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Abstract

Purpose The coexistence of sarcopenia is associated with
postoperative complications, including infection after
abdominal surgery. We evaluated the association between
sarcopenia and surgical site infection (SSI) after surgery for
ulcerative colitis.

Methods The subjects of this retrospective study were 69
patients who underwent restorative proctocolectomy with
perioperative abdominal computed tomography (CT). Sar-
copenia was diagnosed by measuring the cross-sectional
area of the right and left psoas muscles as the total psoas
muscle area on CT images. We assessed whether sarcope-
nia was associated with SSI and clinical factors, including
nutritional and inflammatory markers.

Results The lowest quartiles defined as sarcopenia in men
and women were 567.4 and 355.8 mm?/m?, respectively.
According to this classification, 12 men and 6 women had
sarcopenia. Patients with sarcopenia had a lower body mass
index (p = 0.0004) and a higher C-reactive protein concen-
tration (p = 0.05) than those without sarcopenia. SSIs were
identified in 12 patients (17.3 %) and included six pelvic
abscesses and seven wound infections. According to multi-
variate analysis, sarcopenia was an independent risk factor
for SSI (odds ratio = 4.91, 95 % confidence interval 1.09—
23.5, p =0.03).

Conclusion Sarcopenia is predictive of SSI after pouch
surgery for ulcerative colitis.
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Introduction

Restorative proctocolectomy with ileal pouch—anal anas-
tomosis (IPAA) is typically performed for patients with
ulcerative colitis (UC) [1]. However, patients with UC who
undergo IPAA are at risk of the development of several
septic complications [2, 3], especially surgical site infec-
tion (SSI), a nosocomial complication surgical patients are
susceptible to [4-8]. Even incisional SSI can prolong the
hospital stay and increase medical expenses [9]. Pelvic sep-
sis, an intra-abdominal septic complication caused by pel-
vic abscess formation, including organ/space SSI, is most
likely to be associated with breakdown of the IPAA, which
may result in pouch failure caused by a persistent fistula
and anal dysfunction [10]. Thus, an understanding of the
factors predictive of SSI may assist in formulating a surgi-
cal plan and could be useful markers for avoiding compro-
mised quality of life after pouch surgery.

In 1991, the National Nosocomial Infections Surveil-
lance System of the Centers for Disease Control and Pre-
vention (CDC) proposed a risk index based on calculating
a score for each operation and counting the number of risk
factors for SSI [11]. Although this risk index is widely used
and comprehensive, it is not disease-specific. Postopera-
tive complications, including SSI, after colorectal surgery
may be associated with preoperative factors, such as age,
sex, malnutrition, prior surgery, comorbidities, obesity, and
malignant disease [12].

Sarcopenia is a condition characterized by loss of
skeletal muscle mass and muscle strength [13]. In 1995,
Rosenberg and Roubenoff [14] described sarcopenia as an
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age-related decrease in skeletal muscle mass and function
associated with advanced organ failure of the heart, lung,
liver, and kidney, with malnutrition, inflammatory disease,
endocrine disease, and malignancy [13, 15]. Based on the
findings of cross-sectional imaging or bioelectrical imped-
ance analysis, the clinical impacts of sarcopenia on patients
with nonmalignant conditions or malignant diseases
include functional impairment, disability [16], acceleration
of chemotherapeutic toxicity [17-19], and poor survival
[20-25]. Postoperative infection has also been associated
with sarcopenia in abdominal surgery, including colorectal
surgery [23, 26] and liver transplantation [27]. However,
to our knowledge, no study has evaluated the relationship
between sarcopenia and postoperative complications in
patients with UC. We hypothesized that sarcopenia is a risk
factor for SSI in patients undergoing pouch surgery for UC
because of their malnutrition caused by this debilitating ill-
ness, with chronic inflammation and inadequate nutrient
intake. The aim of this study was to evaluate the associa-
tion between sarcopenia and SSI in patients with UC.

Methods
Patients and clinical data collection

This study was performed in accordance with the Decla-
ration of Helsinki and was approved by our institutional
review board. All patients gave written informed consent to
participate in the study. A total of 250 patients underwent
two- or three-stage ileal J-pouch—anal anastomosis (IPAA)
at Mie University Hospital between 2000 and 2013. The
diagnosis and assessment of UC were based on the patients’
clinical, radiographic, endoscopic, and pathological data.
Patients aged <14 years (n = 32), those with colitis-associ-
ated cancer (n = 18), and those who underwent emergency
surgery (n = 2) were excluded from this study to reduce
clinical bias. Finally, 69 of 198 patients who had undergone
perioperative abdominal computed tomography (CT) scans
(from 30 days prior to surgery to within 7 days of surgery)
were included in this study. The following clinical charac-
teristics were recorded: sex, age at operation, preoperative
duration from diagnosis, total prednisolone dose within
1 month before surgery, preoperative body mass index
(BMI), preoperative laboratory data [total protein (TP)
concentration, cholinesterase (Ch-E) concentration (ApH),
albumin concentration, lymphocyte count, and C-reactive
protein (CRP) concentration], operation time, operative
blood loss, prior colectomy, and postoperative infection.
The prognostic nutritional index (PNI) was also evaluated
as a nutritional factor [28]. The PNI was calculated based
on the admission data as follows: 10 x serum albumin con-
centration (g/dl) + 0.005 x total lymphocyte count (per

mm?). We evaluated the incidence of SSI developing within
30 days of surgery. SSI includes superficial incisional,
deep incisional (soft tissue), or organ/space infection, and
was classified according to the criteria of the CDC [11].
Organ/space SSI included anastomotic leakage or intra-
abdominal abscess formation, which was defined as septic
fluid in the peritoneal space, proven by surgical drainage or
needle aspiration and bacteriologic culture. Incisional SSI
included wound infections demonstrated by purulent fluid
or pus in the wound incision. Hyperemia and local warm-
ing at the surgical site was also accepted as a criterion for
superficial incisional SSI. Postoperative anastomotic leak-
age was diagnosed by performing a colonic enema.

All patients received a 3-day course of a second-genera-
tion cephalosporin antibiotic (cefmetazole) for prophylaxis.
Infusions were started soon after the induction of anesthe-
sia to ensure that a peak blood level of the antibiotic was
obtained during surgery. Further doses of the antibiotic
were given every 3 h during the operation.

Image analysis

Body composition was evaluated by measuring the cross-
sectional area of the right and left psoas muscles as the
total psoas muscle area (TPA) on CT images [22, 24, 29].
The fourth lumbar vertebra (I.4) was chosen as a standard
landmark, and TPA was measured at the superior aspect of
L4. Muscles were identified on the basis of their anatomic
features, and measurements were taken by semiautomated
calculation with manual outlining of the borders of both
psoas muscles and setting the density threshold at —30 to
110 Hounsfield units (HU). The psoas muscle area was cal-
culated with exclusion of the vasculature and areas of fatty
infiltration based on HU. The measured psoas area was
finally normalized for height as a convention for body com-
position measurements (TPA mm?/m?) [22, 24, 30]. Sarco-
penia was defined as a value up to the lowest TPA quartile
for men and women separately.

Statistical analysis

All data were entered into a database and analyzed using the
JMP 7 software program (SAS Institute, Cary, NC, USA).
Quantitative data are presented as mean + standard devia-
tion. Data were compared between patients with and those
without sarcopenia, using the Wilcoxon test for each sex
individually. Correlations between TPA and preoperative
factors were analyzed by Spearman’s correlation. Univariate
analysis was used to examine the relationship between sar-
copenia and the variables studied. All variables associated
with sarcopenia with a p value of <0.1 on univariate analysis
were examined consecutively by multivariate logistic regres-
sion analysis. A p value of <0.05 was considered significant.
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Table 1 Patients’ clinical characteristics

Clinical characteristics (n = 69)

Age (years) 39.8 + 14.4
Sex (male, %) 45 (65.2)
Duration of disease (months) 7.96 + 7.45
BMI (kg/m?) 20.40 £+ 3.65
TP (g/dl) 6.78 £0.75
Ch-E (ApH) 0.80 £ 0.25
Albumin (g/dl) 3.81 £0.53
Lymphocyte count (/j.1) 1525 + 628
PNI 458 £5.7
CRP (mg/dl) 122 +2.44
PSL dose (mg) 274.0 £+ 369.4
Operative blood loss (g) 461 £ 53
Operative time (min) 365 + 101
Three-stage IPAA (%) 19 (27.5)
SSI (%) 12 (17.3)

Data are presented as mean =+ standard deviation or n (%)

SD standard deviation, BMI body mass index, 7P serum total protein,
Ch-E serum cholinesterase, PNI prognostic nutritional index, CRP
C-reactive protein, PSL dose total prednisolone dose within 1 month
before surgery, /PAA ileal pouch—anal anastomosis, SSI surgical site
infection

Cutoff values in the logistic regression analysis were tested
using a receiver operating characteristic curve for steroid
dose, median operation time and blood loss, and the upper
quartile for age. Cutoff values of serum TP, albumin, Ch-E,
and CRP were defined according to the standard values. The
PNI cutoff was taken from a previous report [28].

Results

Table 1 summarizes the clinical characteristics of the 69
patients who underwent preoperative CT scans and were
the subjects of this study. Nineteen patients underwent
subtotal colectomy before pouch surgery. The mean preop-
erative BMI was 20.4 kg/m?, and the mean monthly pred-
nisolone dose in the 1 month prior to surgery was 274 mg.
SSIs were identified in 12 patients (17.3 %) and included
six organ/space SSIs, all of which were pelvic abscesses,
and seven incisional SSIs. Five pelvic abscesses were com-
plicated by anastomotic leakage. Figure 1 shows the dis-
tribution of the adjusted TPA, stratified by the sex of the
patients: The mean TPA was higher in men (703 mm?
m?) than in women (456 mm?/m?, p < 0.001). The low-
est sarcopenia quartiles for men and women separately
were 567.4 and 355.8 mm?*/m?, respectively. Twelve men
and six women had sarcopenia. Table 2 examines the asso-
ciations between sarcopenia and perioperative factors. The
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Fig. 1 Boxplot showing the distribution of adjusted total psoas area
(TPA) stratified by sex. The mean TPA of men (703 + 187 mm?/m?)
was significantly higher than that of women (456 % 134 mm?%m?)

BMI was lower (p = 0.0004), and the CRP concentration
was higher (p = 0.05) in patients with than in those with-
out sarcopenia. The incidence of sarcopenia tended to be
higher in patients who had three-stage IPAA than in those
who had two-stage IPAA. Moreover, four patients (57.1 %)
with incisional SSI and four (66.7 %) with organ/space SSI
had sarcopenia, although the incidences of sarcopenia did
not differ significantly between SSI grades. Risk factors for
SSI in pouch surgery among all clinical factors, including
sarcopenia, were evaluated by logistic regression analysis
(Table 3). Age (=50 years), steroid dose (>300 mg), BMI
(<18.5 kg/mz), CRP concentration (>0.5 mg/dl), TP con-
centration (<6.5 g/dl), Ch-E concentration (<0.6 ApH),
PNI (<45), prior colectomy, operative blood loss (=300 g),
operative time (>340 min), and sarcopenia were candidate
factors in univariate analysis. In univariate analysis, PNI
[odds ratio (OR) = 4.87, 95 % confidence interval (95 %
CD) = 1.34-20.4, p = 0.02] and sarcopenia (OR = 5.85,
95 % CI = 1.58-23.3, p = 0.008) were significant risk
factors for postoperative infection. In multivariate analy-
sis, sarcopenia was an independent risk factor for SSI
(OR =4.91,95 % CI = 1.09-23.5, p = 0.03).

Discussion

Patients with UC have a high risk of SSI, especially deep
incision and organ/space SSI [7, 8]. Several reports have
identified several risk factors associated with SSI in patients
with UC, including preoperative steroid use [31], periop-
erative transfusion [32], high American Society of Anes-
thesiologists physical status [8, 31], high BMI [33], hand-
sewn anastomotic technique [34], and anemia [32]. To our
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Table 2 .Relationsbip betyveen Perioperative factors Sarcopenia (n = 18) No sarcopenia (n = 51) p value

sarcopenia and perioperative

factors Age (years) 36.0£17.4 412+ 134 0.18
Sex (male:female) 12:6 33:18 0.88
Duration of disease (months) 7.18 £ 7.96 8.38 + 7.31 0.41
BMI (kg/m?) 18.00 + 2.94 21.30 £ 3.52 0.0004
TP (g/dl) 6.64 +0.92 6.83 £ 0.67 0.37
Ch-E (ApH) 0.71 £0.22 0.84 £ 0.24 0.06
Albumin (g/dl) 3.72 £0.59 3.87 £ 047 0.32
Lymphocyte count (/1) 1431 £ 528 1545 £ 659 0.58
PNI 44.6 £5.71 46.6 £5.21 0.07
CRP (mg/dl) 1.61 £2.52 0.73 £ 1.57 0.05
PSL dose (mg) 414 £ 442 223 + 335 0.11
Operative blood loss (g) 502 + 436 448 £ 439 0.61
Operative time (min) 337 £ 85 376 £+ 105 0.17
Stage of IPAA (two-:three-stage) 10:8 40:11 0.06
SSI (incisional:organ/space) 4:4 3:2 0.72

Except for the sex ratio, stage of IPAA and SSI grade, data are presented as mean =+ standard deviation

BMI body mass index, TP serum total protein, Ch-E serum cholinesterase, PNI prognostic nutritional
index, CRP C-reactive protein, PSL dose total prednisolone dose within 1 month before surgery, /PAA ileal
pouch—anal anastomosis, SS7 surgical site infection

Table 3 Univariate and
multivariate analyses of risk
factors for surgical site infection

Variable

Univariate Multivariate

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

Age (=50 vs. <50 years)

Sex (male vs. female)

PSL dose (=300 vs. <300 mg)
BMI (<18.5 vs. >18.5 kg/m?)
CRP (>0.5 vs. <0.5 mg/dl)
TP (<6.5 vs. >6.5 g/dl)

Ch-E (<0.6 vs. >0.6 ApH)
PNI (<45 vs. >45)
Three-stage IPAA (yes vs. no)

Operative blood loss (=300 vs. <300 g)
Operative time (>340 vs. <340 min.)

Sarcopenia (yes vs. no)

1.28 (0.31-4.69)  0.71
0.46 (0.12-1.66)  0.23
1.89 (0.52-6.85)  0.32
1.68 (0.44-6.03) 043
0.57 (0.11-2.16)  0.42
3.07 (0.83-1.19)  0.08
2.98 (0.76-11.30)  0.11
4.87 (1.34-20.40)  0.02
1.17 (0.30-5.78)  0.82
3.46 (0.92-16.80)  0.06
0.94 (0.09-3.75)  0.45
5.85(1.58-23.30)  0.008

1.52(0.26-7.91)  0.62

3.12(0.63-16.20) 0.15

3.54 (0.79-20.20) 0.11

491 (1.09-23.50) 0.03

OR odds ratio, CI confidence interval, BMI body mass index, TP serum total protein, Ch-E serum cho-
linesterase, PNI prognostic nutritional index, CRP C-reactive protein, PSL dose total prednisolone dose
within 1 month before surgery, /PAA ileal pouch—anal anastomosis

knowledge, this study is the first to show an association
between SSI and sarcopenia in patients with UC. Our find-
ings demonstrated that sarcopenia is an independent risk
factor for SSI in patients undergoing pouch surgery for UC.
Sarcopenia is a good predictor of SSI, which is strongly
associated with pelvic sepsis. Pelvic sepsis is, in turn, asso-
ciated with poor quality of life following anal dysfunction.
Therefore, sarcopenia may be an indicator of the optimal
operative procedure, namely, total proctocolectomy with
concurrent IPAA or subtotal colectomy followed by IPAA.

The reported risk factors for sarcopenia include age,
physical performance, and nutritional and consumptive
disease-related factors [13]. In fact, the patients with sar-
copenia in the present study had a significantly lower BMI,
attributed to their nutritional status, than patients without
sarcopenia. In retrospective cohort studies, sarcopenia was
associated with increased morbidity, longer hospital stay,
and increased mortality in patients undergoing abdominal
surgery for pancreatic cancer [22], colorectal cancer [23,
26], liver metastasis [24], liver transplantation [27], or
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hepatocellular carcinoma [35]. Lieffers et al. [23] reported
that sarcopenia predicted the development of infection,
requirement for inpatient rehabilitation care, and conse-
quently, a longer hospital stay for patients undergoing
colorectal surgery. They evaluated the correlation between
sarcopenia and preoperative comorbidities, such as hyper-
tension, anemia, and cardiac arrhythmias (excluding age
and BMI), as well as postoperative outcomes of abdomi-
nal surgery [23]. In the present study, sarcopenia was not
associated with age, although it was inversely correlated
to age in previous reports [22, 23]. This difference may be
explained by the younger cohort in our study, who were
less likely to have muscle depletion associated with aging.
UC patients also tend to be malnourished because of their
low caloric intake, bleeding, and wasting associated with
chronic inflammation, as well as sarcopenia. These factors
are more strongly associated with nutritional status than
age. Also, we evaluated the relationship between sarcopenia
and operative procedures. Sarcopenic patients were more
often treated with three-stage IPAA than two-stage IPAA,
although patients with three-stage IPAA are generally in a
good nutritional state after subtotal colectomy. This result
suggests that patients who undergo three-stage IPAA do not
have enough time to allow the recovery of skeletal muscle
masses, as IPAA is performed a few months after subtotal
colectomy, and sarcopenia was the only independent risk
factor of SSI in our multivariate analysis including three-
stage IPAA as a covariate.

In this study, we evaluated the correlation between sar-
copenia and markers of malnutrition, such as hypoalbu-
minemia, a low serum Ch-E concentration, a low serum
TP concentration, and a low BMI [36]. A few studies have
evaluated the correlation between sarcopenia and nutri-
tional or inflammatory markers, such as the serum albu-
min concentration [37] and CRP concentration [38, 39], in
patients undergoing surgery. Sarcopenia was found to be
associated with hypoalbuminemia, a low BMI, and a high
serum CRP concentration in older persons [40]. Our study
also showed that sarcopenia was associated with a high
serum CRP concentration and low BMI, but nutritional
markers, such as the serum albumin, Ch-E, and TP concen-
trations, were not associated with SSI in patients with UC
undergoing pouch surgery. This result suggests that these
nutritional markers, which are likely affected by alterations
in blood constituents, such as those induced by dehydra-
tion, may undergo changes in a shorter period of time than
skeletal muscle mass in patients with UC.

CT and magnetic resonance imaging are the gold stand-
ard diagnostic techniques for sarcopenia. Both are precise
imaging systems, although several reports have described
the use of absorptiometry and bioimpedance analysis for
this purpose [13]. It is evident that the core muscle size, as
determined using the psoas muscle or total skeletal muscle
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on an abdominal cross-sectional image, provides a good
measure of the skeletal muscle mass, including increases or
decreases [41]. The total abdominal muscle area (TAMA)
or TPA, identified by applying skeletal muscle-specific
HU in CT, can be measured at the level of L3 or L4 [41-
43], because the skeletal muscle area 5 cm above the L4/
L5 level has the highest correlation with the skeletal mus-
cle volume in the total body. We measured the TPA using
a semiautomated calculation with manual outlining of the
borders of both psoas muscles, which is simple and read-
ily available. In a systematic review, several cutoff values
of the TPA are described, including the lowest tertile, the
lowest quartile, and the cutoff value calculated by sensi-
tivity analysis [41]. Furthermore, TPA and TAMA were
normalized for patient height, and sarcopenia was defined
by sex-specific cutoff values in several studies [41, 44].
However, TPA and cutoff values, calculated by these cri-
teria, may show a certain difference between each study of
populations with different age distribution and diseases. We
defined sarcopenia as the lowest quartile with normaliza-
tion for height and sex, resulting in an impressively high
accuracy.

Our study had limitations. First, the number of patients
with sarcopenia was small. Second, the perioperative
abdominal CT scans were performed over a relatively long
time (from 30 days prior to surgery to within 7 days of sur-
gery). Third, this report is statistically limited because of
the small number of patients, although sarcopenia was an
independent risk factor in the multivariate analysis. Further
prospective studies with larger numbers of patients and a
CT protocol that is justified in terms of the scan timing are
warranted.

In conclusion, sarcopenia, as measured by TPA obtained
from cross-sectional imaging, is a risk factor for SSI in
patients with UC undergoing surgery involving the creation
of an IPAA. Further studies on larger numbers of patients
and an adjusted CT protocol are necessary to confirm our
findings.
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