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ABSTRACT

Background

Radiologically measured psoas muscle area has been associated with poorer surgical outcomes.
Our hypothesis is that patients with gastric cancer and lower psoas muscle area have poorer
short-term surgical outcomes.

Methods

Individuals with gastric cancer were assessed and total psoas muscle area (TPA) in mm? was
measured at the level of the third lumbar vertebra on staging CT, using Phillips IntelloSpace
PACS Enterprise version 4.4.553.50. The psoas muscle area was normalised for height (TPA
mm?/m?), creating the psoas muscle index (PMI). All individuals proceeding to surgery were
compared in terms of PMI with correlation to short-term complications (Accordion), length of
stay and mortality. In addition, PMI and tumour staging was evaluated.

Results

One hundred and seventy-seven individuals (115 males, 62 females, mean age of 60.8 £ 0.9)
were evaluated of which sixty-eight underwent surgery (56 resections, 12 palliative bypasses).
The surgical complication rate was 40% (27/68), major complications being Accordion 3 or
higher at a rate of 16% (11/68) and mortality rate of 10% (7/68). The average length of stay
was 10 £ 0.7 days. There was no statistically significant difference in PMI for males or females
in respect to all complications, major complications, length of stay or mortality. PMI and
tumour staging did not correlate. Males with gastric outlet obstruction had a statistically
significant lower PMI (p <0.03)

Conclusions

Although low psoas muscle area has been shown to correlate with poorer surgical outcomes,

we did not show this is our population undergoing surgery for gastric cancer.

[Word count: 247]
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LITERATURE REVIEW

INTRODUCTION

Background of gastric cancer

Gastric cancer is a common and deadly form of cancer worldwide with an estimated 1 033 701
new cases and 782 685 deaths in 2018, making it the sixth most prevalent and second deadliest
form of cancer.! 5-year survival rates for gastric cancer are dependent on stage at presentation,
but given the often non-specific symptoms, up to 50% of patients present with either locally
advanced or metastatic lesions and only half of those with initially resectable disease will
undergo surgery.>® As surgery has the best chance of curative treatment, optimising surgical
outcomes should be on the forefront of management for these patients. In an attempt to
minimise complications there are certain fields that need focus, with one of them being

nutrition or more specifically malnutrition.

Malnutrition in gastric cancer is multifactorial due to decreased food intake with progression
of the gastric lesion, as well as cachexia associated with malignancy, as contributing factors.
The complex biochemical interaction with tumour necrosis factor-a., interleukin-1, interleukin-
6 and leptin dysregulation leads to decreased appetite, muscle mass and adipose tissue,
eventually leading to weight loss. The malnutrition that follows is associated with post-
operative complications in gastric cancer surgery.* Avoiding post-operative complications is a
clear goal, especially as they are associated with a decreased survival amongst patients that had
resectable gastric cancer, and with complication rates following gastrectomy reported between

20-46%, this needs to be an area of focus.’

Sarcopenia

The European Working Group on Sarcopenia in Older People (EWGOP) has defined
sarcopenia as a syndrome characterised by progressive and generalised loss of skeletal muscle
mass and strength with a risk of adverse outcomes such as physical disability, poor quality of
life, and death.® This entity has become increasingly important in the management of many

medical conditions and especially cancers. As gastric cancer has a strong association with



weight loss and subsequent malnutrition, the relationship between gastric cancer and

sarcopenia is clearly a point of discussion.

There are several risk factors for the development of sarcopenia, including lifestyle lacking
exercise and hormone and cytokine imbalances, especially TNF-a and IL-6. The progressive
nature of cancer leads to a decreased in physical exercise and associated biochemical

disturbances places individuals with gastric cancer at risk of developing sarcopenia.

LITERATURE REVIEW OBJECTIVES

This literature review aims to determine the current evidence relating sarcopenia and gastric
cancer, with a focus on low psoas muscle mass and complications following surgery.
Additional areas of interest include the association between psoas muscle measurements on
computer topography and surgical outcomes as well as the relationship between psoas muscle

volume and sarcopenia or total skeletal muscle measurement.

LITERATURE SEARCH STRATEGY

The online database, PubMed, was used for review of relevant literature. The literature was

reviewed up until January 2021 and only English and full text articles were reviewed.

The following search terms were used:
e Gastric cancer
e Sarcopenia
e Psoas muscle measurement

e Surgical outcomes



SUMMARY OF FINDINGS

Psoas muscle area and gastric cancer

There are two studies published directly relating psoas muscle measurements with gastric
cancer. The first was published by Taniguchi et al looking at the impact of pre-operative psoas
muscle mass index on post-operative short and long-term outcomes in patients with gastric
cancer.” A total of 567 patients undergoing curative gastrectomy were divided into 2 groups
based on psoas muscle area on a pre-operative CT scan, low and high, so named PMI-L and
PMI-H, and their outcomes after surgery were assessed. The PMI-L was an independent risk
factor for post-operative pneumonia and a significantly worse recurrence free survival than the
PMI-H group and may therefore be useful as a prognostic factor. Interestingly, there was no
difference in post-operative complication incidence between the PMI-L or PMI-H groups nor

in overall incidence of post-operative complications.

Looking at the data set, they had a high proportion of pathological stage 1 disease with
67% of the cohort. There was also no statistical significance between the PMI groups
and pathological stage. The overall complication rate was 25%, on the lower end of the
range of 20-46%, quoted by Li et al.’ The reference range for sarcopenia was based on a

review of 541 healthy liver donor patients in Japan published by Hamaguchi et al. Although

appropriate for this specific population, it may not be accurate to apply these values elsewhere.®

Yamaguchi ef al published a paper in 2017 trying to ascertain if changes in psoas muscle area
post gastrectomy had any clinical significance.” One hundred and nineteen patients that
underwent gastrectomy for malignancy had pre-operative psoas major muscle area (PMMA)
measured, then regular interval measurements post-operatively for 5 years. The patients were
split into two groups post-operatively, no recurrence and R2 resection/recurrence, with PMMA
compared between these two groups. There was a decrease in PMMA in both groups and a
significant difference at 2 years post-operatively. The PMMA was significantly lower in the
R2/recurrence group, in keeping with the weight loss and cachexia associated with gastric
cancer.

The authors concluded that it is important to observe PMMA change in routine imaging as a

significant decrease might be associated with recurrence. The authors did state however that
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recurrence in their cohort was almost exclusively diagnosed by CT imaging, thereby negating
the need to look for recurrence in a patient with decreasing PMMA. Despite this, it does show
the association between gastric cancer and decreasing muscle volume, specifically the psoas

major muscle.

The body of work correlating psoas muscle measurements with gastric cancer post-operative
complications is small and predominantly published in Asia. This provides a unique
opportunity to assess the characteristics of the South African population with gastric cancer

and psoas muscle measurements.

Psoas muscle area and surgical outcomes

There are a multitude of studies evaluating if psoas muscle area is related to outcomes within
various fields of surgery. There has been work done in numerous areas including both
malignant and benign surgery.

Womer et al specifically looked at total psoas muscle volume and area (TPA/TPV) in the
setting of rectal cancer and whether there was an association with outcomes.!? Their hypothesis
was that smaller pre-operative TPA/TPV would be associated with increased morbidity
following rectal cancer surgery. This was a retrospective review of 180 patients undergoing
curative surgery for rectal cancer at the Cleveland Medical Centre. The imaging was done
within 90 days of surgery and patients with a serum albumin of less than 30g/dl or reported
>10% body weight loss prior to diagnosis were classified as malnourished, although this
category was very small with only 8 of the 180 patients. This group did show significantly
lower median TPA compared to the non-malnourished group, although with very small
numbers. Looking at the main hypothesis, there was no difference in TPA or TPV for patients
that experienced any post-operative complication (44% of cases), but interestingly there was a
statistically significant lower TPA/TPV for those that experienced major complications

(defined as Clavien-Dindo >2) compared to minor complications.

Peng et al assessed the impact of total psoas muscle area (TPA) on the outcomes of patients
following curative surgery for pancreatic cancer.!! This was a retrospective review of the Johns
Hopkins Hospital pancreas database between 1999 and 2010. There were 557 records with
imaging available within 30 days of surgery. Here the total psoas muscle area was measured

using the cross-sectional area of the right and left psoas muscle at the level of L3; this was
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adjusted for height and the hypothesis was that a preoperative sarcopenia would lead to worse
short and long-term outcomes in patients undergoing surgery for pancreatic adenocarcinoma.
Their cohort had an overall complication rate of 46.6%; including 18.7% with major
complications. The presence of sarcopenia was not associated with risk of morbidity or
severity of complications. The interesting aspect of this cohort was looking at the 3-year
survival data, where several factors were associated with decreased survival. These factors
included tumour size, poor differentiation, vascular invasion and lymph node metastasis.
Sarcopenia, defined by the authors as patients in the lowest quartile for TPA, was associated
with the risk of death at 3 years with a HR = 1.68 (95% 1.34-2.11; P<0.001). After controlling
for tumour specific factors, sarcopenia remained independently associated with decreased
survival at 3 years.

These two studies have both looked at psoas area from an oncological surgery perspective and
have been associated with poorer outcomes. As malignancy is associated with cachexia, weight
loss and malnutrition, this may contribute to the decrease in psoas muscle. The following three
studies evaluated psoas muscle area and surgical outcomes in non-oncological surgery to

evaluate if this association remains.

Lee et al hypothesized that decreased core muscle size, as measured by psoas cross-sectional
area, will have an increased mortality after open repair of abdominal aortic aneurysms.!? This
retrospective review assessed 262 patients from 2000 to 2008 undergoing elective open AAA
repair with all having a pre-operative CT scan within 90 days of surgery. The measurement of
the psoas muscle area at the fourth lumbar vertebra was totalled resulting in the TPA, although
not corrected for height. The cohort was followed post-operatively until death or loss to follow
up. Their cohort was followed for 2.3 years, and they had 55 deaths in that period. Cox
regression showed a significant association between psoas muscle area and postoperatively

mortality with the effect of psoas area decreasing over time.

Zager et al conducted a review to see if there was an association between sarcopenia, as
assessed by psoas muscle surface area (PMA), and post-operative outcomes in individuals with
Crohn’s disease.!® Their retrospective review of 121 patients undergoing elective and semi-
elective resections between 2009-2018 measured psoas muscle area on CT imaging done less
than 30 days prior to surgery. The measurement was blinded to the researchers. The
complication rate for surgery was 26% and the mean PMA was lower in those presenting with

post-operative complications compared to those without complications (854.3+-226.3mm? vs

12



984.5+-267.8mm?, P=0.02). Further division into quartiles of PMA measurement showed
considerably higher rates of major and overall complications in the lowest quartile.
Anastomotic leak in resectional surgery is of particular importance, and they showed a lower
mean PMA in patients with a leak compared to those without leaks, although with a small
number of leak cases. Within their cohort of patients, low PMA was significantly associated
with post-operative complications. The patients were stratified into TPA tertiles to evaluate
survival and the impact of low TPA is greatest shortly after the operation. There was a
significant effect on mortality at 90 days and mortality increased as the psoas muscle area
decreased to a HR = 3.01 per 1000mm? decrease in TPA. This remained significant after

adjusting for co-morbidities.

The final paper was published by Paknikar et a/ and used psoas muscle measurement as a
surrogate for frailty within the study cohort of patients undergoing both surgical and
transcatheter aortic valve replacement.'* This retrospective review included 295 patients
undergoing aortic valve replacement with 156 surgical and 139 transcatheter aortic valve
replacement and used psoas muscle area on imaging done less than 90 days prior to the
procedure. The psoas muscle areas were significantly different between males and females,
with analysis standardised by gender. A TPA 1 standard deviation below the mean increased
the occurrence of early poor composite outcome by 48%. Along with this, there was an
association between sarcopenia and lower 2-year survival (85.7% sarcopenia vs 93.8%
without), as well as being an independent predictor of higher resource utilisation (OR 0.56
p=-001). The Society of Thoracic Surgeons risk score is used to predict morbidity and mortality
and relies upon a multitude of variables, interestingly though, frailty is not one. There was a
lack of correlation between the STS scores and TPA within the two groups, suggesting a
possible unique risk assessment tool.

Although the evidence is not consistent, there are definitely signals that low psoas muscle
volume is associated with poorer outcomes in surgery. There are some conflicting results
regarding short- and long-term complications and survival, but there are indications present

throughout the literature that low psoas muscle volumes are associated with poorer outcomes.

As psoas muscle measurement is a relatively simple task compared to total skeletal muscle
measurements, it would be beneficial to determine if psoas muscle area correlates with overall
skeletal muscle measurements. Specific cut-off values for low psoas muscle mass would

improve the ease of use.
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Psoas muscle measurements

Sarcopenia is defined by the EWGSOP2 as a syndrome involving primarily loss of strength
and muscle mass with a variety of confirmatory questionnaires and tests.® Although the primary
entity of sarcopenia is loss of strength, the measurement of muscle mass has become an
important aspect. Imaging modalities such as CT and MRI are used regularly in the work-up
and staging of many conditions; as such CT or MRI has become the gold standard in measuring
muscle mass.!> The measurement of skeletal muscle mass can be difficult and with the regular
use of CT imaging in investigations, along with it being the gold standard of muscle
measurement, the use of alternative muscle groups as a surrogate has been proposed. The
EWGSOP2 does list psoas muscle measurement as a possible alternative, but further studies
are required. The following articles presented use psoas muscle measurement and as the body

of literature expands, this may become an easier metric for use.

Hamaguchi et al investigated skeletal muscle mass determined by the psoas muscle mass index
(PMI) from living related liver donors and attempted to use the data to establish low muscle
mass cut off values.® This retrospective review collected imaging data from 541 subjects with
manual tracing of the psoas area at the third lumbar vertebra with corrections for height. The
authors recognised the concerns in using PMI as a surrogate for total skeletal muscle mass and
therefore performed simultaneous bioimpedance assessments (BIA) on a cohort of their
subjects. The results showed a strong and significant correlation between PMI and the skeletal
muscle index (SMI) as measured by the BIA. (»=0.737, P<0.001). Their results have suggested
that PMI can be used as a surrogate for total SMI. In addition, the authors produced cut off
values for 2 standard deviations below the mean PMI in patients under the age of 50 years.
These values are 6.36¢cm?/m? for males and 3.92cm?/m? for females. These values may however
be population specific and not transferable. The importance of the 2 standard deviations from
mean is derived from the EWGSOP recommendation, this being the value below which

sarcopenia is considered present.

In a similar study, Kim ef al measured cross sectional area of the psoas muscle at L3 in a health
screening department in Korea over a 10-year period.!® This was a larger cohort of 1422 people
with no co-morbidities. The aim was to create age-specific cut off values for low skeletal
muscle mass using psoas muscle measurements. The cut off values for ages 20-39 for males

was 5.92cm?m? and 3.99cm?/m? for females. These are similar to the values Hamaguchi
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produced. Here too a statistically significant correlation was established between the PMI and
SMI (» = 0.650, p<0.001). While both studies were performed in Korean populations, both

confirm a statistically significant correlation between PMI and SMI.

Derstine et al has reported a reference range cross sectional area of the psoas muscle in 1245
potential kidney donors.!” The cohort was a retrospective review in Michigan, USA, but unlike
the previous papers, used the fourth lumbar vertebra as a reference point for psoas muscle cross
sectional area and as such cannot be directly compared to Kim and Hamaguchi’s work. The
only cut off value of psoas muscle index at L3 outside of Asia was done by Bahat ef a/.'® In a
similar population to the previous studies, 601 individuals were evaluated during living related
liver donation in Turkey. Two cut-off values were determined, one being the 5™ percentile
value and the other the mean minus 2 standard deviations. The PMI 5" percentile was
5.4cm?/m? for males and 3.6cm?/m? for females. Using 2 standards deviations from mean
resulted in values of 4.6cm?/m? for males and 2.7cm?/m? for females. The values are slightly
lower than Kim and Hamaguchi but are presently the only reported cut off values for PMI

outside of Asia.

To conclude, there is unquestionably a trend towards poorer surgical outcomes with low psoas
muscle mass, although limited evidence specifically in gastric cancer. While the EWGSOP has
not advocated for the use of psoas muscle measurement specifically in the diagnosis of
sarcopenia, there are an increasing number of studies correlating psoas muscle indexes to total
skeletal muscle indexes. This allows for a unique opportunity to determine if in the South
African population there too exists a correlation between low psoas muscle mass and surgical
outcomes. We will be focussing on gastric cancer patients and hope to answer this question

with our study.
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MANUSCRIPT:

Is psoas muscle area as determined by cross-sectional measurement an accurate predictor

of peri-operative outcomes in adenocarcinoma of the upper gastrointestinal tract?

INTRODUCTION

Gastric cancer is the sixth most prevalent and second deadliest form of cancer, with an
estimated 1 033 701 new diagnoses and 782 685 attributable deaths in 2018.! The 5-year
survival rates are largely dependent on stage at presentation, with up to 50% presenting with
either locally advanced or metastatic disease. Even with resectable disease, only half of patients
eventually undergo surgery.?? Neoadjuvant therapy with surgery provides the best chance of
curative treatment and as surgery is the definitive step in treatment, optimising surgical
outcomes must be on the forefront of management. The presence of gastric cancer negatively
influences nutrition; in addition pre-operative malnutrition has confirmed poorer outcomes in
gastric cancer surgery.*> Post-operative complication rates are in the range of 20-46%,
resulting in decreased survival amongst individuals with resectable cancers.® As malnutrition

increases risk of post-operative complications it clearly is a focus point in improving outcomes.

The European Working Group on Sarcopenia in Older People (EWGOP) has defined
sarcopenia as a syndrome characterised by progressive and generalised loss of skeletal muscle
mass and strength with a risk of adverse outcomes such as physical disability, poor quality of
life, and death.” Malnutrition, weight loss and subsequent loss of muscle mass is a hallmark of
gastric cancer. This loss of muscle mass may provide a potential prognostication of surgical
outcomes in gastric cancer leading to a potential field of further investigation. Cross-sectional
imaging is performed routinely for gastric cancer staging, providing an opportunity to evaluate
skeletal muscle quantity simultaneously. The correlation between psoas muscle area and
skeletal muscle area in cross-sectional imaging has been demonstrated and provides a simple
and reliable tool for quantifying low muscle mass.®® Our hypothesis is that a decreased psoas
muscle area as assessed on initial cross-sectional imaging is associated with poorer outcomes
in gastric cancer surgery. The data also allows us to evaluate the relationship between stage

and psoas muscle area.
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METHODS

Study design and oversight

This single centre study aimed to retrospectively assess psoas muscle area in gastric cancer and
to investigate potential correlation with surgical outcomes. Ethics approval was obtained from

the University of Cape Town’s Human Research Ethics Committee, HREC number 841/2017.

Study population

Gastric cancer patients presenting to the Upper Gastrointestinal Unit at Groote Schuur Hospital
between 1% January 2014 and 31% December 2020 were selected from an approved database.
Clinical and pathological information was collected, including demographics, anthropometrics,
staging, type of surgery, complications of surgery and length of stay. Complications were

scored using the Accordion grading system for surgical complications.!?

Study procedure

The psoas muscles were assessed using computed topography (CT) imaging performed during
staging work-up. In individuals undergoing surgery, all evaluated imaging was performed
within 90 days of the operation. The total psoas muscle area (TPA) was measured in mm? as
the sum of the left and right psoas muscles (See Appendix for measurement graphic) on axial
images at the level where both transverse processes of the 3™ lumbar vertebrae are visible. The
area was measured by outlining the left and right psoas muscles, to provide a measurement in
mm?, with calculations performed using the programming available on Phillips IntelloSpace
PACS Enterprise version 4.4.553.50. Two reviewers independently assessed the axial psoas
muscle areas with the average applied as the final value. A psoas muscle index (PMI) was then

calculated using the TPA divided by height squared (PMI = TPA/m?).

Statistics
All values are expressed as a mean with standard error reported. The T-test was used when
comparing PMI between groups and Chi-squared test used when PMI values were grouped to

compare stages. For all analyses, p < 0.05 was considered significant.
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RESULTS

Clinical and pathological characteristics

There were 183 records and 6 were excluded as there was missing data, including
anthropometric measurements and incomplete staging. Complete datasets were available in
177 and these were included for analysis. The clinical and pathological characteristics of the
177 participants are described in Table 1. The mean age at presentation was 59,1£1,6 years for
females and 61,1%1,1 for males. The majority, 52% (n=92), of our cohort presented with stage
4 disease, when using the AJCC staging criteria. The anatomical distribution of the cancers
were 85% (n=151) non-cardia and 15% (n=26) cardia. Within the larger non-cardia group a

substantial proportion (28%, n=50) presented with gastric outlet obstruction (GOO).

Anthropometric measurements

The anthropometric measurements of the cohort were reported as body mass index (BMI) and
PMI. The mean PMI was 414,3+13,4 for females and 590,4+17,2 for males. The range was
variable, with males having a slightly higher distribution (Figure 1).

Distribution of PMI by sex

1400
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200 —_—

Female Male

Figure 1: Distribution of PMI by sex
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There was no correlation between age and PMI in either sex (Figure 2).
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Figure 2: PMI to Age

While the PMI is not dependant on the BMI, there is a slight correlation for both sexes with
females showing a stronger correlation but no statistical significance. The mean PMI for

females presenting with GOO (401 mm?/m?+ 24) was slightly lower than without (421 mm?/m?
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+ 15), but was not statistically significant (p value of <0.4). However, the mean PMI for males
with GOO (517mm?/m?+36) was statistically significant (p value <0.03) compared to those

without (609mm?/m?+19).

The anthropometric characteristics of the 68 individuals that underwent surgery are represented
on Table 2. Thirty-six (53%) had a subtotal gastrectomy, 20 (29%) a total gastrectomy and 12
(18%) a gastrojejunostomy due to non-resectable disease at surgical exploration. The bypass
group were included in the surgical outcomes cohort as a gastrointestinal anastomosis was

performed.

The outcomes of the surgical cohort were evaluated for complications, length of hospital stay
and mortality (Table 2). Severe complications were defined as Accordian grades 3-6. The
overall complication rate was 40% (n=27), with 16% (n=11) defined as severe. There were
seven deaths resulting in a 10% surgical mortality. Overall, the mean PMI was not statistically
significant between individuals with or without complications, including severe complications.
However, it did approach significance for males when comparing no complications to all
complications (p = 0.07). All mortalities occurred in the male group with no statistical
significance to PMI.

The mean length of post-operative stay was 10£0,7 days. The PMI did not correlate to length
of stay for either sex. The cohort was then grouped into a short (< 10days) and long (> 10days)
post-operative stay. Ten days was judged to be an appropriate post-operative stay for a major

operation. Again the mean PMI was no different between these two groups.

The entire cohort was then evaluated for correlation between presenting AJCC cancer stage
and PML!! The expanded TNM classification was initially used with no correlation. We
redefined cancer stage as either early disease (as reflected by no nodal disease), localised nodal
disease and metastatic disease using the clinical staging, with interestingly still no correlation

found between PMI and stage (Figure 3).
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Figure 3: PMI to early, localized nodal and metastatic groups

While there was no significant correlation between PMI and staging, we noticed extremely low
PMI was never found in early stage disease. In order to examine this further we grouped
individuals into PMI categories. The PMI range within the female cohort was split into four

groups, <200, 201-400, 401-600 and >600 and compared to the stage of cancer at presentation.
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A Chi-squared statistics test was performed and the mean PMI was not statistically significant
depending on the stage of disease (p=0.98). Similarly, for males the PMI groups were
represented as <300, 301-600, 601-900 and >901. Again, the mean PMI was not quite reaching

statistical significance in relation to stage of cancer ( p=0.07) (Figure 4).
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Figure 4: PMI grouping to stage at presentation
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DISCUSSION

Our South African gastric cancer cohort is unique. The Asian gastric cancer population
generally presents with early distal lesions, whereas Western populations generally present
with late proximal disease.> Our local population unfortunately presents with advanced and
often metastatic disease of the distal stomach at primary evaluation. There is no active
screening for this moderately low incidence cancer in our population with the additional
obstacle of delayed access to scarce endoscopic resources. This is compounded by the
endoscopic services clustered in larger metropolitan health care facilities, with rural

communities having significant referral delays.

From unpublished local institutional numbers, less than 10% of gastric cancers presenting
through our multidisciplinary oncology meetings will be potential surgical candidates. Local
surgical complication rates are similar, although of the higher side, of reported international
rates of 20-46%.5 The mortality rate was in keeping with Western low volume centres reporting
10-20% mortality.!? Although on the higher side of reported morbidity and mortality, there is
very limited data from the African continent and therefore we are unable to compare our
outcomes to others on the continent.

Recognising our high morbidity rate and suspecting poor nutrition to play a role in outcomes,
it is our institutional practice to offer routine nutrition prehabilitation in patients deemed to be
at risk of malnutrition. Currently nutritional risk is assessed clinically due to a shortage of
available objective measurements of nutrition, such as bioimpedance or DEXA body
composition scan. Our rationale behind psoas muscle measurements as a surrogate for skeletal
muscle mass, and as such overall nutrition was cost. As all gastric cancer staging includes a

routine CT scan, this is readily available for assessment at no added financial burden.

Psoas muscle area in gastric cancer outcomes has been previous found to be a possible useful
prognostic factor in a Japanese cohort of patients. Low psoas muscle area was an independent
risk factor for post-operative pneumonia and worse disease-free survival in the long-term.!?
Contrary to the Japanese cohort, our results also showed no significant difference in short-term
outcomes. However comparing outcomes between these two populations should be done
cautiously as a high proportion of their cohort (67%) present with stage 1 disease. The Japanese
have the ability to group their cohort into low and high psoas muscle mass following research

in living-related liver donors that defined a normal value.® We believe the cut-off points used
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in the Japanese population are not transferable to our local population. This does present an
interesting area for future research. A defined normal PMI value specific to the South African

population will impact surgical outcomes evaluation.

Surprisingly in our analysed cohort the PMI did not show correlation with short-term surgical
outcomes. A further interrogation of PMI was done in relation to gastric cancer staging. Again
unexpectedly, PMI did not show any correlation to tumour stage. Looking at the extremes of
the distribution curves seen in Figure 4, very low PMI was close to being statistically enough
to show significance. The PMI was statistically lower in males presenting with GOO as would
be expected with restricted caloric intake secondary to an obstruction. While 44% of females
presented with GOO, there was no statistical significance in PMI, unlike their male
counterparts. We cannot explain this, although sample size may play a role. The spectrum of
gastric cancer in South Africa has been reported in a single centre,'* there have been no
published reports of surgical outcomes in gastric cancer in South Africa, so this serves to be
the first of its kind. The ability to audit outcomes in surgery is crucial and so this allows
outcomes to be compared to international data, along with documenting local outcomes for

future referencing.

The clear limitation to this study was the small sample size with complete anthropometric
information and even smaller surgical group. The surgical interventions in gastric cancer in the
Cape Town Metro West are generally grouped together to a single centre, that being Groote
Schuur Hospital, but there still remains a vast discrepancy between public and private health
care facilities and our cohort may not be a true representation of the local population. Psoas
muscle measurements have been correlated with total skeletal muscle volumes,®® but are still
not accepted as a measure for sarcopenia by the EWGOP, although there have been studies
linking low psoas muscle area and volume to poorer surgical outcomes.!>!8 This leads to a
possible new prognostic factor, unfortunately which we were unable to demonstrate.

The use of psoas muscle area as opposed to psoas muscle density is another possible limitation.
Increased adiposity may lead to muscle with a higher fat content, thereby increasing size
without function. This confounding factor can be evaluated by using density of the muscle to
ascertain fat content.!” The use of uncontrasted and arterial phasing of the CT images is
required for density measurements, depending on methodology. As we did not have consistent
uncontrasted and arterial phasing of the CT images, we excluded this from our study. Almost

half of the South African female population are classified overweight or obese and as such we
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speculate muscle density may be more accurate in our population,?® and should be considered

in future research.

CONCLUSION

We showed no correlation between PMI and short-term surgical outcomes in gastric cancer
surgery at Groote Schuur Hospital. This is in contrast to previously published international
literature. It is clear that nutrition is of great importance to surgical outcomes and a reliable,
easily reproduceable, cost-effective surrogate marker for nutrition would aid in patient
discussions and surgical decision making. Future considerations should include enlarging the
cohort, including psoas muscle density in conjunction with area and including long-term

outcomes. A South African population specific normal range PMI is imperative.
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Table 1: Demographics, anthropometrics and tumour stage

Cases

Average age (years)

Anthropomorphic
characteristics
BMI

BMI range

PMI average

PMI range

Tumour Site
Cardia

Non-cardia

Gastric outlet
obstruction

Yes

Female Male Combined
62 115 177

59,1 (£1,6) 61,7 (£1,1) 60,8 (£0,9)
23,9 (£0,8) 22,9 (£0,5) 23,2 (£0,4)
15,6 -39,6 11,1-38,0 11,1-39,6
414,3 (+13,4) 590,4 (£17,2) 528,7 (£13,6)
200,0 - 676,7 183,5-1178,2 183,5-1178,2
8 18 26

54 97 151

27 23 50

35 92 127

5 9 14

10 23 33

13 25 38

34 58 92
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Table 2: Anthropometrics of cohort undergoing surgery with outcomes

Surgery performed
Type of surgery
Total gastrectomy

PMI average

Subtotal gastrectomy
PMI average

Bypass
PMI average

Overall

PMI average

No complications

PMI average

All complications

PMI average

Severe complication

PMI average

Death
PMI average

Length of stay

Female Male Combined
21 47 68
6 14 20

4447 (£51,6)

11
405.9 (+20,6)

4

431,2 (£76,8)

4283 (+22,0)

16
430,6 (+24,0)

5
393,8 (£54,9)

1
609,8 (+0)

N/A

8,9 (+0,8)

582,2 (+48,6)

25
616,7 (+37,1)

8

579,9 (+68,9)

590,4 (+26,7)

24
641,0 (42,4)

22
560,6 (+31,5)

10
583,0 (£163,0)

.
564,6 (£54,7)

10,5 (£1,0)

541,0 (£39,4)

36
552,3 (31,0)

12

530,4 (+54,8)

533,6 (£22,0)

40
556,8 (+31,6)

27
529,7 (£30,0)

11
585,5 (£154,8)

.
564,6 (+54,7)

10,0 (£0,7)
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PSOAS MUSCLE MEASUREMENT
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The total psoas muscle area (TPA) was measured in mm? as the sum of the left and right
psoas muscles on axial images at the level where both transverse processes of the 3™ lumbar
vertebrae are visible. The area was measured by outlining the left and right psoas muscles, to
provide a measurement in mm?, with calculations performed using the programming
available on Phillips IntelloSpace PACS Enterprise version 4.4.553.50
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