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Abstract:

Background:
Sarcopenia, an age-related loss of muscle mass and function, has been previously linked to an increased

risk of morbidity, mortality, and infection after a variety of surgical procedures. This study is the first to
evaluate the impact of the Psoas Lumbar Vertebral Index(PLVI), a validated marker for central

sarcopenia, on determining post-arthroplasty infection status.

Methods:
This is a case-control, retrospective review of 30 patients with prosthetic joint infection(PJI) diagnosed

by Musculoskeletal Infection Society(MSIS) criteria compared to 69 control patients who underwent a
total hip or knee arthroplasty. All patients had a recent computed tomography(CT) scan of the
abdomen/pelvis to calculate the PLVI. PLVI was evaluated alongside age, sex, BMI, CCl, ASA, and

smoking status to determine the predictive value for infection.

Results:
Notably, the infected group had a large, significant difference in their average PLVI (0.736 vs. 0.963, p<

0.001). The patient’s PLVI was a predictor of infection status, with a higher PLVI being protective against
infection, OR: 0.28(95% Confidence Interval(Cl): 0.109-0.715, p= 0.008). Additional predictors of
infection status were higher ASA score (OR 10.634, 95% Cl: 3.112-36.345, p< 0.001) and CCI (OR: 1.438,
95% Cl: 1.155-1.791, p= 0.001). Multivariate, binary logistic-regression analysis confirmed that PLVI was

a significant independent predictor of infection status (B = -.685, p=.039).

Conclusion:
Psoas lumbar vertebral index, a marker for central sarcopenia, was demonstrated to be a risk factor for

prosthetic joint infection. Further research and consideration of sarcopenia as a screening and

optimizable risk-factor for total joint arthroplasty must be explored.
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Introduction:

Total joint arthroplasty (TJA) is one the most widely-used surgical procedures in medicine with a rapid
increase in demand due to an aging population.[1-3] Unfortunately, with this increase in primary total
joint arthroplasty (TJA), revision arthroplasty is expected to increase by 601% during this same time
period.[3] Prosthetic joint infections (PJI) have been reported to be responsible for 19 to 30.2% of total
joint arthroplasty revisions and has been observed to occur in up to 2.5% of TJA.[4—-6] Some studies have
even suggested that PJI may be the greatest reason for arthroplasty failure.[7] PJI is a dreaded
complication after arthroplasty that produces unexpected morbidity and mortality in up to 2.5% of

patients suffering from it.[4]

With the increasing demand for TJA, an emphasis must be placed on patient selection and
understanding the risk factors for PJI. Several studies have evaluated the correlation between health
markers such as the American Society of Anesthesia (ASA) score, Charlson Comorbidity Index (CCl), and
Body Mass Index and complications after TJA. Patients with higher index scores are increasingly
susceptible to superficial and deep infection, untoward medical complications, and premature
component failure.[8—12] Many arthroplasty centers already use these markers to risk stratify patients,
however no studies have explored the effect of sarcopenia on complication rates in total joint

arthroplasty.

Sarcopenia was originally defined in the 1980s by Dr. Irwin Rosenberg as the age-related loss of muscle
mass.[13,14] Sarcopenia has been defined in multiple different manners in the literature and the
frequency at which it is being discussed has increased considerably.[13-23] The European Working
Group on Sarcopenia in Older People (EGSWOP) defines sarcopenia as a ‘syndrome of progressive and
generalized loss of skeletal muscle mass and strength, with a risk of adverse outcomes such as physical

disability, poor quality of life and death.’[14]
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Several studies have demonstrated that sarcopenia as a prognosticator can independently predict
adverse outcomes.[13,16—18,21,23—-27] One validated method for assessing skeletal muscle mass is
calculating the psoas lumbar vertebral index (PLVI) on computerized tomography (CT) scan of the
abdomen.[17,28,29] The PLVI is determined by measuring the cross sectional area of the bilateral psoas
muscles and normalizing this value, by dividing it by the cross sectional area of the fourth lumbar
vertebra (Equation 1).[17,28,29] Low PLVI has previously been studied as a measure of central
sarcopenia and it has been found to be an independent predictor of morbidity in elderly trauma
patients.[17] A decreased quantity of psoas muscle mass has also been associated with a higher
mortality rate in patients undergoing elective aortic aneurysm repair, esophagectomy, hepatic resection,
and liver transplantation.[18,30-32] In colon cancer patients, sarcopenia was found to act as an

independent predictor of postoperative infection and need for discharge to inpatient rehabilitation.[33]

Sarcopenia is a phenomenon that is increasingly discussed in the medical community, however the
orthopedic literature still lags behind in this conversation. Very few studies analyze sarcopenia as a risk
factor for orthopedic patients. With sarcopenia being tied to increased morbidity and mortality in
several surgical specialties, this study seeks to evaluate the impact of sarcopenia in total joint
arthroplasty patients. We hypothesize that sarcopenia, as measured by PLVI, correlates with an

increased risk of periprosthetic infection and may warrant utilization as a screening tool in the future.

Methods:

The current work is a case-control, retrospective review approved by the Institutional Review Board
(IRB). A retrospective chart review querying the institutional database over a two-year period (2015-
2017) for the T84.5 code for periprosthetic joint infection (International Classification of Diseases Code,
10" revision, ICD-10) and also CPT codes (27090, 27091, 27134, 27137, 27138, 27486, 27487, 27488) for

removal of total hip and total knee prosthesis and revision surgeries (Current Procedural Terminology,
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CPT).[34] A 30 patient cohort with a history of primary total hip or knee arthroplasty, with confirmed
prosthetic joint infection according to the Musculoskeletal Infection Society (MSIS) criteria[35] and
recent computed tomography (CT) scans of the abdomen and pelvis were included in this study.
Exclusion criteria were a history of acute post-traumatic arthroplasty, patients with hemiarthroplasty,
and patients with fracture or previous fusion of their lumbar spine; 712 patients were excluded for

incomplete or absent CT lumbar spine imaging (Figure 1).

A control group of 69 patients was identified using CPT codes 27130 and 27447 for primary total hip or
knee arthroplasty, who had surgery from July 2015 - July 2016 and had recent CT scans of the

abdomen/pelvis.

In total 43 patients undergoing total knee arthroplasty (TKA) and 56 patients undergoing total hip
arthroplasty (THA) were evaluated. These patients’ charts were reviewed and data were extracted
including: age, gender, smoking history, Body Mass Index, Charlson Comorbidity Index, American Society
of Anesthesiology score, length of stay (LOS) after index surgery, and discharge disposition after index

surgery.

CT scans of the abdomen/pelvis for all 99 patients were evaluated to ensure that cross-sectional area
(CSA) measurements of bilateral psoas muscles and the Lumbar 4 (L4) vertebral body could be made. A
single orthopedic investigator, blinded to infection status, calculated these values on one axial cut at the
level of the L4 pedicles on two separate occasions, which was averaged - shown in Figures 2&3 (ImageJ,
National Institutes of Health, Bethesda, MD).[36] The Psoas Lumbar Vertebral Index (PLVI) was then
calculated by dividing the average total surface area of the psoas by the average area of the L4

vertebrae - similar to a previously validated method in the literature (Equation 1).[17,29]

Left Psoas CSA+Right Psoas CSA

Equatlon 1:PLVI = L4 Vetebral body CSA
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Source of Funding:

No funding was obtained for this project.

Statistical Analysis:

Patients were initially stratified into high versus low psoas lumbar vertebral index groups with a median
value of .842 to identify baseline characteristic differences, a similar value and method to what has
previously been described (Table 1).[17] The high PLVI cohort was defined as > .842 and low psoas
vertebral index cohort was defined as < .842. They were also stratified into infectious versus
noninfectious groups to identify baseline characteristic differences between these two groups (Table 2).
For normally distributed data, differences between demographic and clinical variables were calculated
utilizing an independent samples t-test for continuous variables or chi-squared test for categorical
variables, with significance level set a priori at p <.05. Data for hospital length of stay was the only
variable found to be not normally distributed and a Mann-Whitney test was used for non-parametric
analysis. There was missing data for discharge disposition and hospital length of stay for 13 patients,

each analysis was performed on a test by test basis.

A univariate, binary logistic-regression analysis was then performed on categorical and continuous
variables to evaluate for factors impacting infection. All variables were analyzed individually in the

univariate regressions, including: demographic, health status, and postoperative information (Table 3).

A multivariate binary logistic regression analysis was subsequently performed to create a complete

model of factors impacting infection while accounting for the potential confounding between variables:

Equation 2: In [ ] =a+ byxy + byxy ...+ bpxy

y
1-v)

The left side of the equation is the expected log of the odds that the outcome is present (infection status

=y). Selection of variables (x,) for inclusion in the multivariate regression were obtained from Table 2

6
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and included significant baseline characteristic differences between infected and uninfected groups,
with a focus on previously utilized and validated health markers to stratify for risk. These established
variables were BMI, CCl, ASA, Diabetes, smoking status, and each patient’s PLVI was also analyzed for
impact (Table 4). All variables were standardized to account for differences in scoring scales so that
coefficients could be compared. Receiver operating characteristic (ROC) curve analysis was performed
using R version 3.5.0 and the plotROC package. All other statistical analysis was performed with IBM

SPSS Statistics Version 25.

Results:

In total, 99 patients were included in this study, of whom 30 patients had prosthetic joint infections and
69 patients served as control with no infections within one year of surgery. Of the patient demographic
and health marker differences between our low PLVI and high PLVI group, significant differences were
seen in: age, sex, body mass index, CCl and ASA scores (Table 1). Patients in the low PLVI group were on
average older (73.35 vs. 68.08, p= 0.015), less likely to be male (40.82% vs. 68%, p= 0.007), had a lower
BMI (26.627 kg/m”vs. 31.247 kg/m?, p= 0.013), and had higher CCl and ASA scores than the high PLVI
group (5.04 vs. 3.84, p=0.009 and 2.84 vs. 2.46, p= 0.003 respectively). Importantly, when patients were
stratified by PLVI, the low PLVI group was found to have a much higher likelihood of having infection

(p=.002).

When separated by infectious status (Table 2), there were significant differences in baseline
characteristics. The infected group had a higher CCI (5.67 vs. 3.9, p= 0.001), higher ASA score (3.03 vs.
2.48, p< 0.001) and an increased rate of diabetes (26.67% vs. 21.7%, p= 0.027). Most notably, the
infected group had a large, significant difference in their average PLVI (.736 vs. .963, p< 0.001).

Significant correlations were also observed in available discharge disposition information after index
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138 surgery, with the prosthetic joint infection group having a greater percentage of patients going to rehab

139  andalonger length of stay after their index surgeries (p= 0.045 and p= 0.002).

140  Table 3 depicts the results of the univariate binary logistic-regression with dependent, binary variable
141 being infection status. The patient’s psoas lumbar vertebral index was a large predictor of infection
142  status, with a high PLVI being protective against infection: OR: .28 (95% Confidence Interval(Cl): .109-
143 .715, p=0.008). An additional predictor of infection was increasing ASA status (OR 10.634, 95% Cl:

144  3.112-36.345, p< 0.001). Higher CCl also conferred higher odds of having infection (OR: 1.438, 95% Cl:
145 1.155-1.791, p= 0.001). Being in the lowest quartile of PLVI in our patient population demonstrated a
146  4.614 OR of having infection compared to the patients in the top three quartiles (p= 0.002 for a 95% Cl

147  of 1.759-12.102).

148 Univariate receiver operating curve (ROC) analysis was performed for both significant variables and
149  variables of interest to depict predictive accuracy of each variable (Figure 4). PLVI, ASA, and CCl had
150  area under the ROC (AUROC) values of 0.74 (95% Cl: 0.6305-0.8459), 0.74 (95% Cl: 0.6595-0.826) and

151 0.72 (95% Cl: 0.6148-0.8345), respectively when analyzed independently.

152 Multivariate, binary logistic-regression analysis results are depicted in Table 4 demonstrating each

153  variable’s independent contribution to infection status after accounting for confounding factors. All

154  variables were standardized so that comparisons between coefficient values could be made. Once again,
155 PLVI was a factor that significantly influenced infection status, with the second largest magnitude

156  regression coefficient (B=-.685, p=0.039). Higher ASA status had the largest, significant contribution to
157  likelihood of infection with a B coefficient value of 1.080 and a p value of 0.004. Variables that didn’t
158  reach statistical significance after multivariate regression were BMI, CCl, Diabetes and smoking status

159  (p=0.586, p=0.072, p= 0.441, and p= 0.921 respectively). In logistic regression, the coefficients (b,)
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calculated by the model demonstrate the change to the expected log odds relative to a one unit change

in X; (ASA, PLVI, BMI etc.) while all other predictors are held constant.

(1Zy>] B

Infection « ln[ —1.310 + 1.080(ASA) — .685(PLVI) ...+ b, x,

The Nagelkerke R’ coefficient of fit was .415 with a classification accuracy of 76.8%. The model’s chi-

square value was X*(6) = 34.354 and the full model p value < .001.

Discussion:

Sarcopenia is a diagnosis that has gained significant traction in the world of medicine as an independent
predictor of morbidity and mortality. It has even been added to the most recent ICD-10 (M62.84)
acknowledging that it is an important clinical diagnosis.[37] In the orthopedic trauma literature,
sarcopenia has been associated with an increased risk for fragility fractures for all patients.[13,38] Also,
elderly sarcopenic patients suffering acetabular fractures have demonstrated a significantly increased
one year mortality (28.6% vs. 12.3%) and likelihood for discharge to a short term nursing facility (94.7%
vs. 76.9%).[24,29] Bokshan et al.[13] evaluated patients undergoing thoracolumbar spine surgery and
found patients with sarcopenia had increased risk of in-hospital complications, longer hospital stay, and
increased mortality. In contrast, our study found patients with sarcopenia had similar length of stay and

discharge disposition to rehab compared to the non-sarcopenic group.

In this study, we identified a significant difference in average psoas lumbar vertebral index between the
prosthetic joint infection cohort (.736) and the non-infected cohort (.964), indicating that patients
developing infection had much less central skeletal muscle mass. The current study uses a median value
to divide patients into high vs. low PLVI groups that was comparable to previously published values and
methods (.842 vs. .84 [17]). When looking at PLVI as a continuous variable through univariate analysis,

having a higher PLVI provided a protective impact against periprosthetic infection. After multivariate
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regression accounted for the potential confounding variables such as BMI, CCl, ASA, Diabetes, and
smoking status, PLVI continued to be a significant predictor of periprosthetic joint infection. Receiver
operating curve analysis demonstrated the predictive value of PLVI for infection with an area under the
curve value of 0.74, illustrating that PLVI alone provides good discrimination between infected and non-
infected patients. This study is the first to identify PLVI, a marker for central sarcopenia, as an

independent risk factor for prosthetic joint infection.

One limitation of this study was the small sample size for both infected and uninfected cohorts. The
combination of a low incidence of PJI in addition to only a small percentage of arthroplasty patients
undergoing CT scans of the abdomen or lumbar spine for a variety of reasons (workup for: abdominal
pain, back pain, aortic aneurysm, malignancy, fever, hip pain, etc.) made this difficult to overcome.
However, post-hoc power analysis using the mean and standard deviation values for our infected (.736
+/-.242) and uninfected groups (.964 +/- .274), and an alpha value of .05, demonstrated adequate

power of 98.5%.

Duration of infection prior to imaging likely impacts skeletal muscle mass measurements, as chronic
inflammatory conditions can lead to a catabolic state.[39] Twenty-eight out of 30 patients in our PJI
cohort had acute infectious processes, while 2/30 had more chronic infectious histories. Of these two
patients, one had a PLVI within one standard deviation above our cutoff value for sarcopenia and the
second patient had a PLVI within one standard deviation below the cutoff for sarcopenia, so the overall

confounding impact is likely negligible.

Measuring psoas lumbar vertebral index is only one method of determining skeletal muscle mass and
assessing sarcopenia. The purpose of this study is not to advocate for CT-scans of the abdomen/pelvis
for all prospective or even high-risk patients, but instead to investigate and recognize the contribution of

sarcopenia to adverse outcomes after arthroplasty. Prospective studies including various functional

10
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testing for sarcopenia is necessary and likely the most practical way to implement routine testing and
risk stratification in the preoperative setting in the future. These analyses can include gait speed, timed
get up and go test, stair-climbing and more easy to reproduce tests in the office like grip strength and
peak expiratory flow.[14,40] However, a clear correlation between these tests and adverse outcome in
the TJA patient must be demonstrated. Higher risk patients can then be further analyzed if necessary
with CT-scan or with much less radiation-generating dual energy x-ray absorptiometry (DEXA), which is

considered the gold standards for estimating muscle mass.[14,41]

Over the years, more conscientious efforts to help patients achieve more optimal risk profiles prior to
surgery have been undertaken. Such efforts include, but are not limited to, weight-loss and optimizing
body mass index, smoking cessation, and improved nutritional status as measured by albumin or
prealbumin.[8,11,12,42] Interestingly, recent studies have shown that BMI may have limited predictive

value of perioperative complications independent of sarcopenia. [43]

Sarcopenia is a treatable entity and may be a very relevant modifiable risk factor. The American Medical
Directors Association has released evidenced-based guidelines for the prevention and improvement of
sarcopenia. Their research demonstrated that sufficient protein intake (>1.2g/kg/day) slows loss of
muscle mass and leucine-enriched amino acids can enhance muscle strength.[44-46] Furthermore,
resistance exercise has been established as a reliable treatment option for sarcopenia. Churchward et al.
found that there were no non-responders to resistance exercise regimens, with sarcopenia always

improving in a cohort of 110 patients.[47]

Prosthetic joint infections (PJI) place a huge burden on both the patient and the healthcare system. The
annual cost of PJI revisions in the US is projected to exceed $1.62 billion by 2020.[3] The responsibility to
minimize this burden on both patients and the healthcare system falls on the orthopedic practitioner.

An aging population confers an increasing demand for total hip and knee arthroplasty; utilizing

11
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previously established risk factors for infection and continuing to explore new ways to quantify risk is

the only way to mitigate the impact of this devastating outcome.

Conclusion:

There is a paucity of research on sarcopenia in orthopedic surgical patients and as a result it is under-
diagnosed and under-recognized. Psoas lumbar vertebral index, a marker for central sarcopenia, was
demonstrated to have good predictive capacity for prosthetic joint infection status in this study. Similar
to modifiable risk factors like BMI and nutritional status, sarcopenia is a treatable entity. Further
research and consideration of sarcopenia as a screening and optimizable risk-factor for total joint

arthroplasty, and orthopedics in general, must be explored.

12



References

References:

[1]

(2]

(3]

(4]
(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

(13]

(14]

[15]
(16]

Culliford D, Maskell J, Judge A, Cooper C, Prieto-Alhambra D, Arden NK. Future projections of total
hip and knee arthroplasty in the UK: results from the UK Clinical Practice Research Datalink.
Osteoarthritis and Cartilage 2015;23:594-600. doi:10.1016/j.joca.2014.12.022.

Inacio MCS, Graves SE, Pratt NL, Roughead EE, Nemes S. Increase in Total Joint Arthroplasty
Projected from 2014 to 2046 in Australia: A Conservative Local Model With International
Implications. Clin Orthop Relat Res 2017;475:2130-7. doi:10.1007/s11999-017-5377-7.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee
arthroplasty in the United States from 2005 to 2030. J Bone Joint Surg Am 2007;89:780-5.
doi:10.2106/JBJS.F.00222.

Lentino JR. Prosthetic Joint Infections: Bane of Orthopedists, Challenge for Infectious Disease
Specialists. Clin Infect Dis 2003;36:1157-61. do0i:10.1086/374554.

Mortazavi SMJ, Schwartzenberger J, Austin MS, Purtill JJ, Parvizi J. Revision total knee arthroplasty
infection: incidence and predictors. Clin Orthop Relat Res 2010;468:2052-9. doi:10.1007/s11999-
010-1308-6.

Sharkey PF, Lichstein PM, Shen C, Tokarski AT, Parvizi J. Why are total knee arthroplasties failing
today--has anything changed after 10 years? J Arthroplasty 2014;29:1774-8.
doi:10.1016/j.arth.2013.07.024.

Jafari SM, Coyle C, Mortazavi SMJ, Sharkey PF, Parvizi J. Revision Hip Arthroplasty: Infection is the
Most Common Cause of Failure. Clin Orthop Relat Res 2010;468:2046-51. doi:10.1007/s11999-
010-1251-6.

Adhikary SD, Liu W-M, Memtsoudis SG, Davis CM, Liu J. Body Mass Index More Than 45 kg/m(2) as
a Cutoff Point Is Associated With Dramatically Increased Postoperative Complications in Total Knee
Arthroplasty and Total Hip Arthroplasty. J Arthroplasty 2016;31:749-53.
doi:10.1016/j.arth.2015.10.042.

Hooper GJ, Rothwell AG, Hooper NM, Frampton C. The relationship between the American Society
Of Anesthesiologists physical rating and outcome following total hip and knee arthroplasty: an
analysis of theNew Zealand Joint Registry. ] Bone Joint Surg Am 2012;94:1065-70.
doi:10.2106/JBJS.).01681.

Johnson CC, Sodha S, Garzon-Muvdi J, Petersen SA, McFarland EG. Does Preoperative American
Society of Anesthesiologists Score Relate to Complications After Total Shoulder Arthroplasty? Clin
Orthop Relat Res 2014;472:1589-96. d0i:10.1007/s11999-013-3400-1.

Libbeke A, Zingg M, Vu D, Miozzari HH, Christofilopoulos P, Ugkay I, et al. Body mass and weight
thresholds for increased prosthetic joint infection rates after primary total joint arthroplasty. Acta
Orthop 2016;87:132-8. d0i:10.3109/17453674.2015.1126157.

Wagner ER, Kamath AF, Fruth K, Harmsen WS, Berry DJ. Effect of Body Mass Index on Reoperation
and Complications After Total Knee Arthroplasty. J Bone Joint Surg Am 2016;98:2052—60.
doi:10.2106/JBJS.16.00093.

Bokshan SL, Han AL, DePasse JM, Eltorai AEM, Marcaccio SE, Palumbo MA, et al. Effect of
Sarcopenia on Postoperative Morbidity and Mortality After Thoracolumbar Spine Surgery.
ORTHOPEDICS 2016;39:e1159-64. doi:10.3928/01477447-20160811-02.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in
Older People. Age Ageing 2010;39:412-23. doi:10.1093/ageing/afq034.

Clark BC, Manini TM. Sarcopenia =/= dynapenia. ] Gerontol A Biol Sci Med Sci 2008;63:829-34.
Cosquéric G, Sebag A, Ducolombier C, Thomas C, Piette F, Weill-Engerer S. Sarcopenia is predictive
of nosocomial infection in care of the elderly. Br J Nutr 2006;96:895—-901.

13



References

(17]

(18]

[19]

[20]
[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Ebbeling L, Grabo DJ, Shashaty M, Dua R, Sonnad SS, Sims CA, et al. Psoas:lumbar vertebra index:
central sarcopenia independently predicts morbidity in elderly trauma patients. Eur J Trauma
Emerg Surg 2014;40:57-65. doi:10.1007/s00068-013-0313-3.

Englesbe MJ, Patel SP, He K, Lynch RJ, Schaubel DE, Harbaugh C, et al. Sarcopenia and mortality
after liver transplantation. J Am Coll Surg 2010;211:271-8. d0i:10.1016/j.jamcollsurg.2010.03.039.
Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, Newman AB, et al. Sarcopenia: an
undiagnosed condition in older adults. Current consensus definition: prevalence, etiology, and
consequences. International working group on sarcopenia. J Am Med Dir Assoc 2011;12:249-56.
doi:10.1016/j.jamda.2011.01.003.

Hida T, Harada A. [Fall risk and fracture. Diagnosing sarcopenia and sarcopenic leg to prevent fall
and fracture: its difficulty and pit falls]. Clin Calcium 2013;23:707-12. doi:CliCa1305707712.
Janssen . Influence of sarcopenia on the development of physical disability: the Cardiovascular
Health Study. J Am Geriatr Soc 2006;54:56—62. doi:10.1111/j.1532-5415.2005.00540.x.

Ji H-M, Han J, Jin DS, Suh H, Chung Y-S, Won Y-Y. Sarcopenia and Sarcopenic Obesity in Patients
Undergoing Orthopedic Surgery. Clinics in Orthopedic Surgery 2016;8:194.
doi:10.4055/¢i0s.2016.8.2.194.

Kim JH, Lim S, Choi SH, Kim KM, Yoon JW, Kim KW, et al. Sarcopenia: an independent predictor of
mortality in community-dwelling older Korean men. J Gerontol A Biol Sci Med Sci 2014;69:1244—
52. doi:10.1093/gerona/glu050.

Deren ME, Babu J, Cohen EM, Machan J, Born CT, Hayda R. Increased Mortality in Elderly Patients
with Sarcopenia and Acetabular Fractures. J Bone Joint Surg Am 2017;99:200-6.
doi:10.2106/JBJS.16.00734.

Landi F, Cruz-Jentoft AJ, Liperoti R, Russo A, Giovannini S, Tosato M, et al. Sarcopenia and mortality
risk in frail older persons aged 80 years and older: results from iISIRENTE study. Age Ageing
2013;42:203-9. doi:10.1093/ageing/afs194.

Landi F, Liperoti R, Fusco D, Mastropaolo S, Quattrociocchi D, Proia A, et al. Sarcopenia and
mortality among older nursing home residents. J Am Med Dir Assoc 2012;13:121-6.
doi:10.1016/j.jamda.2011.07.004.

Wallace JD, Calvo RY, Lewis PR, Brill JB, Shackford SR, Sise MJ, et al. Sarcopenia as a predictor of
mortality in elderly blunt trauma patients: Comparing the masseter to the psoas using computed
tomography. J Trauma Acute Care Surg 2017;82:65—72. doi:10.1097/TA.0000000000001297.
Hervochon R, Bobbio A, Guinet C, Mansuet-Lupo A, Rabbat A, Régnard J-F, et al. Body Mass Index
and Total Psoas Area Affect Outcomes in Patients Undergoing Pneumonectomy for Cancer. Ann
Thorac Surg 2017;103:287-95. doi:10.1016/j.athoracsur.2016.06.077.

Mitchell PM, Collinge CA, O’Neill DE, Bible JE, Mir HR. Sarcopenia is Predictive of 1-year Mortality
After Acetabular Fractures in Elderly Patients. J Orthop Trauma 2018.
doi:10.1097/BOT.0000000000001159.

Lee JS-J, He K, Harbaugh CM, Schaubel DE, Sonnenday CJ, Wang SC, et al. Frailty, core muscle size,
and mortality in patients undergoing open abdominal aortic aneurysm repair. J Vasc Surg
2011;53:912-7. d0i:10.1016/j.jvs.2010.10.111.

Peng PD, van Vledder MG, Tsai S, de Jong MC, Makary M, Ng J, et al. Sarcopenia negatively impacts
short-term outcomes in patients undergoing hepatic resection for colorectal liver metastasis. HPB
(Oxford) 2011;13:439-46. doi:10.1111/j.1477-2574.2011.00301.x.

Sheetz KH, Zhao L, Holcombe SA, Wang SC, Reddy RM, Lin J, et al. Decreased core muscle size is
associated with worse patient survival following esophagectomy for cancer. Dis Esophagus
2013;26:716-22. doi:10.1111/dote.12020.

14



References

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]
[41]

[42]
[43]

[44]
[45]

[46]

[47]

Lieffers JR, Bathe OF, Fassbender K, Winget M, Baracos VE. Sarcopenia is associated with
postoperative infection and delayed recovery from colorectal cancer resection surgery. Br J Cancer
2012;107:931-6. doi:10.1038/bjc.2012.350.

Lange J, Pedersen AB, Troelsen A, Sgballe K. Do hip prosthesis related infection codes in
administrative discharge registers correctly classify periprosthetic hip joint infection? Hip Int
2015;25:568-73. doi:10.5301/hipint.5000262.

Parvizi J, Gehrke T. Definition of Periprosthetic Joint Infection. The Journal of Arthroplasty
2014;29:1331. doi:10.1016/j.arth.2014.03.009.

Gomez-Perez SL, Haus JM, Sheean P, Patel B, Mar W, Chaudhry V, et al. Measuring Abdominal
Circumference and Skeletal Muscle From a Single Cross-Sectional Computed Tomography Image: A
Step-by-Step Guide for Clinicians Using National Institutes of Health Imagel). JPEN J Parenter
Enteral Nutr 2016;40:308-18. doi:10.1177/0148607115604149.

Anker SD, Morley JE, von Haehling S. Welcome to the ICD-10 code for sarcopenia. J Cachexia
Sarcopenia Muscle 2016;7:512—4. doi:10.1002/jcsm.12147.

Tarantino U, Piccirilli E, Fantini M, Baldi J, Gasbarra E, Bei R. Sarcopenia and fragility fractures:
molecular and clinical evidence of the bone-muscle interaction. J Bone Joint Surg Am 2015;97:429—
37. doi:10.2106/JBJS.N.00648.

Rosenthal MD, Moore FA. Persistent Inflammation, Immunosuppression, and Catabolism:
Evolution of Multiple Organ Dysfunction. Surg Infect (Larchmt) 2016;17:167-72.
doi:10.1089/sur.2015.184.

Bokshan SL, DePasse JM, Daniels AH. Sarcopenia in Orthopedic Surgery. Orthopedics
2016;39:€295-300. doi:10.3928/01477447-20160222-02.

Rubbieri G, Mossello E, Di Bari M. Techniques for the diagnosis of sarcopenia. Clin Cases Miner
Bone Metab 2014;11:181-4.

Ellsworth B, Kamath AF. Malnutrition and Total Joint Arthroplasty. J Nat Sci 2016;2.

Judge A, Batra RN, Thomas GE, Beard D, Javaid MK, Murray DW, et al. Body mass index is not a
clinically meaningful predictor of patient reported outcomes of primary hip replacement surgery:
prospective cohort study. Osteoarthritis and Cartilage 2014;22:431-9.
doi:10.1016/j.joca.2013.12.018.

Morley JE. Sarcopenia: diagnosis and treatment. J Nutr Health Aging 2008;12:452—-6.

Morley JE, Anker SD, von Haehling S. Prevalence, incidence, and clinical impact of sarcopenia:
facts, numbers, and epidemiology—update 2014. ) Cachexia Sarcopenia Muscle 2014;5:253-9.
doi:10.1007/s13539-014-0161-y.

Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D, Deutz NEP, et al. Nutritional recommendations
for the management of sarcopenia. J Am Med Dir Assoc 2010;11:391-6.
doi:10.1016/j.jamda.2010.04.014.

Churchward-Venne TA, Tieland M, Verdijk LB, Leenders M, Dirks ML, de Groot LCPGM, et al. There
Are No Nonresponders to Resistance-Type Exercise Training in Older Men and Women. ] Am Med
Dir Assoc 2015;16:400-11. doi:10.1016/j.jamda.2015.01.071.

15



ACCEPTED MANUSCRIPT

Acknowledgments:

No sources of funding were utilized for the completion of this project. No additional acknowledgments
to be made.



Table 1: PLVI

Age in years (99) 70.69 73.35 68.08 0.015
Male (99) 54.55% (54) 40.82% (20) 68% (34) 0.007
BMI kg/m? (99) 29.772 26.267 31.247 0.013
Diabetes Mellitus
(99) 23.23% (23) 24.49% (12) 22% (11) 0.150
Smoking History (99) 12.12% (12) 16.33% (8) 8% (4) 0.20439
Nasal MRSA (99) 3% (3) 4% (2) 2% (1) 0.546
CCl (99) 4.43 5.04 3.84 0.009
ASA (99) 2.65 2.84 2.46 0.003
46.15% (18/39 55% (26/47
Discharge Home (86) 51.16% (44) available) available) 0.397
53.84% (21/39 44.68% (21/47
Discharge Rehab (86) 48.83% (42) available) available) 0.397
Length of Stay (87) 3.64 3.77 (39 available) | 3.54 (48 available) 0.975
Infection (99) 30% (30) 44.9% (22) 16% (8) 0.002

Table 1: Baseline characteristic differences for high vs.

low psoas lumbar vertebral index




Table 2: Infection Status
Age - years (99) 70.69 70.48 71.17 0.764
Male (99) 54.55% 50.72% 63.33% 0.247
BMI - kg/m2 (99) 29.772 30.539 28.009 0.055
Diabetes (99) 23.22% (23) 21.7% (15) 26.67% (8) 0.027
Smoker (99) 12.12% (12) 10.14% (7) 16.67% (5) 0.361
Nasal MRSA (99) 3% (3) 3% (2) 3% (1) 0.908
CCl (99) 4.43 3.9 5.67 0.001
ASA (99) 2.65 248 3.03 <0.001
Discharge Home (86) 51% (44) 57% (39) 29% (5/17) 0.045
Discharge Rehab (86) 49% (42) 43% (30) 71% (12/17) 0.045
3.46 (for 69 4.33 (for 18
Length Of Stay (87) 3.64 patients) patients) 0.002
PLVI (99) 0.895 0.964 0.736 <0.001

Table 2: Baseline characteristic differences between infected/noninfected group




Table 3: Univariate Regression Analysis

Age 1.006 (0.967-1.047) 0.771
Male 1.678 (0.696-4.045) 0.249
BMI 0.929 (0.860-1.002) 0.057
Diabetes 1.734 (0.771-3.900) 0.183
Smoker 1.771 (0.514-6.109) 0.365
Nasal MRSA 1.155 (0.101-13.249) 0.908
ca 1.438 (1.155-1.791) 0.001
ASA 10.634 (3.112-36.345) <0.001
Discharge Home 0.321 (0.102-1.009) 0.052
Discharge Rehab 3.12 (0.991-9.821) 0.052
LOS 1.201 (0.948-1.522) 0.13

PLVI High vs. Low (2 .842 vs. <

.842) 0.28 (0.109-0.715) | 0.008
PLVI 1st Quartile (Top 25%) 0.254 (0.069-0.930) | 0.039
PLVI 2nd Quartile 0.49 (0.164-1.460) 0.2

PLVI 3rd Quartile 1.112 (0.419-2.955) | 0.831
PLVI 4th Quartile (Bottom 25%) 4.614 (1.759-12.102) | 0.002

Table 3: Univariate Binary Logistic Regression analyzing odds ratios for each variable, with outcome being infection.



Table 4: Multivariate Regression Analysis

BMI 0.170 0.586 1.185 0.643 2.184
ccl 0.570 0.072 1.768 0.951 3.288
ASA 1.080 0.004 2.945 1.398 6.202
Diabetes | 0.198 0.441 1.219 0.736 2.020
Smoking | 0.026 0.921 1.026 0.620 1.697
PLVI -0.685 0.039 0.504 0.263 0.966
Constant | -1.310 0.000 0.270 - -

Table 4: Multivariate Binary Logistic Regression Analysis
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Figure 1: 99 total patients meeting inclusion/exclusion criteria for this study

Figure 2: Cross sectional cut at L4 of a nonsarcopenic patient with a PLVI of 1.38

Figure 3: Cross sectional cut at L4 of a sarcopenic patient with a PLVI of 0.4855

Table 1: Baseline characteristic differences for high vs. low psoas lumbar vertebral index

Table 2: Baseline characteristic differences between infected/noninfected group

Table 3: Univariate Binary Logistic Regression analyzing odds ratios for each variable, with outcome being infection

Figure 4: Univariate area under receiver operating curve (AUROC) demonstrating predictive capacity for infection of each
variable. Area under curve values listed for each variable.

Table 4: Multivariate Binary Logistic Regression Analysis



