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Abstract

Purpose Many studies report the predictive value of sarcopenia, myosteatosis, and visceral fat for clinical outcome after
surgery. Radiological analysis of body composition is a valuable tool for identifying high-risk patients undergoing major
abdominal surgery. Despite the high prevalence of diverticular disease, patients with benign conditions have hardly been
studied in this context. This study aims to evaluate the impact of reduced port surgery on the outcome of patients with
diverticulitis, adjusting for body composition.

Methods We assessed body composition profiles using preoperative CT slices at the level of the third lumbar vertebra in
consecutive patients undergoing single-port elective surgery for diverticulitis in a single center. The effects of sarcopenia,
myosteatosis, and visceral fat on mortality and complications were analyzed and adjusted for age and gender.

Results We enrolled 99 patients with diverticulitis undergoing elective single port surgery in this study. Of the patients, 71.2%
had sarcopenia and 60.6% had myosteatosis. The overall complication rate was 17.2%, and the rate of anastomotic leakage
was 4.0%. Thirty-day mortality was 2.0%. Loss of skeletal muscle mass, myosteatosis, and visceral fat were not associated
with higher complication or mortality rates in our cohort.

Conclusion Body composition profiles had no impact on the clinical course in our cohort. Minimally invasive surgery may

potentially compensate for the adverse effects of sarcopenia and myosteatosis in diverticulitis.
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Introduction

The impact of body composition on the clinical outcome
after surgery is a subject of extensive research. Numerous
studies investigated the effects of skeletal muscle mass,

< Dagmar Schaffler-Schaden
dagmar.schaffler@pmu.ac.at

Institute of General Practice, Family Medicine
and Preventive Medicine, Paracelsus Medical University,
Strubergasse 21, 5020 Salzburg, Austria

Department of Surgery, St. John of God Hospital, Teaching
Hospital of the Paracelsus Medical University, Kajetanerplatz
1, 5010 Salzburg, Austria

Department of Radiology and Nuclear Medicine, St. John
of God Hospital, Teaching Hospital of the Paracelsus
Medical University, Kajetanerplatz 1, 5010 Salzburg, Austria

Faculty of Natural Sciences, University of Salzburg,
Hellbrunner Strasse 34, 5020 Salzburg, Austria

visceral fat, and obesity on prognosis after cancer surgery,
but hardly ever on benign disease [1-3]. Sarcopenia is
defined as a progressive loss of skeletal muscle mass associ-
ated with reduced physical function [4]. It often occurs with
myostatosis, an intra- and intermyocellular fat infiltration of
the skeletal muscle. Myosteatosis is indicated by decreased
muscle radiodensity in CT images (= muscle attenuation,
MA) and has also been identified as a risk factor for major
complications after abdominal cancer surgery [5]. Sarco-
penia and myosteatosis are associated with an unfavorable
postoperative course and prognosis after gastrointestinal
cancer surgery [6, 7]. It is therefore remarkable that the
potential impact on the outcome of surgery for diverticu-
lar disease has been hardly studied [8]. The incidence of
diverticulitis and diverticular disease in Western countries
has been growing in recent years [9]. Western dietary pat-
terns and obesity may increase the risk for the condition,
but the pathogenesis of the disease is still not fully clarified
[10]. Reports about the effect of BMI (body mass index),
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visceral fat, and subcutaneous fat on diverticular disease
are controversial [11, 12]. However, there is evidence that
visceral and subcutaneous fat may play a role in the patho-
genesis and clinical course of diverticular disease [13, 14].
Sarcopenia and myosteatosis are prevalent independently of
BMI and can occur in patients with different nutritional sta-
tus [15], but patients with sarcopenic obesity seem to have
a particularly high risk of adverse events after surgery [16].
Another point of interest is the choice of surgical approach.
Study results in sarcopenic colorectal cancer patients show
advantages of laparoscopic surgery [17, 18]. Laparoscopy
is also safe in elderly patients undergoing surgery for diver-
ticulitis [19]. Reduced or single-port surgery is regarded a
further development of laparoscopic surgery with the aim of
reducing trauma at the abdominal wall. This results in poten-
tial advantages, such as less blood loss and shorter hospital
stay, compared to standard laparoscopic surgery. Longer
operative time and a higher hernia rate are controversially
discussed possible disadvantages [20].

Our study investigates the impact of sarcopenia and
myosteatosis on the postoperative course in patients with
diverticular disease undergoing elective single-port laparo-
scopic surgery.

Materials and methods

We enrolled adult patients (> 18 years old), who underwent
elective single-port abdominal surgery due to diverticular
disease between 2012 and 2018 at the Department of Sur-
gery, St. John of God Hospital, Salzburg, Austria. Emer-
gency operations and patients undergoing open surgery
were excluded. Patient data were retrieved from electronic
medical records. An adapted ERAS protocol was applied
in all patients. Complications were assessed using Clavien-
Dindo classification [21], with grade >3 considered a major
complication. Collection of the clinical data included age,
gender, date of surgery, BMI, blood transfusion, acute and
late-onset complications, length of hospital stay (LOS), ASA
grade, and stage of the disease (Stock-Hansen stage [-I1II).
This retrospective study has obtained ethical approval
from the Ethics committee (approval number: 415-
E/2236/2-2017) of Salzburg county. This research was con-
ducted following good ethical and scientific principles. All
patients gave written informed consent prior surgery.

Surgery

All procedures were performed by experienced surgeons
using a single-port system (SILS-Port ", Medtronic, Dublin,
Ireland; GelPort ", Applied Medical, Rancho Santa Marga-

rita, USA; OctoPort ~, DalimSurgNET, Frankenman Group,
Seoul, Korea, JackPort"", AFS Medical, Austria) as previously
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described [22]. Briefly, all patients were placed in a Trende-
lenburg position with legs apart. The umbilicus served as
the only primary access point to the abdominal cavity. All
procedures were performed with one articulating instrument
and an electronic sealing device (LigaSure", Medtronic,
Dublin, Ireland). Tubular colonic resection was performed,
and the specimen was harvested through the umbilicus in a
tear proof retrieval bag. The anastomosis was accomplished
by a trans-anal stapled anastomosis (Endo-GIA™, Medtronic.
Dublin, Ireland).

Image analysis

Abdominal CT images taken within 30 days before surgery
were retrieved from the Picture Archiving and Communica-
tion System (PACS®). CT is an established method to identify
otherwise hidden changes in body composition [23]. Since
most patients routinely underwent a CT scan before abdominal
surgery, no additional X-ray exposure was required.

Total area of skeletal muscle, subcutaneous, and visceral
fat tissue were assessed on a single CT slice at the level of the
3rd lumbar vertebra (Fig. 1). We used contrast-enhanced CT
images with 2.5-3-mm slice thickness.

Two experienced examiners conducted the image analysis.
All images were measured twice and compared independently.
The skeletal muscle index (SMI) was created by normalizing
the area of total skeletal muscle mass and body height (cm?/
m?), as previously described [24]. Sarcopenia and myosteatosis
were defined according to Martin et al. [25], adjusted for BMI
categories and gender.

Myosteatosis was reported as mean muscle attenuation
(MA) measured in Hounsfield units (HU) for the whole mus-
cle area at the level of the third lumbar vertebra (LL3). Prede-
fined thresholds were used for subcutaneous fat tissue (—190
to—30 HU), visceral fat area (VFA) (=50 to 150 HU), and
skeletal muscle mass (—29 to 150 HU). We used a free soft-
ware frequently used for this purpose (Imagel®).

Statistical analysis

Means and median were used as descriptive statistics for patient
characteristics. R software (R version 4.0.1, R Core Team) was
used for the statistical analysis of data. Pearson’s r was analyzed
for the correlation of SMI and BMI. Differences of risk factors
(BMI, ASA, LOS, SMI, age) were analyzed with Pearson’s chi-
squared test, Fisher’s exact test, and Student ¢ tests.

Results

The final study population included 99 patients (64
females/35 males) who underwent surgery for diverticuli-
tis. Thirty-three patients were excluded due to open surgery.
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Fig.1 Image analysis. Female patient, SMI 44.6 cm?/mZ, BMI 27.4 kg/m?. Pink: subcutaneous fat; light green: skeletal muscle; dark green: vis-

ceral fat

Characteristics of patients are shown in Table 1. Patient age
ranged from 29 to 85 years. More than half of the patients
had acute complicated diverticulitis (55.6%, Hansen-Stock
II). Primary anastomosis was performed in most patients
(96%). Four patients underwent a Hartmann’s procedure (for
severe bowel obstruction, generalized peritonitis, and unfa-
vorable tissue conditions). Overall, 30-day mortality was
2.0%, with both patients succumbing to septic multi-organ
failure due to anastomotic leakage.

Body composition parameters

Seventy-one patients were identified as sarcopenic (71.2%,
adjusted for BMI and gender). Mean SMI was 39.6 cm?/
m? (SD 8.55). Correlation of observers regarding image
analysis was high (r=0.95). Sarcopenic patients were
comparable to non-sarcopenic patients regarding BMI
and LOS (p=0.39 and p =0.30, respectively; Table 1).
Furthermore, there was no significant difference of VFA

between sarcopenic and non-sarcopenic patients (p =0.37).
The sarcopenic and non-sarcopenic group matched quite
well regarding stage of disease (Stock-Hansen, p =0.46).
Sarcopenia was slightly more prevalent in women than
in men, and sarcopenic patients were significantly older
(p <0.001). Overall, 26.3% patients were considered
obese (BMI > 30 kg/m2). SMI and BMI were found to
be moderately correlated (» (97)=0.27, p<0.01). BMI
had no correlation with LOS or complications. Of the
patients, 60.6% had myosteatosis. Myosteatosis differed
significantly in sarcopenic and non-sarcopenic patients
(p <0.05), but not when adjusted with BMI. Mean MA
was 32.37 (SD =10.66).

Complications
Unexpectedly, there were no more complications in

sarcopenic patients when compared with non-sarcopenic
patients. The overall complication rate (Clavien-Dindo)
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Table 1 Characteristics of the study population

Male (n) 35 (35.35%)
Female (n) 64 (64.65%)

Age 64.84* (SD=11.26)
BMI 27.20% (SD=4.57)

LOS (median) 11 IQR: 18.5-9)

SMI (cm*/m?) 39.60* (SD=8.55)
MA (HU) 32.37* (SD=10.66)
VFA 178.48* (SD=96.10)
Stock-Hansen stage

I 10 (10.10%)

I 55 (55.56%)

I 34 (34.34%)
Clavien Dindo >3 (n) 15 (15.15%)

3A (n) 1(1.01%)

3B 11 (11.11%)

4A 1(1.01%)

5 2 (2.02%)

BMI body mass index, LOS length of stay, SD standard deviation,
SMI skeletal muscle index, MA muscle attenuation, HU Hounsfield
units, VFA visceral fat area

*Means

was 17.2%, with 15.2% having major complications
(Clavien-Dindo > 3). Although most severe complica-
tions (Clavien-Dindo > 3) occurred in sarcopenic patients
(80%), the results were not significant (p =0.55) due to
the higher proportion of this group. Myosteatosis adjusted
for BMI did not show any impact on major complications
(p=0.39) in our cohort. The overall rate of anastomotic
leakage was 4.0%. No association was found between
visceral fat tissue and major complications or mortal-
ity (p=0.08 and p=0.08, respectively). Therefore, in
our cohort, no significant association between sarco-
penia, myosteatosis, and complications could be found.
Furthermore, sarcopenia had no impact on mortality
(p=1, Table 1). BMI (#(17)=—-1.56, p=0.14) and VFA
(#(18)=—-1.83, p=10.08) also had no impact on complica-
tions or mortality in this series.

Discussion

Sarcopenic patients undergoing major abdominal surgery are
generally expected to have a poorer outcome compared to
patients with a normal skeletal muscle mass [26]. We could
not confirm this hypothesis in patients undergoing single-port
laparoscopic colon resection for diverticular disease. Further-
more, neither VFA nor myosteatosis had a significant impact
on the postoperative course in this cohort. The high rate of
sarcopenia in our cohort is comparable with other studies
[27]. The comparatively low number of overall complications
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(17.2%) and anastomotic leakage (4.0%) in this selected
cohort seems remarkable and may be attributed to the effect
of advanced minimally invasive laparoscopic surgery.

The sarcopenic group of patients in our study was sig-
nificantly older than the non-sarcopenic group. This is not
surprising as the prevalence of sarcopenia increases with
age. Several study results suggest that laparoscopic surgery
is particularly beneficial in elderly patients, irrespective of
comorbidities or age [19, 28, 29]. As muscle depletion is
common in the elderly, sarcopenic patients could particu-
larly benefit from a minimally invasive approach independ-
ent of the underlying disease. Many authors have reported
sarcopenia as a negative predictor in major abdominal can-
cer surgery [1, 30]. A recent systematic review and meta-
analysis concluded worse postoperative outcomes and a
decreased survival rate in sarcopenic patients with colorectal
cancer, too [31]. However, this study did not consider the
innovative surgical single-port approach, and the included
studies varied substantially in their cutoff values and defi-
nition of sarcopenia. In the context of body composition
profiles, it seems relevant to explore the impact of the sur-
gical approach. Laparoscopic surgery for colorectal cancer
is beneficial regarding morbidity, functional recovery, and
disease-related survival, as several large randomized con-
trolled trials have already demonstrated [32—34]. Laparos-
copy shows favorable results compared to open surgery in
perforated diverticulitis and is recommended in elective
surgery [35, 36]. Laparoscopy is also safe in colorectal
surgery of obese patients [37]. The effects of the surgical
technique on the clinical course in sarcopenic patients have

Table 2 Comparison of sarcopenic and non-sarcopenic patients

Sarcopenic (n=71) Nonsarcopenic P value
(n=28)

Male 24 (33.80%) 11(39.29%)
Female 47 (66.20%) 17 (60.71%)
Age 67.58 (SD=10.49) 57.89 (SD=10.26) <.001
BMI 26.97 (SD=4.82) 27.77 (SD=3.88) .39
LOS (median) 11 IQR=19-9) 10 IQR=16.5-8) .30
MA (n) 49 (69.01%) 11 (39.29%) <.05
ASA* (n) 1 36 (53.73%) 17 (25.37%) 73
ASATI 22 (32.84%) 9 (13.43%)
ASA III/IV 9 (13.43%) 2 (2.99%)
Stock-Hansen (n)

I 9 1 46

I 38 17

I 24 10
Death (n) 2 0

MA muscle attenuation
*ASA: n=67
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barely been explored so far [17, 18, 38—41]. The best evi-
dence for the positive effect of minimal invasive surgery is
available for sarcopenic colorectal cancer patients in terms
of complications or length of hospital stay [39]. Although
sample sizes are small, laparoscopy proved to be beneficial
in these patients compared to open surgery [18]. Regarding
functional recovery and oncologic outcomes in colorectal
cancer patients undergoing laparoscopic surgery, the results
for sarcopenic and non-sarcopenic patients are similar [41].
Laparoscopy can also compensate for negative effects of
myosteatosis in colorectal cancer patients [17].

As already mentioned, there are only few studies on the
impact of sarcopenia and myosteatosis on surgical outcomes
in benign disease. Sarcopenia has been identified as a use-
ful prognostic indicator of increased mortality in elderly
patients undergoing emergency abdominal surgery [42] or
as a predictor of major complications in emergency surgery
for diverticulitis [8]. However, it is not possible to compare
these studies with our results, because the patients under-
went open surgery and the methods used to assess sarco-
penia were different. Moreover, we did not include emer-
gency operations in our study. Generally, the wide range of
methodology and thresholds used to assess body composi-
tion leads to many variations and hampers comparing study
results. In addition to skeletal muscle loss, we also exam-
ined the effects of other body composition parameters in our
study. Visceral obesity is associated with higher morbidity
in abdominal surgery [43, 44]. Visceral adipocytes secrete
tumor necrosis factor alpha (TNF-a) and interleukin 6 (IL-6)
inducing a systemic inflammatory state [45]. This proin-
flammatory effect of visceral fat tissue is associated with a
worse outcome for patients with colorectal cancer [45]. It
is assumed that visceral adipose tissue is associated with a
higher risk of diverticulitis and diverticulosis [14]. Patients
with a higher proportion of visceral and subcutaneous fat
are also more likely to have complicated diverticulitis [46].
However, we did not observe an association between VFA or
BMI and complications in our cohort. Other authors reported
adverse effects of myosteatosis in colorectal cancer patients
in prolonging hospital stay and complications [47, 48]. Low
muscle density defined as myosteatosis also had no adverse
effects in our study population. In the current literature, we
are not aware of any other study investigating the impact of
myosteatosis in diverticular disease. Since sarcopenia and
myosteatosis are established risk factors, it is important to
identify these patients before major surgery [49]. The skel-
etal muscle index could also be useful as a screening tool.
Most patients receive a CT scan before abdominal surgery.
Multimodal prehabilitation programs including nutrition and
exercise can enhance postoperative recovery for sarcopenic
patients [50]. As preoperative time is typically restricted in
cancer patients due to their underlying disease, sarcopenic
patients with benign disease may benefit even more from a

tailored prehabilitation approach. Depending on the urgency
of the surgery, it would be possible for patients to prepare
for the operation at home under supervision.

To our knowledge, this is the first study to report the
impact of elective single-port laparoscopic surgery in sar-
copenic patients with diverticular disease. Despite the high
prevalence of sarcopenia in our cohort, we did not observe
adverse effects on the clinical outcome. Likely, patients
with loss of muscle mass will particularly benefit from a
minimally invasive approach, even if the underlying dis-
ease is benign. Our results suggest that a single-port lapa-
roscopic approach can contribute to attenuating the adverse
effects of sarcopenia and myosteatosis in individuals with
benign disease.

Conclusion

Several studies have reported beneficial effects of laparo-
scopic surgery in sarcopenic cancer patients. Reports about
sarcopenic patients with benign disease undergoing surgery
are scarce. Our study suggests that patients with sarcope-
nia and myosteatosis with diverticular disease undergoing
elective surgery can benefit from a minimally invasive
approach. With an increasingly elderly population, early
identification of high-risk patients enables the application
of tailored preoperative prehabilitation programs, which
could be important in reducing adverse outcomes after
major abdominal surgery.

Acknowledgements We thank Mrs. Isabella Wallner, Bsc, St. John of
God Hospital, Department of Radiology and Nuclear Medicine, Salzburg,
for her support in graphic image processing.

Author contribution Study conception and design: Christof Mittermair
and Dagmar Schaffler-Schaden. Acquisition of data: Ferdinand Bittner,
Dagmar Schaffler-Schaden, Christof Mittermair. Analysis and interpre-
tation of data: Ramona Zintl, Gottfried Schaffler, Dagmar Schaffler-
Schaden. Drafting of manuscript: Dagmar Schaffler-Schaden, Helmut
Weiss. Critical revision of manuscript: Dagmar Schaffler-Schaden,
Christof Mittermair, Ferdinand Bittner, Gottfried Schaffler, Ramona
Zintl and Helmut Weiss.

Funding Open access funding provided by Paracelsus Medical
University.

Data availability The datasets of the current study are available from
the corresponding author on reasonable request.

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

@ Springer



202 Page6of 7

International Journal of Colorectal Disease (2023) 38:202

were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

10.

11.

12.

13.

14.

15.

Pecorelli N, Carrara G, De Cobelli F, Cristel G, Damascelli A,
Balzano G et al (2016) Effect of sarcopenia and visceral obesity
on mortality and pancreatic fistula following pancreatic cancer
surgery. BrJ Surg 103:434-442

Sun G, Li Y, Peng Y, Lu D, Zhang F, Cui X et al (2018) Can sarco-
penia be a predictor of prognosis for patients with non-metastatic
colorectal cancer? A systematic review and meta-analysis. Int J
Colorectal Dis 33:1419-1427

Bering T, Diniz KGD, Coelho MPP, Vieira DA, Soares MMS,
Kakehasi AM et al (2018) Association between pre-sarcopenia,
sarcopenia, and bone mineral density in patients with chronic
hepatitis C. J Cachexia Sarcopenia Muscle 9:255-268
Cruz-Jentoft AJ, Sayer AA (2019) Sarcopenia Lancet 393:2636-2646
Carvalho ALM, Gonzalez MC, Sousa IM, das Virgens IPA,
Medeiros GOC, Oliveira MN et al (2021) Low skeletal muscle
radiodensity is the best predictor for short-term major surgical
complications in gastrointestinal surgical cancer: A cohort study.
PLoS One 16:¢0247322

Simonsen C, de Heer P, Bjerre ED, Suetta C, Hojman P, Pedersen
BK et al (2018) Sarcopenia and postoperative complication risk
in gastrointestinal surgical oncology: A meta-analysis. Ann Surg
268:58-69

Schaffler-Schaden D, Mittermair C, Birsak T, Weiss M, Hell T,
Schaffler G et al (2020) Skeletal muscle index is an independent
predictor of early recurrence in non-obese colon cancer patients.
Langenbecks Arch Surg 405:469-477

Matsushima K, Inaba K, Jhaveri V, Cheng V, Herr K, Siboni S et al
(2017) Loss of muscle mass: A significant predictor of postoperative
complications in acute diverticulitis. J Surg Res 211:39-44

Lee TH, Setty PT, Parthasarathy G, Bailey KR, Wood-Wentz CM,
Fletcher JG et al (2018) Aging, obesity, and the incidence of diver-
ticulitis: A population-based study. Mayo Clin Proc 93:1256-1265
Strate LL, Morris AM (2019) Epidemiology, pathophysiology,
and treatment of diverticulitis. Gastroenterology 156:1282-98.e1
Turner GA, O’Grady M, Frizelle FA, Eglinton TW, Sharma PV
(2020) Influence of obesity on the risk of recurrent acute diver-
ticulitis. ANZ J Surg 90:2032-2035

Ma W, Jovani M, Liu PH, Nguyen LH, Cao Y, Tam I et al (2018)
Association between obesity and weight change and risk of diver-
ticulitis in women. Gastroenterology 155:58-66.e4

Docimo S, Lee Y, Chatani P, Rogers AM, Lacqua F (2017) Vis-
ceral to subcutaneous fat ratio predicts acuity of diverticulitis.
Surg Endosc 31:2808-2812

Freckelton J, Holt D, Borsaru A, Gwini S, Croagh D, Moore G
(2018) The role of body composition in diverticular disease. Int J
Colorectal Dis 33:1299-1302

Martin L, Gioulbasanis I, Senesse P, Baracos VE (2020) Cancer-
associated malnutrition and CT-defined sarcopenia and myosteato-
sis are endemic in overweight and obese patients. JPEN J Parenter
Enteral Nutr 44:227-238

. Baracos VE, Arribas L (2018) Sarcopenic obesity: Hidden muscle

wasting and its impact for survival and complications of cancer
therapy. Ann Oncol 29:ii1-ii9

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pedziwiatr M, Pisarska M, Major P, Grochowska A, Matlok M,
Przeczek K et al (2016) Laparoscopic colorectal cancer surgery
combined with enhanced recovery after surgery protocol (ERAS)
reduces the negative impact of sarcopenia on short-term out-
comes. Eur J Surg Oncol 42:779-787

Zhang FM, Ma BW, Huang Y'Y, Chen WZ, Chen JJ, Dong QT et al
(2019) Laparoscopic colorectal cancer surgery reduces the adverse
impacts of sarcopenia on postoperative outcomes: A propensity
score-matched analysis. Surg Endosc

Braschi C, Liu JK, Moazzez A, Petrie BA (2022) Is laparoscopic
surgery safe for elderly patients with diverticulitis? A national
database study. Langenbecks Arch Surg

Li HJ, Huang L, Li TJ, Su J, Peng LR, Liu W (2017) Short-term
outcomes of single-incision versus conventional laparoscopic
surgery for colorectal diseases: Meta-analysis of randomized and
prospective evidence. J Gastrointest Surg 21:1931-1945
Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD et al (2009) The Clavien-Dindo classification of sur-
gical complications: Five-year experience. Ann Surg 250:187-196
Weiss H, Zorron R, Vestweber KH, Vestweber B, Boni L, Brunner
W et al (2017) ECSPECT prospective multicentre registry for single-
port laparoscopic colorectal procedures. BrJ Surg 104:128-137
Wang S, Xie H, Gong Y, Kuang J, Yan L, Ruan G et al (2020) The
value of L3 skeletal muscle index in evaluating preoperative nutri-
tional risk and long-term prognosis in colorectal cancer patients.
Sci Rep 10:8153

Prado CM, Lieffers JR, McCargar LJ, Reiman T, Sawyer MB, Martin
L et al (2008) Prevalence and clinical implications of sarcopenic
obesity in patients with solid tumours of the respiratory and gastro-
intestinal tracts: A population-based study. Lancet Oncol 9:629-635
Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT,
McCargar LJ et al (2013) Cancer cachexia in the age of obesity:
Skeletal muscle depletion is a powerful prognostic factor, inde-
pendent of body mass index. J Clin Oncol 31:1539-1547

Xie H, Wei L, Liu M, Yuan G, Tang S, Gan J (2021) Preopera-
tive computed tomography-assessed sarcopenia as a predictor of
complications and long-term prognosis in patients with colorectal
cancer: A systematic review and meta-analysis. Langenbecks Arch
Surg 406:1775-1788

Miura A, Yamamoto H, Sato H, Tomioka Y, Shiotani T, Suzawa
K et al (2021) The prognostic impact of sarcopenia on elderly
patients undergoing pulmonary resection for non-small cell lung
cancer. Surg Today 51:1203-1211

Peltrini R, Imperatore N, Carannante F, Cuccurullo D, Capolupo
GT, Bracale U et al (2021) Ageand comorbidities do not affect
short-term outcomes after laparoscopic rectalcancer resection in
elderly patients. A multi-institutional cohort study in 287 patients.
Updates Surg 73:527-537

Seishima R, Okabayashi K, Hasegawa H, Tsuruta M, Shigeta K,
Matsui S et al (2015) Is laparoscopic colorectal surgery benefi-
cial for elderly patients? A systematic review and meta-analysis.
J Gastrointest Surg 19:756-765

Miyamoto Y, Baba Y, Sakamoto Y, Ohuchi M, Tokunaga R,
Kurashige J et al (2015) Sarcopenia is a negative prognostic fac-
tor after curative resection of colorectal cancer. Ann Surg Oncol
22:2663-2668

Trejo-Avila M, Bozada-Gutiérrez K, Valenzuela-Salazar C, Herrera-
Esquivel J, Moreno-Portillo M (2021) Sarcopenia predicts worse
postoperative outcomes and decreased survival rates in patients with
colorectal cancer: A systematic review and meta-analysis. Int J Colo-
rectal Dis

Lacy AM, Garcia-Valdecasas JC, Delgado S, Castells A, Taura
P, Piqué JM et al (2002) Laparoscopy-assisted colectomy versus
open colectomy for treatment of non-metastatic colon cancer: A
randomised trial. Lancet 359:2224-2229


http://creativecommons.org/licenses/by/4.0/

International Journal of Colorectal Disease (2023) 38:202

Page7of7 202

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kazemier G, Bonjer HJ
et al (2005) Laparoscopic surgery versus open surgery for colon
cancer: Short-term outcomes of a randomised trial. Lancet Oncol
6:477-484

Green BL, Marshall HC, Collinson F, Quirke P, Guillou P, Jayne
DG et al (2013) Long-term follow-up of the Medical Research
Council CLASICC trial of conventional versus laparoscopically
assisted resection in colorectal cancer. Br J Surg 100:75-82

Lee YF, Brown RF, Battaglia M, Cleary RK (2020) Laparoscopic
versus open emergent sigmoid resection for perforated diverticu-
litis. J Gastrointest Surg 24:1173-1182

Galetin T, Galetin A, Vestweber KH, Rink AD (2018) Systematic
review and comparison of national and international guidelines on
diverticular disease. Int J Colorectal Dis 33:261-272

Hotouras A, Ribas Y, Zakeri SA, Nunes QM, Murphy J, Bhan C
et al (2016) The influence of obesity and body mass index on the
outcome of laparoscopic colorectal surgery: A systematic litera-
ture review. Colorectal Dis 18:0337-0366

Chen WS, Huang YS, Xu LB, Shi MM, Chen XD, Ye GQ et al
(2020) Effects of sarcopenia, hypoalbuminemia, and laparoscopic
surgery on postoperative complications in elderly patients with
colorectal cancer: A prospective study. Neoplasma 67:922-932
Chen WZ, Chen XD, Ma LL, Zhang FM, Lin J, Zhuang CL
et al (2018) Impact of visceral obesity and sarcopenia on short-
term outcomes after colorectal cancer surgery. Dig Dis Sci
63:1620-1630

Ouchi A, Asano M, Aono K, Watanabe T, Oya S (2016) Lapa-
roscopic colorectal resection in patients with sarcopenia: A ret-
rospective case-control study. J Laparoendosc Adv Surg Tech A
26:366-370

Oh RK, Ko HM, Lee JE, Lee KH, Kim JY, Kim JS (2020) Clini-
cal impact of sarcopenia in patients with colon cancer undergoing
laparoscopic surgery. Ann Surg Treat Res 99:153-160

Simpson G, Manu N, Magee C, Wilson J, Moug S, Vimalachan-
dran D (2020) Measuring sarcopenia on pre-operative CT in older
adults undergoing emergency laparotomy: A comparison of three
different calculations. Int J Colorectal Dis 35:1095-1102

43.

44,

45.

46.

47.

48.

49.

50.

Bell S, Kong JC, Carne PWG, Chin M, Simpson P, Farmer C et al
(2019) Oncological safety of laparoscopic versus open colorectal
cancer surgery in obesity: A systematic review and meta-analysis.
ANZ ] Surg 89:1549-1555

Taki Y, Sato S, Nakatani E, Higashizono K, Nagai E, Nishida M
et al (2021) Preoperative skeletal muscle index and visceral-to-
subcutaneous fat area ratio are associated with long-term out-
comes of elderly gastric cancer patients after gastrectomy. Lan-
genbecks Arch Surg 406:463-471

Fleming CA, O’Connell EP, Kavanagh RG, O’Leary DP, Twomey
M, Corrigan MA et al (2021) Body composition, inflamma-
tion, and 5-year outcomes in colon cancer. JAMA Netw Open
4:¢2115274

Ng ZQ, Wijesuriya R, Misur P, Tan JH, Moe KS, Theophilus M
(2021) The role of quantitative radiological measures of visceral
adiposity in diverticulitis. Surg Endosc 35:636-643

Malietzis G, Currie AC, Athanasiou T, Johns N, Anyamene N,
Glynne-Jones R et al (2016) Influence of body composition pro-
file on outcomes following colorectal cancer surgery. Br J Surg
103:572-580

Margadant CC, Bruns ER, Sloothaak DA, van Duijvendijk P, van
Raamt AF, van der Zaag HJ et al (2016) Lower muscle density
is associated with major postoperative complications in older
patients after surgery for colorectal cancer. Eur J Surg Oncol
42:1654-1659

Gurlit S, Gogol M (2019) Prehabilitation is better than cure. Curr
Opin Anaesthesiol 32:108-115

Gillis C, Buhler K, Bresee L, Carli F, Gramlich L, Culos-Reed N
et al (2018) Effects of nutritional prehabilitation, with and without
exercise, on outcomes of patients who undergo colorectal sur-
gery: A systematic review and meta-analysis. Gastroenterology
155:391-410.e4

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Effects of sarcopenia and myosteatosis are alleviated in reduced port surgery for diverticulitis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Surgery
	Image analysis
	Statistical analysis

	Results
	Body composition parameters
	Complications

	Discussion
	Conclusion
	Acknowledgements 
	References


