
Journal of Interdisciplinary Medicine 2022; Epub ahead of print

CORRESPONDENCE

Zsolt Zoltán Fülöp
Str. Gheorghe Marinescu nr. 38
540139 Târgu Mureș, Romania
Tel: +40 745 984 597
E-mail: zsolt_fulop15@yahoo.com

ARTICLE HISTORY

Received: July 25, 2022
Accepted: August 30, 2022

Psoas Muscle Index – Could It Be an 
Indicator of Postoperative Complications 
in Colorectal Cancer? Case Presentation 
and Review of the Literature
Georgiana Alexandra Scurtu1, Zsolt Zoltán Fülöp1,2, Botond Kiss1, Patricia Simu3, Diana Burlacu4, 

Tivadar Bara Jr1,2

1 Department of Surgery, County Emergency Clinical Hospital, Târgu Mureș, Romania
2 Department of Surgery, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, Târgu Mureș, Romania
3 Department of Radiology, County Emergency Clinical Hospital, Târgu Mureș, Romania
4 Department of Pathology, “George Emil Palade” University of Medicine, Pharmacy, Science and Technology, Târgu Mureș, Romania

CASE REPORT AND LITERATURE REVIEW
GENERAL SURGERY // ONCOLOGY // RADIOLOGY

 DOI: 10.2478/jim-2022-0012

ABSTRACT

Introduction: Colorectal cancer is the third most commonly diagnosed cancer worldwide, and 

its incidence is rising in developing countries. Studies have shown an association between sar-

copenia and various poor short-term outcomes in cancer patients who underwent surgery. In 

this case study, we sought to highlight the importance of a modern prognostic factor, the psoas 

muscle index (PMI), in colorectal cancer. Case Presentation: We present the case of a 59-year-

old male patient with sigmoid cancer. We calculated the PMI as the sum of the areas of the left 

and right psoas muscle at the level of the L3 vertebra, divided by the square of the patient’s 

height, using computed tomography measurements. We also measured the density of the proas 

muscles. Prior to surgery, the left psoas muscle had an area of 14.52 cm2, and the right 14.54 

cm2, with a PMI of 9.4967 cm2/m2. The mean density of the psoas muscles was 43.60 UH. The 

surgery consisted in a rectosigmoid resection with termino-terminal colorectal anastomosis. The 

histopathological examination confirmed moderately differentiated adenocarcinoma, stage IIIB 

(pT3N1M0). The patient left the hospital eight days after surgery in good general condition. Long-

term follow-up was performed by phone and CT scans at 1, 6, and 12 months. Conclusions: CT-

measured PMI may be a potential prognostic imaging marker in patients with colorectal cancer 

that can be easily and routinely assessed preoperatively.
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INTRODUCTION

In 1989, Irwin Rosenberg suggested the term ‘sarcopenia’ 
(from Greek ‘sarx’ or flesh and ‘penia’ or loss) to describe 
the age-related loss of muscle or lean mass. Sarcopenia is 
also a syndrome associated with reduction of strength and 
physical activity and a marker of frailty, and a key criteri-
on to diagnose cancer cachexia, associated with increased 
postoperative morbidity and mortality.1–3 According to 
GLOBOCAN 2020 data, colorectal cancer (CRC) is the 
third most deadly and fourth most common cancer world-
wide, with an incidence that is rising in developing coun-
tries due to poor diet and sedentary lifestyle.4 As reported 
by the American Society of Clinical Oncology, the overall 
5-year survival rate for colon cancer is 64%. If the cancer 
is diagnosed in an early stage, the survival rate is 91%, but 
if it spreads to surrounding tissues, lymph nodes or other 
organs, the 5-year survival rate is 72%; in case of metasta-
ses, it decreases to only 14%.5 According to different stud-
ies, sarcopenia has been shown to be a poor prognostic 
factor for patients with various types of cancers, such as 
pancreatic cancer or melanoma, and is associated with re-
duced overall survival in elderly patients with head and 
neck squamous cell carcinomas.6–8 Abdominal computed 
tomography (CT) is routinely performed in colon can-
cer surgery, not only for staging but also to evaluate the 
patients’ body composition. It represents one of the gold 
standard methods to assess skeletal muscle mass, being a 
reliable and reproducible tool to help confirm the diagno-
sis of sarcopenia. The CT scan has the advantage of per-
forming a cross-sectional measurement of fat mass areas 
anywhere in the body and can also evaluate muscle quali-
ty.9 Although not usually measured in clinical practice, the 
assessment of skeletal muscle mass using a cross-sectional 
CT is usually done at the lower edge of the L3 vertebra, 
and it strongly correlates with total body composition.1  
A preoperative radiological assessment of sarcopenia may 
identify colon cancer patients who are at risk of postoper-
ative complications, such as anastomotic leakage, and can 
potentially suggest whether to perform a primary anasto-
mosis or a stoma.2,10

In a study published in 2022, enrolling 197 male patients 
with rectal cancer, the psoas muscle index (PMI) was sig-
nificantly higher in patients who had anastomotic leakage 
(AL) (median PMI: 856.6; p <0.0001), and the results of 
the study indicated that preoperative PMI measurement 
could predict the high-risk group for AL in case of male 
subjects with rectal cancer.11

Various studies have described a relationship between 
sarcopenia and various poor short-term outcomes in can-

cer patients who underwent surgery, including a higher 
perioperative mortality, prolonged hospitalization, physi-
cal impairment, and higher infection rates.12,13 Sarcope-
nia also has a negative effect on the overall survival and 
disease-free survival of patients who undergo resection 
for locally advanced cancer of the rectum and obstructive 
colorectal cancer, and also on cancer-specific survival of 
patients with colorectal cancer.14–16 The aim of this paper 
is to present our research method and the technique of cal-
culating the psoas muscle index and psoas muscle density, 
based initially on a case presentation. 

CASE PRESENTATION

We present the case of a 59-year-old male patient with a 
diagnosis of malignant left colon tumor, in whom we in-
vestigated whether CT-defined sarcopenia at the lower 
edge of the L3 vertebra could efficiently predict outcomes. 
Abdominal CT examinations were performed with iodine-
based contrast agent injection. Axial sections were made 
at the lower edge of the L3 vertebral plate, using venous 
phases to better delimit the edges of the psoas muscles 
from the rest of the structures. The area of each psoas mus-
cle, right and left, was measured transversely, at the lower 
edge of the L3 vertebral body, outlining the muscle edges. 
The result was recorded in cm2. The measurements were 
performed with RadiANT Dicom Viewer version 2021.2 
(64 bit), using the Closed Polygon tool to outline the mus-
cle edges. The PMI, defined as the total area of the left and 
right psoas muscles (cm2) at the level of the inferior edge of 
L3, divided by the square of the patient’s height (m2), was 
assessed with the use of CT. The unit of measurement was 
cm2/m2. The density of the psoas muscles was measured 
using the region of interest (ROI) positioned in the center 
of the muscle at the same level (lower vertebral edge of L3) 
on the axial section, by evaluating the average value of the 
measured Hounsfield units.

The preoperative CT examination (Figure 1) described a 
discrete soft-tissue mass that narrowed the sigmoid lumen 
over a distance of about 48 mm, with a thickness up to 10 
mm and discrete infiltration of the pericolic fat. No dimen-
sionally enlarged adjacent lymph nodes were described.

Prior to surgery, the surface areas of the left and right 
psoas muscles were 14.52 cm2 and 14.54 cm2, respectively 
(Figure 2), the total area being 29.06 cm2. The square of 
the patient’s height (1.75 m) was 3.06 m2, yielding a PMI 
of 9.4967 cm2/m2. 

The densities were 45.78 UH for the left and 41.42 UH 
for the right psoas muscle, resulting in a mean density of 
43.60 UH before surgery.
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During surgery, a narrowing sigmoid tumor was found, 
for which a rectosigmoid resection was performed with 
termino-terminal colorectal anastomosis using a circular 
stapling device. Th e histopathological examination con-
fi rmed moderately diff erentiated adenocarcinoma. Th e 
tumor invaded through the muscularis propria into the 
subserosa and had a high grade of tumor budding. One 
lymph node metastasis was detected among the 12 region-
al lymph nodes harvested; thus, the tumor was classifi ed as 
stage IIIB (pT3N1M0).

Th e immunohistochemical examination showed that 
the tumor cells were positive for the MLH1 and MSH2 re-
action, which indicated a stable microsatellite status and 
the likelihood of response to 5-fl uorouracil therapy. Th e 

p53 reaction was positive over 50%. Th e immunohisto-
chemistry profi le indicated increased invasive capacity, 
but also a low risk of distant metastasis. Th e patient left  the 
hospital eight days aft er surgery in good general condition, 
with no postoperative complications.

One month aft er the rectosigmoid resection, the areas of 
the left  and right psoas muscles were 13.36 cm2 and 14.17 
cm2, respectively (Figure 3), with a total area of 26.53 cm2. 
Th e PMI was 8.669 cm2/m2. Th e densities were 48.43 UH 
for the left  and 40.96 UH for the right psoas muscle, with a 
mean density of 44.69 UH. 

At the 6-month follow-up, we measured the area of 
each psoas muscle again at the level of the L3 vertebral 
body. Th e results indicated decreased values, with an area 
of 12.98 cm2 for the left  and 12.49 cm2 for the right psoas 
muscle (Figure 4), with a total area of 25.47 cm2. Th e PMI 
was 8.3235 cm2/m2 at 6 months from the rectosigmoid re-
section with anastomosis. Th e newly measured densities 
were 50.51 UH for the left  and 51.09 UH for the right psoas 
muscle, with an average of 50.08 UH. 

At approximately one year aft er surgery, we reexamined 
the patient and performed a new contrast-enhanced CT 
examination, which illustrated the rectocolic anastomo-
sis, without signs of tumor recurrence. No secondary liver 
metastasis or abdominopelvic lymph nodes of pathological 
importance were described.

Th e publication of this case report was approved by 
the Ethical Committee of the Mureș County Emergency 
Hospital, Târgu Mureș, Romania (no. 16240/04.07.2022) 
where the patient was admitted, and informed written 
consent was obtained from the patient.

FIGURE 1. Preoperative CT examination – a discrete soft-tissue 

mass that narrows the sigmoid lumen

 
FIGURE 2. Before surgery. A – right psoas muscle: 14.54 cm2; B – left psoas muscle: 14.52 cm2, PMI: 9.4967 cm2/m2

A B
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DISCUSSION

The treatment of colon cancer is multidisciplinary, requir-
ing the cooperation of a radiologist, surgeon, patholo-
gist, and oncologist. New treatments for colorectal cancer 
have emerged, including laparoscopic/robotic surgery for 
primary disease, more aggressive metastasectomy, radio-
therapy in case of rectal cancer, as well as neoadjuvant and 
palliative chemotherapies.

Skeletal muscle loss (sarcopenia) and frailty are impor-
tant concepts in cancer surgery because of the association 
with adverse postoperative outcomes, and the radiological 
measurement of psoas muscle mass provides the possibil-
ity to quantify sarcopenia.17

For example, sarcopenia was an independent predic-
tor of postoperative complications in esophageal cancer 
patients,18 such as pulmonary complications or delayed 
gastric emptying, and infectious, gastrointestinal, and car-
diopulmonary complications in patients following pancre-
atectomy for cancer.19 A study that included 259 patients 
who underwent liver resection for colorectal liver metas-
tasis showed that patients with sarcopenia had longer hos-
pital stays and higher chances of an extended intensive care 
unit stay, and sarcopenia was associated with a higher risk 
of postoperative complications.20

The measurement of sarcopenia with the use of CT im-
aging as a measure of frailty is achieving increased recogni-
tion and has shown positive correlation with postoperative 
outcomes in several studies.21

The measurement of psoas density assesses not only the 
volume but also the quality of the muscle and seems to pre-
dict higher rates of poor outcomes compared to using psoas 
area only; hence, it can be considered a more precise tool 
for sarcopenia and frailty.22 PMI and density values may in-

dicate anastomosis insufficiency and morbidity in patients 
with colorectal malignancies. In a study published in 2019, 
in which out of 169 patients with colorectal resection for 
malignancy 140 had a primary anastomosis, it was shown 
that sarcopenia was linked to an increased risk of AL.2 

In our case study, the patient had a preoperative PMI 
value of 9.4967 cm2/m2, which was higher than those re-
ported in other studies.11,23 In a study published in 2022 
by Mizuuchi et al. in the Annals of Coloproctology, the es-
tablished cut-off value for PMI was somewhat lower than 
our patient’s values, but the difference was not significant. 
Large psoas muscle mass can be a predictive marker for AL 
in male patients with rectal cancer.11 However, our patient 
had slightly higher PMI values and presented no compli-
cations due to his relatively young age and lack of other 
comorbidities. 

Regarding colorectal cancer, several studies have proven 
a significant association between sarcopenia and a negative 
prognosis and mortality after curative surgery for colorec-
tal cancer.24,25 In the present case study, we investigated 
CT-defined sarcopenia at the level of the inferior endplate 
of the L3 vertebra. The psoas area is usually measured at a 
standard lumbar vertebral landmark (L3 or L4), but other 
landmarks, such as the umbilicus, have also been used.26 
In 2021, Yoshikawa et al. published a study where the PMI 
was measured at the L5 vertebra and was found to be an 
independent negative prognostic factor in patients from 
Japan who were treated for ovarian cancer.27 Yoshikawa et 
al. also measured a median psoas muscle area of 12.7 cm2 
at the L5 vertebra, while Rutten et al. measured 13.3 cm2 at 
the L3 vertebra.28 Yoshikawa et al. hypothesized that their 
participants had a smaller muscle mass due to the fact that 
the L5 vertebra has a larger muscle area than the L3.27

FIGURE 3. One month after surgery. Right psoas muscle: 14.17 cm2, 

left psoas muscle: 13.36 cm2, PMI: 8.669 cm2/m2

FIGURE 4. Six months after surgery. Right psoas muscle: 12.49 

cm2, left psoas muscle: 12.98 cm2, PMI: 8.3235 cm2/m2
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The limitations of this paper are those of a single case 
report. By their nature, case reports are not chosen from 
representative population samples, thus they cannot pro-
vide facts about rates or ratios, incidences or prevalence, 
and the findings cannot be generalized. Our case study 
provided a useful examination of this relatively new preop-
erative predictive factor, the psoas muscle index and psoas 
muscle density, in which we described the measurement 
technique and its usefulness. The strength of this study lies 
in the presentation and detailed description of the radio-
logical investigation method of sarcopenia, and the timely 
follow-up of the patient with repeated CT scans at 1, 6 and 
12 months postoperatively.

CONCLUSIONS

Radiologically measured sarcopenia can be an important 
predictive risk factor for poor outcomes following surgery 
in cancer patients. The psoas muscle index may be a poten-
tial imaging biomarker for prognosis evaluation in colon 
cancer patients. The psoas muscle index can be easily as-
sessed preoperatively using CT scans, which are routinely 
performed before surgery for staging, thus no additional 
costs are required.

CONFLICT OF INTEREST

The authors declare no competing interests.

REFERENCES

1. da Cunha LP, Silveira MN, Mendes MCS, et al. Sarcopenia as an 
independent prognostic factor in patients with metastatic colorectal 
cancer: A retrospective evaluation. Clin Nutr ESPEN. 2019;32:107-112.

2. Herrod PJJ, Boyd-Carson H, Doleman B, et al. Quick and simple; psoas 
density measurement is an independent predictor of anastomotic leak 
and other complications after colorectal resection. Tech Coloproctol. 
2019;23:129-134.

3. Fearon K, Strasser F, Anker SD, et al. Definition and classification of cancer 
cachexia: an international consensus. Lancet Oncol. 2011;12:489-495.

4. Ferlay J, Ervik M, Lam F. Global Cancer Observatory: Cancer Today. Lyon, 
France: International Agency for Research on Cancer, 2018. http://gco.
iarc.fr/today/data/factsheets/cancers/10_8_9-Colorectum-fact-sheet.pdf 
(May 2022)

5. American Cancer Society. Cancer Facts & Figures 2022: Special Section – 
Cancer in Adolescents and Young Adults. https://www.cancer.org/content/
dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-
and-figures/2022/2022-cancer-facts-and-figures.pdf (May 2022)

6. Sabel MS, Lee J, Cai S, Englesbe MJ, Holcombe S, Wang S. Sarcopenia 
as a prognostic factor among patients with stage III melanoma. Ann Surg 
Oncol. 2011;18:3579-3585.

7. Tan BH, Birdsell LA, Martin L, Baracos VE, Fearon KC. Sarcopenia in an 
overweight or obese patient is an adverse prognostic factor in pancreatic 
cancer. Clin Cancer Res. 2009;15:6973-6979.

8. Chargi N, Bril SI, Emmelot-Vonk MH, de Bree R. Sarcopenia is a prognostic 
factor for overall survival in elderly patients with head-and-neck cancer. 
Eur Arch Otorhinolaryngol. 2019;276:1475-1486.

9. Pahor M, Manini T, Cesari M. Sarcopenia: clinical evaluation, biological 
markers and other evaluation tools. J Nutr Health Aging. 2009;13:724-728.

10. Hile E, Hoffman L, Postier R, Ding K, Yang J, LiA M. A pilot RCT of 
sarcopenia-focused prehabilitation in pancreas cancer. J Clin Oncol. 
2017;35:10127.

11. Mizuuchi Y, Tanabe Y, Sada M, et al. Cross-sectional area of psoas 
muscle as a predictive marker of anastomotic failure in male rectal cancer 
patients: Japanese single institutional retrospective observational study. 
Annals of Coloproctology. 2022; Online ahead of print.

12. Cespedes Feliciano EM, Avrutin E, Caan BJ, Boroian A, Mourtzakis M. 
Screening for low muscularity in colorectal cancer patients: a valid, clinic-
friendly approach that pre-dicts mortality. J Cachexia Sarcopenia Muscle. 
2018;9:898-908. 

13. Levolger S, van Vugt JL, de Bruin RW, IJzermans JN. Systematic 
review of sarcopenia in patients operated on for gastrointestinal and 
hepatopancreatobiliary malignancies. Br J Surg. 2015;102:1448-1458.

14. Choi MH, Oh SN, Lee IK, Oh ST, Won DD. Sarcopenia is negatively 
associated with long-term outcomes in locally advanced rectal cancer. J 
Cachexia Sarcopenia Muscle. 2018;9:53-59.

15. Lee CS, Won DD, Oh SN, et al. Prognostic role of pre-sarcopenia and body 
composition with long-term outcomes in obstructive colorectal cancer: a 
retrospective cohort study. World J Surg Oncol. 2020;18:230.

16. Vergara-Fernandez O, Trejo-Avila M, Salgado-Nesme N. Sarcopenia in 
patients with colorectal cancer: A comprehensive review. World J Clin 
Cases. 2020;8:1188-1202.

17. Richards SJG, Senadeera SC, Frizelle FA. Sarcopenia, as Assessed by 
Psoas Cross-Sectional Area, Is Predictive of Adverse Postoperative 
Outcomes in Patients Undergoing Colorectal Cancer Surgery. Dis Colon 
Rectum. 2020;63:807-815.

18. Ida S, Watanabe M, Yoshida N, et al. Sarcopenia is a Predictor of 
Postoperative Respiratory Complications in Patients with Esophageal 
Cancer. Ann Surg Oncol. 2015;22:4432-4437.

19. Joglekar S, Asghar A, Mott SL, et al. Sarcopenia is an independent 
predictor of complications following pancreatectomy for adenocarcinoma. 
J Surg Oncol. 2015;111:771-775.

20. Peng PD, van Vledder MG, Tsai S, et al. Sarcopenia negatively impacts 
short-term outcomes in patients undergoing hepatic resection for 
colorectal liver metastasis. HPB (Oxford). 2011;13:439-446.

21. Jones KI, Doleman B, Scott S, Lund JN, Williams JP. Simple psoas cross-
sectional area measurement is a quick and easy method to assess 
sarcopenia and predicts major surgical complications. Colorectal Dis. 
2015;17:O20-26.

22. Trotter J, Johnston J, Ng A, Gatt M, MacFie J, McNaught C. Is sarcopenia 
a useful predictor of outcome in patients after emergency laparotomy? A 
study using the NELA database. Ann R Coll Surg Engl. 2018;100:377-381.

23. Benedek Z, Todor-Boér S, Kocsis L, Bauer O, Suciu N, Coroș MF. Psoas 
Muscle Index Defined by Computer Tomography Predicts the Presence 
of Postoperative Complications in Colorectal Cancer Surgery. Medicina 
(Kaunas). 2021;57:472.

24. Deng CY, Lin YC, Wu JS, et al. Progressive Sarcopenia in Patients with 
Colorectal Cancer Predicts Survival. AJR Am J Roentgenol. 2018;210:526-
532.

25. Ojima Y, Harano M, Sumitani D, Okajima M. Impact of Preoperative Skeletal 
Muscle Mass and Quality on the Survival of Elderly Patients After Curative 
Resection of Colorectal Cancer. J Anus Rectum Colon. 2019;3:143-151.

26. Baracos VE. Psoas as a sentinel muscle for sarcopenia: A flawed premise. 
J Cachexia Sarcopenia Muscle. 2017;8:527-528.

27. Yoshikawa T, Miyamoto M, Aoyama T, et al. Psoas muscle index at the fifth 
lumbar vertebra as a predictor of survival in epithelial ovarian cancers. Mol 
Clin Oncol. 2021;15:177.

28. Rutten IJG, Ubachs J, Kruitwagen RFPM, Beets-Tan RGH, Olde Damink 
SWM, Van Gorp T. Psoas muscle area is not representative of total 
skeletal muscle area in the assessment of sarcopenia in ovarian cancer. J 
Cachexia Sarcopenia Muscle. 2017;8:630-638.


