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Purpose of review

To summarize published research on pancreatic surgery over the past year.

Recent findings

Improvements in the treatment of patients with acute gallstone pancreatitis with regards
to the timing of ERCP and cholecystectomy as well as management of pancreatic
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e-mail: hreber@mednetudlaedu pseudocysts have been reported. It is often difficult to detect malignancy in neoplastic

pancreatic cysts; however, a detailed cyst fluid analysis for protein and genetic markers
may improve this accuracy. In order to continue to improve pancreatic cancer care in the
United States, a standardized reporting system must be developed, and this was a focus
of the American Hepato-Pancreatico-Biliary Association Consensus Conference on
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Resectable and Borderline Resectable Disease. The conference examined
pretreatment assessment, surgical treatment, and combined modality treatment for
pancreatic cancer. A multi-institutional randomized clinical trial revealed that routine
preoperative decompression of malignant biliary obstruction is associated with a higher
frequency of complications. Pancreatic fistulas are the most common source of
perioperative morbidity following pancreatic surgery. Fortunately, most of these can be
managed nonoperatively via interventional radiology techniques.

Summary

There is a broad spectrum of pancreatic diseases, which often require surgical
treatment. Fortunately, the morbidity and mortality from each of them continues to
decrease with more accurate diagnosis, improved management techniques, and
standardized reporting systems.
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Introduction

The field of pancreatic surgery is rapidly evolving. A
MedLine search for the articles that contain the keyword
‘pancreatic surgery’ in the last year yielded 2586 publi-
cations. Over the past 5—10 years, with the rapid improve-
ment in endoscopic and interventional radiology tech-
niques, the indications for surgery for both benign and
malignant pancreatic conditions have changed. For
example, pancreatic pseudocysts are now often success-
fully managed with endoscopic stent drainage [1°], and
some complications after pancreaticoduodenectomy can
be managed definitively with percutaneous drainage [2].
In addition, some pancreatic surgical techniques have
also been closely examined and modified. Total laparo-
scopic pancreaticoduodenectomy is now feasible, and a
series of 62 cases at Mayo Clinic was reported in 2009 [3°].
The improvements in pancreatic surgery have been
facilitated by the movement to standardize reporting of
pancreatic operations, complications, as well as histo-
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pathologic resection margins for patients with pancreatic
cancer [4°®]. Pancreatic cancer care as well as pancreatic
surgery in particular, have been a focus of the National
Surgical Quality Improvement Program (NSQIP). Using
large databases, it has been shown that pancreatic surgery
is best performed at high volume centers and by high
volume surgeons [5°°]. In all, both the indications and
techniques for pancreatic surgery continue to be refined,
and this last calendar year was no exception.

Pancreatitis

Patients with severe acute gallstone pancreatitis often
undergo endoscopic retrograde cholangiopancreatogra-
phy within 48 h of presentation. Van Santvoort ¢ al. [6]
evaluated this strategy in a prospective randomized trial.
One hundred fifty-three patients were enrolled and 81
underwent early ERCP (<48 h) while 72 were observed.
All patients who presented with signs and symptoms
of acute cholangitis also underwent ecarly bile duct
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decompression and were excluded from this analysis.
The authors found that the patients with evidence of
cholestasis (bilirubin >2.3 mg/dl and/or a dilated com-
mon bile duct) developed fewer complications if early
ERCP was performed.

In contrast, patients with mild gallstone pancreatitis have
their gallbladder removed during the initial hospitaliz-
ation in order to decrease the frequency of recurrent
attacks. The precise timing of the operation remains
controversial — that is, some clinicians wait for complete
resolution of symptoms before surgery. Aboulian ez a/. [7]
intended to randomize 100 patients with mild acute
gallstone pancreatitis (Ranson Ciriteria <3) to early
(within 48 h of admission) versus delayed cholecystect-
omy (after resolution of abdominal pain and normalizing
trend of laboratory enzymes). This study was terminated
after an interim analysis of 50 patients because the
hospital length of stay for the early group was significantly
shorter than the delayed group (median 3 vs. 4 days,
P=0.0016). Furthermore, there was no statistically sig-
nificant difference in the need for ERCP or conversion to
an open procedure, as well as complication rates between
the two groups (P < 0.05).

As defined by the 1992 Atlanta Classification System [8],
pseudocysts can develop 4-6 weeks after the onset of
an episode of acute pancreatitis. Pseudocysts that are
larger than 6 cm or cause symptoms should be drained
via percutaneous, surgical, or endoscopic approaches.
Johnson e7 al. [1°] performed a single-institution review
of 61 patients treated surgically (z=30), endoscopically
(n=24), or with percutaneous drainage (#=7). They
found that surgical and endoscopic drainage appeared
to work equally well in terms of pseudocyst resolution
(93.5% vs. 87.5%, P>0.05). There was no apparent
difference in the rate of complications. Percutaneous
drainage was performed less frequently and was reserved
for patients in the postoperative setting or with evidence
of infection. In our experience, we have found that
endoscopic drainage is often successful but can fail in
patients with a large amount of debris within the cyst
cavity.

Neoplastic cysts

Despite increasing clinical experience with neoplastic
pancreatic cysts, the preoperative diagnostic accuracy
has improved only slightly. Cyst management is still
largely dependent on the 2006 Sendai criteria which
recommend resection for mucinous cysts that are associ-
ated with main pancreatic duct dilation, are larger than
3 cm, cause symptoms, and/or contain suspicious features
of malignancy — for example, a mural nodule [9]. The
Massachusetts General Hospital Group reviewed their
experience with 401 patients with pancreatic cystic neo-

plasms from 2004-2007 [10]. They identified invasive
malignancy in only 11% of the resected specimens, but
found it in 38% of the main-duct intraductal papillary
mucinous neoplasms (IPMN). This study illustrates that
our current management guidelines still yield a low
incidence of malignancy in resected cysts, and suggests
that we need more accurate diagnostic markers.

The UCLA group developed a novel cyst management
decision approach that used a Markov-based clinical
nomogram [11]. An example of a Markov state diagram
is illustrated in Fig. 1. Using this technique, they found
that resection of pancreatic cysts should depend not only
on the Sendai criteria previously mentioned, but also on
age, comorbidities, and the quality of life preferences of
the individual patient. The quality of life indicators that
were considered included potential postsurgical compli-
cations, side-effects of chemotherapy, etc. The overall
nomogram analysis examined the individual patient’s
value of their overall survival as compared with their
quality-adjusted survival. The authors conclude that a
size cutoff for resection of 2cm should be used for
patients who primarily value overall survival but should
be increased to 3cm for those patients who are more
focused on quality-adjusted survival.

Grobmyer e al. [12] reviewed their series of 78 patients
with cystic lesions who underwent resection. They con-
firmed previous reports that the risk of malignancy
increases with size and concluded that small lesions
(£3cm) may be managed conservatively in selected
patients. In contrast, Ceppa ef @/. [13] from Duke Uni-
versity reviewed their experience with 101 patients with
cysts who underwent resection from 2000 to 2008. They
found that biliary ductal (BDD) and/or pancreatic ductal
(PDD) dilation were the strongest predictors of malig-
nancy in a multivariate model that controlled for other
documented risk factors, including size. Thus, they con-
cluded that size should not be used as a selection criterion
for patients who have cysts with solid components, BDD,
or PDD. We have generally followed the 2006 Sendai
criteria, which recommends that patients with cysts that
are associated with either PDD or more than 3 cm in size
should be resected.

Although cyst fluid CEA level can differentiate mucinous
cysts from serous ones with an accuracy of 80% [14], it
cannot predict malignancy. Thus, cyst fluid genetic
analysis has been proposed as a novel strategy to improve
the accuracy of malignant cyst diagnosis. This strategy
has been limited by the paucity of high amplitude
genomic mutations that are associated with pancreatic
cancer, with the exception of KRAS. The PANcreatic
cyst fluid DNA Analysis (PANDA) trial [15°°] was a
multi-institution study that enrolled 113 patients with
malignant (# =40), premalignant (7 = 48), or benign cysts
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Figure 1 Example of a Markov state diagram
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Patients in the model cycled between health states according to annual probability estimates. The model included a wide variety of possible movements
across the competing strategies. As an example, the diagram shows the possible state paths for patients undergoing noninvasive surveillance in a
patient with an underlying, unrecognized, malignant IPMN. CA, cancer. Adapted from [11].

(7n=25). This trial showed that the presence of KRAS
mutations was associated with mucinous cysts with an
odds ratio (OR) of 20.9 and specificity of 96%. Further-
more, increased cyst fluid DNA quantity, high amplitude
KRAS mutations, and specific mutation sequences
showed high specificity (96%) for malignancy. Most
importantly, all malignant cysts with negative cytology
(10/40) could be diagnosed as being malignant using
DNA analysis. Thus, the authors suggest that cyst fluid
DNA analysis should be considered for cases in which the
cytology is not diagnostic and the risk of a mucinous or
malignant cyst is unclear.

Pancreatic adenocarcinoma

Most of the literature on pancreatic surgery over the last
year has focused on pancreatic adenocarcinoma. In
January 2008, the American Hepato-Pancreatico-Biliary
Association convened a Consensus Conference on
Resectable and Borderline Resectable Pancreatic Cancer
[4°°,16-20]. The conference was divided into pretreat-
ment assessment, surgical treatment, and combined-
modality treatment. The consensus statements provide
definitions of resectable and borderline resectable dis-
ease. The report on pretreatment assessment focuses on
the acceptable methods of radiologic and endoscopic

evaluation, clinical settings in which preoperative biopsy
may be needed, and the selective role of laparoscopic
staging. The report on surgical treatment focuses on
recommendations against extended lymphadenectomy,
the clinical settings in which vascular resection and
reconstruction may be justified, the limited role for
palliative pancreaticoduodenectomy, as well as an
improvement in margin reporting. The Committee also
commented on the possible routine use of preoperative
chemotherapy (still of no proven efficacy) and also high-
lighted the conflicting evidence regarding postoperative
chemotherapy and chemoradiotherapy.

CA19-9 is the most accurate serum tumor marker for
pancreatic cancer that has been identified to date. Its
value is limited by a low specificity, as it can also be
elevated in cases of biliary obstruction. It is best used to
monitor response to treatment in patients who have a
pretreatment elevation. To this end, two independent
studies by Barton ¢z /. [21] and Turrini ez a/. [22] each
found that very high preoperative CA19-9 by itself should
not preclude surgery in patients with no evidence of
locally advanced or metastatic disease on imaging. The
former study also found that a low preoperative CA19-9
level (<120 U/ml) is associated with increased overall and
recurrence-free survival.
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Figure 2 Proportion of patients with complications
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The primary outcome - the rate of serious complications within 120 days
after randomization — occurred in 37 patients (39%) who underwent
early surgery alone and 75 patients (74%) who underwent preoperative
biliary drainage (PBD) followed by surgery [relative risk in the early-
surgery group, 0.54; 95% confidence interval (Cl), 0.41 to 0.71;
P < 0.001]. Adapted from [23°°].

Oftentimes, patients with pancreatic cancers located in
the head of the gland present with biliary obstruction. A
decision regarding preoperative biliary decompression
must then be made, and a number of different bilirubin
threshold levels and approaches have been described.
Van der Gaag ez al. [23°°] reported results from a multi-
center, randomized trial of 202 patients with elevated
bilirubin levels (2.3 to 14.6 mg/dl) who were assigned to
undergo immediate surgery or preoperative endoscopic
biliary drainage. The authors found that the biliary
drainage group had significantly higher endoscopic and
stent-related complications (P <0.001) without an
improvement in the rate of perioperative complications
(P=0.14, Fig. 2). Similarly, Mezhir e al. [24] from
Memorial Hospital in New York also found that the

preoperative endoscopic placement of biliary stents
resulted in a two-fold increase in postpancreatectomy
infectious complications. These two studies suggest that
preoperative biliary stenting should be used selectively in
patients with biliary obstruction prior to pancreaticoduo-
denectomy. We have taken a similar approach and have
arranged for patients with bilirubin levels of greater than
25mg/dl or those with evidence of synthetic liver dys-
function, as assessed by an elevated serum INR level, to
undergo preoperative stenting. Surgery is delayed until
the bilirubin level is less than 20 mg/dl and the INR is

within a normal range.

A number of studies addressed the relation of surgical
margin status to survival. The largest series of 202
patients was reported in the Annals of Surgery [25]. The
authors found that patients who underwent RO resections
(7 =158) had significantly improved survival as compared
with those patients who had an R1 (#»=44) resection
(P <0.01). However, the subgroup of 17 patients who
required additional resections to achieve complete tumor
clearance after an initially positive frozen section
(R1—R0) had similar survival to patients who had an
R1 resection (11 vs. 13 months, Fig. 3). These results
were supported by a smaller study from the Ohio State
University [26]. In contrast, the group from the Mayo
Clinic [27] compared the survival of patients who under-
went an RO en block resection (7 =411) with those who
underwent an R1—RO0 resection (#=57). They found
that there was no difference in survival time between
these two groups (P =0.28) and stressed the importance
of a negative margin on survival. These conflicting results
illustrate that tumor biology may be the most important
factor that determines survival in patients with pancreatic
cancer. However, until larger studies evaluating the role
of margin status are completed, our approach has been to
perform an additional pancreatic resection if there is
evidence of cancer or high-grade dysplasia at the margin
on frozen section analysis.

Figure 3 Survival after pancreaticoduodenectomy is not improved by extending resections to achieve margins after initially positive

intraoperative frozen sections
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R1 — RO: Initially positive resection margins. R1: Positive resection margins on final pathology. Adapted from [25].

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Technical considerations

The development of a pancreatic fistula is the most
common complication following a distal pancreatectomy.
Nathan ez a/. [28] reviewed the cohort of 704 patients who
underwent distal pancreatectomy at Johns Hopkins Hos-
pital to identify risk factors for leak following surgery.
Multivariate logistic regression analysis revealed that
neither the method of closure of the pancreatic remnant
(P=0.41) nor ligation of the pancreatic duct (P> 0.05)
affected the risk of clinically significant pancreatic leak. In
contrast, Yamamoto ¢ a/. [29] from University of California
at Irvine examined the routine use of Seamguard to pre-
vent pancreatic leak after distal pancreatectomy. A leak
occurred in 10 of 38 patients (26%) undergoing conven-
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tional resection vs. only two of 47 (4%) undergoing staple
resection using Seamguard reinforcement. The authors
suggest that Seamguard be used routinely in distal pan-
creas resections. However, there are also reports that the
Seamguard may actually increase the leak rate [30]. A
number of techniques to decrease fistula formation after
distal pancreatectomy have been examined. Unfortu-
nately, none of them has worked consistently.

Total laparoscopic pancreaticoduodenectomy is being
performed with increasing frequency for many indica-
tions, even including cancer. Kendrick and Cusati from
the Mayo Clinic [3°] published their experience with
62 cases, which is the largest reported series to date.
The pancreaticojejunostomy, hepaticojejunostomy, and

Figure 4 Examples of hospital performance with respect to hospital-level quality measures [5°°]
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(a) Pancreatectomy volume. (b) Perioperative mortality rate. Each circle represents one of the 1134 Commission on Cancer-approved hospitals
included in this study. The horizontal line represents the threshold for adherence set by the expert panel.
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gastrojejunostomy were all performed using laparoscopic
techniques. They found that the perioperative morbidity
and mortality rates were comparable to those of the
conventional open approach, which is impressive. The
authors felt that longer follow-up was needed before a
cancer specific survival analysis could be completed,
however. Nevertheless, among most experienced pan-
creatic cancer surgeons, there continues to be great con-
cern about laparoscopic resections for malignant pancrea-
tic diseases of any kind. Before this approach is likely to
be more widely accepted, a prospective study similar to
that done for laparoscopic colon cancer resection would
have to be completed. Presently, open resection for
cancer occurring anywhere in the pancreas still remains
the standard of care.

Perioperative morbidity and mortality

Much of the current literature on pancreatic surgery has
been hindered by the lack of standardized definitions of
operative techniques as well as postoperative compli-
cations, for example, pancreatic fistula, delayed gastric
emptying (DGE) and so on. The consensus definitions
for postpancreatic surgery pancreatic fistula and DGE by
the International Study Group of Pancreatic Surgery
(ISGPS) has reduced some of the imprecision. In this
regard, Shukla ez 4/. [31] have published a new classifi-
cation system to report the technique used for the pan-
creatic anastomosis. The authors expect that widespread
use of this new standardized system will lead to more
accurate comparisons of outcomes after pancreatic
surgery, although we have some skepticism about its
value. Furthermore, Hashimoto and Traverso [32] devel-
oped a web-based calculator to promote homogeneity in
grading the clinical significance of pancreatic fistula and
DGE after PD. In their cohort of patients, they found that
the clinical impact, defined as a deviation from the
routine clinical course, due to a pancreatic fistula was
10% and DGE was 12%. Factors that were significantly
associated with pancreatic fistula were male gender, BMI
more than 30 kg/m [2], soft gland texture, and pancreatic
duct less than 3mm in diameter. One of the strongest
predictive factors for DGE was a concurrent pancreatic
fistula. Thus, we routinely obtain a C'T scan for patients
who develop DGE in the postoperative setting to look for
a fluid collection around the pancreatic anastomosis. If it
is found, it usually can be drained percutaneously, and
the DGE often resolves quickly.

A number of factors have been shown to be associated
with improved outcomes in pancreatic cancer care in the
United States, including regionalization of pancreatic
operations to high-volume centers [33] and surgeons
[34] as well as administration of adjuvant chemotherapy.
Bilimoria ¢z a/. [5°°] developed a set of 43 valid quality
indicators for pancreatic cancer care that were approved

by an expert panel of 20 physicians from various special-
ties. Of the 43 valid indicators, 11 assessed structural
factors of the hospital facility, 19 assessed clinical pro-
cesses of care, four assessed treatment appropriateness,
four assessed efficiency, and five assessed outcomes.
Using the National Cancer Database (2004—2005), adher-
ence to each of these measures on both the patient and
hospital levels was tested. The results confirmed that
there is wide variation in the quality of pancreatic cancer
care in the United States; the patient level adherence
with the indicators ranged from 49.6 to 97.2% and the
hospital-level adherence ranged from 6.8 to 99.9%.
Examples of the distribution of hospitals’ pancreatect-
omy volume as well as mortality rates are illustrated in
Fig. 4. The authors recommended that hospitals should
use these indicators to evaluate and improve the pan-
creatic cancer care they provide.

Conclusion

The best management of patients with pancreatic cancer
as well as benign pancreatic conditions requires a multi-
disciplinary approach in which pancreatic surgery plays
an essential role. These patients should be treated in
specialized medical centers that are able to provide such
resources. The pancreatic medical community (surgeons,
gastroenterologists, pathologists, medical oncologists) is
committed to continuing to improve the care that these
patients receive. With this type of effort, we will be able
to sustain the momentum and effect fundamental change
in the care of many patients with pancreatic diseases in
the years to come.
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