MDCT findings of extrapancreatic nerve plexus
invasion by pancreas head carcinoma: correlation
with en bloc pathological specimens and
diagnostic accuracy
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Abstract

Objective:

To elucidate the MDCT findings of extrapancreatic nerve plexus (PLX)
invasion by pancreas head carcinoma (PhC) by “point-by-point”
correlation with en bloc pathological specimens and to assess their
diagnostic accuracy.

Methods:

Each pathological section of PhC and adjusted double oblique
multiplanar reconstruction MDCT images were correlated in 554
sections from 37 patients. The diagnostic accuracy of the MDCT
patterns derived was assessed by blind reading.

Results:

PLX invasion with fibrosis showed mass or strand shape (85.6%) or
coarse reticula (13.3%). The CT findings were divided into fine
reticular and linear, coarse reticular, mass and strand and nodular

patterns. PLX invasion was revealed pathologically in 92% of the
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regions of investigation showing the mass and strand pattern and 63%
the coarse reticular pattern (all continuous with PhC), and they were
highly suggestive of PLX invasion by PhC on MDCT images (p <
0.001). Sensitivity, specificity, accuracy, and positive and negative
predictive values of these MDCT findings in the diagnosis of PLX
invasion were 100% (25/25), 83.3% (10/12), 94.6% (35/37), 92.6%
(25/27) and 100% (10/10), respectively.

Conclusion:

The mass and strand pattern and the coarse reticular pattern continuous
with PhC on MDCT images were highly suggestive of PLX invasion by
PhC.



Introduction

Pancreatic carcinoma still has a poor prognosis [1; 2]. Only
surgical resection has the potential to be curative [3]. For pancreas
head carcinoma (PhC), when potentially curative resection is achieved,
the 5-year survival rate is approximately 10-20% [1; 3; 4].
Extrapancreatic nerve plexus (PLX) invasion is one of the most
Important prognostic factors in patients with PhC, and therefore,
preoperative imaging diagnosis of PLX invasion in PhC is clinically
important for predicting the prognosis and deciding the surgical
strategy including extended resection with removal of the adjacent
major vessels [5-14].

Recently, the spreading patterns of PLX invasion in PhC have
been investigated in detail pathologically [12; 15]. However, few
reports have focused on the imaging findings of PLX invasion in PhC
[16-19]. Furthermore, these past reports were not sufficiently accurate,
because a point-by-point correlation between the images and
pathological findings was not performed.

In this study, to make point-by-point imaging-pathological
correlation possible, we cut the surgical specimens of PhC resected en
bloc with the surrounding vessels, lymph nodes and connective tissues
including PLX horizontally, and made double oblique multiplanar

reconstruction (MPR) images from multi-detector row computed



tomography (MDCT) that were exactly equal to each of the
pathological sections. The purpose of this study was to elucidate the
MDCT findings of PLX invasion by PhC by “point-by-point”
correlation with en bloc pathological specimens and to assess the
diagnostic accuracy of the MDCT findings in the diagnosis of PLX

invasion.

Materials and methods
Our institutional review board approved this retrospective study

and informed consent was obtained from each of the patients.

Study Design

First, we performed “point-by-point” correlation between the
MDCT findings and pathological specimen at the same section to
clarify the MDCT findings of PLX invasion. Then, from this analysis,
the representative MDCT patterns indicating the presence/absence of
PLX invasion were derived. Last, we determined the diagnostic
accuracy of these MDCT patterns in the diagnosis of PLX invasion by

blind assessment by experienced radiologists.

Patients



Thirty-seven consecutive patients with invasive ductal
carcinoma of the pancreas head who received preoperative MDCT
examination and en bloc curative surgical resection within one month
during the period from January 2003 to June 2007 at our institution
were focused on in the study. Thirteen female (mean age, 63 years; age
range, 52-74 years) and 24 male (mean age, 62 years; age range, 44-79
years) patients were included. Thirty-three patients had tubular
adenocarcinomas, and four had adenosquamous carcinomas. None of
the patients received preoperative chemotherapy, radiation, or other
neo-adjuvant therapy. En bloc resection of PhC, peripancreatic adipose
tissue including regional PLX, lymph nodes and duodenum was
performed in all patients. Combined resection of the proximal portion
of the portal vein (PV) was performed in 16 patients, and both the
superior mesenteric artery (SMA) and PV in 16 patients. The mean size
and size range of the tumours were 3.1cm and 1.7-4.5cm, respectively.

PLX invasion was revealed in 25 patients pathologically.

Surgical specimens and pathological sections

Resected specimens were immediately fixed in 10% buffered
formaldehyde solution. After the specimens were cut in a transverse
plane of the body approximately parallel to axial CT sections into 5

mm stepwise tissue blocks, they were embedded in paraffin. The 5 um



sections were cut for haematoxylin and eosin (H&E) and Elastica van
Gieson (EVG) staining, and full mount preparations were created. We
obtained a total of 554 pathological sections. The mean number of

created pathological sections per patients was 15.

CT examinations and MPR images

CT examinations were performed using a 16 (29 patients) or 4
(8 patients) —detector row CT (LightSpeed Ultra, LightSpeed Plus; GE
Medical Systems, Milwaukee, WI, USA). Images were acquired
through the pancreas in a craniocaudal direction with 0.562:1
(16-detector), 0.75:1 (4-detector) pitch. Other CT parameters were the
same in both systems, as follows: 300-350 mA; 120 kV; gantry rotation
speed, 0.5 s; a reconstruction section thickness of 1.25 mm and a
reconstruction interval of 1.25 mm. Unenhanced multi-detector row CT
was performed first. For dynamic CT, contrast medium with a
concentration of 300 mg of iodine per millilitre (Omnipaque, Daiichi,
Tokyo, Japan) was administered with a power injector. A total volume
of 100 ml was injected at a rate of 3 ml/s through a 22-gauge plastic
intravenous catheter that was placed in an antecubital vein.
Three-phase (35, 60, 180 seconds after initiation of the injection) CT
acquisition was performed. This is the routine protocol for upper

abdominal CT examination at our institution.



After reviewing all pathological sections, double oblique MPR

for both the ventrodorsal and lateral directions were generated with a
slice thickness of 2.5mm and reconstruction intervals of 1.0mm from
the first phase data set using a workstation (Virtual Place Lexus 1.0,
AZE, Tokyo, Japan). Double obligue MPR images were precisely
coordinated equal to the parallel section of the pathological sections
referring to the configuration of the pancreas or tumour and to the
surrounding vessels such as the gastroduodenal artery,
pancreaticoduodenal arteries and PV and its branches, bile duct, and
lymph nodes by two authors (K.M., K.K., both with 9 years’ experience
in abdominal radiology) by consensus. We obtained a total of 554
sectional MPR images exactly equal to the number of pathological
sections.

CT images were reviewed using window level 40 and window

width 350, and using the same monitor in this study.

Correlation between CT and pathological findings

The region of investigation was determined according to the
anatomy of PLX related to PhC invasion described in previous reports
[15; 20; 21] as shown in Fig. 1. It was the medial-posterior fat area of
the pancreas head surrounded by the parenchyma of the pancreas, PV,

common hepatic artery, a median line connecting PV and inferior vena



cava, a median line connecting the SMA and aorta, a median line
connecting the celiac artery and aorta, and anterior border line
connecting the aorta and inferior vena cava.

All pathological sections were reviewed by two authors (Z.Y.,
with 10 years’ experience in pathology and K.M.) and all pathological
structures more than 1mm in these regions were recorded. Then the
point-by-point correlation between the pathological and CT findings
was carried out by two radiologists (K.M., K.K.) and one pathologist
(Z.Y.) by consensus with careful comparison of the exactly the same

sections of the MPR images and surgical specimens.

Deriving CT patterns and correlation between each pattern and
pathological findings

According to the above mentioned correlation analysis, the CT
findings in the region of investigation were classified into several
representative patterns with special reference to PLX invasion.

Then, two radiologists (K.M., K.K.) reviewed all sections of
MPR images in all patients and classified the CT findings of each
evaluated area into these patterns by consensus. These patterns and
pathological findings were then correlated to extract the particular CT
patterns reflecting PLX invasion. When the same pattern was observed

continuously in two or more consecutive sections, it was counted as



one evaluation area of this particular pattern. As a result, a total of 276

evaluation areas were extracted.

Evaluation of the diagnostic accuracy of MDCT findings

Two independent radiologists (reader A; Y.H., and reader B;
T.G., with 10 and 26 years’ experience in abdominal radiology,
respectively) had been informed of the definitions of each CT pattern
and CT patterns reflecting or not reflecting PLX invasion by using
cases not included in this study. For evaluating the diagnostic accuracy
of the CT patterns in the diagnosis of PLX invasion, the two readers
independently reviewed the routine CT images of all patients and
diagnosed the presence or absence of PLX invasion in each. The
readers were blinded to the patient pathological information.

For analysing interobserver variability, two readers (Y.H., T.G.)
independently reviewed all the MPR images and classified the CT

findings of 276 evaluation areas into derived CT patterns.

Statistical Analysis

The statistical analysis was performed using Statistical software
(SPSS for Windows; SPSS, Chicago, IL, USA). P values less than 0.05
were considered statistically significant.

After taking into account the presence or absence of the
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continuity of each pattern, for evaluating the correlation between PLX
invasion and each pattern, pattern-by-pattern basis cross-tabulation
tables were prepared and a chi-squared test was carried out.

For evaluating the diagnostic accuracy of the CT patterns in the
diagnosis of PLX invasion by two readers, two patient-by-patient basis
cross-tabulation tables were prepared and the sensitivity, specificity,
accuracy, and positive and negative predictive values were calculated
for each table.

To assess interobserver variability in terms of image
interpretation, k statistics was used to quantify the degree of agreement.
A k value of up to 0.20 was considered to indicate slight agreement; a k
value of 0.21-0.40, fair agreement; a k value of 0.41-0.60, moderate
agreement; a k value of 0.61-0.80, substantial agreement; and a k value

of 0.81 or greater, almost perfect agreement.

Results
Correlation between CT and pathological findings

Among all 554 pathological sections in all 37 patients, we
identified 268 micro-vessels, 14 fibrotic thickenings of adipose tissue
septa, 133 clusters of micro-vessels with fibrotic thickening of adipose

tissue septa, 175 lymph nodes, 90 cases of PLX invasion with fibrosis
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and 4 cases of inflammatory cell infiltration. All cases of PLX invasion
with fibrosis were continuous with PhC (90/90, 100%).

On MPR images, all of the micro-vessels showed fine lines
(less than 2mm in diameter) (268/268, 100.0%) (Fig. 2). All fibrotic
thickenings of adipose tissue septa also showed fine lines (14/14,
100.0%). Clusters of micro-vessels with fibrotic thickening of adipose
tissue septa showed fine reticula (reticulation that was composed of
fine reticular lines with abundant intermingled fat density) (127/133,
95.5%) (Fig. 3) or coarse reticula (reticulation that was also composed
of reticular lines with less intermingled fat density) (6/133, 4.5%).
Lymph nodes (with or without metastasis) showed fine lines (59/175,
33.7%) or mass or strand shape (over 2mm diameter mass or
strand-shaped soft tissue density continuous with PhC (6/175, 3.4%), or
nodules (over 2mm diameter isolated nodules) (110/175, 62.9%) (Fig.
3). PLX invasion with fibrosis showed mass or strand shape (77/90,
85.6%) (Fig. 4) or coarse reticula (12/90, 13.3%) (Figs. 3, 4) or fine
reticula (1/90, 1.1%). All inflammatory cell infiltrations showed coarse

reticula (4/4, 100%) (Fig. 5).

Deriving CT patterns and correlation between each pattern and
pathological findings

According to this correlation analysis, considering the presence

12



or absence of PLX invasion, the CT findings of the investigated regions
were divided into the following four categories (Fig. 6):

a. Fine reticular and linear pattern: fine lines (less than 2mm
in diameter) and fine reticula (reticulation that was
composed of fine reticular lines with abundant
intermingled fat density).

b. Coarse reticular pattern: coarse reticula (reticulation that
was also composed of reticular lines with less
intermingled fat density).

C. Mass and strand pattern: over 2mm diameter mass or
strand-shaped soft tissue density connecting to the PhC.

d. Nodular pattern: over 2mm diameter isolated nodules.

Table 1 shows the numbers of the areas showing each CT
pattern and the corresponding pathological findings.

Fine reticular and linear pattern: 113 areas showing a fine
reticular and linear pattern were detected on the MPR images in 35
patients. 112 (99%) of them showed micro-vessels, micro-lymph nodes
and fibrosis with PLX (Figs. 2, 3). The remaining one (1%) of them,
which was continuous with PhC, showed PLX invasion by a small
number of cancer cells with fibrosis (Fig. 7).

Coarse reticular pattern: 43 areas showing a coarse reticular

pattern were detected on the MPR images in 20 patients. 16 (37%) of
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them showed clusters of micro-vessels, micro-lymph nodes, and
fibrosis with PLX, similar to those observed in the fine reticular and
linear pattern. Inflammatory cell infiltration was mixed in two of these
16 areas (Fig. 5). PLX invasion with fibrosis was observed in 27 areas
(63%) (Fig. 4). All areas with PLX invasion were continuous with PhC.
On the other hand, 9 areas without PLX invasion were also continuous
with PhC.

Mass and Strand pattern: 25 areas showing a mass and strand
pattern were detected on the MPR images in 22 patients. 23 (92%) of
them showed PLX invasion with fibrosis (Fig. 4). The remaining two
(8%) showed lymph nodes attached to PhC. Metastatic tumour cells
were not identified in these lymph nodes.

Nodular pattern: 95 areas showing a nodular pattern were
detected on the MPR images in 28 patients. All of them showed lymph
nodes (Fig. 3), with 14 (15%) of them showing metastasis and 81
(85%) of them no metastasis.

As a result, when we regarded a coarse reticular pattern
continuous with PhC and a mass and strand pattern as reflecting PLX
invasion and the other patterns as not reflecting PLX invasion, a

significant statistical difference was noted between the two (P < 0.001).

Evaluation of the diagnostic accuracy of MDCT findings

14



Two patient-by-patient basis cross-tabulation tables about
MDCT diagnosis and the pathological result of PLX invasion were
prepared by two readers (Table 2). These two tables were similar, and
sensitivity, specificity, accuracy, and positive and negative predictive
values were 100% (25/25), 83.3% (10/12), 94.6% (35/37), 92.6%
(25/27) and 100% (10/10), respectively. The k values of independent
Image ratings by readers A and B for the CT classification was 0.88,

indicating substantial, almost perfect agreement.

Discussion

Only a few previous reports have focused on the imaging
findings of PLX invasion in PhC [16-19]. This may be due to the
complicated anatomical structures present around the pancreas
including innervation and the difficulty of achieving a “point-by-point”
correlation between the imaging and pathological findings. Therefore,
no description of PLX invasion is provided in the Union Internationale
Contra le Cancer (UICC) classification [22]. However, PhC frequently
invades the PLX [13] and the postoperative survival rate for patients
with PLX invasion is worse compared with that for patients without
PLX invasion [5-12]. Because of this, the Japan Pancreas Society
classification [23] adopted the item of PLX invasion and is now

considered to be a more reliable staging system predicting the outcome
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compared with that based on the UICC classification [24]. Therefore,
we consider that the preoperative imaging diagnosis of PLX invasion in
PhC is clinically important.

In this study, to make a point-by-point imaging-pathological
correlation possible, we cut the en bloc specimens of PhC horizontally,
and made double oblique MPR images that were exactly equal to each
of the pathological sections. As a result of this correlation analysis, we
derived four different CT patterns from the view point of PLX invasion,
namely, fine reticular and linear, coarse reticular, mass and strand and
nodular patterns. In 92% of the regions investigated showing the mass
and strand pattern and 63% showing the coarse reticular pattern (all
continuous with PhC), PLX invasion was revealed pathologically, and
they were highly suggestive of PLX invasion by PhC on MDCT images
(p < 0.001). In addition, the blind assessment by independent
radiologists confirmed the extremely high diagnostic accuracy of these
MDCT patterns.

Concerning the innervation of the pancreas, Yoshioka and
Wakabayashi, and Yi et al described that PLX could be divided into
two parts [20; 21], “pancreaticus capitalis 1 and 2” as shown in Fig. 1.
Yi et al also reported that a few nerves were observed with some small
blood vessels and lymphatic vessels diverging complexly with copious

connective tissue between the SMA and uncinate process. Our study
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confirmed this pancreatic nerve supply pathologically. However, no
data are available that suggest that invasion of different parts of the
nerve plexus carries different prognostic implications. In addition, it
was difficult to differentiate the respective parts of nerve plexuses
exactly on the MDCT images because of the intertwined complexity of
the PLX. Thus, we determined invasion of the PLX without
distinguishing which specific part of the PLX was invaded.

Tian et al and Zhang et al using CT and MRI, respectively,
reported that PLX invasion of “pancreaticus capitalis 2” was
characterised by streaky and strand-like attenuation or signal intensity
structure in fat tissue, and irregular masses adjacent to the tumour [18;
19]. These descriptions correspond approximately to the “mass and
strand pattern” in our results. However, in our study, the MDCT criteria
of the PLX invasion of any part of the PLX (not only the “pancreaticus
capitalis 2”) were not only “mass and strand pattern” but also “coarse
reticular pattern” continuous with PhC on MDCT images. That is to say,
the criteria of the PLX invasion should be further expanded compared
with those previously reported.

Previous reports analysing the imaging findings of PLX
invasion did not refer to those of normal structures between the SMA
and uncinate process at all. Descriptions of these normal structures

were limited to “fat” in previous reports. However, as described above,
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there are copious connective tissues with small blood vessels and
lymphatic vessels diverging complexly between the SMA and uncinate
process pathologically. To know the imaging findings of these normal
structures is important for the differential diagnosis of PLX invasion.
Based on our results, on MDCT images, there are fine reticular and
linear patterns and nodular patterns, and the areas showing these
patterns correspond to structures complexly intertwined with
micro-vessels, fibrosis, and lymph nodes pathologically. PLX not
invaded by tumour is also included in these structures, but it was
impossible to distinguish the nerve fibres of PLX from other
anatomical structures on MDCT images.

In the areas showing a coarse reticular pattern without PLX
invasion, there was a relatively large amount of fibrosis compared with
that shown in the areas demonstrating a fine reticular pattern. In
addition, two of them showed inflammatory cell infiltration
pathologically. Such fibrosis and inflammatory cell infiltration might
be caused by tumour-induced chronic pancreatitis complicating PhC,
resulting in a major false positive finding for the diagnosis of PLX
invasion.

Megibow et al reported that a “thickened vessels sign”
surrounding the coeliac axis or SMA associated with pancreatic

carcinoma was caused by lymphatic invasion, but without a
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“point-by-point” comparison with pathological examination [25]. In the
present study, lymphatics were observed pathologically but were likely
not to be visualised separately on MDCT images because of their small
size compared with micro-vessels or fibrosis. In this study, even when
numerous tumour cells were present in this region, PLX invasion was
commonly detected but lymphatic invasion was not. All areas showing
a nodular pattern were lymph nodes pathologically and were unrelated
to PLX invasion.

This study has several limitations. First, it was retrospective in
nature and included a relatively small number of patients. To assess the
clinical usefulness of PLX invasion on the basis of these CT patterns in
individual patients, further prospective study is required. Second, this
study did not cover all PLX around the pancreas head. Third, we did
not evaluate any cases with chronic pancreatitis or other conditions in
the absence of pancreatic cancer. Chronic pancreatitis may also cause a
coarse reticular pattern similar to that of PLX invasion.

In conclusion, in the region of the medial-posterior fat area of
the pancreas head, mass and strand patterns and coarse reticular
patterns continuous with PhC on MDCT images were highly
suggestive of PLX invasion by PhC. These results may help to predict
the prognosis of the disease and to decide the surgical strategy

including extended resection with surrounding major vessels.
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Figure captions

Figure 1

(a) Schema showing the innervation of the pancreas head. PLX are divided into two
parts. PLX-1 (= pancreaticus capitalis 1) originates from coeliac ganglions and the
coeliac plexus and spreads radically on the posterior surface of the pancreas head and
medial margin of the uncinate process. PLX-2 (= pancreaticus capitalis 2) originates
from the SMA plexus and spreads on the uncinate process along the IPDA. PLX-1 and
2 interconnect with each other [ref. 20; 21]. (b) Schema of innervation of the pancreas
head on two horizontal CT sections. Yellow lines and dots indicate nerve fibres of
PLX. Ao = aorta. CA = coeliac artery. CG = coeliac ganglion. CHA = common hepatic
artery. DU = duodenum. IPDA = inferior pancreaticoduodenal artery. IVC = inferior
vena cava. LRV = left renal vein. P = pancreas. PLX = extrapancreatic nerve plexus.

PV = portal vein. SMA = superior mesenteric artery.

Figure 2

(a) The pathological section (H&E, x1) demonstrates the evaluated structure (arrow).
SMA was not resected in this case. (b) Microscopically, a micro-vessel (micro-artery)
is identified (arrow) (H&E, x2). (c) The MPR image produced from a
contrast-enhanced CT image adjusted to the pathological section shows a fine line
(arrow). Ao = Aorta. CBD = common bile duct. D = duodenum. GDA =
gastroduodenal artery. IVC = inferior vena cava. LRV = left renal vein. N = nerve
fibres of PLX. PSPDA = posterior superior pancreaticoduodenal artery. PV = portal

vein. SMA = superior mesenteric artery. SV = splenic vein. T = primary tumour.
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Figure 3

(a) The pathological section (H&E, x1) demonstrates evaluated structures (white
arrow, white arrowhead, black arrow, black arrowhead). One lymph node contains a
metastasis (black arrowhead) and the other one is without metastasis (black arrow).
CA and SA were not resected in this case. (b) Microscopically, micro-vessels and
fibrotic thickenings of adipose tissue septa with PLX (arrowheads) are identified
corresponding to the white arrowhead in pathological section (EvG, x4). There is no
PLX invasion by the tumour cells. (¢) Microscopically, PLX invasion by the tumour
(arrows) with significant fibrosis continuous with PhC identified corresponding to the
white arrow on the pathological section (EvG, x10). (d) The MPR image produced
from a contrast-enhanced CT image adjusted to the pathological section shows coarse
reticula (white arrow), fine reticula (white arrowhead), mass and strand-shaped soft
tissue (black arrow), and nodule (black arrowhead). Ao = Aorta. CA = coeliac artery.
D = duodenum. IVC = inferior vena cava. MV = micro-vessels. N = nerve fibres of the

PLX. PV = portal vein. SA = splenic artery. T = primary tumour.

Figure 4

(a) Two consecutive pathological sections (H&E, x1) demonstrate the evaluated
structure continuous with PhC (arrowhead and arrow). CA was not resected in this
case. (b) Microscopically, PLX invasion by the tumour (arrows) with significant
fibrosis is identified on both pathological sections (H&E, x10). (c) Two MPR images
produced from a contrast-enhanced CT image adjusted to the pathological sections
show coarse reticula (arrowhead), mass and strand-shaped soft tissue (arrow). Ao =
Aorta. CA = coeliac artery. CBD = common bile duct. D = duodenum. DPA = dorsal

pancreatic artery. GDA = gastroduodenal artery. IVC = inferior vena cava. N = nerve
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fibres of PLX. PV = portal vein. T = primary tumour.

Figure 5

(a) The pathological section (H&E, x1) demonstrates the evaluated structure (arrow).
(b) Microscopically, micro-vessels with fibrotic thickenings of adipose tissue septa
with PLX are identified (arrows) (EvG, x4). There is no PLX invasion by the tumour
cells. (c) Microscopically, insular lymphocytic infiltrations are also identified (H&E,
x20). (d) The MPR image produced from a contrast-enhanced CT image adjusted to
the pathological section shows coarse reticula (arrow). Ao = Aorta. D = duodenum.
GDA = gastroduodenal artery. IVC = inferior vena cava. LN = lymph nodes. LRV =
left renal vein. N = nerve fibres of the PLX. SMA = superior mesenteric artery. SMV =

superior mesenteric vein. T = primary tumour.

Figure 6

Summaries of the four CT patterns. Top: schemas. Bottom: contrast-enhanced CT
Images corresponding to respective schemas. (a) Fine reticular and linear pattern
(arrow) (b) Coarse reticular pattern (arrow) (c) Mass and Strand pattern (arrows) (d)

Nodular pattern (arrows).

Figure 7

(a) The Double oblique MPR image produced from a contrast-enhanced CT image
adjusted to the pathological specimen shows the area of the fine reticular and linear
pattern continuous with PhC (arrow). The primary tumour is not seen on this image.
(b) The pathological section (H&E, x1) demonstrates the corresponding area (arrow).

(c) Microscopically, PLX invasion by the tumour cells and minimal fibrosis are
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identified in the corresponding area (arrows) (H&E, x4). Ao = Aorta. D = duodenum.
IVC = inferior vena cava. LRV = left renal vein. MVs = micro-vessels. N = nerve

fibres of the PLX. SMA = superior mesenteric artery. SMV = superior mesenteric vein.
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Table 1. Correlation between the each of the four CT patterns and pathological findings

Pathological findings

CT patterns Complex of micro-vessels/lymphnodes and fibrosis Lymphnodes PLX invasion
Fine reticular and linear (n = 113) 112 (99) 0 1(1)

Coarse reticular (n = 43) 16 (37) * 0 27 (63) T
Mass and Strand (n = 25) 0 2(8) % 23 (92)
Nodular (n = 95) 0 95 (100) & 0

Note. - Data represent the number of the areas showing CT patterns, with percentages to the entire number of CT patterns in parentheses. All cases of
PLX invasion were continuous with PhC. PhC = pancreas head carcinoma. PLX = extrapancreatic nerve plexus.

* Seven of them were not continuous and 9 of them were continuous with PhC. Two of them showed inflammatory cell infiltration pathologically.

t All of them were continuous with PhC.

1 Two of them showed no metastases pathologically.

8 14 (15%) of them showed metastasis and 81 (85%) of them no metastasis pathologically.
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Table 2. MDCT diagnosis and the pathological result of PLX invasion on a

patient-by-patient basis

Pathological result t

MDCT diagnosis *  + - Total
+ 25 2 27
- 0 10 10
Total 25 12 37

Note. - Data are the number of the areas showing CT patterns. PLX = extrapancreatic

nerve plexus.

* MDCT diagnosis of PLX invasion. + = presence. - = absence.

T Pathological verification of PLX invasion. + = verified. - = not verified.
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Figure 1 (a):
Schema showing the innervation of the pancreas head. PLX are divided into two parts. PLX-1 (=
pancreaticus capitalis 1) originates from coeliac ganglions and the coeliac plexus and spreads
radically on the posterior surface of the pancreas head and medial margin of the uncinate process.
PLX-2 (= pancreaticus capitalis 2) originates from the SMA plexus and spreads on the uncinate
process along the IPDA. PLX-1 and 2 interconnect with each other [ref. 20; 21].
76x101mm (600 x 600 DPI)
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Figure 1 (b):
Schema of innervation of the pancreas head on two horizontal CT sections. Yellow lines and dots
indicate nerve fibres of PLX.
76x152mm (600 x 600 DPI)
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Figure 2 (a):
The pathological section (H&E, x1) demonstrates the evaluated structure (arrow). SMA was not
resected in this case.
101x76mm (300 x 300 DPI)
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Figure 2 (b):
Microscopically, a micro-vessel (micro-artery) is identified (arrow) (H&E, x2).
101x76mm (300 x 300 DPI)
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Figure 2 (c):
The MPR image produced from a contrast-enhanced CT image adjusted to the pathological section
shows a fine line (arrow).
76x76mm (300 x 300 DPI)
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Figure 3 (a):

The pathological section (H&E, x1) demonstrates evaluated structures (white arrow, white
arrowhead, black arrow, black arrowhead). One lymph node contains a metastasis (black
arrowhead) and the other one is without metastasis (black arrow). CA and SA were not resected in
this case.
101x76mm (300 x 300 DPI)
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Figure 3 (b):

Microscopically, micro-vessels and fibrotic thickenings of adipose tissue septa with PLX (arrowheads)
are identified corresponding to the white arrowhead in pathological section (EvG, x4). There is no
PLX invasion by the tumour cells.
101x76mm (300 x 300 DPI)
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Figure 3 (c):
Microscopically, PLX invasion by the tumour (arrows) with significant fibrosis continuous with PhC
identified corresponding to the white arrow on the pathological section (EvG, x10).
101x76mm (300 x 300 DPI)
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Figure 3 (d):

The MPR image produced from a contrast-enhanced CT image adjusted to the pathological section
shows coarse reticula (white arrow), fine reticula (white arrowhead), mass and strand-shaped soft
tissue (black arrow), and nodule (hlack arrowhead).
76x76mm (300 x 300 DPI)
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Figure 4 (a):
Two consecutive pathological sections (H&E, x 1) demonstrate the evaluated structure continuous
with PhC (arrowhead and arrow). CA was not resected in this case.
101x152mm (300 x 300 DPI)
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Figure 4 (b):
Microscopically, PLX invasion by the tumour (arrows) with significant fibrosis is identified on both
pathological sections (H&E, x10).
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Figure 4 (c):
Two MPR images produced from a contrast-enhanced CT image adjusted to the pathological sections
show coarse reticula (arrowhead), mass and strand-shaped soft tissue (arrow).
76x152mm (300 x 300 DPI)
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Figure 5 (a):
The pathological section (H&E, x1) demonstrates the evaluated structure (arrow).
76x101mm (300 x 300 DPI)
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Figure 5 (b):
Microscopically, micro-vessels with fibrotic thickenings of adipose tissue septa with PLX are
identified (arrows) (EvG, x4). There is no PLX invasion by the tumour cells.
76x101mm (300 x 300 DPI)
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Figure 5 (c):
Microscopically, insular lymphocytic infiltrations are also identified (H&E, x20).
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Figure 5 (d):
The MPR image produced from a contrast-enhanced CT image adjusted to the pathological section
shows coarse reticula (arrow).
76x76mm (300 x 300 DPI)
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Figure 6:

Summaries of the four CT patterns. Top: schemas. Bottom: contrast-enhanced CT images
corresponding to respective schemas. (a) Fine reticular and linear pattern (arrow) (b) Coarse
reticular pattern (arrow) (c) Mass and Strand pattern (arrows) (d) Nodular pattern (arrows).
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Figure 7 (a):

The Double obligue MPR image produced from a contrast-enhanced CT image adjusted to the
pathological specimen shows the area of the fine reticular and linear pattern continuous with PhC
(arrow). The primary tumour is not seen on this image.
76x76mm (300 x 300 DPI)
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Figure 7 (b):
The pathological section (H&E, x1) demonstrates the corresponding area (arrow).
101x76mm (300 x 300 DPI)
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Figure 7 (c):
Microscopically, PLX invasion by the tumour cells and minimal fibrosis are identified in the
corresponding area (arrows) (H&E, x4).
101x76mm (300 x 300 DPI)
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