How I Do It
Digestive
Surgery

Dig Surg 2001;18:363-369

Problems of Reconstruction during
Pancreatoduodenectomy

George H. Sakorafas2 Helmut Friess® Bruno M. BalsigerP

Markus W. BlchlerP Michael G. Sarr@

aDepartment of Surgery, Mayo Clinic, Rochester, Minn., USA; PDepartment of Visceral and Transplantation Surgery,

Inselspital, University of Bern, Switzerland

Key Words

Celiac artery stenosis - Pancreatoduodenectomy -
Whipple procedure - Pancreatoenterostomy -
Biliary-enteric anastomosis - Aberrant hepatic arteries -
Vascular anomalies

Abstract

Pancreatoduodenectomy may be a difficult operation,
not only during the resectional part of the procedure, but
also during reconstruction. Usually, these problems are
due to local conditions of the organs/tissues, such as
small diameter of the common bile duct or pancreatic
duct, friable soft pancreas, vascular anomalies, etc. Re-
construction may also be problematic because of the
hemodynamic instability of the patient during surgery
(subsequent to massive hemorrhage), and in those un-
usual cases, delayed reconstruction may be a life-saving,
wise choice.
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Abbreviations

‘The best is always that which is farthest removed from the
unsuitable.’ Hippocrates, Ancient Medicine XXIV, 460 B.C.

‘Experience with success or failure only enables the individual
operator to justify methods.” Charles H. Mayo, MD

Introduction

Pancreatoduodenectomy (PD) has become increasing-
ly common as a safe and appropriate procedure in select-
ed patients with malignant and benign periampullary dis-
orders. Hospital mortality, which in the recent past was
prohibitive (over 20%), should now be less than 4% [1-3].
Documentation of higher operative mortalities and mor-
bidities speak to inexperience with this specific operation
and a low volume of experience, questioning the justifica-
tion for performing these procedures by ill-equipped sur-
geons or hospitals [2-6]. Nevertheless, even in high vol-
ume centers with defined pancreatic surgical experience,
morbidity remains relatively high (~ 30-40%), and PD is
still considered a formidable surgical undertaking. Me-
ticulous surgical technique is a must to avoid severe intra-
operative complications during the resection, most com-
monly massive hemorrhage from the major peripancreat-
ic vessels [4]. However, PD may be technically difficult
not only during the resectional part of the procedure but
also during reconstruction. This usually is due to the con-
ditions of tissues, but occasionally the general status of the
patient may dictate a different approach after PD (i.e.
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PD pancreatoduodenectomy

RHA right hepatic artery
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Fig. 1. Stented duct-to-mucosal anastomosis; an intraluminal stent is
optional.

Fig. 2. Intussuscepted pancreatojejunostomy; an intraluminal stent
is optional.

hemodynamic instability subsequent to massive intra-
operative bleeding). Good surgical training, clinical judg-
ment, and experience of the surgeon are prerequisites to
successfully deal with these challenging conditions to
avoid or minimize early and late significant morbidity
and eventually mortality.

This paper will address some of the more unusual diffi-
culties encountered on occasion during reconstruction
involving the pancreatic and biliary anastomosis, vascu-
lar anomalies that require some type of specific interven-
tion, and management of the patient with hemodynamic
instability intraoperatively.

Pancreaticoenterostomy

Pancreaticoenterostomy may be the most technically
demanding part of the reconstruction and is often consid-
ered as the ‘weak point’ of PD. Leakage from this anasto-
mosis is the most feared complication after PD [5-7], and
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anastomotic leaks are directly responsible for 20-25% of
postoperative death [6]. Although the majority of patients
with a pancreatico-cutaneous fistula following PD heal
with conservative measures, some patients (5-10%) de-
velop significant intra-abdominal complications, such as
sepsis or bleeding that may require surgical intervention
[5, 6]. Completion pancreatectomy, itself a technical feat,
is the procedure that may be required when repair/drain-
age is impossible because of local conditions; mortality is,
however, very high [5-7], and prevention is the best way
to avoid the need for this drastic measure.

There are many variations of pancreatoenterostomy,
and we will not be presumptuous enough to recommend
one specific technique. Indeed, the experienced pancreat-
ic surgeon needs to have several options in his/her reper-
toire including pancreatojejunostomy and pancreatogas-
trostomy. The ‘duct-to-mucosa’ type of anastomosis
(fig. 1) [8] is considered by many as the preferred method
of pancreatoenterostomy. Use of operating magnification
markedly aids placement of sutures; most surgeons would
advocate interrupted sutures with an absorbable material.
Use of an intraluminal stent is optional, and no good evi-
dence is available to support its routine use. If a small
pancreatic duct is difficult to identify after parenchymal
transection, especially when the pancreatic head is ampu-
tated with electrocautery, secretin (1 IU/kg) can be given
intravenously to promote pancreatic exocrine secretion
and to aid identification of the duct. When the main pan-
creatic duct is not believed wide enough to permit a safe
anastomosis, even under magnification, an ‘invaginating’
type of pancreatojejunostomy is a valuable alternative
(fig. 2). Generally, pancreatoenterostomy is safer after PD
for chronic pancreatitis than for pancreatic cancer, be-
cause the diseased parenchyma of the pancreatic remnant
is fibrotic and holds the sutures well, and possibly because
the enzyme content (proteases, phosphatases, elastases
etc.) in the pancreatic juice is low [9, 10]. The risk of
dehiscence of the pancreatoenterostomy is increased
when the parenchyma of the pancreatic remnant is soft
and friable, and especially so when the main pancreatic
duct is thin-walled and of small diameter [11]. Under
these latter circumstances pancreatoenterostomy may be
very difficult and problematic. When faced with this sig-
nificant problem, the following options are available:

(A) External drainage of the pancreatic remnant by
careful placement of peripancreatic drains [12]. The main
pancreatic duct can be left open and not ligated [12], in
which case the pancreatic secretions will be drained via
the peripancreatic drains, or a stent may be introduced
within the duct in addition to peripancreatic drains [13]
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(fig. 3a). By this means a controlled pancreatico-cuta-
neous fistula results. Although no fatal complications
were caused by use of this technique, its disadvantage is
that a pancreatico-cutaneous fistula invariably occurs.
Surprisingly, in many patients (~80%) the fistula will
close spontaneously [12], probably by formation of an
internal pancreatic fistula to adjacent small bowel. How-
ever, a significant proportion of patients require reopera-
tion for internal drainage of a persistent external fistula or
development of a pseudocyst.

(B) Ligation of the main pancreatic duct with drainage
of the peripancreatic area (fig. 3b). The concept and ratio-
nale with this approach is that the gland will atrophy.
However, this approach often results in further complica-
tions from the pancreatic remnant, such as pseudocyst
formation and leakage from the ligated pancreatic duct
[14-16]. A high rate of leak from the ligated pancreatic
duct (70%) is to be expected [14], given the usual local
conditions of the tissue in the situations in which this
technique is necessary (thin-walled pancreatic duct, fria-
ble/soft pancreatic parenchyma), and a pancreatico-cuta-
neous fistula frequently results.

(C) Occlusion of the main pancreatic duct by Neo-
prene® (a liquid synthetic rubber composed of polychlor-
oprene homopolymer) [17, 18], Ethibloc® (a slowly har-
dening but degradable prolamine solution) [19] and fibrin
glue injection [20]. These techniques have been reported
to be a safer method for the management of the pancreatic
remnant and therefore — especially under difficult circum-
stances — may be useful [17-20]. The disadvantage of this
technique, as with ductal ligation, is the subsequent devel-
opment of pancreatic exocrine insufficiency which, how-
ever, can be reasonably controlled symptomatically with
oral pancreatic enzyme replacement therapy. Pancreatic
endocrine function is largely preserved with this tech-
nique [17].

(D) Total pancreatectomy at the time of PD. This
approach eliminates the morbidity and potential mortali-
ty of an anastomotic leak from the pancreatoenterostomy
but establishes a complete apancreatic state with endo-
crine and exocrine pancreatic insufficiency. The former
may be a significant source of late morbidity and even
mortality, especially in medically unreliable or non-com-
pliant patients [21].

Among the numerous operative techniques employed
allegedly to augment anastomotic integrity is the use of
intraluminal ‘venting’ tubes [1-3, 6]. These externally
draining tubes have their distal tip located within the
bowel or bile duct in close association with the pancreatic
or biliary anastomosis, or within the pancreatic duct itself

Problems of Reconstruction during
Pancreatoduodenectomy

Fig. 3. Management of pancreatic exocrine secretion without anasto-
mosis. a Controlled external pancreatic ductal drainage without
anastomosis. b Ductal ligation with peripancreatic drainage.

transgressing the pancreatoenterostomy. In theory, such
tubes prevent overdistention of the afferent limb and di-
vert potentially harmful secretions away from the anasto-
moses. Additionally, in instances of anastomotic leak, the
presence of a venting tube for diversion may provide
improved local control and thereby promoting a better
outcome. However, in a recent report [22] routine use of
small diameter intraluminal stents afforded no advantage
in terms of shortening the postoperative length of stay,
decreasing operative morbidity and mortality, or improv-
ing local control with regional sepsis.

Biliary-Enteric Anastomosis

The biliary-enteric anastomosis (BEA) is usually the
second step in reconstruction. Frequently, the extrahepat-
ic bile duct is dilated in patients undergoing PD second-
ary to an obstructing mass distally, but this is not always
the case. For example, PD may be performed for a non-
obstructing cancer of the uncinate process, for a non-
periampullary cancer of the duodenum, in patients with
painful chronic pancreatitis, or in those patients who have
had preoperative biliary decompression by a biliary endo-
prosthesis.

Dig Surg 2001;18:363-369 365
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Fig. 4. Cystic duct/common duct anastomosis to increase diameter
of bile duct for enteric anastomosis.

Fig. 5. Cholecystojejunostomy with PD; note need to preserve com-
munication between common hepatic duct and cystic duct.

The small diameter of the bile duct can greatly compli-
cate the BEA. To avoid subsequent stenosis of the BEA
after PD, the surgeon should achieve a wide, safe BEA,
while preserving the residual blood supply of the bile duct.
Biliary leakage causes an intense reactive fibrosis and pre-
disposes to stenosis of the BEA.

When the Bile or Hepatic Duct Is Not Dilated,

Two Options Are Available

The cystic duct (or its remnant if the patient had a pre-
vious cholecystectomy) can be anastomosed side-to-side
with the common hepatic duct (fig. 4) [9]. The resulting
common orifice is of greater diameter than the original bile
duct. This side-to-side anastomosis can be performed more
easily when there is a long cystic duct (or its remnant) with
a course parallel with the common hepatic duct.
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Fig. 6. The arterial blood supply to the bile duct is in the form of a
submucosal plexus fed by small branches from longitudinal arteries
running in the 3 o’clock and 9 o’clock positions [22]. The longitudinal
arteries are supplied by small branches from the hepatic arteries in
the middle and hilar portion and from the gastroduodenal and retro-
duodenal arteries in the distal portion.

Although retaining the gallbladder after PD is not the
usual practice, this approach allows a cholecystojejunos-
tomy [23] to be performed to establish biliary-intestinal
continuity, provided that the cystic duct enters the bile
duct sufficiently high enough to preserve retrograde flow
of bile from hepatic duct to gallbladder (fig. 5) [9].

To avoid stricture of the BEA, preservation of a good
blood supply to the biliary end of the anastomosis is
important, especially when the bile duct is not dilated.
Knowledge of the blood supply of the extrahepatic duct is
crucially important [24] (fig. 6). Because PD requires liga-
tion of the pancreatoduodenal artery and transection of
the common bile duct, the blood supply to the common
hepatic duct must come from the hepatic side. Therefore
proximal dissection of the periductal structures should be
minimized. Similarly, the cystic artery should be ligated
distally more near the gallbladder wall to preserve any
branches to the bile duct. In addition, all attempts should
be made to preserve the main hepatic arteries, especially
when aberrant (e.g. replaced right hepatic artery arising
from superior mesenteric artery) or when obstructed (e.g.
celiac stenosis) — see below ‘Vascular Anomalies’.
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Fig. 7. Biliary decompression. a Transhepatic tube. b Retrograde
transjejunal tube.

In addition to the above methods to preserve the blood
supply of the bile duct, external biliary decompression
may be a wise precaution as well. Under these circum-
stances, possibly the best way to achieve this is via a trans-
hepatic stent (fig. 7a) or via a straight stent passed again
through the anastomosis into the jejunum which can also
be exteriorized (fig. 7b) [15, 24]. Under these circum-
stances, a T-tube type choledochostomy is usually con-
traindicated, because the length of proximal bile duct
available is short, and being thin-walled the risk of a leak
and subsequent stenosis may be increased.

Gastro- or Duodenojejunostomy
Reestablishment of gastrointestinal continuity after

PD is usually not difficult, either with pyloric preserva-
tion or after the classic PD involving antrectomy [24].

Problems of Reconstruction during
Pancreatoduodenectomy

Fig. 8. Celiac artery stenosis. Note size of the gastroduodenal artery
and vascular reconstruction of a jump graft from supraceliac aorta to
common hepatic artery (inset).

However, in some patients the presence of celiac artery
stenosis may be a potential source of difficulties if a sple-
nectomy has been performed or is required. Splenectomy
is not part of PD; however, splenectomy may be required
during PD either because of iatrogenic injury or because
the surgeon elects to perform a total pancreatectomy (or a
completion pancreatectomy) for various reasons. After
splenectomy, the vascular supply of the stomach after PD
relies primarily on the left gastric artery (fig. 8). This is a
potential problem when there is associated celiac artery
stenosis. In this situation, a classical PD is to be preferred
over a pylorus-preserving technique. In addition, a jump
graft can be placed from the supraceliac aorta to the com-
mon hepatic artery to maintain hepatic arterial inflow.

During a pylorus-preserving PD, the mobility of the
pyloroduodenal region is restricted if the right gastric
artery is preserved. Many surgeons prefer to ligate the
right gastric artery (which usually is of a very small diame-
ter) to allow anterior mobilization of the duodenum such
that the duodenojejunostomy will be further from the
pancreaticojejunostomy. This latter maneuver is believed
to decrease the chance of delayed gastric emptying should
a leak occur at the pancreaticojejunostomy. Other sur-
geons prefer to maintain the right gastric artery and the
nearby vagus branches in an attempt to maximize the
blood supply to the proximal duodenum. The importance
of either approach is unproven. Viability of the duode-
num 1is rarely jeopardized by ligating the right gastric
artery.
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Fig. 9. Replaced right hepatic
artery (RHA). a Most common,
isolated replaced RHA. b Re-
placed common hepatic artery
that provides both the right and
left hepatic arteries. ¢ The un-
usual replaced RHA that courses
anterior to neck of the pancreas.
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Fig. 10. Reimplantation of a replaced RHA
into the aorta.

Vascular Anomalies

The vascular anomalies or abnormalities of note that
would potentially alter the operative approach during PD
include a ‘replaced’ right hepatic artery (RHA) and celiac
artery stenosis. While a replaced left hepatic artery arising
from the left gastric artery does not affect resection or
reconstruction, a replaced RHA should be recognized as
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such early in the operation and carefully preserved during
the resection. A replaced RHA arising from the superior
mesenteric artery should be suspected first when the
‘proper’ hepatic artery appears to be ‘too small’ or when a
prominent pulse/thrill is palpated in the posterior hepato-
duodenal ligament (fig. 9a, b). An unusual variant of
replaced RHA runs anterior to the neck of the pancreas
(fig. 9c) and an exceedingly rare replaced hepatic artery
actually runs within the pancreatic parenchyma [26].
Should the pancreatic resection require excision of a
replaced RHA near its origin, the more distal RHA proba-
bly should be anastomosed either to the left hepatic artery
or the aorta (fig. 10), not only to assure adequate arterial
supply to the right liver but also to the bile duct (see
above) [4].

A functionally significant celiac artery stenosis should
be suspected when the surgeon encounters an unusually
large gastroduodenal artery (fig. 8); loss of a pulse in the
common or proper hepatic artery with temporary occlu-
sion of the gastroduodenal artery should confirm the
hemodynamic significance of the stenosis. Because liga-
tion of the gastroduodenal artery during PD threatens the
primary arterial flow both to the liver and to the bile duct
anastomosis, many pancreatic surgeons feel strongly that
revascularization of the hepatic artery by a short jump
graft from the supraceliac aorta to the proximal common
hepatic artery is indicated (fig. 8, inset). Revasculariza-
tion is especially important in the rare situation in which
the patient has had (previously) or requires a simulta-
neous splenectomy either because of iatrogenic injury or
because of need for a total pancreatectomy; in this situa-
tion, PD will lead to ligation of right gastric and gastroepi-
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ploic arteries, and the remaining primary arterial blood
supply to the stomach will depend on the left gastric artery
which will lose its arterial inflow with ligation of the gas-
troduodenal artery.

The Hemodynamically Unstable Patient

It is clear that significant medical comorbidity may be
a contraindication for PD. However, a patient may be-
come hemodynamically unstable during PD either be-
cause of massive blood losses or because of intraoperative
cardiopulmonary collapse (e.g. allergic reaction, cardiac
events, etc.). In these difficult situations, delaying the
reconstruction may be a wise choice; while this approach
will require a subsequent anesthetic and reoperation, this
approach allows aggressive resuscitation, restoration of
stable hemodynamics, reversal of the coagulopathy, and a

more controlled, semi-elective completion of the resec-
tion/reconstruction. This approach is based on experience
in severe traumatic pancreatoduodenal and liver injury
[27-29].

Summary

The recent marked improvements in morbidity and mortality
after major pancreatic resections, and specifically after PD, are relat-
ed to many factors in preoperative patient selection and postopera-
tive care, but also to a better understanding of the technical factors
involved in pancreatic surgery. This chapter addresses both the more
common problems encountered as well as the more unusual technical
challenges during PD. The pancreatic surgeon must maintain a ver-
satile and diverse armamentarium of technical maneuvers to deal
with expected as well as unusual problems encountered intraopera-
tively.

References

1 Cameron JL, Pitt HA, Yeo CJ, et al: One 11 Strasberg SM, Drebin JA, Soper NJ: Evolution 20 Lorenz D, Waclawiczek H: Entwicklung und
hundred and forty five consecutive pancreati- and current status of the Whipple procedure: kritische Wertung der Pankreasgangokklusion.
coduodenectomies without mortality. Ann An update for gastroenterologists. Gastroenter- Zentralbl Chir 1990;115:1141-1153.

Surg 1993;217:430-438. ology 1997;113:983-994. 21 Ho HS, Frey CF: Current approach to the sur-

2 Crist DW, Sitzman JV, Cameron JL: Improved 12 Funovics JM, Zoch G, Wenzl E, Schulz F: gical management of chronic pancreatitis. Gas-
hospital morbidity, mortality and survival after Progress in reconstruction after resection of the troenterologist 1997;5:128-136.
the Whipple procedure. Ann Surg 1987;206: head of the pancreas. Surg Gynecol Obstet 22 Fallick JS, Farley DR, Farnell MB, et al: Vent-
358-365. 1987;164:545-548. ing intraluminal drains in pancreatoduodenec-

3 Trede M, Schwall G, Saeger HD: Survival after 13 Linos DA, Papademetriou J, Androulakis G: tomy. J Gastrointest Surg 1999;3:156-161.
pancreaticoduodenectomy: 118 consecutives Pancreaticoduodenectomy without pancreati- 23 Oishi AJ, Sarr MG, Nagorney DM, Traynor
resections without an operative mortality. Ann cojejunostomy. Int Surg 1991;76:183-184. MD, Mucha PJ Jr: Long-term outcome of cho-
Surg 1990;211:447-458. 14 Papachristou DN, Fortner JG: Pancreatic fis- lecystectomy as a definitive biliary drainage

4 Sakorafas GH, Farnell MB, Nagornery DM, tula complicating pancreatectomy for malig- procedure for benign disease. World J Surg

Farley DR, Que FG, Donohue JH, Thompson nant disease. Br J Surg 1981;68:238-240. 1995;19:616-620.
GB, Sarr MG: Management of peripancreatic 15 McMahon MJ: Pylorus preserving pancreatico- 24 Northover JMA, Terblance J: A new look at the
vasculature during pancreatoduodenectomy: duodenectomy. Surgery 1988;57:1393-1394. arterial supply of the bile duct in man and its
Tips to avoid severe hemorrhage. Eur J Surg 16 Braasch JW, Rossi RL: Treatment of ampulla- surgical implications. Br J Surg 1979;66:379-
Oncol, in press. ry and duodenal tumours; in Brooks ER Jr (ed): 384.

5 Yeo CL: Management of complications follow- Surgery of the Pancreas. Philadelphia, Saun- 25 Madiba TE, Thomson SR: Restoration of con-
ing pancreaticoduodenectomy. Surg Clin ders, 1983, pp 308-318. tinuity following pancreaticoduodenectomy.
North Am 1995;75:913-924. 17 Di Carlo V, Chiesa R, Pontiroli AE, Carlucci Br J Surg 1995;82:158-165.

6 Trede M, Schwall G: The complications of pan- M, Staudacher C, Zerbi A: Pancreatoduode- 26 Furukawa H, Shimada K, Iwata R, Moriyama
createctomy. Ann Surg 1988;207:39-47. nectomy with occlusion of the residual stump N: A replaced common hepatic artery running

7 Smith CD, Sarr MG, van Heerden JA: Comple- by Neoprene injection. World J Surg 1989;13: through the pancreatic parenchyma. Surgery,
tion pancreatectomy following pancreatico- 105-111. in press.
duodenectomy: Clinical experience. World J 18 Di Carlo V, Zerbi A, Balzano G: Treatment of 27 Eastlick L, Fogler RJ, Shaftan GW: Pancreati-
Surg 1993;16:521-524. the pancreatic stump after cephalic pancreato- coduodenectomy for trauma: Delayed recon-

8 Howard JM: Pancreatojejunostomy: Leakage is duodenectomy (in Italian). Ann Ital Chir 1997, struction; a case report. J Trauma 1990;30:
a preventable complication of the Whipple re- 68:617-622. 503-505.
section. Am J Surg 1997;184:454-457. 19 Gall FP, Gebhardt C, Meister R, Zirnigibl H, 28 Carmona RH, Peck DZ, Lim RC: The role of

9 Stapleton GN, Williamson RCN: Proximal Schneider MU: Severe chronic cephalic pan- packing and planned reoperation in severe he-
pancreatoduodenectomy for chronic pancreati- creatitis: Use of partial duodenopancreatecto- patic trauma. J Trauma 1984;24:779-784.
tis. BrJ Surg 1996;83:1433-1440. my with occlusion of the pancreatic duct in 289 29 Feliciano DV, Mattox KL, Burch JM: Packing

10

Fleming WR, Williamson RCN: Preservation
of the pylorus in resection of the head of the
pancreas. ] HBP Surg 1994;4:355-366.1

Problems of Reconstruction during
Pancreatoduodenectomy

patients. World J Surg 1989;13:809-817.

for control of hepatic hemorrhage. J Trauma
1986;26:738-743.

Dig Surg 2001;18:363-369

369



