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Objective
To compare the short- and long-term results of pancreati-
coduodenectomy with pylorus preservation (PPPD) or with
antrectomy (Whipple procedure) in the treatment of selected
patients with chronic pancreatitis.

Background
PPPD may be preferred over Whipple because of its pur-
ported nutritional advantages and the reduced likelihood of
postgastrectomy syndromes.

Methods
A retrospective review was performed of 72 consecutive pa-
tients undergoing pancreaticoduodenectomy for chronic pan-
creatitis between 1991 and 1997.

Results
PPPD was performed in 39 patients and Whipple in 33. The
two patient populations had similar characteristics. Short-term
complications included (PPPD vs. Whipple): pancreatic or bili-
ary fistulas (5.1% vs. 15%), delayed gastric emptying (33% vs.
12%), cholangitis (2.6% vs. 6.1%), and death (0 vs. 3%). De-
layed gastric emptying was not associated with other compli-

cations and resulted in longer hospital stays for PPPD than for
Whipple patients (15 vs. 12 days). The duration of follow-up
averaged 41 6 24 months. Long-term weight status was sim-
ilar, with body-mass indices of 22.1 and 22.9 after PPPD and
Whipple, respectively. Postoperative enzyme supplementation
(63% vs. 77%) and new-onset diabetes (10% vs. 12%) did
not differ significantly between the PPPD and Whipple groups.
Dumping, bile gastritis, or peptic ulcer disease occurred in
three patients after PPPD and in three after Whipple. Com-
plete or partial pain relief was attained in 60% and 70% of
patients after PPPD and Whipple, respectively. Multivariate
analysis of preoperative variables revealed that site-specific
pathology in the head of the pancreas was the only indepen-
dent factor associated with successful pain relief after pancre-
atic resection.

Conclusion
PPPD results in higher frequencies of postoperative delayed
gastric emptying compared with the Whipple procedure. Both
operations achieve comparable long-term nutritional results,
cause new insulin dependence in surprisingly few patients,
and provide equivalent pain relief to 65% of selected patients.
Patients with disproportionate pathology in the head of the
pancreas have a higher likelihood of successful pain relief.

Surgical therapy for chronic pancreatitis is reserved for
patients with complications of the disease, intractable ab-
dominal pain, or suspected underlying carcinoma.1 The
choice of operation for chronic pancreatitis is predicated on
the two anatomical variants of the disease, which are dis-
tinguished by the size of the main pancreatic duct.2 Large

duct disease (.6 mm in diameter) accounts for approxi-
mately 40% of cases and is thought to develop from in-
creased pressure in the pancreatic ductal system.3 In this
circumstance, the longitudinal pancreaticojejunostomy (or
modified Puestow procedure) has been the treatment of
choice, benefiting close to 80% of patients.4,5 Patients with
small duct disease (,6 mm in diameter) generally are
thought not to be candidates for that operation and require
pancreatic resection. Because of the historical ineffective-
ness of distal resections6,7 and the complications associated
with total pancreatectomy,1 resections targeting the head of
the pancreas are the primary operations for patients with
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chronic pancreatitis of the small duct form that is refractory
to medical treatment. Three main operations are available to
these patients today: the Whipple-type pancreaticoduode-
nectomy (with antrectomy),8 the pylorus-preserving pancre-
aticoduodenectomy (PPPD),9 and the Beger duodenum-pre-
serving pancreatic head resection.10

Regarding pancreaticoduodenectomy for chronic pancre-
atitis, controversy exists with respect to the choice of oper-
ation and the expected rate of successful outcomes. The
PPPD was first described by Watson in 194411 and reintro-
duced by Traverso and Longmire in 19789 to improve on
the nutritional deficiencies associated with the classic
Whipple. Large published series, however, report successful
weight maintenance or gain in more than 80% of patients
after either operation.12,13 Relief of pain after pancreati-
coduodenectomy is another focus of debate. Information
from the literature is commonly based on anecdotal expe-
rience of a single approach, often with small cohorts or
inadequate follow-up information.12–17There are few stud-
ies comparing alternative surgical treatments.1 Evaluation
of published reports is further complicated by a lack of
standard measurements to assess success.1,18 Successful
pain relief after pancreaticoduodenectomy by either tech-
nique is reported over the wide range of 60% to 100% of
patients.

In this study, we reviewed our experience with pancre-
aticoduodenectomy in the treatment of chronic pancreatitis
for the past 7 years. During this time, we performed an
almost equal number of Whipple and PPPD operations. Our
goals were twofold. First, we wished to ascertain the ad-
vantages or disadvantages of one operation over the other,
both in the short term and the long term. Secondly, and
perhaps more important, we performed an outcome analysis
of these patients in the hopes of providing prospective
selection criteria that will improve the likelihood of suc-
cessful surgical results.

PATIENTS AND METHODS

Seventy-two consecutive pancreaticoduodenectomies
with a final pathologic diagnosis of chronic pancreatitis
were performed by the senior authors (CFC, DWR, ALW)
between January 1991 and November 1997. The hospital
and office records of these patients were reviewed retro-
spectively. Preoperative information collected included pa-
tient age, sex, etiology and duration of pancreatitis, fre-
quency of pain episodes, frequency of hospital admissions,
history of diabetes, smoking history, medications on pre-
sentation, previous surgery, findings on preoperative radio-
logic workup, and presence or absence of jaundice and
weight loss. Perioperative parameters tabulated included
preoperative height and weight, preoperative diagnosis, sur-
gical procedure, size of pancreatic duct, blood loss and
transfusion requirement, postoperative complications, and
length of hospital stay (LOS). Complications were subdi-
vided into nine categories: death, pancreatic or biliary fis-

tula, delayed gastric emptying (DGE), intraabdominal ab-
scess, cholangitis, myocardial infarction or arrhythmia,
pneumonia, infections (wound, urine, venous catheter), and
reoperation.

Follow-up was obtained through telephone interviews by
one investigator (REJ) during September and October 1998,
complemented by physicians’ and surgeons’ office notes.
Data for 13% of the patients not contacted directly was
derived from office notes only or from the relevant primary
care physicians. Patients requiring subsequent completion
pancreatectomy had their follow-up terminated at the time
of this surgery, and pancreaticoduodenectomy was judged
to be a complete failure in these patients. Information for
patients who died before October 1998 was obtained from
family members.

Outcome was measured as good, fair, or poor according
to postoperative pain relief. Patients with a good outcome
had no postoperative pain. Those with fair outcomes had
residual pain that was judged by the patient to have been
significantly improved by the operation. Patients with poor
results had pain unchanged from or worse than preoperative
levels. All patients were assessed for narcotic use, and those
with residual pain were asked to rate it on a scale from 1 (no
pain) to 10 (severe). Other follow-up parameters collected
included pancreatic enzyme supplement requirement, oc-
currence of bile gastritis or dumping, new onset of diabetes
or peptic ulcer disease, subsequent relevant operations,
postoperative weight trends, frequency of hospital readmis-
sions for symptom management, and employment status.

Values are expressed as mean6 standard deviation.
Medians are also provided when appropriate. Studentt tests
and Fisher’s exact tests were used for comparisons between
groups, and aP value of .05 or less was considered signif-
icant. Multivariate analyses with logistic regression were
performed where indicated.

RESULTS

Seventy-two consecutive pancreaticoduodenectomies for
chronic pancreatitis were performed during the 82-month
study period. Thirty-nine of these resections were of the
pylorus-preserving type (end-to-side duodenojejunos-
tomy19; Fig. 1), and 33 were standard Whipple procedures
(antrectomy and Billroth II reconstruction).20 All three sur-
geons involved in the study performed these operations in
identical fashion. PPPD was the preferred operation for this
cohort of patients with chronic pancreatitis. A Whipple
operation was performed when there was suspicion for
cancer, when there was a history of peptic ulcer disease, or
when previous gastric or pancreatic surgery precluded the
feasibility of a PPPD. Reconstruction after pancreatic re-
section involved a two-layer end-to-side pancreaticojeju-
nostomy (stented), end-to-side choledochojejunostomy (not
stented), and gastrojejunostomy (Whipple) or retrocolic
duodenojejunostomy (Fig. 1). Aside from sacrifice or pres-
ervation of the pylorus, the only other difference in the
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conduct of the operation involved postoperative gastric
drainage. Nasogastric intubation was used in patients after
the Whipple procedure, but all patients undergoing PPPD
had gastrostomy tubes inserted at the time of surgery. Va-
gotomy was not performed in either group.

Whipple Versus Pylorus-Preserving
Pancreaticoduodenectomy

The clinical characteristics of our patients can be seen in
Table 1 grouped according to the type of operation per-
formed (PPPD vs. Whipple). The average age was 47.6
years, with ampullary stenosis, pancreas divisum, and alco-
hol abuse being the most frequent etiologies for chronic
pancreatitis. Our series seems to be unusual in its high
percentage of patients with late stages of obstructive
changes secondary to pancreas divisum or ampullary steno-
sis, reflecting the clinical interests of our gastroenterologists
and surgeons. More than half of the patients had severe
daily pain requiring narcotic treatment. Preoperative diabe-
tes was present in 11 (15%) patients, 5 of whom were
insulin-dependent. Pancreatic enzyme supplements were
taken by 28 (39%) patients. In 11 (15%) patients, previous
pancreatic procedures had failed, including six longitudinal
pancreaticojejunostomies. Radiologic tests used for preop-
erative evaluation included endoscopic retrograde cholan-
giopancreatography (93% of patients), computed tomogra-
phy (67%), endoscopic ultrasound (24%), and visceral
angiography (14%). A stricture or mass in the head of the
pancreas was noted in 60% of patients, six of whom had
jaundice. The PPPD and Whipple groups were similar in
every respect, except that more alcohol abusers were treated
by PPPD.

Table 2 summarizes the postoperative complications,
perioperative death rate, and LOS. Forty-five percent of
patients had complications after pancreaticoduodenectomy.
Operation-specific complications limited to fistulas, DGE,

intraabdominal abscess, hemorrhage, or cholangitis oc-
curred in 38% of patients. None of the complications, par-
ticularly regarding DGE and fistulas, were related to leak-
age, disruption, or obstruction at the gastrojejunostomies or
duodenojejunostomies.

There was only one death in this series, for a periopera-
tive death rate of 1.4%. This patient was a 66-year-old man
with a complicated past medical history including end-stage
renal disease who could not tolerate postoperative hemodi-
alysis. Subsequent institution of peritoneal dialysis resulted
in peritonitis, anastomotic breakdown at the pancreaticoje-
junostomy (requiring reoperation), sepsis, and multiorgan
system failure resulting in death.

For this study, DGE was defined as lack of significant
postoperative oral intake for more than 14 days, requiring
institution of total parenteral nutrition. DGE was the most
common complication encountered. DGE developed in 33%
of patients undergoing PPPD. This was significantly differ-
ent from the 12% frequency of DGE observed in patients
after the Whipple operation. Even PPPD patients who did
not meet the criteria for DGE started oral feedings later than

Table 1. PATIENT POPULATION

PPPD Whipple
P

Value

Number of patients 39 (54) 33 (46) NS
Age 45.0 6 15.8 50 6 15.5 NS
Sex (M:F) 20:19 16:17 NS

Etiology
Alcohol abuse 15 (38) 5 (15) .036
AS/PD 11 (28) 14 (42) NS
Idiopathic 10 (26) 9 (27) NS

Duration of pancreatitis (yr) 4.9 6 6.03 5.68 6 6.49 NS
Hospitalized in past year* 27 (69) 20 (61) NS
Pain frequency

Daily 18 (46) 22 (67) NS
Episodes .24 hours

apart
15 (39) 7 (21) NS

Single episodes 6 (15) 4 (12) NS
Narcotic use 22 (56) 16 (48) NS
Tobacco use 20 (51) 14 (42) NS
Diabetes 7 (18) 4 (12) NS
Pancreatic enzyme use 14 (36) 14 (42) NS
Previous surgery 22 (56) 25 (76) NS

Pancreatic drainage 4 (10) 7 (21) NS
Biliary 16 (41) 20 (61) NS
TDS 9 (23) 11 (33) NS

HOP mass or stricture† 23 (59) 20 (61) NS
Jaundice 1 (2.6) 5 (15) NS

AS/PD, ampullary stenosis/pancreas divisum; HOP, head of pancreas; NS, not
significant; PPPD, pylorus-preserving pancreaticoduodenectomy; TDS, trans-
duodenal sphincteroplasty; Whipple, pancreaticoduodenectomy with antrec-
tomy.
Numbers in parentheses represent percentages.
* For pain management.
† Solid or cystic mass at head of the pancreas detected by computed tomogra-

phy, endoscopic retrograde cholangiopancreatography, or ultrasound. Stric-
ture in pancreatic duct or common bile duct detected by computed tomography
or endoscopic retrograde cholangiopancreatography.

Figure 1. Pylorus-preserving pancreaticoduodenectomy.
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their Whipple counterparts (10 vs. 7 days). DGE was always
a consequence of gastrointestinal paresis or ileus and never
resulted from anatomical obstruction. Associated intraab-
dominal complications (an abscess) occurred in only 1 (6%)
of the 17 patients with DGE; all other cases were isolated
events. None of the other 16 patients had any evidence of
right upper quadrant inflammation. A single patient required
reoperation after Whipple resection for management of
DGE, and this was for gastrostomy and jejunostomy tube
placement.

There was no significant difference in the rate of pancre-
atic or biliary cutaneous fistula between the two groups. A
fistula of this type was defined as surgical drain output
greater than 25 mL beyond postoperative day 7, and amy-
lase determination in drain fluid was used to differentiate
between pancreatic and biliary sources. Pancreatic fistula
had an overall frequency of 8.3%. Biliary fistula occurred in
one patient after Whipple resection and closed spontane-
ously. Only three of the six pancreatic fistulas persisted long
enough to necessitate discharge from the hospital with a
surgical drain in place. No patient required reoperation for
fistula management; all closed under conservative treat-
ment. Conservative fistula management consisted of drain
advancement and, occasionally, octreotide therapy.

The median LOS was 15 days for patients after PPPD and
12 days after Whipple (Fig. 2). Fifty-eight percent of pa-
tients were discharged on or before the 12th postoperative
day after Whipple resection, whereas only 15% achieved
this goal after PPPD. The difference in LOS is largely a
consequence of the difference in postoperative DGE. Even
among patients free of postoperative complications, there
was a 3-day difference in median LOS (10 days for PPPD,
7 days for Whipple). The interval until oral feeding was

tolerated in PPPD patients accounted for the need for a
prolonged hospital stay and was unrelated to concomitant
leaks, fistulas, or infections.

Current information was available for 90% of our patients
(35 post-PPPD, 30 post-Whipple), as shown in Table 3. The
average duration of follow-up exceeded 40 months, and no
living patient had a duration of follow-up of less than 11
months. During this period, there were five deaths. Three of
these deaths (1/35 after PPPD and 2/30 after Whipple re-
section) resulted from malnutrition and failure to thrive as a
consequence of progressive chronic pancreatitis (at 19, 60,
and 77 months). Two other deaths resulted from pulmonary
embolism (at 2 months) and amyotrophic lateral sclerosis
(at 17 months).

Long-term gastrointestinal and pancreatic function and
nutritional status were indirectly measured by quantification
of body weight, pancreatic enzyme supplement use, new-
onset diabetes, and occurrence of bile gastritis, dumping, or
peptic ulcer disease. Seventy percent and 80% of patients
have maintained postoperative weights greater than 90% of
their preoperative levels after Whipple and PPPD, respec-
tively. Patients’ heights and weights were used to calculate
postoperative body-mass indices (BMI). No significant dif-
ference in BMI after Whipple or PPPD was noted, with
approximately 75% of patients (73% after PPPD and 78%
after Whipple) maintaining indices within or greater than
the recommended range of 20 to 25 during long-term fol-
low-up.21

Sixty-nine percent of patients required pancreatic enzyme
supplements for control of steatorrhea after surgery, with no
significant difference between the Whipple and PPPD
groups. Postoperative diabetes developed in 6 patients other
than the 11 who already had it before surgery. Four of these
six patients required insulin for glucose control. Among
patients with no preoperative diabetes, therefore, 11% had
new-onset diabetes after pancreaticoduodenectomy. Also,
three patients with preoperative diabetes controlled by oral
medications were insulin-dependent after resection. No dif-

Figure 2. Length of stay after pancreatic resection. P value was cal-
culated by the Wilcoxon rank test.

Table 2. HOSPITAL COURSE

PPPD
(n 5 39)

Whipple
(n 5 33) P Value

Estimated blood loss 707 6 474 723 6 534 NS
.1000 mL 7 (18) 6 (18) NS
Required transfusion 8 (21) 8 (24) NS

Postoperative complications 17 (44) 15 (45) NS
Delayed gastric emptying 13 (33) 4 (12) .05
Pancreatic fistula 2 (5.1)* 4 (12)† NS
Biliary fistula 0 1 (3) NS
Cholangitis 1 (2.6) 2 (6.1) NS
Reoperation 1 (2.6) 2 (6.1) NS

Perioperative deaths 0 1 (3) NS
Days before restarting diet 12.6 6 5.3 9.2 6 6.2 .013
LOS (average 6 SD) 17.2 6 5.5 14.12 6 7.2 .044
LOS (median) 15 12
Discharged by 12 days 6 (15) 19 (58) ,.001

LOS, length of stay; PPPD, pancreaticoduodenectomy with pylorus preservation.
Numbers in parentheses represent percentages.
* One not clinically significant (patient discharged from hospital without drain).
† Two not clinically significant (patient discharged from hospital without drain).
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ference in the incidence of diabetes, whether insulin-depen-
dent or not, was detected between the groups. Postoperative
enzyme requirement but not diabetes was associated with
long-term weight loss (Table 4).

Bile gastritis occurred in one patient after Whipple resec-
tion; it required reconstruction to a Roux-en-Y gastrojeju-
nostomy. Dumping was diagnosed in only one patient after
Whipple resection. Bile gastritis or dumping did not occur
in any patient after PPPD. Four patients had endoscopically
documented peptic ulceration during evaluation of gastro-
intestinal bleeding or new-onset abdominal pain. Although
peptic ulceration occurred more frequently in the PPPD than
in the Whipple group (three vs. one patients), this difference
did not attain statistical significance. No patient required
reoperation for management of ulcer disease.

The success rate of pancreaticoduodenectomy in either
eliminating or greatly reducing the pain and narcotic use
associated with chronic pancreatitis was 65% (Table 3).
There was no significant difference in outcome with respect
to the type of operation performed. Complete pain relief
occurred in 46% of patients, 14 after PPPD and 16 after
Whipple. Twelve more patients (19%) had residual episodic
pain after surgery, which was judged by the patient to be

markedly reduced from preoperative levels (pain scale
scores 1–3). Eight of these 12 patients had pain-free periods
longer than 1 month between exacerbations, and only 4
required occasional narcotics for pain control. Poor results
occurred in 23 patients: 20 had daily pain, 21 required more
narcotics than before surgery, and pain scale scores ranged
from 7 to 10. Among the patients with failed treatment, six
(four PPPD and two Whipple) underwent completion pan-
createctomy for continuing pain approximately 1 year after
pancreaticoduodenectomy. Poor pain relief after pancreati-
coduodenectomy was associated with postoperative weight
loss (Table 4).

Outcome Analysis

The preoperative and hospital variables (Tables 1 and 2)
were subjected to univariate and multivariate analysis with
respect to postoperative pain relief (good or fair vs. poor).
Univariate analysis revealed six factors associated with
good or fair surgical results (Table 5): age older than 50
years, duration of disease less than 2 years, presentation
after an isolated episode of pain, history of diabetes, no
previous longitudinal pancreaticojejunostomy, and positive
localized pathology in the head of the pancreas. Findings in
the head of the pancreas included pancreatic duct or com-
mon bile duct strictures, or discrete solid or cystic masses
detected by computed tomography, endoscopic retrograde
cholangiopancreatography, or endoscopic ultrasound (Fig.
3). Of these six variables, only preoperative pathology in the
head of the pancreas was found to be an independent pre-
dictor of a good or fair outcome in the multiple logistic
regression model, indicating that all six factors identified by
the univariate analyses were highly correlated and represent
a single group of patients for whom surgery is likely to have
successful results.

Outcome analysis with respect to pain relief showed no

Table 3. FOLLOW-UP DATA

PPPD Whipple P Value

Length of follow-up (yrs) 3.79 6 2.02 3.36 6 2.22 NS
Median 3.4 2.5

Late death 2 (5.7) 3 (10) NS
Related to chronic pancreatitis 1 (2.9) 2 (6.7) NS

Postoperative weight
Within 5 kg of preoperative 28 (80) 21 (70) NS
Preoperative BMI 21.6 6 2.6 23.6 6 4.7 NS
Postoperative BMI 22.1 6 3.78 22.9 6 4.08 NS
BMI .20* 26 (73) 23 (78) NS

Pancreatic enzyme requirement 22 (63) 23 (77) NS
New-onset diabetes 3 (10) 3 (12) NS
Postgastrectomy syndromes

Peptic ulcer disease/GI bleed 3 (8.6) 1 (3.3) NS
Dumping 0 1 (3.3) NS
Bile gastritis 0 1 (3.3) NS

Pain relief
Good (no pain) 14 (40) 16 (53) NS
Fair (better than before

surgery)
7 (20) 5 (17) NS

Poor (same or worse than
before surgery)

14 (40) 9 (30) NS

Narcotic use
None/less than preoperative 21 (60) 21 (70) NS
More than preoperative 13 (37) 8 (27) NS

Hospitalized in past year† 13 (37) 10 (33) NS
Completion pancreatectomy 4 (11) 2 (6.7) NS
Disabled or unemployed 12 (34) 6 (20) NS

BMI, body-mass index (kg/m2); PPPD, pancreaticoduodenectomy with pylorus
preservation.
Numbers in parentheses represent percentages.
* Recommended BMI is 20–25 kg/m2.
† For pain management.

Table 4. FACTORS INFLUENCING LONG-
TERM WEIGHT MAINTENANCE

Postoperative
Weight PPPD Whipple Total

Loss
n 7 9 16
Diabetes 2 (29) 1 (11) 3 (19)
Enzyme requirement 7 (100) 8 (89) 15 (94)*
Poor pain relief 4 (57) 5 (56) 9 (56)*

Stable or gain
n 28 21 49
Diabetes 7 (25) 5 (24) 12 (24)
Enzyme requirement 15 (54) 15 (71) 30 (61)
Poor pain relief 10 (36) 4 (19) 14 (29)

PPPD, pancreaticoduodenectomy with pylorus preservation.
* P , .05 vs. patients with gained weight after surgery.
There were no significant differences between the PPPD and Whipple groups.
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difference between the Whipple and PPPD procedures.
None of the immediate postoperative complications was
predictive of adverse outcome. In particular, development
of postoperative DGE did not influence a patient’s long-
term surgical results.

Factors significantly associated with poor pain relief by
univariate analysis included duration of symptoms more
than 10 years and previous longitudinal pancreaticojejunos-
tomy (modified Puestow procedure).

DISCUSSION

In the past two decades, advances in surgical technique
and critical care and the emergence of medical centers
specializing in the treatment of pancreatic disease have led
to dramatic changes in the death rates associated with pan-
creaticoduodenectomy. Multiple series have documented
death rates well below 5%,22,23 confirmed by the rate of
1.4% in this series. The newfound safety of the operation
has led to a greater willingness to consider it for less than
life-threatening illness, including chronic pancreatitis.14

PPPD has been advocated over Whipple resection with
antrectomy primarily because of its purported nutritional
advantages and the reduced likelihood of postgastrectomy
syndromes, including dumping and bile reflux gastritis.24

Our study represents the largest published series system-
atically comparing the standard Whipple resection and the
PPPD in the treatment of chronic pancreatitis. In the short
term (in-hospital), DGE was found to be twice as common
after PPPD than after Whipple resection. We noted this
complication initially in 1985,25 and other series confirm
that DGE occurs in 25% to 30% of patients after
PPPD.19,26–30 Based on these results, we have recom-
mended placement of gastrostomy tubes in all patients at the

time of PPPD to minimize the discomfort of prolonged
nasogastric intubation and its attendant complications.
Higher frequencies of DGE have translated into signifi-
cantly longer hospital stays for PPPD versus Whipple pa-
tients. The difference in LOS for the group of patients as a
whole averaged 3 days, but discharge on or before the 12th
postoperative day was remarkably different between the
groups (15% PPPD, 58% Whipple). DGE not only adds to
the hospital cost of the PPPD compared with the Whipple
but can also increase complications because it adds the
complications associated with central venous access and
institution of total parenteral nutrition.

Some investigators have noted a correlation between the
incidence of DGE and other complications such as ab-
scesses, fistulas, cholangitis, and right upper quadrant in-
flammation.27,31,32They suggest that DGE is a direct con-
sequence of these other processes and is not a primary
motility disorder. Our results do not confirm such a corre-
lation: only 1 of the 17 patients with DGE had an associated
intraabdominal complication. We surmise that DGE is most
likely to be related to temporary gastroparesis of unknown
pathogenesis. DGE did not influence long-term gastrojeju-
nal function or nutritional status.

Historically, the short-term drawbacks of PPPD related to
DGE have been tolerated in exchange for its putative nutri-
tional advantages. Multiple studies have shown that PPPD
preserves well-coordinated gastric and pyloric function in
the long term.24,33 As a result, emptying of liquids takes a
significantly shorter time after PPPD than after Whipple
resection.34,35 Likewise, physiologic measurements of se-
rum gastrin have been shown to be nearly normal after
PPPD but markedly depressed after standard Whipple (in
which antrectomy removes the source of gastrin).21,36

Figure 3. Mass in the head of the pancreas secondary to chronic
pancreatitis. This image was obtained by endoscopic ultrasound and
demonstrates a mass in the head of the pancreas adjacent to the portal
vein. The patient underwent a Whipple resection, resulting in complete
resolution of pain. PV, portal vein; SV, splenic vein; C, confluence of
splenic and superior mesenteric veins.

Table 5. OUTCOME ANALYSIS:
PREOPERATIVE FACTORS

Good/Fair
Outcome
(n 5 42)

Poor
Outcome
(n 5 23) P Value

Predictive
Value*

Age .50 years 22 (52) 4 (17) ,.01 0.85
Duration

,2 years 26 (62) 4 (17) ,.001 0.87
.10 years 5 (12) 10 (43) ,.005 0.33

Single pain episode 10 (24) 0 (0) ,.02 1.00
Diabetes 10 (24) 0 (0) ,.02 1.00
Previous Puestow 0 (0) 6 (26) ,.001 0.00
HOP pathology 35 (83) 6 (26) ,.001 0.85

HOP mass 25 (60) 2 (8.7) ,.001 0.93
Stricture 23 (55) 5 (22) ,.02 0.82
No HOP

pathology
7 (17) 17 (74) ,.001 0.29

HOP, head of the pancreas.
Numbers in parentheses represent percentages.
* Positive predictive value for good/fair outcome.
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Other, more ambitious studies have failed to demonstrate
nutritional advantages in terms of glucose homeostasis and
iron absorption.34 In general, most studies have used post-
operative patient weights as parameters of nutritional status
and have reported weight gain in 67% to 95% of patients
after PPPD.13,16,37,38

Our data, however, demonstrate no differences in nutri-
tional parameters between the two procedures. The fre-
quency of postoperative diabetes or pancreatic enzyme re-
quirement was similar. Seventy percent and 80% of our
patients maintained weights greater than 90% of their pre-
operative levels after Whipple or PPPD, respectively, and
this difference was not statistically significant. Because
postoperative nutritional assessment by isolated weight
measurements can be misleading, primarily because of vari-
able preoperative nutritional status, standardization of
weight measurements by determination of postoperative
BMI has been advocated for nutritional assessment in pa-
tients after pancreaticoduodenectomy.21 Our results showed
no significant differences in BMI after Whipple or PPPD,
with 73% and 78% of patients maintaining indices above
the recommended range, respectively. Long-term weight
loss was more likely to occur in association with pancreatic
insufficiency or poor pain relief, but this was irrespective of
the operation performed. Therefore, our data do not support
the nutritional superiority of one operation over the other.

Development of postgastrectomy syndromes after pan-
creaticoduodenectomy may also affect well-being. Several
studies have reported that the frequency of peptic ulcer
disease is higher after PPPD than after Whipple, perhaps
because of preserved antral gastrin secretion.27,29,38 Our
series found a prevalence of peptic ulcer disease of 9% and
3% after PPPD and Whipple, respectively, which is consis-
tent with published data but not conclusive. Neither bile
gastritis nor dumping occurred in any patient in whom the
pylorus was preserved; in contrast, these complications
were observed in two patients after Whipple resection. The
patient with bile gastritis had complete resolution after
revision gastrojejunostomy, but the one with dumping syn-
drome remains under medical treatment with limited symp-
tomatic control. When taken together, no difference in the
prevalence of postoperative syndromes exists between the
two groups.

Reported success rates for pain relief after pancreati-
coduodenectomy demonstrate considerable variation, rang-
ing from 60% to 100%.12,13,15–17Many of these series
include significant numbers of completion or total pancre-
atectomies, complicating the evaluation of cephalic pancre-
atectomy alone.13,16 We judge our success in this experi-
ence to have been 65%, with no significant differences
between the standard Whipple and PPPD groups. Our series
is different from other published series in the relatively high
number of patients with stenosis of the pancreatic duct or
previously failed pancreatic procedures. These patients ap-
pear to have a lower likelihood of success: 50% for late-
stage dorsal duct obstruction and 27% for rescue operations

after longitudinal pancreaticojejunostomy. If these patients
are excluded, 88% achieved satisfactory pain relief. These
data underscore the fact that patient selection has an impor-
tant impact on the outcome of pancreaticoduodenectomy for
chronic pancreatitis.

Evaluation of preoperative and in-hospital patient char-
acteristics by multivariate analysis revealed that pathology
in the head of the pancreas was the only independent factor
associated with good or fair postoperative pain relief. Ra-
diographically defined pathology in the head of the pan-
creas, particularly cystic or solid mass lesions, was the
strongest predictor of success, and only 6 of 41 patients with
such findings did not benefit from pancreaticoduodenec-
tomy. Conversely, only 29% (7/24) of patients with diffuse
pancreatic disease and no localized pathology in the head of
the gland achieved equivalent pain relief. Other reports have
emphasized this factor and have even required localized
pathology in the head of the gland to define candidacy for
resection.13,16,37 Similarly, we previously found that the
success of distal pancreatectomy for treatment of pain in
chronic pancreatitis was highly linked to specific pathology
such as pseudocyst in the body or tail of the gland.6 Other
characteristics identified that differentiated between patients
with pancreatic pathology and those without included age
older than 50 years, duration of symptoms less than 2 years,
recent onset of diabetes, and presentation after a single
episode of pain.

Poor surgical results were associated with disease dura-
tion greater than 10 years, with no demonstrable pathology
in the head of the pancreas, or with failed longitudinal
pancreaticojejunostomies. In this study, none of the patients
with failed modified Puestow operations benefited from
pancreatic head resection. A previous study from our group
reported successful salvage of failed modified Puestow pro-
cedures by pancreaticoduodenectomy in 70% (7/10) of pa-
tients.39 This was a small group of patients in whom out-
come assessment may have been difficult due to the widely
ranging duration of follow-up (1 month to 11.5 years). Total
pancreatectomy may be the only remaining surgical option
for these patients. However, total pancreatectomy results in
significant complications secondary to obligate pancreatic
exocrine and endocrine insufficiency. An increased inci-
dence of peptic ulcer disease has also been observed after
this operation.13 In our estimation, total pancreatectomy
seems overly aggressive as an initial procedure for patients
with chronic pancreatitis and may be better offered to highly
selected patients as a staged operation after the failure of
cephalic or distal pancreatectomy.

In summary, the Whipple and PPPD procedures produce
similar results with respect to late outcomes such as pain
relief, new-onset diabetes, and weight maintenance. They
differ, however, in immediate postoperative LOS for the
unpredictable but substantial number of patients in whom
DGE develops. The Whipple operation may be preferred
when cancer is suspected and a short LOS is desirable.
Alternatively, PPPD might be the operation of choice for the
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severely malnourished patient, although our data do not
support the theoretical rationale of this procedure. Patient
selection can affect the success of pancreaticoduodenec-
tomy in the treatment of chronic pancreatitis. Patients with
radiographically detectable complications of the disease
concentrated focally in the head of the pancreas are the most
likely to benefit from the operation. Others with intract-
able abdominal pain, longstanding disease, unsuccessful
Puestow operations, and no focal findings in the head of the
gland have a significantly lower likelihood of a satisfactory
outcome.
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