellitus (24.7%), the presence of a malignancy
(14.8%), and previous cerebrovascular accident (9.6%). The prevalence of previous myocardial infarction, end-stage renal disease, chronic
obstructive pulmonary disease, and cirrhosis were less than 5% in the cohort. Most of the patients underwent surgery due to hollow organ
perforation (22.2%), biliary disease (20.4%), bowel obstruction (19.9%), and appendicitis (16.4%), with 83 patients (7.0%) diagnosed with
ischemic bowel disease. One-third of the patients (n=381) underwent laparoscopic surgery. Overall complication and mortality rates in the
cohort were 11.6% and 8.5%, respectively. The mean length of hospital stay (LOS) was 15.27 ± 16.56 days, and the mean length of ICU
stay (ICU LOS) was 4.04 ± 8.41 days. Notably, male MI and MG values were significantly higher than female MI and MG values (all
p<0.001).

Univariate regression analysis was performed to evaluate prognostic factors for the overall complication and mortality rates (Table 2).
The variables associated with increased postoperative complications were older age (odd ratios[OR] 1.04, p<0.001), unstable
hemodynamics (OR 1.90, p=0.039), COPD (OR 2.96, p=0.003), ESRD (OR 2.29, p=0.015), previous cerebrovascular accident (OR 3.78,
p<0.001), very low L4 PMI value (OR 2.52, p<0.001), low L4 PMG value (OR 1,77, p=0.020), very low L4 PMG value (OR 2.25, p<0.001),
very low T12 SMG value (OR 2.59, p<0.001), low L3 SMI value (OR 1.79, p=0.013), very low L3 SMI value (OR 2.62, p<0.001), very low L3
SMG value (OR 2.39, p<0.001) and very low T12 DMG value (OR 2.69, p<0.001).

Medical conditions associated with increased overall mortality were older age (OR 1.07, p<0.001), unstable hemodynamics (OR 4.45,
p<0.001), cirrhosis (OR 7.91, p<0.001), ESRD (OR 3.78, p<0.001), previous cerebrovascular accident (OR 3.02, p<0.001), and the presence
of a malignancy (OR 2.31, p=0.001). The morphometric variables associated with increased mortality included low and very low L4 PMI
values (OR 1.85, p=0.027; OR 3.27, p<0.001), low and very low L4 PMG values (OR 2.57, p=0.002; OR 4.52, p<0.001)), very low T12 SMI
value (OR 2.91, p=0.009), very low T12 SMG value (OR 3.73, p<0.001), low and very low L3 SMI values (OR 1.95, p=0.011; OR 2.61,
p=0.001), low and very low L3 SMG values (OR 3.01, p=0.013; OR 6.35, p<0.001), low and very low T12 DMI values (OR 2.29, p=0.008; OR
2.94, p=0.001), and very low T12 DMG value (OR 5.72, p<0.001). Diagnoses of hollow organ perforation, bowel obstruction, and ischemic
bowel disease were associated with significantly higher overall complication and mortality rates than diagnoses of appendicitis and
biliary disease (all p<0.05). In the cohort, the laparoscopic approach was a protective factor in geriatric abdominal emergencies.

Patients were stratified by their L4 PMG values, and their characteristics are summarized in Table 3; 536 patients (45.0%) were defined as
having a normal PMG value, 287 patients (24.1%) had a low PMG value, and 369 patients (31.0%) had a very low L4 PMG value. The low
and very low L4 PMG groups were characterized by an older age (76.63 ± 7.16 and 78.99 ± 7.41 vs 73.97 ± 6.84 years old, p<0.001) and
lower BMI (23.06 ± 3.84 and 22.78 ± 3.62 vs 24.62 ± 3.96 kg/m2, p<0.001) than the normal L4 PMG group. The majority of patients with
normal L4 PMG values underwent surgery due to biliary disease (n=137, 25.6%), appendicitis (n=107, 20.0%), bowel obstruction (n=92,
17.2%), and hollow organ perforation (n=90, 16.8%). The most common indications for surgery in the low L4 PMG group were bowel
obstruction (n=65, 22.6%), hollow organ perforation (n=64, 22.3%), biliary disease (n=55, 19.2%) and appendicitis (n=54, 18.8%). In the
very low L4 PMG group, hollow organ perforation (n=111, 30.1%) was the most common diagnosis, followed by bowel obstruction (n=80,
21.7%), biliary disease (n=51, 13.8%) and appendicitis (n=35, 9.5%). A higher proportion of hemodynamically unstable patients were
identified in the low and very low L4 PMG groups than in the normal group (6.3% and 10.3% vs 3.2%, p<0.001).

There was no significant difference in the prevalence of comorbidities among the three groups. However, 21.7% of patients (n=80) with
very low L4 PMG values had a history of malignancy, which was significantly higher than the proportion in the groups with low (n=44,
15.3%) and normal (n=56, 10.4%) index values. More than 40% of normal L4 PMG patients underwent laparoscopic surgery. Meanwhile,
more than 70% of patients with low L4 PMG and very low L4 PMG received emergency laparotomy (p<0.001).

Patients with low and very low L4 PMG values had worse surgical outcomes than those with normal L4 PMG values, with significantly
longer LOS and ICU LOS and higher overall complication and mortality rates (all p<0.001). Notably, the overall mortality rate of the very
low L4 PMG group was nearly fourfold that of the normal group (14.9% vs. 3.9%).

Among the CT-measured muscle metrics, L4 PMG and L3 SMG showed the highest predictive power for complications and mortality in
univariate analysis. To avoid multicollinearity and because it is easy to use in the clinical environment, L4 PMG was used for multivariate
analysis.
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The results of multivariate regression analysis for overall complications and mortality are shown in Table 4. Independent risk factors for
increased overall complications were previous cerebrovascular accident (OR 3.03, p<0.001), hollow organ perforation (OR 2.27, p=0.043),
bowel ischemia (OR 3.45, p=0.007), laparotomy (OR 3.13, p=0.001), and very low L4 PMG value (OR 2.11, p=0.002). Meanwhile, older age
(OR 1.05, p=0.006), cirrhosis (OR 12.46, p<0.001), old cerebrovascular event (OR 2.83, p=0.001), bowel ischemia (OR 13.12, p<0.001),
laparotomy (OR 3.125, p=0.011), low L4 PMG value (OR 2.24, p=0.021) and very low L4 PMG value (OR 3.41, p<0.001) were independent
risk factors for increased overall mortality.

Discussion
The number of geriatric surgeries is increasing worldwide(23). Despite the fact that surgical outcomes have improved with the
advancement of perioperative care, abdominal emergencies in elderly patients remain challenging for surgeons, and the mortality rate
can exceed 20%(8, 24). As the existing preoperative risk assessment tools such as the ASA classification system, CCI, and ACS NSQIP
reflect underlying comorbidities, the functional and physiological status of the patients is often overlooked. Meanwhile, frailty has been
reported to be an independent risk factor for adverse outcomes in elderly surgical patients(5, 25), and the presence of frailty is not
correlated with the CCI score or the ASA class(26, 27). Currently, the traditional methods of assessing frailty are not feasible in emergency
settings(4). Recent studies suggested that frailty or sarcopenia, as assessed by CT-measured skeletal muscle and psoas muscle metrics,
has prognostic value for various surgical interventions and transplantation(7, 8, 28-30). As CT scans are usually performed in patients
presenting with abdominal emergencies, skeletal muscle measurements can be easily obtained from the existing CT scans without any
significant additional medical cost. However, there are no clear cutoff values for these CT metrics to define sarcopenia or frailty. By
describing the morphometric changes in skeletal muscle with aging in the Asian population, the current study provides cutoff values to
define low MG values. Low MG values in geriatric patients with abdominal emergencies were strongly associated with adverse
postoperative outcomes. To our knowledge, this is the largest study to investigate the impact of low MG values in elderly patients
presenting with abdominal emergencies in Asia.

As muscle mass differs with body size, the cross-sectional muscle area measured by CT imaging is often standardized with the subject’s
height(16). However, muscle quality is also a key component affecting functional reserve(31, 32). Fat cells replace skeletal muscle cells in
the aging process, and a lower muscle intensity is detected on CT scans(11, 32-34). Both skeletal MI and density values have been
reported to be inversely associated with clinical outcomes(8, 13, 35). Weinberg et al. first presented a SMG, which was measured by
multiplying the cross-sectional skeletal muscle area by the muscle density. Shachar et al. found that the SMG was a predictor of adverse
events and overall survival in a small sample of patients with metastatic breast cancer receiving chemotherapy(36). Lu et al. also found
that a low total psoas gauge (TPG) value was associated with adverse outcomes in gastric cancer patients receiving radical
gastrectomy(37). The current study showed that there is a correlation between MG values and aging in the Asian trauma population.
Surprisingly, we found that MG values had a stronger correlation with age than did MI values, and MG values declined more rapidly after
middle age. This evidence may provide a basis for further investigation of the correlations between the healthy population’s functional
reserve and morphometric changes in skeletal muscle during the natural aging process.

Previously, the lowest quartile in each study population was most often used to define a low skeletal muscle index or gauge value(8, 30,
37, 38). However, such a definition was not generalizable for all populations, as skeletal muscle mass varies widely among different
study cohorts and disease entities. We hypothesized that trauma patients would constitute a random population and demonstrated the
nature of the age-related decline in skeletal muscle at different vertebral levels in Asia. The mean MI and MG values in young adults
(aged 18-40) were analyzed to generate reference cutoff values for Asian populations. By adopting the EWGSOP and AWGS guidelines(9,
39), a low MI or MG value was defined as a value that was at least two SDs below the sex-specific reference values, and a stricter
definition (very low) was defined as 2.5 SDs below the reference values. We found that low T- and L-spine MG values had high predictive
values for postoperative complications and mortality rates in elderly patients presenting with surgical abdomen. As all MGs were strongly
correlated with each other, L4 PMG was selected for further analysis due to its ease of use in the clinical setting. Although precise
measurement is essential, the L4 psoas muscle area could also be estimated without the aid of costly software(40), and muscle density
could be measured in most DICOM viewers.

The ASA classification system, CCI, and ACS NSQIP have been frequently used for preoperative assessments. However, these tools have
been criticized for neglecting a patient’s underlying physiological reserve(41). Frailty is associated with aging, chronic comorbidities, and
underweight. However, none of the available tools include frailty(9, 42-44). The most significant predictors of mortality in our cohort were
older age, cirrhosis, past cerebrovascular events, presenting with ischemic bowel disease, and a low L4 PMG value. The strong
correlations between the L4 PMG value and age and BMI are consistent with other studies(8, 29, 45). However, we found a substantial
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predictive value of a low L4 PMG value for postoperative outcomes after adjusting for age and underlying comorbidities. Meanwhile, BMI
was not a risk factor in this cohort. The result was similar to that in the study by Rangel et al.(8), who suggested that a low PMI value is a
condition different from age, BMI, and comorbidities, which can provide additional information that the existing assessment tools do not.

Our overall complication (11.6%) and mortality (8.5%) rates were slightly lower than those reported in the literature(8, 24, 46). This could
be attributed to the pooling of diseases with low morbidity and mortality rates, such as appendicitis and cholecystitis, which accounted
for more than 30% of the cohort. A laparoscopic approach was identified as a protective factor in the cohort. However, it is important to
note that the approach is determined by the surgeon depending on the patient’s preoperative condition. For example, a laparotomy rather
than a laparoscopic surgery was performed in an elderly patient who presented with an acute abdomen with septic shock. In the
subgroup analysis, we found that 10% of patients who presented with bowel obstruction, hollow organ perforation, and bowel ischemia
were in shock before the operation. Only 11% of the patients in this subgroup underwent laparoscopic surgery. These patients had higher
complication (16.9%) and mortality rates (14.3%).

The current study had several limitations. Data were retrospectively obtained from a single tertiary care institution and there was potential
for patient selection bias. As data from the “normal” population were limited(14, 47), MI values in the Asian trauma population were
analyzed to establish reference values. Further database expansion will be necessary to support a strict morphometric definition of frailty.
The retrospective and emergency nature of our study also limited the measurement of other traditional assessments of frailty, which may
strengthen the predictive value of the L4 PMG. However, this study provides data that suggest that frailty, as indicated by a low L4 PMG
value, is a measurement that may contribute to the improvement of the preoperative assessment of elderly surgical patients.

Conclusion
The current study was the largest study demonstrating correlations between MG values and age in the Asian population. We expect the
definition of frailty as a low L4 PMG value could be useful to surgeons during preoperative counseling and surgical planning and could
help optimize surgical outcomes in geriatric patients with abdominal emergencies.

Abbreviations
T12 SMI T12 Skeletal muscle index, in cm2/m2

T12 DMI T12 Dorsal muscle index, in cm2/m2

L3 SMI L3 Skeletal muscle index, in cm2/m2

L4 PMI L4 Psoas muscle index, in cm2/m2

T12 SMG T12 skeletal muscle gauge, in HU-cm2/m2

T12 DMG T12 dorsal muscle gauge, in HU-cm2/m2

L3 SMG L3 Skeletal muscle gauge, in HU-cm2/m2

L4 PMG L4 Psoas muscle gauge, in HU-cm2/m2

BMI Body mass index, in kg/m2

DM Diabetes mellitus

HTN Hypertension

COPD Chronic obstructive pulmonary disease

CAD Coronary artery disease

CVA Cerebrovascular accident

ICU Intensive care unit
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LOS Length of hospital stay, in days

ICU LOS Length of intensive care unit stay, in days

CT Computed tomography

HU Hounsfield unit

SD Standard deviation
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Table 1. Characteristics of elderly patients presenting with abdominal emergencies
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  Male Female p-value

Number 660 532  

Age, mean (SD) 75.84 (7.16) 76.57 (7.71) 0.092

BMI, mean (SD) 23.34 (3.71) 24.09 (4.14) 0.001*

Hemodynamic unstable (%) 40 (6.1) 33 (6.2) 1.000

Laparoscopic surgery, n (%) 194 (29.4) 187 (35.2) 0.039

Diagnosis, n (%)     0.393

Appendicitis 99 (15.0) 97 (18.2)  

Biliary disease 140 (21.2) 103 (19.4)  

Hollow organ perforation 144 (21.8) 121 (22.7)  

Intestinal obstruction 134 (20.3) 103 (19.4)  

Mesenteric ischemia 53 (8.0) 30 (5.6)  

Others 90 (13.6) 78 (14.7)  

Comorbidities      

Diabetes mellitus, n (%) 154 (23.3) 140 (26.3) 0.251

Hypertension, n (%) 337 (51.1) 311 (58.5) 0.012*

COPD, n (%) 39 (5.9) 2 (0.4) <0.001*

Cirrhosis, n (%) 19 (2.9) 14 (2.6) 0.860

ESRD, n (%) 30 (4.5) 24 (4.5) 1.000

Coronary artery disease, n (%) 37 (5.6) 18 (3.4) 0.072

Cerebral vascular disease, n (%) 68 (10.3) 46 (8.6) 0.373

Cancer, n (%) 108 (16.4) 68 (12.8) 0.085

Muscle Metrics      

PMI L4, mean (SD) 7.06 (1.77) 5.08 (1.37) <0.001*

SMI T12, mean (SD) 32.68 (6.33) 28.15 (5.32) <0.001*

SMI L3, mean (SD) 43.22 (7.61) 36.51 (6.08) <0.001*

DMI T12, mean (SD) 11.20 (3.14) 10.36 (2.81) <0.001*

PMG L4, mean (SD) 323.46 (116.50) 231.17 (90.85) <0.001*

SMG T12, mean (SD) 1123.40 (346.86) 872.42 (293.19) <0.001*

SMG L3, mean (SD) 1480.51 (502.08) 1103.69 (412.39) <0.001*

DMG T12, mean (SD) 419.99 (178.26) 357.48 (160.33) <0.001*

Abbreviations: SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ESRD, end stage renal
disease; CAD, coronary artery disease; CVA, cerebrovascular accident; PMI, psoas muscle index; SMI, skeletal muscle index; DMI, dorsal
muscle group index; PMG, psoas muscle gauge; SMG, skeletal muscle gauge, DMG, dorsal muscle group gauge

*statistically significant

 

Table 2. Univariate analysis of risk factors for complications and mortality among elderly patients presenting with abdominal
emergencies
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    No
complications

With
complications

OR

(95%
CI)

p value Survivors Nonsurvivors OR

(95%
CI)

p value

Age, years,
mean (SD)

  75.9 (7.3) 78.3 (8.0) 1.04
(1.02-
1.07)

<0.001* 75.8
(7.3)

79.6 (7.5) 1.07
(1.04-
1.10)

<0.001*

Sex female,
n (%)

476 (89.5) 56 (10.5)     486
(91.4)

46 (8.6)    

  male, n
(%)

578 (87.6) 82 (12.4) 1.21
(0.84-
1.74)

0.309 605
(91.7)

55 (8.3) 0.96
(0.64-
1.45)

0.847

BMI, kg/m2

mean (SD)
  23.7 (3.9) 23.5 (4.2) 0.99

(0.94-
1.03)

0.563 23.7
(3.9)

23.3 (3.9) 0.97
(0.92-
1.02)

0.268

Hemodynamics stable, n
(%)

995 (88.9) 124 (11.1)     1037
(92.7)

82 (7.3)    

  unstable,
n (%)

59 (80.8) 14 (19.2) 1.90
(1.00-
3.42)

0.039* 54 (74.0) 19 (26.0) 4.45
(2.47-
7.75)

<0.001*

Comorbidities                  

Diabetes
mellitus

no, n (%) 795 (88.5) 103 (11.5)     826
(92.0)

72 (8.0)    

  yes, n
(%)

259 (88.1) 35 (11.9) 1.04
(0.69-
1.55)

0.840 265
(90.1)

29 (9.9) 1.26
(0.79-
1.95)

0.325

Hypertension no, n (%) 490 (90.1) 54 (9.9)     504
(92.6)

40 (7.4)    

  yes, n
(%)

564 (87.0) 84 (13.0) 1.35
(0.94-
1.95)

0.104 587
(90.6)

61 (9.4) 1.31
(0.87-
2.00)

0.204

COPD no, n (%) 1024 (89.0) 127 (11.0)     1054
(91.6)

97 (8.4)    

  yes, n
(%)

30 (73.2) 11 (26.8) 2.96
(1.39-
5.88)

0.003* 37 (90.2) 4 (9.8) 1.17
(0.35-
3.01)

0.764

Cirrhosis no, n (%) 1027 (88.6) 132 (11.4)     1071
(92.4)

88 (7.6)    

  yes, n
(%)

27 (81.8) 6 (18.2) 1.73
(0.64-
4.00)

0.235 20 (60.6) 13 (39.4) 7.91
(3.72-
16.2)

<0.001*

ESRD no, n (%) 1012 (88.9) 126 (11.1)     1050
(92.3)

88 (7.7)    

  yes, n
(%)

42 (77.8) 12 (22.2) 2.29
(1.13-
4.34)

0.015* 41 (75.9) 13 (24.1) 3.78
(1.89-
7.15)

<0.001*
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    No
complications

With
complications

OR

(95% CI)

p value Survivors Nonsurvivors OR

(95% CI)

p value

CAD no, n
(%)

1010 (88.8) 127 (11.2)     1042
(91.6)

95 (8.4)    

  yes,
n (%)

44 (80.0) 11 (20.0) 1.99
(0.96-
3.82)

0.050 49 (89.1) 6 (10.9) 1.34
(0.50-
2.99)

0.508

CVA no, n
(%)

973 (90.3) 105 (9.7)     999
(92.7)

79 (7.3)    

  yes,
n (%)

81 (71.1) 33 (28.9) 3.78
(2.38-
5.89)

<0.001* 92 (80.7) 22 (19.3) 3.02
(1.77-
5.01)

<0.001*

Cancer no, n
(%)

906 (89.2) 110 (10.8)     942
(92.7)

74 (7.3)    

  yes,
n (%)

148 (84.1) 28 (15.9) 1.56
(0.98-
2.41)

0.053 149
(84.7)

27 (15.3) 2.31
(1.42-
3.66)

0.001*

 

Diagnosis

                 

Appendicitis, n (%) 187 (95.4) 9 (4.6)     192
(98.0)

4 (2.0)    

Biliary disease, n
(%)

228 (93.8) 15 (6.2) 1.37
(0.59-
3.32)

0.470 236
(97.1)

7 (2.9) 1.42
(0.42-
5.50)

0.578

Hollow organ
perforation, n (%)

218 (82.3) 47 (17.7) 4.48
(2.24-
9.99)

<0.001* 230
(86.8)

35 (13.2) 7.30
(2.86-
24.7)

<0.001*

Intestinal
obstruction, n (%)

207 (87.3) 30 (12.7) 3.01
(1.45-
6.89)

0.005* 218
(92.0)

19 (8.0) 4.18
(1.54-
14.6)

0.010*

Mesenteric
ischemia, n (%)

61 (73.5) 22 (26.5) 7.49
(3.37-
17.9)

<0.001* 53 (63.9) 30 (36.1) 27.17
(10.18-
94)

<0.001*

Others, n (%) 153 (91.1) 15 (8.9) 2.04
(0.88-
4.97)

0.102 162
(96.4)

6 (3.6) 1.78
(0.50-
7.05)

0.379

 

Surgical
procedure

                 

Laparoscopy, n
(%)

368 (96.6) 13 (3.4)     374
(98.2)

7 (1.8)    

Laparotomy, n (%) 686 (84.6) 125 (15.4) 5.26(2.94-
10.00)

<0.001* 717
(88.4)

94 (11.6) 7.14(3.45-
16.67)

<0.001*
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    No
complications

With
complications

OR

(95% CI)

p value Survivors Nonsurvivors OR

(95%
CI)

p value

Muscle
metrics

                 

PMI
L4

normal, n
(%)

586 (91.7) 53 (8.3)            

  low, n (%) 231 (88.2) 31 (11.8) 1.48 (0.92-
2.36)

0.099 606
(94.8)

33 (5.2) 1.85
(1.06-
3.19)

0.027*

  very low,
n (%)

237 (81.4) 54 (18.6) 2.52 (1.67-
3.79)

<0.001* 238
(90.8)

24 (9.2) 3.27
(2.04-
5.29)

<0.001*

PMG
L4

normal, n
(%)

497 (92.7) 39 (7.3)     247
(84.9)

44 (15.1)    

  low, n (%) 252 (87.8) 35 (12.2) 1.77 (1.09-
2.86)

0.020* 516
(96.3)

20 (3.7) 2.57
(1.41-
4.74)

0.002*

  very low,
n (%)

305 (82.7) 64 (17.3) 2.67 (1.76-
4.11)

<0.001* 261
(90.9)

26 (9.1) 4.52
(2.70-
7.85)

<0.001*

SMI
T12

normal, n
(%)

934 (88.8) 118 (11.2)     314
(85.1)

55 (14.9)    

  low, n (%) 84 (84.8) 15 (15.2) 1.41 (0.76-
2.46)

0.244 971
(92.3)

81 (7.7) 1.65
(0.83-
3.04)

0.126

  very low,
n (%)

36 (87.8) 5 (12.2) 1.10 (0.37-
2.62)

0.846 87 (87.9) 12 (12.1) 2.91
(1.22-
6.21)

0.009*

SMG
T12

normal, n
(%)

359 (93.5) 25 (6.5)     33 (80.5) 8 (19.5)    

  low, n (%) 213 (89.1) 26 (10.9) 1.75 (0.98-
3.13)

0.056 369
(96.1)

15 (3.9) 1.19
(0.52-
2.61)

0.673

  very low,
n (%)

482 (84.7) 87 (15.3) 2.59 (1.65-
4.21)

<0.001* 228
(95.4)

11 (4.6) 3.73
(2.17-
6.85)

<0.001*

SMI
L3

normal, n
(%)

823 (90.4) 87 (9.6)     494
(86.8)

75 (13.2)    

  low, n (%) 148 (84.1) 28 (15.9) 1.79 (1.11-
2.80)

0.013* 848
(93.2)

62 (6.8) 1.95
(1.14-
3.23)

0.011*

  very low,
n (%)

83 (78.3) 23 (21.7) 2.62 (1.54-
4.32)

<0.001* 154
(87.5)

22 (12.5) 2.61
(1.43-
4.57)

0.001*

SMG
L3

normal, n
(%)

327 (93.2) 24 (6.8)     89 (84.0) 17 (16.0)    

  low, n (%) 219 (89.8) 25 (10.2) 1.56 (0.86-
2.81)

0.139 343
(97.7)

8 (2.3) 3.01
(1.30-
7.53)

0.013*

  very low,
n (%)

508 (85.1) 89 (14.9) 2.39 (1.51-
3.90)

<0.001* 228
(93.4)

16 (6.6) 6.35
(3.22-
14.4)

<0.001*

DMI
T12

normal, n
(%)

905 (89.1) 111 (10.9)     520
(87.1)

77 (12.9)    
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  low, n (%) 80 (85.1) 14 (14.9) 1.43 (0.75-
2.53)

0.246 944
(92.9)

72 (7.1) 2.29
(1.20-
4.14)

0.008*

  very low,
n (%)

69 (84.1) 13 (15.9) 1.54 (0.79-
2.78)

0.178 80 (85.1) 14 (14.9) 2.94
(1.55-
5.27)

0.001*

DMG
T12

normal, n
(%)

455 (92.9) 35 (7.1)     67 (81.7) 15 (18.3)    

  low, n (%) 198 (90.8) 20 (9.2) 1.31 (0.73-
2.31)

0.352 475
(96.9)

15 (3.1) 1.84
(0.83-
4.00)

0.122

  very low,
n (%)

401 (82.9) 83 (17.1) 2.69 (1.79-
4.13)

<0.001* 206
(94.5)

12 (5.5) 5.72
(3.32-
10.4)

<0.001*

                     

Abbreviations: SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal
disease; CAD, coronary artery disease; CVA, cerebrovascular accident; PMI, psoas muscle index; SMI, skeletal muscle index; DMI, dorsal
muscle group index; PMG, psoas muscle gauge; SMG, skeletal muscle gauge, DMG, dorsal muscle group gauge

*statistically significant

 

Table 3. Characteristics of elderly patients presenting with abdominal emergencies stratified by L4 PMG values
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    L4 PMG    

  Normal Low Very low p-value

Number 536 287 369  

Age, years, mean (SD) 73.97 (6.84) 76.63 (7.16) 78.99 (7.41) <0.001*

Sex, male (%) 297 (55.4) 169 (58.9) 194 (52.6) 0.276

BMI, mean (SD) 24.62 (3.96) 23.06 (3.84) 22.78 (3.62) <0.001*

Hemodynamic unstable (%) 17 (3.2) 18 (6.3) 38 (10.3) <0.001*

Laparoscopic surgery, n (%) 221 (41.2) 80 (27.9) 80 (21.7) <0.001*

Primary diagnosis, n (%)       <0.001*

Appendicitis 107 (20.0) 54 (18.8) 35 (9.5)  

Biliary disease 137 (25.6) 55 (19.2) 51 (13.8)  

Hollow organ perforation 90 (16.8) 64 (22.3) 111 (30.1)  

Intestinal obstruction 92 (17.2) 65 (22.6) 80 (21.7)  

Mesenteric ischemia 33 (6.2) 22 (7.7) 28 (7.6)  

Others 77 (14.4) 27 (9.4) 64 (17.3)  

Comorbidities        

Diabetes mellitus, n (%) 126 (23.5) 79 (27.5) 89 (24.1) 0.426

Hypertension, n (%) 288 (53.7) 153 (53.3) 207 (56.1) 0.726

COPD, n (%) 14 (2.6) 13 (4.5) 14 (3.8) 0.294

Cirrhosis, n (%) 15 (2.8) 7 (2.4) 11 (3.0) 0.949

ESRD, n (%) 16 (3.0) 16 (5.6) 22 (6.0) 0.061

Coronary artery disease, n (%) 25 (4.7) 15 (5.2) 15 (4.1) 0.769

Cerebral vascular disease, n (%) 50 (9.3) 23 (8.0) 41 (11.1) 0.41

Cancer, n (%) 56 (10.4) 44 (15.3) 76 (20.6) <0.001*

Outcome        

Length of hospital stay, days (mean (SD)) 12.85 (13.99) 14.78 (13.85) 19.17 (20.74) <0.001*

Length of ICU stay, days (mean (SD)) 2.59 (6.59) 4.57 (9.61) 5.72 (9.38) <0.001*

Surgical site infection, n (%) 19 (3.5) 19 (6.6) 26 (7.0) 0.033*

Anastomosis leakage, n (%) 7 (1.3) 4 (1.4) 10 (2.7) 0.299

Pulmonary complications, n (%) 20 (3.7) 21 (7.3) 43 (11.7) <0.001*

Overall complications, n (%) 39 (7.3) 35 (12.2) 64 (17.3) <0.001*

Mortality, n (%) 20 (3.7) 26 (9.1) 55 (14.9) <0.001*

SD, standard deviation; HU, Hounsfield unit; PMA, psoas muscle area; SMA, skeletal muscle area; DMA, dorsal muscle group area; PMAD,
psoas muscle area-density; SMAD, skeletal muscle area-density, DMAD, dorsal muscle group area-density

Table 4. Multivariate analysis of risk factors for complications and mortality among elderly patients presenting with abdominal
emergencies
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    Complication Mortality

    OR (95% CI) p value OR (95% CI) p value

Age (per year)   1.02 (0.99-1.05) 0.201 1.05 (1.01-1.08) 0.006*

Sex female 1   1  

  male 1.08 (0.72-1.61) 0.715 0.81 (0.50-1.32) 0.402

BMI (per kg/m2)   1.03 (0.98-1.09) 0.226 1.02 (0.96-1.09) 0.501

Hemodynamics stable 1   1  

  unstable 0.95 (0.47-1.81) 0.874 1.81 (0.88-3.58) 0.095

Surgical procedure Laparoscopy 1   1  

  Laparotomy 3.13 (1.67-6.25) 0.001* 3.13 (1.37-8.33) 0.011*

Comorbidities          

Diabetes mellitus yes/no 0.87 (0.54-1.36) 0.544 1.01 (0.58-1.75) 0.959

Hypertension yes/no 1.01 (0.67-1.54) 0.952 0.90 (0.53-1.52) 0.697

COPD yes/no 2.10 (0.92-4.53) 0.066 0.82 (0.22-2.42) 0.737

Cirrhosis yes/no 1.77 (0.62-4.34) 0.245 12.46 (5.01-30.65) <0.001*

ESRD yes/no 1.42 (0.62-3.06) 0.393 1.52 (0.61-3.58) 0.356

CAD yes/no 1.40 (0.64-2.86) 0.372 0.99 (0.34-2.51) 0.987

CVA yes/no 3.03 (1.82-4.97) <0.001* 2.83 (1.51-5.17) 0.001*

Cancer yes/no 1.20 (0.73-1.94) 0.459 1.51 (0.85-2.62) 0.146

Diagnosis          

Appendicitis 1   1  

Biliary disease 1.45 (0.62-3.59) 0.402 1.58 (0.45-6.36) 0.488

Hollow organ perforation 2.27 (1.07-5.29) 0.043* 3.10 (1.10-11.2) 0.051

Intestinal obstruction 1.62 (0.73-3.90) 0.251 2.23 (0.75-8.35) 0.184

Mesenteric ischemia 3.45 (1.42-8.87) 0.007* 13.12 (4.39-49.61) <0.001*

Others 1.28 (0.53-3.23) 0.594 0.98 (0.26-4.12) 0.981

PMG L4 normal 1   1  

  low 1.57 (0.93-2.65) 0.087 2.24 (1.14-4.49) 0.021*

  very low 2.11 (1.32-3.42) 0.002* 3.41 (1.84-6.53) <0.001*

Abbreviation: CI, confidence interval; OR, odds ratio; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ESRD, end-
stage renal disease; CAD, coronary artery disease; CVA, cerebrovascular accident; PMI, psoas muscle index; SMI, skeletal muscle index;
DMI, dorsal muscle group index; PMG, psoas muscle gauge; SMG, skeletal muscle gauge, DMG, dorsal muscle group gauge.

*statistically significant
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Figure 1

(A) The LOESS curve showed a correlation between each muscle index and age. (B) The LOESS curve showed a correlation between each
muscle gauge and age. The indices were rescaled to a range of 0–1 to show the trend.
Abbreviation: LOESS, locally weighted scatterplot
smoothing; PMI, psoas muscle index; SMI, skeletal muscle index; DMI, dorsal muscle group index; PMG, psoas muscle gauge; SMG,
skeletal muscle gauge, DMG, dorsal muscle group gauge.
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