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REVIEW

Surgical aspects of human islet isolation
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Islet transplantation is a safe and effective procedure; however,
it depends on the critical step of isolating high-quality islets
from a whole pancreas. Human islet isolation requires
considerable experience and expertise and is frequently seen
as an art rather than a science. Without scientific knowledge
of pancreatic anatomy, however, real experience cannot be
gained. In particular, an understanding of ductal anatomy
is important to perform human islet isolation. This review
is based on clinical experience performing more than 900
human islet isolations over 10 years and aims to highlight the
importance of pancreatic anatomy and surgical techniques in
islet processing.

Introduction

Due to its promising and minimally invasive therapy for patients
with type 1 diabetes, the replacement of pancreatic 3-cells by islet
transplantation has gained much attention. Especially the initial
success of Edmonton protocol has led to a considerable expan-
sion of clinical islet transplant program worldwide.! However, the
overall long-term function of transplanted islets is not satisfac-
tory enough to merit widespread clinical application; at 5-year
after transplantation only 15% of islet recipients remains insulin
independent.? This outcome is quite similar to that of pancreas
transplant alone (PTA) performed more than 30 years ago (i.e.,
the pre-cyclosporine era); insulin independent rate after PTA was
reported as 31% at 1 year and 11% at 5 years.® This can be seen
as a 30 years lag between the two therapies. However, results with
islet transplant have been significantly improved recently. Indeed
a study from the University of Minnesota has shown high rates of
islet engraftment with 50% insulin independent rates sustained
at 5 years’—promising outcomes that begin to approximate out-
comes of current PTA”

Providing high quality human islets which survive and func-
tion for longer period likely contributes to further improve-
ment of long-term outcomes. However, islet isolation procedure
requires considerable experience and expertise in spite of the
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many advances in isolation technology. Paul E. Lacy, the father
of islet transplantation, stated in his final public lecture, “You
can’t transplant islets unless you know how to isolate them.”
The pancreas is indispensable ‘raw material’ for islet isolation.
For islet specialists who may not be a surgeon but conduct islet
isolation, it is of paramount importance to know basic anatomy
of the pancreas. Nevertheless, important aspects of its anatomical
structure have not as yet been discussed from points of view of
islet isolation. This review aims to highlight pancreas anatomy
and surgical techniques in islet processing. Important technical
aspects are outlined from a surgeon’s perspective. The pancreas
procurement is out of scope of this review. The interested readers
may refer to other articles.”®

The Importance of Intraductal Distention
of the Pancreas

Since 1967, the year in which Lacy and Kostianovsky described
intraductal distention of the pancreas for isolating rat islets,’ the
injection of collagenase enzyme blend though the cannulated
pancreatic duct has become current standard technique in human
islet isolation. The principles behind the intraductal injection are
(1) mechanical disruption of interstitial matrix, (2) uniform dis-
tribution of the collagenase blend throughout the parenchyma
and (3) enhancement of collagenase binding to collagen in
the pancreas.'®!! Uniform distention of the pancreas is crucial
because islets are not isolated from undistended segments.'? It is
thus vital that islet specialist is well-trained in inserting a catheter
into the duct and in identifying ductal anomalies.

Duct Systems in the Human Pancreas

It is difficult to understand peculiarities of the ducts without
knowledge of embryological development of the pancreas. The
pancreas is derived from two separate anlagen in the foregut epi-
thelium, one dorsal and the other ventral. Each of these two anla-
gen contains a duct, opening into the primitive duodenum. Due
to dominant expansion of growth on the left side of the primi-
tive duodenum, the ventral pancreas passively moves to the right
and rotates posteriorly until it comes to lie to the left of the duo-
denum, subsequently fusing and merging to the dorsal pancreas
(Fig. 1). Consequently, the duct systems of both portions become
connected to each other. The dorsal pancreas contains the main
duct in the tail and the body of the gland while the ventral duct
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Figure 1. Hypothetical schema showing ‘rotation’ of duodenum and pancreas (transverse section). (A) A ventral pancreatic bud appears in the ventral
wall of the primitive duodenum. (B) As a result of expansion of the left side of the duodenum, the ventral pancreas passively comes to the right.
(C) The ventral pancreas fuses with the dorsal pancreas. (D) Final retroperitoneal position of duodenum and pancreas.

(Wirsung duct) becomes the main conduit for pancreatic secre-
tion terminating in the major duodenal papilla. The dorsal
duct (Santorini duct), in some cases (~45%), continues to drain
through the minor duodenal papilla.”® In the remaining cases,
Santorini duct is obliterated with no opening into the duodenum.
When the ventral and dorsal ductal systems fail to fuse during
embryological development, pancreatic juice is predominantly
drained through the dorsal duct of Santorini. This malfusion,
termed pancreas divisum, is the most frequent anatomic variant
in the pancreas."

Surgical Techniques for Cannulation

The pancreas is trimmed of the spleen and the duodenum prior to
the cannulation procedure. Three catheters are inserted into the
main pancreatic duct: one at the head (the first catheter) and two
at the mid-body, one toward the tail (the second catheter) and the
other toward the head (the third catheter). The catheter insertion
technique begins with an identification of the orifice of Wirsung
at the head. After the first catheter is inserted into the orifice of
Wirsung, the catheter is secured with a 3-0 silk ligature around
the ductal wall. Small amount (-1 mL) of solution (e.g., Hanks’
solution) is quickly injected through the first catheter using a
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syringe. This procedure may help to identify the course of the
main duct at the mid-body especially if the duct runs shallowly
(Sup. Video). Also this helps to see if there is communication
between the dorsal and ventral ducts. The pancreatic parenchyma
is then minimally cut with a knife at the mid-body and the main
duct is exposed (Fig. 2A). The main duct is encircled using a
hemostat, and two 3-0 silk ligatures are placed underneath the
duct. A small hole is made on the wall of the duct using micro-
scissors. Next, the second catheter is introduced through the hole
into the duct directed toward the tail (Fig. 2B). Lastly, the third
catheter is advanced into the duct toward the head in a similar
fashion. The first catheter (one from the head) is usually not used
for loading of enzyme solution. However this catheter can serve
as a back-up for a failure of the third catheter insertion, and is
necessary for distending the ventral pancreas in case of complete
type of pancreas divisum, as will be discussed later.

The advantages of the method described above are (1) mini-
mizing leakage of enzyme solution during subsequent perfusion
owing to minimal dissection of the parenchyma at the mid-body
and (2) catheters are easily secured with a simple silk tie; no
parenchymal suture is required. The disadvantage is that it may
be technically difficult to insert the third catheter due to space
limitation.
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Islet specialists may employ a slightly different method. The
pancreas is completely cut into half at the mid-body, i.e., head sec-
tion and tail section. Two catheters are inserted into the main duct
at the cut surface, one directed toward the tail and the other to the
head. Parenchymal suture with a 3-0 silk needle should be placed
for securing the catheter. The advantage of this method is that it
is easy to identify the opening of the duct at the cut surface. The
disadvantages are that some pancreatic parenchyma is sacrificed
for securing catheters and that leakage of enzyme solution from
the cut surface is not insignificant during subsequent perfusion.

A unique method was described by Arita et al."” They inserted
a long tube into the duct at the head, advancing to the tail. They
injected enzyme solution with a syringe to distend the tail portion
first, and then pulled the tube back to the head while injecting
solution to allow the body and head being distended. By using this
deep tubing method, they obtained a significantly higher amount
of human islets when compared with conventional cannulation
method, probably because of better distention of the pancreas.
Potential problem with deep tubing is the failure to place a tube
deeply enough in case of variations in the pancreatic duct such as
pancreas divisum, tortuous duct and ansa pancreatica.'®

Cannulation Method for Complete
Type of Pancreas Divisum

Pancreas divisum is the most frequent congenital anomaly in the
pancreas.”® Its estimated incidence varies widely depending on
the methods of identification; 1.3-7.5% based on image series'”'®
and 5-22% according to anatomical studies.””?! It is important
to know that pancreas divisum can not be discerned from the
outside appearance of the gland.?? Our previous assessment of
this anomaly during the intraductal distention of the pancreas
revealed that pancreas divisum did not have any negative impact
on quality of distention of the pancreas.” The interpretation
was that there are ‘micro’ communications in a ductal system
between ventral and dorsal pancreata in most cases of pancreas
divisum, thereby ventral pancreas can be distended satisfactory
by injecting solution though the main duct at the mid-body.
However, in our subsequent assessment of 390 deceased donor
pancreata, we found 13 cases of pancreas divisum (3.3%) show-
ing no communications at all between ventral and dorsal duct
systems (complete type).

When pancreas divisum is suspected, i.e., the orifice of
Wirsung duct is smaller than that of Santorini duct on visualiza-
tion, the following modification of cannulation method is useful
to distend the ventral pancreas. Firstly a smaller catheter (18-20
gauge) may be used instead of a regular size catheter (16 gauge)
for the orifice of Wirsung due to its tiny size. This catheter from
the Wirsung will not help to identify the course of the main duct
at the mid-body in case of complete type of pancreas divisum;
however, the catheter is necessary for distention of the ventral
pancreas. For the identification of the main duct at the mid-
body, another catheter inserted though the orifice of Santorini
will be helpful. In Figure 3, an example of such a case is shown.
This modification is not required for incomplete type of pancreas
divisum.
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Figure 2. A catheter insertion at the mid-body. (A) The main pancreatic
duct is exposed at the mid-body. (B) A 16 gauge catheter is inserted into
the main duct toward the tail (arrow). Arrowhead points to a catheter
inserted into the main duct from the head.

Trimming of the Pancreas

The pancreas is removed typically en bloc with the duodenum and
spleen, and is transported to an islet isolation facility. Proximal
and distal ends of the duodenum are sealed with a linear cutting
stapler during the organ procurement to avoid contamination.
Upon arrival at a facility, the pancreas is trimmed of the spleen,
the duodenum, surrounding fat and major vessels. The pan-
creatic head, the intrapancreatic bile duct, and the duodenum,
these three entities are traditionally thought to form a surgically
inseparable unit because of their anatomical and embryological
relations. Therefore, it is technically challenging for surgeons
to remove, for example, the only pancreatic head while preserv-
ing the bile duct and duodenum.? Although the same dose not
hold true for islet specialists, there are several anatomical aspects
which islet specialists should be aware of.

When dissecting the duodenum from the pancreas, special care
should be taken to avoid rupture of the duodenal wall because leak-
age of the duodenal content compromises sterility of islet product.?
It is especially important to bear in mind that the duodenal diver-
ticulum may be embedded inside of the pancreatic parenchyma,
thus can not be identified from the outside appearance of the duo-
denum. Duodenal diverticula are frequently seen, occurring in
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Figure 3. Intraductal distention in case of complete type of pancreas divisum. (A) The dorsal pancreas is being distended using two catheters inserted
at the mid-body. The ventral pancreas (white arrows) is not distended. There is no fluid emptying from a small catheter (20 gauge) inserted into the
orifice of Wirsung duct (white arrowhead), indicating no ductal communications between the ventral and dorsal systems. (B) The ventral pancreas is
being distended through the Wirsung duct (white arrowhead). There is no fluid emptying from a catheter at the mid-body (black arrowhead), again in-
dicating no ductal communications between the ventral and dorsal systems. Black arrow indicates a catheter inserted into the orifice of Santorini duct.

Proximal

Figure 4. In this case, the duodenal diverticulum was not recognized
from the outside appearance of the pancreas and duodenum.

15% to 22% based on a postmortem study.?*® They are typically
located in the mesenteric border of the descending duodenum near
the major papilla and the head of the pancreas. Figure 4 shows a
dissected duodenum accompanied with a diverticulum.

The connection between the duodenum and pancreatic head
is loose enough to allow blunt dissection. One exception is the
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duodenal wall around the minor papilla where the pancreatic tis-
sue heavily infiltrates.”” Dissection plane of this area should be
the muscular layer of the duodenum, not between the duodenal
serosa and the pancreatic parenchyma (Fig. 5).

The classical description of the intrapancreatic bile duct is
that it is buried into the pancreatic parenchyma. In order to
expose the intrapancreatic bile duct, surgeons usually transect
the posterior aspect of the pancreatic parenchyma.?®*’ However,
a fissure can be found to the right of the intrapancreatic bile duct
when the pancreatoduodenal region is approached posteriorly.?’
This fissure gives access to the bile duct without transection of
the pancreatic parenchyma (Fig. 6). The pancreatic tissue cover-
ing the intrapancreatic bile duct is called ‘pancreatic lingula’?!
(Fig. 7). After skeletonization of the intrapancreatic bile duct, the
confluence of the bile duct and the main pancreatic duct becomes
easily identified. Dividing the main duct near the entrance to the
duodenum makes it easy to identify the orifice of Wirsung duct
during subsequent cannulation procedure. Finally, islet special-
ists should bear in mind the possible existence of a long common

pancreatobiliary channel when dissecting the bile duct.?

Anatomical Orientation of the Pancreas
There is a tricky anatomical orientation hidden in the pancreas.

The common mistake is misinterpretation of the anterior aspect
of the body/tail as the posterior aspect. Ontogenetic twist at the
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neck of the pancreas likely contributes to this mistake.” Figure
8 shows surface relationship between the head and the body/tail.
One may recognize the smooth continuity of the surface from
the anterior head to the posterior body as shown in Figure 8A.
In order to place the pancreas in anatomical position, the body/
tail should be twisted on its long axis by 180° anterior-inferiorly.
According to Nagali, this twist at the neck is closely related with

development of the omental bursa.?

Congenital Anomaly

In addition to pancreas divisum, there are several congenital
anomalies which islet specialists should be aware of.

Annular pancreas. The encirclement of the second part of
the duodenum by a ring-like band of pancreatic tissue is known
as annular pancreas, which is a rare anomaly with an incidence
of three in 20,000 autopsies.>® Two cases of a whole pancreas
transplantation from an annular pancreas have been reported
in the literature.**¢ Because of a technical challenge, individual
with annular pancreas may be considered as a marginal donor.”
In contrast to a whole pancreas graft which involves with a seg-
ment of the duodenum, the technical challenges of islet isolation
from an annular pancreas seem comparatively small. We reported
a case of a successful transplantation of islets isolated from an
annular pancreas® (Fig. 9). Special care must be taken to avoid
parenchymal injury when dissecting the duodenum from the
pancreas.

Figure 5. Appearance of the duodenum after dissection of the pancre-
as. Arrows indicate an area around the minor duodenal papilla where
the pancreatic tissue was invading to the duodenal wall.

Accessory spleen. Accessory spleens are common, seen in 10%
of population,®” and may be located anywhere in the abdominal cav-
ity. The pancreas is the second most frequent location of accessory
spleens with an incidence of one in every five accessory spleens.’
Most accessory spleens we found during islet isolation are solitary
and located at the tail of the pancreas (Fig. 10). These spleens should
not be removed prior to completion of intraductal distention. They
are embedded deeply inside the pancreatic parenchyma, so it is
difficult to extirpate them without parenchymal injury.

Figure 6. Posterior aspect of the pancreatoduodenal region. (A) There is a fusion cleft to the right of the intrapancreatic bile duct. (B) The intrapan-
creatic bile duct is exposed in its entire length without any injury to the pancreatic parenchyma. (C) The intrapancreatic bile duct is retracted by the
forceps. Groove for passage of the bile duct can be seen (arrowheads). (D) The main pancreatic duct is exposed.
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Figure 7. Schema showing the pancreatic lingula. (A) Posterior aspect
of the pancreatoduodenal region. (B) The intrapanceratic bile duct

is covered by the pancreatic lingula. The lingula is derived from the
ventral pancreas. A dotted line indicates a border between the ventral
and dorsal pancreata, however, such a border can not be identified
macroscopically. CBD, common bile duct; VP, ventral pancreas; DP,
dorsal pancreas; W, Wirsung duct; S, Santorini duct.

Circumportal pancreas. The encircling of the portal vein by
pancreatic parenchyma, while normal in pigs,* is a rare and not
well recognized variant in humans. In 1987, complete pancreatic
encasement of the portal vein was reported for the first time by
Sugiura et al.** At least 7 surgically confirmed cases have been
reported in the literature.*® Leyendecker and Baginski intro-
duced the term ‘circumportal pancreas’.®” Recent retrospective
studies of image records revealed an unexpectedly high incidence
of this variant.” In some cases with circumportal pancreas, the
main pancreatic duct was found to run posterior to the portal
vein.*% Therefore, islet specialists should bear in mind this pos-
sibility in case of circumportal pancreas when cannulating. In
our two cases presented previously,”® the main duct appeared to
pass anterior to the portal vein (Fig. 11).

Short pancreas or agenesis of the dorsal pancreas. Agenesis
of the ventral pancreas is extremely rare, but complete or partial
agenesis of the dorsal pancreas, also known as congenital short
pancreas, has been reported more frequently.’® Because the dor-
sal pancreas represents approximately 90% of the pancreatic vol-
ume,” thereby the majority of beta cells, complete agenesis of the
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Figure 8. (A) The posterior aspect of the body/tail is facing the observer
while the head portion is placed in anatomical position. Note a smooth
surface transition from the head to body. (B) The body/tail is being
twisted on its long axis by 180° anterior-inferiorly. The whole pancreas
is now placed in anatomical position.

dorsal pancreas is not suitable for islet isolation. Partial agenesis
of the dorsal pancreas may be considered as a transplantable graft
when absence of diabetes in donor is confirmed (Fig. 12). We
have performed an islet isolation and transplantation using such
a donor pancreas and obtained excellent clinical outcome.

Pancreatic Lipomatosis

Pancreatic lipomatosis is characterized by the replacement of
exocrine pancreatic parenchyma with adipose tissue or fat infil-
tration of the pancreas. Several human conditions are associated
with pancreatic lipomatosis, such as obesity, aging, obstruction
of the pancreatic duct and congenital disorders.’*> It is impor-
tant to distinguish fat infiltration of the pancreas from fat deposi-
tion surrounding the pancreas. The latter is easily dissected from
the pancreas without injury while in the former fat is diffusely
and deeply infiltrating into the parenchyma. Moreover it is some-
times difficult to discern infiltrated fat from the parenchyma.
Dissecting fats infiltrating into the pancreas leads to parenchy-
mal injuries, resulting in leakage of enzyme solution during
intraductal distention (Fig. 13).

A fat infiltrated pancreas is not likely utilized for a whole organ
transplantation since such a gland is associated with an increased
risk of early graft loss.’® In contrast, a fat infiltrated pancreas seems
to be preferred for islet isolation. The skew is highlighted by a
study of Frank et al. who reported that 30 of 30 pancreata for a
whole organ transplant were labeled as “none to low” in fat infil-
tration whereas 25 of 27 pancreata processed for islet isolation
were categorized as “moderate to severe”.’

A link between gross fat content in the pancreas and islet isola-
tion outcome was suggested in the mid 1990s.® Subsequent his-
tological study revealed a correlation between a higher fat content
in the pancreas and successful islet isolation.”” These findings
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Figure 9. Annular pancreas. Forceps are inserted to show the passage
of the duodenum.

Figure 10. An accessory spleen embedded into the tail of the pancreas.
Inset: the accessory spleen was extirpated after intraductal distention
of the pancreas.

stimulated islet processing centers to analyze the impact of fat
infiltration of the pancreas on islet isolation outcome. Although
hampered by other confounding donor factors and by a great com-
ponent of subjectivity in the assessment, most studies are in agree-
ment with higher islet yield from a fat infiltrated pancreas.®*¢! The
cause of increased isolation success with fat infiltration has not
been determined. Relatively less amounts of acinar tissue in a fat
infiltrated pancreas, thereby less amounts of harmful endogenous
enzymes released from acinar tissue, may be a favored condition
for pancreas dissociation during islet isolation. Relatively high
amounts of fat may affect enzymatic digestion of the pancreas.
One study showed that caseinase activity of commercially avail-
able crude enzyme mixture was inhibited by free fatty acids.®

In our own experience, we have found in some cases that diges-
tion of pancreas with heavy fat infiltration results in remarkably
less volume of digested tissue with preserved islet mass, rendering
subsequent purification procedure unnecessary.

Occult Cancer
Transmission of malignant tumor from a donor to a transplant

recipient is rare event in solid organ transplants. A report from

www.landesbioscience.com
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Figure 11. Circumportal pancreas. The uncinate process is communicat-
ing with the posterior aspect of the pancreas body (arrow). Forceps are
inserted to show the passage of the portal vein.

United Network Organ Sharing transplant data has given rate of
0.012% for deceased donor tumor transmission.®® There are three
reports illustrating cancer transmission from a pancreas graft.**%
Needless to say, in all three cases a primary tumor was undetect-
able in a pancreas graft at procurement. Avoidance of transmis-
sion of malignant tumor in relation to organ donation is highly
desired in islet transplantation since the transplant is considered
as a life-enhancing procedure rather than a life-saving procedure.
Furthermore, complete removal of the graft would be technically
challenging for intraportally distributed islets, and would likely
necessitate total hepatectomy and liver transplantaiton. The pro-
cess for islet purification with elimination of the majority of the
exocrine pancreas provides a measure of comfort, but it should
be emphasized that even purified islet preparations are far from
being perfectly pure. It is also unclear how much of the partially
digested exocrine pancreatic tissue actually survives intraportal
implantation as it is exceptional to visualize pancreatic exocrine
tissue on post-transplant liver biopsies.”” Bearing in mind that
occult cancer may not be detected by procuring surgeon even
with careful palpation of the pancreas, islet specialists should
examine inside the pancreas after intraductal distention of the
pancreas. Previously, we cut the pancreas into 7-9 pieces before
digestion, but our routine practice since 2003 has been to cut the
distended pancreas sagittally at -2 cm thickness and to carefully
examine the cut surface of each piece.

It is worthwhile to note that pancreatic metastasis of renal cell
carcinoma is unique in that development of lesion is generally late
with a disease-free interval from nephrectomy to the recognition
of metastatic disease being 10 years or more.®® Therefore, special
care should be taken to assess potential donors who have a long
history of disease free after resection of renal cell carcinoma.

Conclusion

Despite the many advances in technical aspects of human islet
isolation, it still requires considerable experience and expertise, as
is frequently seen as ‘an art rather than a science’. However, with-
out scientific knowledge of anatomy of the pancreas, real expe-
rience can not be gained. Pancreas donation depends on public

271



Figure 13. Heavily fat infiltrated pancreas. The parenchyma of the pancreas is hardly seen from the surface.

confidence and trust in all aspects of islet transplantation, so high
standards of technical expertise in islet isolation must be met. The
ability to isolate islets efficiently and safely without technical fail-
ure, such that most of islet preparations may subsequently be used
for transplantation, is of paramount importance.
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