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ABSTRACT

Objective: The purpose of this study was to investigate the relation between pancreatic steatosis and visceral adiposity. Furthermore, the study sought
to explore the association between pancreatic steatosis, pancreas volume, hepatic steatosis, age, and sex in adults without prior history of pancreatic
disease. The research also served to define a cut-off value of visceral fat tissue area (VFA) predicting fatty pancreas.

Material and Methods: CT scans of 98 living-liver donor transplant patients without prior history of pancreatic disease were evaluated for the presence
of fatty pancreas. Pancreas volume, VFA, subcutaneous-total FA, VFA/TFA ratios of the patients with and without fatty pancreas were quantified with a
semi-automated model on CT. Coexistence of hepatic steatosis was also recorded.

Results: VFA, TFA and VFA/TFA were significantly greater in the fatty group (p< 0.001, p< 0.001, p< 0.001; respectively), and pancreatic steatosis was mod-
erately correlated with VFA, VFA/TFA and TFA with the highest correlation coefficient with VFA (r=-0.715, r=-0.605, r=-0.573, respectively; p< 0.001 for all).
A cut-off value of VFA > 107.2 cm? estimates pancreatic steatosis with a sensitivity and specificity of 90% (95% Cl=77-96%) and 87.9% (95% Cl= 77%-94%),
respectively. Pancreas volume was higher in the fatty-group with a mean value of 86.5 + 17.3 mL (range; 58-119.2 mL, p= 0.097). In multiple logistic regres-
sion analyses, pancreatic steatosis was significantly associated with VFA and the male sex (OR= 58.2, 95% Cl= 12.2-277.1, p< 0.001; OR= 11.4, 95% Cl= 2.1-
63.4, p< 0.001; respectively). 77.5% of the fatty pancreas subjects had co-existing hepatic steatosis.

Conclusion: Pancreatic steatosis is related to higher VFA, VFA/TFA and hepatic steatosis. A cut-off value of VFA > 107.2 cm? may predict pancreatic
steatosis.
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INTRODUCTION

Pancreatic lipomatosis, pancreatic steatosis or fatty pancreas is the accumulation
of free fat acids and triglycerides into the pancreatic islet and acinar cells, but pref-
erentially into the interstitium (1-3). The pancreas is a glandular organ, which has
both exocrine (acinar and ductal cells) and endocrine (islet cells) functions. Eighty
percent of the gland volume is composed of the exocrine component (4). There
are various nomenclatures to identify an accumulation of fat including pancreatic
lipomatosis, pancreatic steatosis, fatty infiltration, lipomatous pseudohypertrophy,
non-alcoholic fatty pancreatic disease, and fatty replacement. However, the term
fatty replacement’ expresses the irreversible damage of glandular islands and the
replacement of those with adipocytes (5). Many of those with limited pancreatic
steatosis have no major clinical symptoms. In advanced cases, it may lead to exo-
crine insufficiency and cause clinical symptoms like chronic diarrhea, steatorrhea
and weight loss (4). Some studies assume that pancreatic steatosis might cause
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ductal stones and pancreatitis. In addition, it has been indicated that inflammation
due to increased oxidative stress raised by free fat acids metabolism may lead to
fibrosis and malignancy in the pancreatic tissue (3,5,6).

There is no single etiologic factor for pancreatic steatosis. It has been assumed
that the pathologies related to the pancreas ductal system such as the intraductal
calculi and pancreatic tumors may cause fatty pancreas. Pancreatic steatosis also
correlates with diabetes mellitus, pancreatitis and the metabolic syndrome, which
present the triad of the following features; hyperinsulinemia, hypertension, hyper-
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glycemia, hypercholesterolemia, and obesity (4,7). This entity is
highly associated with obesity, and it is assumed that visceral fat
tissue is a better indicator and predictor of pancreatic steatosis
rather than BMI (8).

Computed tomography (CT) is the first line imaging modality
used to diagnose suspected pancreas disease. Pancreatic fat in-
dex, which shows the difference between mean pancreatic and
splenic attenuation (P-S) value and quantified on non-enhanced
CT, has been shown to be an indicator of pancreatic steatosis. It
has been histologically demonstrated that P—S is significantly cor-
related with the amount of pancreatic fat component (9). In com-
parison with other imaging modalities, CT can measure the pan-
creas volume and amount of abdominal fat component easily and
accurately. Instead of two-point measurements, pancreas volume
can be measured more accurately with new automatic segmen-
tation models on CT as well as fat tissue quantification. The aim
of this study was to investigate the relation between pancreatic
steatosis and visceral adipose tissue and to define a cut-off value
of visceral fat tissue area on CT, which might show pancreatic ste-
atosis. Additionally, the study also aimed to explore the relation
between pancreas steatosis, pancreas volume, hepatic steatosis,
age, and sex in adults without prior history of pancreatic disease.
To the best of our knowledge, the cut-off value of visceral tissue
area for the pancreas steatosis is presented for the first time.

MATERIAL and METHODS
Study Population

This retrospective study was approved by the Clinical Research
Ethical Committee of our institution (Ankara University, School
of Medicine; ref no: i4-224-20, date: 22.04.2020). CT scans of
living-liver donor transplant patients and the institution’s radiol-
ogy information system/picture archiving and communication
system (Centricity 5.0 RIS-i, GE Healthcare, Milwaukee, WI) were
utilized to identify study population. One hundred and three pa-
tients, without chronic alcohol consumption or chronic diseases
(diabetes mellitus-DM) in their medical records, examined be-
tween December 2016 and December 2018 were included into
the study. Patients with acute-chronic pancreatitis, pancreatic
tumors, previous pancreatic surgery, ductal dilatation, diffuse or
more than one speckled parenchymal calcification or ductal cal-
cifications were excluded from the study. Those etiologic factors
were deemed in the literature as factors that induce pancreat-
ic steatosis and affect pancreas volume (4). After addressing all
of the exclusion criteria, 98 patients without pancreatic disease
were included into the study.

CT Acquisition Parameters and Assessment of Pancreas-He-
patic Steatosis and Volume

All examinations were performed on a 64-detector (Toshiba Aquil-
ion 64, Otowara, Japan) scanner. In our institution, living-liver donor
CT protocol consists of non-contrast images followed by arterial,

Turk J Surg 2020; 36 (3): 241-248

portal, and hepatic venous phases. The post-contrast series were
obtained with scan delay times of 30 seconds (arterial phase), 75
seconds (portal phase) and 180 seconds (hepatic venous phase)
after the start of IV contrast agent administration. A volume of 1.5-2
mL/kg of intravenous (IV) non-ionic iodinated contrast agent (350
mg/mL Omnipaque; GE Healthcare, Oslo, Norway) and 40 mL of
saline were injected via antecubital vein with an 18-gauge cannula
at a rate of 4 mL/s. The following CT scan parameters were per-
formed: 120 kVp, collimation of 64 x 0.5, T mm section thickness,
0.8 mm reconstruction interval. An automatic exposure control
system was used with a range from 100 to 400 mA.

Pancreatic steatosis and hepatic steatosis were assessed by
non-enhanced axial CT images (Figure 1). The pancreatic paren-
chymal attenuation was measured from five different sections
(head, corpus, tail, neck and uncinate process) by using an area
of 0.5 cm? region of interest (ROI). Splenic attenuation was ac-
quired from three different regions by using 1 cm? of ROI. Mean
CT attenuation value of the splenic-pancreatic parenchyma
were calculated by using the average of those measurements.
Vascular structures were avoided in the measurements. Care was
taken not to involve the peripheral section of the pancreas to
avoid partial volume effect. The measurements were performed
close to the splenic vein in patients in whom the margins of the
pancreas were poorly defined from the adjacent retroperitone-
al fat. The difference between the pancreas-splenic attenuation
was utilized to determine pancreatic steatosis. Pancreatic steato-
sis (fatty pancreas group) was defined if the difference was <
-5 Hounsfield Unit (HU) (10). The patients with pancreas-splenic
attenuation difference > -5 HU comprised the non-fatty pancre-
as group. Liver attenuation index (LAI), which estimates hepatic
steatosis in non-enhanced CT, is the difference between mean
hepatic parenchymal attenuation value and mean splenic atten-

Figure 1. The measurement of mean attenuation values of the liver,
spleen and pancreas parenchyma on non-enhanced CT in different
sections by using region of interest (ROI).
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uation value. Mean hepatic parenchymal attenuation is calculat-
ed by placing 1 cm? of ROl in five different regions of the hepatic
parenchyma. LAl > 5 HU identifies the absence of significant
steatosis (11). The subjects with LAl < 5 HU composed the hep-
atosteatotic group.

Pancreas volume was calculated on portal venous phase by a
semi-automated model (voxel-based volume calculation). In our
institution, the axial thickness for non-enhanced series was 5
mm in living-liver donor transplant patients, which is not ade-
quate for pancreatic volume calculation. In this model, thresh-
old-based segmentation algorithms were used facilitating the
separation of pancreas parenchyma from the surrounding tis-
sues (12). After selecting a region of interest, pixels of analogous
attenuation were highlighted by the software (Figure 2). If the
model highlights the surrounding tissues same as the pancreas
parenchyma, the erroneously selected structures margins were
outlined manually by the radiologists (AGC) on axial images and
excluded from the highlighted area. Then the post-processing
software (Vitrea Version 7.4, Vital images, Minnetonka, Minneso-
ta, United States) automatically calculated the total parenchymal
volume. The mean processing time for pancreatic volume mea-
surement was approximately 19 minutes.

Measurement of Body Fat Composition

The automated fat analysis software program (Vitrea Adcanced
Vizualization CT Fat Measurement) quantified the total (TFA), vis-
ceral (VFA) and subcutaneous (SFA) fat tissue areas on one axial

Figure 2. Pancreatic volume measurement by a semi-automated model in a 55-year-old male with pancreatic steatosis. Note that VFA was calcu-

p

image at the level of L3-L4 disk. The adipose tissue between the
anterior side of the vertebra and abdominal wall muscle was
defined as visceral fat, and the area between the skin and ab-
dominal wall was segmented as subcutaneous fat. -30 HU and
- 190 HU were arranged as threshold values defining the adipose
tissue (13). An area of interest selected the similar pixels of those
adjusted attenuation values and then highlighted those adipose
tissues separately. The program automatically calculated SFA,
VFA, TFA, VFA/TFA and waist circumference.

Statistical Analysis

The difference between the two groups for normally distributed
continuous variables were evaluated by Student’s t test. Differ-
ences between the two groups for nominal variables were ana-
lyzed using the Chi Square test. Receiver operating characteristic
(ROQ) curves were used to describe the performance of diag-
nostic value of the variables. The area under the correspond-
ing curves was calculated as described by Hanley and McNeil
(14). Degree of association between continuous variables was
calculated by Pearson’s correlation coefficient. In order to define
the risk factors of the outcome variable, multiple logistic regres-
sion analysis was used, and adjusted odds ratios were calculat-
ed. p-values less than 0.05 were considered significant.

RESULTS

Study population consisted of 38 females (38.2%) and 60 males
(61.2%) with a mean age of 35.9 + 8.7 (min-max; 20-59) years.
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Figure 3. Pancreas volume in a 48-year-old female without fatty panc-
reas. Pancreas volume was smaller compared to the fatty subject shown
as Figure 2. (pancreas volume of the nonfatty pancreatic subject; 62.36
mL, pancreas volume of the fatty pancreatic subject; 82.59 mL).

Fatty pancreas was detected in 40 patients of the study pop-
ulation. There was a statistically significant difference between
the two groups in terms of sex (p< 0.001). No statistically signifi-
cant difference was observed between the two groups in terms
of age (p= 0.098). Pancreas volume was lower in the non-fatty
group with a mean value of 80.7 + 16.2 mL (range; 48-114.2
mL), but this difference did not reach statistically significant lev-
els (Figure 3, p= 0.097). Mean VFA value in the fatty group was
1736 + 67.6 cm?, while the mean in non-fatty group was 66.7
+ 46.9 cm2. VFA, TFA and VFA/TFA were significantly larger in
the fatty group as compared to the non-fatty group (p< 0.001,
p< 0.001, p< 0.001; respectively). Fatty pancreas subjects were
found to have higher values of SFA (mean + SD, 155.8 + 52.3
cm?); however, this difference was not statistically significant
(p=0.121). Table 1 summarizes the demographic data and pan-
creas volume-abdominal fat area measurements of the study
population.

In ROC analysis, patients with VFA > 107.2 cm? (area under the
curve [AUC] + standard error [SE]: 0.920 + 0.029, p< 0.001) ap-
peared much more likely to have pancreatic steatosis. For this
cut-off value (VFA > 107.2 cm?), sensitivity, specificity, and pos-
itive (PPV) and negative predictive values (NPV), as well as their

95% Confidence Intervals (Cl), were calculated as 90% (77-96%),
87.9% (77%-94%), 83.7% (95% Cl: 70-91.9%), and 92.7% (95%
Cl: 82.7-97.1%) respectively. Mean VFA/TFA ratio was found to
be 0.52 + 0.09 in the fatty pancreas group. A cut-off value of
0.42 for VFA/TFA in the discrimination of pancreas steatosis was
found to allow the appropriate combination of sensitivity 87.5%
(73.9-94.5%) and specificity 72.4% (59.8-82.2%), with AUC being
0.856 + 0.037 (95% Cl: 0.784-0.927, p< 0.001). PPV and NPV was
68.6% (55-79.7%) and 89.4% (77.4-95.4%), respectively.

Pearson’s correlation analysis demonstrated that the mean at-
tenuation difference of the pancreas-spleen parenchyma nega-
tively correlated with VFA, VFA/TFA and TFA (r=-0.715, r=-0.605,
r=-0.573, respectively; p< 0.001 for all). Among the abdominal
fat tissue compartments, this relationship is most significant
with VFA. However, the attenuation difference was not related
with SFA and the pancreas volume (p= 0.086 and p= 0.239). Ta-
ble 2 demonstrates the correlations between pancreas steato-
sis (difference of pancreas-splenic mean attenuation value) and
abdominal fat tissue compartments and pancreatic volume.
Univariate analyses showed that VFA, TFA, waist circumference,
and male sex were significant risk factors for pancreas steatosis
(Table 3). Multiple logistic regression analyses adjusted for age
confirmed that higher VFA (= 107.2 cm?) independently pre-
dicted pancreas steatosis (Table 4). No association was found
between pancreas steatosis and TFA and SFA in the multivariate
analysis.

Out of the 98 patients, 43 had hepatic steatosis (43.9%). Of the
40 patients with pancreatic steatosis, 31 (77.5%) had co-existing
hepatic steatosis. Hepatic steatosis was related to fatty pancreas
(p< 0.001).

DISCUSSION

Previous studies have shown that fatty pancreas is associat-
ed with BMI and visceral fat tissue (10,15). In a later study, the
authors have proposed that visceral fat tissue is better indica-
tor and predictor of pancreatic steatosis compared to BMI (8).
However, to the best of our knowledge, no cut-off value of VFA

Table 1. Demographic data and pancreas volume-abdominal fat area measurements of the study population

Fatty Group (P-S < -5 HU)

Non Fatty Group (P-S > 5 HU)

Sex F/M, n

3/37

35/23

Age, mean = SD, years

37575

347 £92

TFA, cm?, mean + SD (min-max)

3294 +102.5 (149.6-577.2)

202.9+92.6(22.3-472.5)

VFA, cm?, mean + SD (min-max)

66.7 £46.9 (11.7-260.3)

SFA, cm?, mean + SD (min-max)

(
173.6 £ 67.6 (52.8-345.3)
155.8 £52.3(79.8-287.3)

136.1 £66.8 (10.6-357.7)

VFA/TFA

0.52 +0.09 (0.30-0.70)

0.33+0.14 (0.07-0.61)

Waist circumference

98.3+£8.2(84.2-119.9)

87.8+7.6(70.8-109.2)

Pancreas volume, mL (min-max)

86.5+17.3(58-119.2)

80.7 £16.2 (48-114.2)

F: Female, M: Male, P: Pancreas, S: Spleen, VFA: Visceral fat area, TFA: Total fat area, SFA: Subcutaneous fat area.
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Table 2. Correlation coefficients (r) between the variables
TFA SFA VFA VFA/TFA Waist Circumference | Pancreas volume
(p) (p) (p) (p) (p) (p)
Pancreas-spleen MAV, r -0573 -0.174 -0.715 -0.605 -0.570 -0.120
(<0.001) (0.086) (<0.001) (<0.001) (<0.001) (0.239)
TFA, 1 0.781 0.866 0.348 0.903 0.084
(< 0.001) (<0.001) (< 0.001) (< 0.001) (0410)
SFA, 0.363 -0.264 0613 -0.128
(<0.001) (0.009) (< 0.001) (0.208)
VFA, r 0.730 0.855 0.229
(< 0.001) (< 0.001) (0.024)
VFA/TFA, 1 0.485 0.287
(< 0.001) (0.004)
Waist Circumference, r 0.259
(0.010)
MAV: Mean attenuation value, VFA: Visceral fat area, TFA: Total fat area, SFA: Subcutaneous fat area.
Table 3. Univariate analyses of the risk factors
OR 95% Cl p
Age 1.04 0.99-1.09 0.112
Sex (male) 18.76 5.17-68.10 <0.001
TFA 1.01 1.00-1.02 <0.001
SFA 1.00 0.99-1.01 0.125
VFA 1.03 1.02-1.04 <0.001
VFA (= 107.2 cm?) 65.57 17.86-240.71 < 0.001
VFA/TFA (= 0.42) 18.37 6.11-55.19 <0.001
Waist circumference 118 1.10-1.26 < 0.001
VFA: Visceral fat area, TFA: Total fat area, SFA: Subcutaneous fat area, OR: Odds ratio, Cl: Confidence interval.
Table 4. Multiple logistic regression analyses of the risk factors showing statistically significant difference
OR 95% Cl p
SEX (male) 114 2.1-634 <0.001
VFA (= 107.2 cm?) 58.2 12.2-277.1 < 0.001
OR: Odds ratio, Cl: Confidence interval, VFA: Visceral fat area.

quantified on CT has previously been proposed for fatty pan-
creas.

There are some hypotheses on ectopic fat storage. Ectopic fat
accumulation in undesirable sites (such as the liver, the pancre-
as, the heart) might be due to the dysfunction of subcutaneous
fat tissue and as a result, insufficient storage of fat tissue in the
subcutaneous fat tissue occurs. The dysfunction of subcutane-
ous fat tissue signals especially triglycerides to move toward the
internal organs (16). Additionally, it has been shown in obese
animal models that the dysfunctional visceral adipocyte they
present produces inflammation and insulin resistance. Simi-

larly, it has been shown in humans that visceral adipose tissue
is metabolically active and secretes enzymes including leptin,
endotrophin and inflammatory cytokines such as tumor necro-
sis factor alpha (TNFa), IL-6, IL-8 and insulin-like growth factor
(IGF-1), all of which lead to inflammation. Inflammation within
the visceral adipose tissue is associated with systemic insulin
resistance and metabolic syndrome (17). As mentioned before,
metabolic syndrome is one of the strongest etiologic factors
contributing to fatty pancreas. Nevertheless, the pathophysiol-
ogy of pancreatic steatosis is not as well-understood as it is in
the liver (18).

Turk J Surg 2020; 36 (3): 241-248
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This topic was first investigated by Ogilvie in 1933, where he
demonstrated that obese subjects had a higher degree of ad-
iposity in their pancreas compared to controls in his cadaveric
study (19). Later, in large autopsies series, the relationship be-
tween the amount of pancreatic fat and obesity and age was
performed (20). We did not find a correlation between age and
pancreas steatosis, but our cohort was younger and limited
in a narrow scale (range; 20-59 years) and presented a smaller
sample size. This may be the reason why we could not find an
association between fatty pancreas and age. Studies in the liter-
ature have also defined a correlation between pancreas volume
and steatosis and added that pancreatic volume is influenced
by steatosis and obesity. They have shown that an incremental
increase in the pancreas volume is due to the increase in fat vol-
ume in the parenchyma histologically (21). In concordance with
their results, we found that pancreas volume was 7% greater in
the fatty group. The current study demonstrated that abdom-
inal fat tissue (except subcutaneous fat tissue) and fatty pan-
creas are related, with the highest correlation being with VFA.
In ROC analysis, we defined a cutoff value of > 107.2 cm? that
estimated fatty pancreas. Similarly, a recent MRI (magnetic res-
onance imaging) study has shown the highest correlation be-
tween fatty pancreas and visceral fat tissue compared to other
abdominal fat compartments (22), and the study has also point-
ed out that BMI is not a good predictor of pancreatic steatosis
with a very low correlation coefficient (r) of 0.12. Similarly, Staff
et al. have claimed in a pediatric population study that VFA and
pancreas fat fraction have a significant association whereas BMI
does not (23).

In the current study, 43.9% of the study population had con-
comitant hepatic steatosis. Of the 40 patients with pancreatic
steatosis, 77.5% of the patients demonstrated co-existence of
fatty liver, which is quite similar to previous reports in the litera-
ture. Our literature review identified citations that demonstrat-
ed a positive relationship between nonalcoholic fatty pancreas
disease and fatty hepatic disease (10,24,25). The liver and pan-
creas arise from foregut endoderm in embryologic life. Since
the pancreas has the same embryological origin and close an-
atomical relationships to the liver, fat accumulation might be
analogous in the pancreas and liver parenchyma (3). Addition-
ally, the pancreas, liver and visceral fat tissue are controlled by
the same vagal neurons (26).

Nonetheless, this study has some limitations. The major limita-
tion of the current study is that pancreas steatosis was not eval-
uated histologically. However, the study conducted by Kim et al.
has assumed that the difference between pancreas and spleen
mean attenuation values on CT is significantly correlated with
the intrapancreatic fat accumulation histologically (9). They
have also added that non-enhanced CT is a useful tool in the
non-invasive assessment of pancreas steatosis. The retrospec-
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tive design of the current study with a limited study population
is one of the other limitations. Large scale prospective studies
which comprise histopathological evaluation are warranted to
strengthen the current study’s results. Additionally, we were not
able to obtain weight and height data for the study population
from the institution’s medical records. Therefore, we could not
correlate our results with BMI. In the current study, we observed
that age was not a risk factor for fatty pancreas. Our cohort was
younger and had a smaller sample size, which may explain why
we could not find an association between fatty pancreas and
age. On the other hand, another study with a larger study pop-
ulation has demonstrated a weak positive correlation between
the pancreatic fat fraction and age (r=0.33, p=0.01) (22).

CONCLUSION

CT attenuation index, which defines pancreatic steatosis, is mo-
derately correlated with VFA but not with SFA. A cutoff value of
VFA > 107.2 cm? and VFA/TFA > 0.42 exhibited high specificity
and sensitivity ratios to define pancreatic steatosis. Additionally,
hepatic and pancreatic steatosis, which are the main ectopic
fat accumulation sides, are related to each other. Further large-
scale studies are needed to validate the current study findings.

Ethics Committee Approval: Ethics committee approval was received for
this study from Ankara University Faculty of Medicine Human Research Et-
hics Committee (2020/14-224-20).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - AG.C,; Design - AG.C,; Supervision -
AG.C., CU; Materials - AG.C; Data Collection and/or Processing - AG.C,
Z.A,; Analysis and Interpretation - AH.E; Literature Review - AG.C,; Writing
Manuscript - AG.C,; Critical Reviews - C.U, AG.C.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES

1. Smits MM, van Geenen EJ. The clinical significance of pancreatic stea-
tosis. Nat Rev Gastroenterol Hepatol 2011; 8: 169-77. [CrossRef]

2. Patel S, Bellon EM, Haaga J, Park CH. Fat replacement of the exocrine
pancreas. AJR Am J Roentgenol 1980; 135: 843-5. [CrossRef]

3. Shah N, Rocha JF, Bhutiani N, Endashaw O. Nonalcoholic Fatty Panc-
reas Disease. Nutr Clin Pract 2019; 34: 49-56. [CrossRef]

4. Coulier B. Pancreatic Lipomatosis: An Extensive Pictorial Review. J Belg
Soc Radiol 2016; 100: 39. [CrossRef]

5. Catanzaro R, Cuffari B, Italia A, Marotta F. Exploring the metabolic
syndrome: Nonalcoholic fatty pancreas disease. World J Gastroente-
rol. 2016; 22: 7660-75. [CrossRef]

6. Arslan S, Onur MR. Pankreasin diger nadir patolojileri (travma, trans-
plant, depo hastaliklar). Trd Sem 2019; 7: 213-26. [CrossRef]

7. Ramkissoon R, Gardner TB. Pancreatic steatosis: an emerging clinical
entity. Am J Gastroenterol. 2019; 114: 1726-34. [CrossRef]



Ozbulbul NI, Yurdakul M, Tola M. Does the visceral fat tissue show bet-
ter correlation with the fatty replacement of the pancreas than with
BMI? Eurasian J Med. 2010; 42: 24-7. [CrossRef]

Kim SY, Kim H, Cho JY, Lim S, Cha K, Lee KH, et al. Quantitative assess-
ment of pancreatic fat by using unenhanced CT: pathologic correlati-
on and clinical implications. Radiology. 2014; 271:104-12. [CrossRef]

Lee JS, Kim SH, Jun DW, Han JH, Jang EC, Park JY, et al. Clinical imp-
lications of fatty pancreas: correlations between fatty pancreas
and metabolic syndrome. World J Gastroenterol. 2009; 15: 1869-75.
[CrossRef]

Ma X, Holalkere NS, Kambadakone RA, Mino-Kenudson M, Hahn
PF, Sahani DV. Imaging-based quantification of hepatic fat: met-
hods and clinical applications. Radiographics 2009; 29: 1253-77.
[CrossRef]

Coruh AG, Uzun C, Akkaya Z, Gulpinar B, Elhan A, Tuzuner A. Is there
a correlation with pre-donation kidney volume and renal function in
the renal transplant recipient?: a volumetric computed tomography
study. Transplant Proc 2019; 51: 2312-7. [CrossRef]

Sottier D, Petit JM, Guiu S, Hamza S, Benhamiche H, Hillon P et al.
Quantification of the visceral and subcutaneous fat by computed to-
mography: interobserver correlation of a single slice technique. Diagn
Interv Imaging 2013; 94: 879-84. [CrossRef]

Hanley JA, Mcneil BJ. The meaning and use of the area under a recei-
ver operating characteristic (ROC) curve. Radiology 1982; 143: 29-36.
[CrossRef]

Al-Haddad M, Khashab M, Zyromski N, Pungpapong S, Wallace MB,
Scolapio J, et al. Risk factors for hyperechogenic pancreas on endos-
copic ultrasound: a case-control study. Pancreas 2009; 38: 672-5.
[CrossRef]

Gaborit B, Abdesselam |, Kober F, Jacquier A, Ronsin O, Emungania O,
et al. Ectopic fat storage in the pancreas using TH-MRS: importance
of diabetic status and modulation with bariatric surgery-induced we-
ight loss. Int J Obes (Lond) 2015, 39: 480-7. [CrossRef]

Shah RV, Murthy VL, Abbasi SA, Blankstein R, Kwong RY, Goldfine AB, et
al. Visceral adiposity and the risk of metabolic syndrome across body
mass index: the MESA Study. JACC Cardiovasc Imaging 2014; 7: 1221-
35. [CrossRef]

20.

21.

22.

23.

24.

25.

26.

Gursoy Coruh etal. 247

Sakai NS, Taylor SA, Chouhan MD. Obesity, metabolic disease and the
pancreas-Quantitative imaging of pancreatic fat. Br J Radiol 2018; 91:
20180267. [CrossRef]

Ogilvie RF. The islands of Langerhans in 19 cases of obesity. J Pathol
1933;37:473-81.[CrossRef]

Olsen TS. Lipomatosis of the pancreas in autopsy material and its re-
lation to age and overweight. Acta Pathol Microbiol Scand A 1978;
86A:367-73. [CrossRef]

Saisho Y, Butler AE, Meier JJ, Monchamp T, Allen-Auerbach M, Rizza
RA, et al. Pancreas volumes in humans from birth to age one hundred
taking into account sex, obesity, and presence of type-2 diabetes. Clin
Anat 2007; 20: 933-42. [CrossRef]

Tirkes T, Jeon CY, Li L, Joon AY, Seltman TA, Sankar M, et al. Association
of pancreatic steatosis with chronic pancreatitis, obesity, and type 2
diabetes mellitus. Pancreas 2019; 48: 420-6. [CrossRef]

Staaf J, Labmayr V, Paulmichl K, Manell H, Cen J, Ciba |, et al. Pancrea-
tic fat is associated with metabolic syndrome and visceral fat but not
beta-cell function or body mass index in pediatric obesity. Pancreas
2017, 46: 358-65. [CrossRef]

Wang CY, Ou HY, Chen MF, Chang TC, Chang CJ. Enigmatic ectopic
fat: prevalence of nonalcoholic fatty pancreas disease and its asso-
ciated factors in a Chinese population. J Am Heart Assoc 2014, 3:
€000297. [CrossRef]

Singh RG, Yoon HD, Wu LM, Lu J, Plank LD, Petrov MS. Ectopic fat ac-
cumulation in the pancreas and its clinical relevance: a systematic
review, meta-analysis, and meta-regression. Metabolism 2017; 69:
1-13.[CrossRef]

Kreier F, Kap YS, Mettenleiter TC, van Heijningen C, van der Vliet J,
Kalsbeek A, et al. Tracing from fat tissue, liver, and pancreas: a neu-
roanatomical framework for the role of the brain in type 2 diabetes.
Endocrinology 2006; 147: 1140-7. [CrossRef]

Turk J Surg 2020; 36 (3): 241-248



248 Pancreatic steatosis and visceral adiposity

: .*E":_ ORIJINAL CALISMA-OZET

: _ Turk J Surg 2020; 36 (3): 241-248

BT ile hesaplanan pankreatik yag endeksinin viseral obezite ve karaciger yaglanmasi ile
iligkisi
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OZET

Giris ve Amag: Calismanin amaci, pankreas yaglanmasi ile viseral yag doku miktari arasindaki iliskiyi arastirmaktir. Ayrica, normal yetiskinlerde
pankreas yaglanmasi, pankreas hacmi, karaciger yaglanmasi, yas ve cinsiyet arasindaki iliskileri de arastirmayr amaglamaktadir. Ayni zamanda,
yagli pankreasi 6ngoren viseral yag dokusu alani (VFA) icin cutoff degeri bulmayi amaclamaktadir.

Gereg ve Yontem: Pankreas hastalik 6yklsu olmayan 98 canli karaciger nakli vericisinin BT incelemeleri yagh pankreas varligi agisindan deger-
lendirildi. BT'de yari otomatik model ile pankreas hacmi, VFA, subkutan-total FA, VFA/TFA oranlari hesaplandi. Eslik eden karaciger yaglanmasi
kaydedildi.

Bulgular: VFA, TFA ve VFA/TFA oranlari yagli pankreas grubunda anlamli olarak daha ytiksekti (sirasiyla; p< 0,001, p< 0,001, p< 0,001) ve pankreas
yaglanmasi; VFA, VFA/ TFA ve TFA ile orta derecede korele olup VFA en yiiksek korelasyon katsayisina sahipti. (r=-0,715, r=-0,605, r=-0,573; sirasiy-
la p< 0,001). VFA = 107,2 cm? cutoff degeri pankreas yaglanmasini %90 duyarlilik (%95 GA= %77-96) ve %87.9 6zgulllkle (%95 GA= %77-94) tah-
min eder. Yagli pankreas grubunda ortalama pankreas hacmi 86,5 + 17,3 mL (aralik; 58-119,2 mL, p= 0,097) élculmis olup daha ylksek bulundu .
Coklu lojistik regresyon analizinde pankreas yaglanmasi; VFA ve erkek cinsiyet ile anlamli derecede iliskiye sahipti (OR= 58,2, %95 GA= 12,2-277,1,
p<0,001; OR= 11,4, %95 GA= 2,1-63,4, p< 0,001; ). Yagh pankreas grubunun %77,5'inde eslik eden hepatik steatoz vardi.

Sonug: Pankreas yaglanmasi; yiiksek VFA, VFA/TFA oranlari ve hepatik steatoz ile iliskilidir. VFA = 107.2 cm? cutoff dederi pankreas yaglanmasini
ongorebilir.

Anahtar Kelimeler: Pankreas, yaglanma, karaciger yaglanmasi, multidedektor bt, viseral obezite, organ hacmi
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