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Changing Indications, Older Patients, and Decreasing Length of Hospitalization
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Hypothesis: Experience with pancreatic resection for

the last 10 years has resulted in new trends in patient characteristics and, for pancreaticoduodenectomy (PD), a decrease in the length of stay (LOS). This decrease is due
in part to the implementation of case management and
clinical pathways.
Design: Retrospective case series of patients undergo-

ing pancreatic resection.
Setting: A university-affiliated, tertiary care referral

center.
Patients: The study comprised 733 consecutive pa-

tients undergoing pancreatic resection for benign or malignant disease at the Massachusetts General Hospital in
Boston from April 1990 to March 2000.
Interventions: Of the 733 pancreatic resections, 489

were PD; 190, distal pancreatectomy; 40, total pancreatectomy; and 14, middle-segment pancreatectomy.

tion of PD for cystic tumors increased from 9.9% to 20%
(P=.01), and the proportion of PD for chronic pancreatitis
decreased from 23% to 10% (P,.01). Use of pyloruspreserving PD decreased from 45% to 0% (P,.001). Delayed
gastric emptying decreased from 17% to 6.1% (P,.01). Pancreatic fistula, reoperation, and mortality were unchanged.
Length of stay for PD decreased from 16.1±0.6 to 9.5±0.4
days (mean±SE) (P,.001). Multivariate analysis showed
that period, case volume, pylorus-preserving PD, and presence of complications are all independent predictors of LOS
(P,.05forall). Fordistalpancreatectomy, patients ingroups
2 and 3 were older than those in group 1 (mean±SD, 57 ±14
vs 52±17 years) (P,.05). Resections for cystic tumors increasedfrom26%to52%(P,.05),andresectionsforchronic
pancreatitis decreased from 32% to 14% (P=.06). Median
LOS decreased from 9 days to 6. For total pancreatectomy,
resections for cystic tumors increased from 18% to 43%. Median LOS decreased from 14.5 days to 11. For all resections,
case volume increased from 4 resections per month in 1990
to 5.8 in 1995 and 12 in 2000 (r=0.83; P,.001).
Conclusions: Older patients are increasingly being se-

Main Outcome Measures: Length of stay; occur-

rence of delayed gastric emptying, pancreatic fistula, reoperation, readmission, or other complications; mortality; and comparison of patients in 3 periods according
to the implementation of case management (July 1995)
and clinical pathways (September 1998).
Results: For PD, patients in group 1 (April 1990 to June

1995) were significantly younger (mean±SD, 57±15 years)
than those in group 2 (July 1995 to August 1998; mean±SD,
62±13years)andgroup3(September1998toOctober2000;
mean±SD, 65±13 years)(P,.01). Over time, the propor-

From the Department of
Surgery (Drs Balcom, Rattner,
Warshaw, and Fernandez-del
Castillo) and the Medical
Practices Evaluation Center
(Dr Chang), Massachusetts
General Hospital and Harvard
Medical School, Boston.

H

lected for pancreatic resection. This reflects an increasing frequency of operations performed for cystic tumors
and fewer for chronic pancreatitis. With the exception
of delayed gastric emptying, complications and mortality have remained the same or decreased slightly during
the past 10 years. However, there has been a significant
decrease in LOS; this is the result of implementation of
case management and clinical pathways, increasing case
volume, decreasing incidence of delayed gastric emptying, and decreasing use of pylorus-preserving PD.
Arch Surg. 2001;136:391-398

ISTORICALLY, operative
resection of the pancreas
was generally regarded
with skepticism. This led
to the recommendation by
some surgeons that procedures such as pancreaticoduodenectomy (PD) be abandoned altogether.1-2 During the past 20 years,
however, pancreatic resection has gained increasing acceptance as an effective and safe
method of treating malignant and benign
diseases of the pancreas.3-8 Whereas some
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community-based centers of excellence have
obtained very good results with pancreatic
resection,9 most advances in operative technique and perioperative care of these challenging patients have been made in referralbased regional academic centers.10-12
As pancreatic resection has become
safer, the indications for resection have
broadened, and the operations themselves have evolved. Although pancreatic
resection is well established in the treatment of pancreatic adenocarcinoma and
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PATIENTS AND METHODS
The medical records of 733 consecutive patients undergoing
pancreatic resection, performed by the senior authors (A.L.W.,
D.W.R., and C.F.C.) between April 1990 and March 2000,
were reviewed retrospectively. The procedures comprised 489
PDs, 190 DPs, 40 total pancreatectomies (TPs), and 14 MPs.
Case management at the Massachusetts General Hospital in
Boston began in July 1995, and clinical pathway implementation for pancreatic resection patients was initiated in September 1998. Accordingly, patients were divided into 3 periods: group 1 (April 1990 to June 1995), group 2 (July 1995
toAugust1998),andgroup3(September1998toMarch2000).
Perioperative parameters included patient age, type of
operation (PD, pylorus-preserving PD, DP, spleen-sparing
DP, TP, or MP), and pathologic diagnosis (pancreatic adenocarcinoma, periampullary tumor, CP, cystic tumor, or
other). Periampullary tumors included benign and malignant neoplasms of the distal common bile duct, ampulla
of Vater, and duodenum. Cystic tumors included benign
mucinous cystic neoplasms, mucinous cystadenocarcinomas, serous cystadenomas, intraductal papillary mucinous
tumors, and solid and papillary neoplasms. All other final
histologic diagnoses were categorized as “other.”
Postoperative outcomes included LOS, development of
pancreatic fistula, development of delayed gastric emptying,
reoperation, readmission, development of other complications, and mortality. Length of stay was measured as the total length of patient hospitalization. Pancreatic fistula was defined as the drainage of more than 30 mL/d of amylase-rich
fluid from intraoperatively placed drains after postoperative
day 7 or as the continued use of an intraoperatively placed
drain at the time of discharge (regardless of the postoperative day or amount). Delayed gastric emptying was defined
as the failure to maintain oral intake by postoperative day 14.
Mortality was defined as death during the resection hospitalization or within 30 days of discharge after resection. Other
complications were defined as any of the following: wound
infection (culture-positive purulent drainage from the postoperative wound, requiring open packing); cholangitis (fever, leukocytosis, and culture-positive bilious drainage from
operative or percutaneous drains); urinary tract infection (culture-positive urine with urinalysis-proven pyuria and bacteriuria); pneumonia (fever, leukocytosis, culture-positive sputum with polymorphonuclear leukocytes on Gram stain, and
chest radiograph demonstrating focal infiltrates); bile leak (bilious drainage from peripancreatic, intraoperatively placed
drains or radiographically proven fluid collection requiring
percutaneous drainage and demonstrating elevated bilirubin levels); gastrointestinal bleeding (any guaiac-proven
hematemesis, hematochezia, or melena requiring blood
product transfusion or reoperation); myocardial infarction

other periampullary neoplasms, an increasing number of
intraductal papillary mucinous tumors and other cystic
neoplasms are being identified for resection.4,13-15 Pancreatectomy is also frequently used in chronic pancreatitis (CP),6,16-19 and resection of metastases to the pancreas has been described.6,20 During the past 20 years,
PD has undergone modification to include pyloruspreserving procedures and duodenum-sparing procedures.6,21-23 Distal pancreatectomy (DP) is being per(REPRINTED) ARCH SURG/ VOL 136, APR 2001
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(characteristic elevation of serum creatine kinase or troponin
levels with or without accompanying electrocardiographic
changes); intra-abdominal abscess (culture-positive purulent
drainage obtained from a percutaneous or operative intervention); pulmonary embolus (radiographically proven pulmonary perfusion abnormality in the setting of hypoxemia or respiratory distress, requiring anticoagulation therapy); deep
venous thrombosis (characteristic venous obstruction of an
involvedextremity,demonstratedonDopplerultrasound);central line infection (culture-positive line segment from an erythematous or purulent insertion site); bacteremia (culturepositive blood sample from 2 culture bottles with at least 1 from
aperipheralsite);arrhythmia(characteristicelectrocardiographic
abnormality with or without symptoms, requiring pharmacologicorelectricalintervention);cerebrovascularaccident(characteristic neurologic findings on physical examination with
radiographically proven lesion); splenic infarct (radiographically proven infarct of at least 30% of the splenic parenchyma);
and Clostridium difficile colitis (stool sample positive for the
organism, requiring antimicrobial therapy).
Patient age is summarized as mean±SD, whereas continuous outcomes are given as mean ± SEM. Medians are
also given for selected continuous data where specified. Statistical methods involved the use of the t test, Fisher exact
test, and Pearson correlation coefficient in the comparison of patient and operative characteristics and outcomes.
The t test and Pearson correlation coefficient were used in
univariate analysis of LOS. Multiple linear regression was
used for multivariate analysis of LOS. Statistical significance was defined as P,.05.
The indications and outcomes of the 14 patients who
underwent MP will not be described because 12 of them
were the subject of a recent report by our group.26
For PD, we chose to examine the influence of case management and clinical pathways on the LOS. In practical terms,
case management refers to the implementation of a case manager as part of the surgical team caring for patients on a given
surgical ward. That individual examines the patient’s record
preoperatively and becomes familiar with patient history and
individualized operative strategy. Case managers introduce
themselves to the patient on the first or second postoperative day and, from that day forward, assist or take the initiative in monitoring the patient’s progress, suggesting care strategies, and planning for the patient’s eventual discharge to home
or a rehabilitation or skilled-nursing facility. The clinical pathway for PD consists of a set of prewritten postoperative orders that prescribe major milestones in the patient’s postoperative progress. For example, our clinical pathway for PD
calls for removal of the nasogastric tube on the first or second postoperative day and the removal of closed-suction drains
on the fifth or sixth postoperative day. The pathway provides the patient and caregivers with a goal-oriented approach to postoperative recovery.

formed with greater regard for splenic preservation,24,25
and middle pancreatectomy (MP) is now part of the surgical armamentarium.26
The escalating standards and widening indications for
pancreatic resection have led to greater expectations with
regard to patient outcomes. Many series now report mortality rates of 5% or less and total complication rates of less
than 40% to 50%.4,6,7,18,23 Experienced centers are now reporting length of stay (LOS) data to assess effectiveness of
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Table 1. Patient Characteristics and Operative Descriptors*
Period
Type of Operation
PD
No. of resections
Mean ± SD age, y
Pathologic diagnosis
Pancreatic adenocarcinoma
Chronic pancreatitis
Cystic tumor
Periampullary tumor
Other
Pylorus-preserving PD
DP
No. of resections
Mean ± SD age, y
Pathologic diagnosis
Pancreatic adenocarcinoma
Chronic pancreatitis
Cystic tumor
Other
Spleen-sparing DP
TP
No. of resections
Mean ± SD age, y
Pathologic diagnosis
Pancreatic adenocarcinoma
Chronic pancreatitis
Cystic tumor
Periampullary tumor
Other

Group 1:
April 1990 to June 1995

Group 2:
July 1995 to August 1998

Group 3:
September 1998 to March 2000

201
57 ± 15

158
62 ± 13†

130
65 ± 13†

69 (34)
46 (23)
20 (9.9)
49 (24)
17 (8.5)
90 (45)

53 (34)
34 (22)
25 (16)
40 (25)
6 (3.8)
21 (13)†

49 (38)
13 (10)‡
26 (20)†
30 (23)
12 (9.2)
0 (0)‡

97
52 ± 17

64
57 ± 14†

29
57 ± 13

14 (14)
31 (32)
26 (26)
26 (27)
21 (22)

10 (16)
18 (28)
21 (33)
15 (23)
18 (28)

4 (17)
4 (14)
15 (52)†
5 (17)
12 (41)

22
50 ± 15

11
57 ± 13

7
58 ± 23

4 (18)
11 (50)
4 (18)
0 (0)
3 (14)

5 (45)
2 (18)
1 (9)
0 (0)
3 (27)

0 (0)
1 (14)
3 (43)
1 (14)
2 (29)

*Data are presented as number (percentage) of patients unless otherwise indicated. PD indicates pancreaticoduodenectomy; DP, distal pancreatectomy; and
TP, total pancreatectomy.
†P,.05 vs group 1.
‡P,.05 vs groups 1 and 2.

RESULTS

PATIENT AND OPERATIVE DESCRIPTORS
The patient and operative characteristics for PD, DP, and
TP are provided in Table 1. For PD, the mean (±SD) patientageincreasedsignificantlyastimewenton(from57±15
years to 65±13 years; P,.001). There was a significant decrease in the proportion of PDs performed for CP (23% vs
10%; P=.003), with a commensurate increase in those done
for cystic tumors (9.9% vs 20%; P=.01); however, the percentage of PDs done for pancreatic cancer and periampullary neoplasms remained stable during the 10-year period.
A marked decrease in the use of pylorus-preserving PD was
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No. of Resections

operative treatment and perioperative care and to aid in reducing medical costs.4,6,16,18,25,27,28 In an effort to optimize
patient care and to decrease LOS, many specialized centers have begun to adopt case management strategies.29 In
a similar vein, standardized clinical pathways have been
created for patients receiving major gastrointestinal operations, and these may be improving the efficiency of care.28,30
The objective of this study was to examine trends in
patient characteristics, indications for operation, and length
of postoperative hospitalization in patients undergoing pancreatic resection at our institution during a 10-year period, and in particular to determine if case management and
clinical pathways have resulted in decreased LOS.

120
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Figure 1. Pancreatic resection volume per 12-month period at the
Massachusetts General Hospital, Boston, from 1990 to 2000. Each 12-month
period begins in April of the designated year and continues through March
of the following year.

seen during the study period: from 45% to 13% in the first
2 periods, and 0% in the third period (P,.001).
For DP, the mean (±SD) patient age also increased
significantly, from 52±17 years to 57±13 years (P=.04 comparing group 1 with group 2). A similar change in the proportion of resections performed for CP was seen, with a decrease from 32% to 14% (P=.06), and with a marked increase
in DPs for cystic tumors (26% to 52%; P=.02). The proportion of spleen-sparing DPs increased substantially during
the study period, from 21% (group 1) to 28% (group 2) to
42% (group 3) (P=.05, comparing group 1 with group 3).
Figure 1 depicts the increase in the total number
of pancreatic resections performed on a yearly basis at
WWW.ARCHSURG.COM
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Table 2. Clinical Outcomes and Complications*
Period
Group 1:
April 1990 to June 1995

Type of Operation
PD
No. of resections
Mean ± SEM length of stay, d
Pancreatic fistula
Delayed gastric emptying
Reoperation
Readmission
Other complications
Death
DP
No. of resections
Mean ± SEM length of stay, d
Pancreatic fistula
Reoperation
Readmission
Other complications
Death
TP
No. of resections
Mean ± SEM length of stay, d
Delayed gastric emptying
Reoperation
Readmission
Other complications
Death

Group 2:
July 1995 to August 1998

Group 3:
September 1998 to March 2000

201
16.1 ± 0.6 (median = 14)
19 (9.5)
34 (17)
4 (2.0)
15 (7.5)
43 (21)
2 (1.0)

158
12.2 ± 0.5† (median = 11)
25 (16)
18 (11)
4 (2.5)
18 (11)
22 (14)
3 (1.9)

130
9.5 ± 0.4‡ (median = 8)
12 (9.2)
8 (6.1)†
2 (1.5)
14 (11)
11 (8.5)†
0 (0)

97
9.9 ± 0.5 (median = 9)
12 (12)
2 (2.1)
13 (13)
12 (12)
2 (2.1)

64
9.5 ± 0.8 (median = 7)
11 (17)
4 (6.3)
7 (11)
2 (3.1)†
1 (1.6)

29
7.8 ± 1.2 (median = 6)
4 (14)
0 (0)
5 (17)
0 (0)
0 (0)

11
15.7 ± 2.0 (median = 14)
3 (27)
0 (0)
1 (9.1)
0 (0)
0 (0)

7
11.3 ± 1.6 (median = 11)
1 (14)
0 (0)
1 (14)
0 (0)
0 (0)

22
16.3 ± 1.3 (median = 14.5)
2 (9.1)
0 (0)
0 (0)
0 (0)
0 (0)

*Data are presented as number (percentage) of patients unless otherwise indicated. PD indicates pancreaticoduodenectomy; DP, distal pancreatectomy; and
TP, total pancreatectomy.
†P,.05 vs group 1.
‡P,.05 vs groups 1 and 2.
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Figure 2. Decrease in average and median length of stay (LOS) for
pancreaticoduodenectomy at the Massachusetts General Hospital, Boston,
from 1990 to 2000. Mean and median LOS for the 12-month period
beginning in April of the designated year through March of the following
year are plotted vs year of interest.

the Massachusetts General Hospital from April 1990 to
March 2000. For both PD and all resections combined,
the number of cases per 6-month period increased significantly (Pearson r = 0.83; P,.001 for PD and all resections combined; data not shown graphically). The number of resections increased from 4 per month in 1990 to
5.8 in 1995 and 12 in 2000.

the decrease in mean and median LOS for PD during the
past 10 years. Pancreatic fistula, reoperation, and mortality did not change significantly for PD. The proportion of patients experiencing delayed gastric emptying
decreased during the study period from 16.9% (group 1)
to 6.2% (group 3) (P=.004). Likewise, the proportion of
patients experiencing other complications decreased from
21% (group 1) to 14% (group 2) to 8.5% (group 3)
(P,.05). Readmission rate for PD did not change significantly and is currently 11%.
For DP, mean LOS did not change significantly, but
median LOS decreased among the 3 groups from 9 to 7
to 6 days.Pancreatic fistula, reoperation, readmission, and
mortality did not change significantly as time passed. The
proportion of patients experiencing other complications decreased from 12% to 3.1% to 0% during the 3 periods (P,.05 between groups 1 and 2).
For TP, the mean LOS did not change significantly,
but median LOS decreased among the 3 groups, from 14.5
to 14 to 11 days.Proportions of complications were difficult to analyze given the small sample size.
Categorization of complications for all resections is
provided in Table 3.

OUTCOMES AND COMPLICATIONS
Clinical outcomes for PD, DP, and TP are listed in
Table 2. For PD, the LOS (mean ± SE) decreased from
16.1±0.6 days (group 1) to 12.2 ± 0.5 days (group 2) to
9.5±0.4 days (group 3) (P,.001). Figure 2 illustrates
(REPRINTED) ARCH SURG/ VOL 136, APR 2001
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UNIVARIATE AND MULTIVARIATE
ANALYSIS OF LOS IN PD
Table 4 contains the results of univariate analysis in
examining LOS outcomes for PD. Univariate analysis
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Table 3. Complications by Type of Resection*

Table 4. Univariate Analysis of Influences
on Length of Stay for PD*

Complication

PD
(n = 489)

DP
(n = 190)

TP
(n = 40)

Variable

Pancreatic fistula
Delayed gastric emptying
Mortality
Reoperation
Wound infection
Cholangitis
Urinary tract infection
Pneumonia
Bile leak
Gastrointestinal bleed
Myocardial infarction
Intra-abdominal abscess
Pulmonary embolism
Deep venous thrombosis
Line infection
Bacteremia
Arrythmia
Cerebrovascular accident
Splenic infarct
Clostridium difficile colitis
Patients without complications

56 (11)
60 (12)
5 (1.0)
10 (2.0)
25
3
16
5
4
1
2
8
1
2
5
1
2
...
...
...
306 (63)

27 (14)
...
3 (1.6)
6 (3.2)
1
...
1
3
...
2
...
3
...
...
...
...
...
1
2
1
144 (76)

...
6 (15)
0 (0)
0 (0)
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
33 (83)

Period
Group 1 (4/90-6/95)
Group 2 (7/95-8/98)
Group 3 (9/98-3/00)
Pathologic diagnosis
Pancreatic adenocarcinoma
Other 4 diagnoses
Case volume: correlation
coefficient (r) = −0.73
Pylorus preservation
Non-pylorus-preserving PD
Pylorus-preserving PD
Fistula
Absence
Presence
Delayed gastric emptying
Absence
Presence
Any complication
Absence
Presence

indicated that the important factors associated with decreasing LOS in PD were period of study, operative case
volume, use of classic Whipple resection rather than pylorus-preserving PD, absence of pancreatic fistula,
absence of delayed gastric emptying, and absence of other
complications (P,.001 for all). Figure 3 illustrates the
correlation between operative case volume and decreasing LOS. When all potential predictors were included in
the multiple linear regression model, period, operative
case volume, use of pylorus-preserving PD, and presence of pancreatic fistula, delayed gastric emptying, or
other complication remained independent predictors of
LOS. These factors were significant at the P,.05 level.
COMMENT

These data indicate that in the last decade older patients
are undergoing both PD and DP at our institution, and they
support the notion that improvements in operative techniques and perioperative care have made pancreatic resection safer for a wide range of patients. In experienced
centers, only the oldest patients with severe comorbidity
are being denied pancreatic resection at this time.4,31,32
Clearly, fewer pancreatic resections are being performed for CP and more for cystic tumors. This phenomenon is partially explained by the fact that the use
of abdominal computed tomography and ultrasound for
unrelated conditions is producing more asymptomatic
tumors.14,33 Intraductal papillary mucinous tumors currently form an increasingly large proportion of cystic neoplasms referred to our institution (currently 17% of all
pancreatic resections). These tumors are considered premalignant and are resected whenever possible.34-36 The
decline in proportion of resections done for CP may rep(REPRINTED) ARCH SURG/ VOL 136, APR 2001
395

,.001
16.1 ± 0.6
12.2 ± 0.5
9.5 ± 0.4
.02
12.1 ± 0.5
13.7 ± 0.4
,.001
,.001
11.8 ± 0.3
17.5 ± 0.7
,.001
12.3 ± 0.3
19.4 ± 1.6
,.001
12.0 ± 0.3
21.1 ± 1.1
,.001
10.5 ± 0.2
17.4 ± 0.7

*Data are presented as mean ± SEM. Univariate analysis using the t test
or calculation of Pearson correlation coefficient ( r). PD indicates
pancreaticoduodenectomy.
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*Data are presented as number (percentage) of complications.
PD indicates pancreaticoduodenectomy; DP, distal pancreatectomy;
TP, total pancreatectomy; and ellipses, not applicable.
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Figure 3. Average length of stay (LOS) vs average 6-month case volume for
pancreaticoduodenectomy at the Massachusetts General Hospital, Boston,
from 1990 to 2000. Pearson correlation coefficient=− 0.73 ( P,.001).

resent changes in referral patterns from gastroenterologists and primary care physicians, who are using extended courses of medical management and endoscopic
interventions with pancreatic duct stenting in the treatment of CP.37,38 However, pancreatic resection remains
an important therapeutic tool in the treatment of selected patients with severe CP.16-19
Evolution of operative technique has also occurred at
our institution in the past 10 years. Antrectomy with gastrojejunostomy is now used almost exclusively in lieu of
pylorus-preserving PD. Our group has shown that in our
hands, pylorus-preserving PD holds no advantage over classic Whipple resection in the treatment of CP with regard
to the incidence of postoperative complications, nutritional
status and glucose tolerance, and amount of pain relief.16
Pylorus-preserving PD resulted only in higher rates of delayed gastric emptying and increased LOS.16 In addition,
spleen-sparing DP has been used with significantly greater
frequency during the past 10 years. Splenic preservation is
preferable because it eliminates the uncommon but potenWWW.ARCHSURG.COM
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tially fatal complication of overwhelming infection with encapsulated bacterial organisms. Spleen-sparing DP may also
be preferable in the setting of a malignant neoplasm not directly involving the spleen because it is a putative mechanism for maintenance of immune surveillance.25 We perform spleen-sparing DP in the resection of the pancreatic
body and tail whenever anatomically feasible. In this series,
only 2 patients developed a splenic infarct, and both were
managed conservatively.
The rates of complications following resection essentially remained stable during the study period with the
exception of delayed gastric emptying (for PD) and “other”
complications (for PD and DP), which decreased significantly. We attribute this difference to enhanced expertise
with operative techniques and decreasing use of pyloruspreserving PD. Mortality and rate of reoperation for PD
remain low at 1% and 2%, respectively. Readmission rates
did not change significantly for PD and DP, despite the
implementation of clinical pathways in 1998.
Perhaps the most interesting improvement in outcome,
and the focus of this article, is the decrease in LOS for PD
during the last decade, from a mean of 16 days in the first
5 years to 9 days in the last 18 months. As expected, multivariate analysis shows that complication rates are among
the strongest independent predictors of decreased LOS for
PD. Specifically, pancreatic fistula, delayed gastric emptying, and other complications were powerful independent
predictors of LOS. It seems intuitive that patients who experience more complications stay in the hospital longer; in
their timely review of factors affecting LOS in PD, Brooks
et al27 showed that complications were independent predictors of increased postoperative and total LOS.
Increased case volume was also found to be an independent predictor of decreased LOS. Thus, these data
support the notion that operative candidates should be
given the choice of referral to centralized institutions performing a high volume of pancreatic resections. For PD,
this strategy results in a lower rate of patient mortality,39 and the medical literature indicates that this trend
results in better outcomes and decreased costs.6,7,10,12,40
Interestingly, the use of pylorus-preserving PD was
found to be a strong independent predictor of increased
LOS. Our group has previously shown that LOS was longer
for pylorus-preserving PD than for classic Whipple resection in CP, and this was presumed to be caused by increased rates of delayed gastric emptying.16 We find and
reaffirm that the adverse effect of pylorus-preserving PD
is independent of other factors, including complications
such as anastomotic leaks. Smaller studies have found no
difference or slightly shorter LOS for this procedure.18,41 The
establishment of pylorus-preserving PD as an independent predictor of increased LOS may be partially influenced by our definition of delayed gastric emptying as failure to maintain oral intake by postoperative day 14; other
large studies have variously defined this condition as failure to maintain oral intake after 7, 10, or 14 postoperative
days.42-44 We feel that our stringent definition is useful because it leaves very little diagnostic uncertainty with regard to the presence of delayed gastric emptying. Furthermore, we do not feel that this definition biased the
multivariate analysis; when all patients with delayed gastric emptying are excluded, the median LOS for classic
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Whipple resections during the last 18 months is 8 days,
and the median LOS for pylorus-preserving PD is 14 days.
This suggests a genuine influence of operative technique
on LOS, which may be explained at our institution by greater
experience and comfort with the classic Whipple operation and consequent willingness to discharge those patients earlier. It is also our general practice to construct a
retrocolic gastrojejunostomy, which appears to promote
rapid return of gastric emptying and ability to eat, in most
cases by 3 to 4 days. Most patients may be discharged from
the hospital on a solid diet by postoperative day 8.
Finally, these results identify period as an important
independent factor in predicting LOS. Although Figure 2
shows a gradual decline in LOS during the entire decade,
we chose to examine the 3 periods that would accurately
reflect the implementation of case management and clinical pathways. We feel that the relative stabilization and
gradual decline in LOS after case management introduction in 1995, followed by the more pronounced decline in
LOS after clinical pathway introduction in 1998, probably
reflects 2 facts: (1) the combination of case management
and clinical pathway use (after 1998) resulted in the most
significant effect on LOS and (2) the decade witnessed the
adoption of a more aggressive attitude toward the postoperative care of patients with PD in general. We would argue that the translation of this attitude into a tangible care
strategy resulted in case management and clinical pathways.
Taken as a whole, these data indicate that the implementation of case management and clinical pathways for patients
undergoing pancreatic resection has had an identifiable
effect on improving outcome (ie, decreasing LOS) while
the rates of most complications have decreased or remained
the same. Readmission rates did not change significantly,
indicating that case management and clinical pathway introduction did not cause patient morbidity from overly aggressive discharge. The use of case management and clinical pathways has begun to improve outcomes in a variety
of surgical environments,28,30,45,46 and we have now demonstrated this benefit with a large series of pancreatic resections. The data of Brooks et al27 identify later period
as an independent predictor of LOS, and the authors state
that this implies a “streamlining” of patient care as time goes
on. Our data also demonstrate a convergence of the mean
and median LOS during the past decade (Figure 2), signifying a reduction of the variance. Thus, case management
and clinical pathways prove to be a validated strategy for
better care; in reducing LOS, they may be important determinants of cost containment as well.28,40,47
Presented at the 81st Annual Meeting of the New England
Surgical Society, Boston, Mass, October 7, 2000.
Corresponding author and reprints: Carlos Fernandezdel Castillo, MD, Massachusetts General Hospital–WACC
336, 55 Fruit St, Boston, MA 02114 (e-mail: cfernandez
@partners.org).
REFERENCES
1. Crile G Jr. The advantages of bypass operations over radical pancreaticoduodenectomy in the treatment of pancreatic carcinoma. Surg Gynecol Obstet. 1970;
130:1049-1053.
2. Shapiro TM. Adenocarcinoma of the pancreas. Ann Surg. 1975;182:715-721.
3. Warshaw AL, Fernandez-del Castillo C. Pancreatic carcinoma. N Engl J Med. 1992;
326:455-465.

WWW.ARCHSURG.COM

©2001 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 02/27/2015

4. Fernandez-del Castillo C, Rattner DW, Warshaw AL. Standards for pancreatic resection in the 1990s. Arch Surg. 1995;130:295-300.
5. Yeo CJ, Cameron JL, Lillemoe KD, et al. Pancreaticoduodenectomy for cancer
of the head of the pancreas. Ann Surg. 1995;221:721- 731.
6. Yeo CJ, Cameron JL, Sohn T, et al. Six hundred fifty consecutive pancreaticoduodenectomies in the 1990s. Ann Surg. 1997;226:248-260.
7. Neoptolemos JP, Russell RC, Bramhall S, Theis B. Low mortality following resection for pancreatic and periampullary tumours in 1026 patients. Br J Surg.
1997;84:1370-1376.
8. Bottger T, Junginger T. Factors influencing morbidity and mortality after pancreaticoduodenectomy. World J Surg. 1999;23:164-172.
9. Chew D, Attiyeh F. Experience with the Whipple procedure (pancreaticoduodenectomy) in a university-affiliated community hospital. Am J Surg. 1997;174:
312-315.
10. Lieberman MD, Kilburn H, Lindsey M, Brennan MF. Relation of perioperative deaths
to hospital volume among patients undergoing pancreatic resection for malignancy. Ann Surg. 1995;222:638-645.
11. Gordon TA, Burleyson GP, Tielsch JM, Cameron JL. The effects of regionalization on cost and outcome for one general high-risk surgical procedure. Ann Surg.
1995;221:43-49.
12. Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on
operative mortality for major cancer surgery. JAMA. 1998;280:1747-1751.
13. Warshaw AL, Compton CC, Lewandrowski KB, Cardenosa G, Mueller PR. Cystic
tumors of the pancreas. Ann Surg. 1990;212:432-443.
14. Fernandez-del Castillo C, Warshaw AL. Cystic tumors of the pancreas. In: Cameron JL, ed. Pancreatic Neoplasms. Philadelphia, Pa: WB Saunders Co; 1995:
1001-1016. Surgical Clinics of North America.
15. Balcom JH, Fernandez-del Castillo C, Warshaw AL. Cystic lesions in the pancreas: when to watch, when to resect. Curr Gastroenterol Rep. 2000;2:152-157.
16. Jimenez RE, Fernandez-del Castillo C, Rattner DW, Chang Y, Warshaw AL. Outcome of pancreaticoduodenectomy with pylorus preservation or with antrectomy in the treatment of chronic pancreatitis. Ann Surg. 2000;231:293-300.
17. Warshaw AL, Banks PA, Fernandez-del Castillo C. AGA technical review: treatment of pain in chronic pancreatitis. Gastroenterology. 1998;115:765-776.
18. Vickers SM, Chan C, Heslin MJ, Bartolucci A, Aldrete JS. The role of pancreaticoduodenectomy in the treatment of severe chronic pancreatitis. Am Surg. 1999;
65:1108-1111.
19. Evans JD, Wilson PG, Carver C, et al. Outcome of surgery for chronic pancreatitis. Br J Surg. 1997;84:624-629.
20. Z’graggen K, Fernandez-del Castillo C, Rattner DW, Sigala H, Warshaw AL. Metastases to the pancreas and their surgical extirpation. Arch Surg. 1998;133:
413-417.
21. Traverso LW, Longmire WP. Preservation of the pylorus in pancreaticoduodenectomy. Surg Gynecol Obstet. 1978;146:959-962.
22. Beger HG, Buchler M, Bittner RR, Oettinger W, Roscher R. Duodenumpreserving resection of the head of the pancreas in severe chronic pancreatitis:
early and late results. Ann Surg. 1989;209:273-278.
23. Izbicki JR, Bloechle C, Knoefel WT, Kuechler T, Binmoeller KF, Broelsch CE. Duodenum-preserving resection of the head of the pancreas in chronic pancreatitis:
a prospective, randomized trial. Ann Surg. 1995;221:350-358.
24. Warshaw AL. Conservation of the spleen with distal pancreatectomy. Arch Surg.
1988;123:550-553.
25. Schwarz R, Harrison L, Conlon KC, Klimstra DS, Brennan MF. The impact of splenectomy on outcomes after resection of pancreatic adenocarcinoma. J Am Coll
Surg. 1999;188:516-521.
26. Warshaw AL, Rattner DW, Fernandez-del Castillo C, Z’graggen K. Middle segment pancreatectomy. Arch Surg. 1998;133:327-331.
27. Brooks AD, Marcus SG, Gradek C, et al. Decreasing length of stay after pancreaticoduodenectomy. Arch Surg. 2000;135:823-830.
28. Porter GA, Pisters P, Mansyur C, et al. Cost and utilization impact of a clinical
pathway for patients undergoing pancreaticoduodenectomy. Ann Surg Oncol. 2000;
7:484-489.
29. Girard N. The case management model of patient care delivery. AORN J. 1994;
60:403-405.
30. Pitt HA, Murray KP, Bowman HM, et al. Clinical pathway implementation improves outcomes for complex biliary surgery. Surgery. 1999;126:751-756.
31. Hannoun L, Christophe M, Ribeiro J, et al. A report of forty-four instances of
pancreaticoduodenal resection in patients more than seventy years of age. Surg
Gynecol Obstet. 1993;177:556-560.
32. Cameron JL. The current management of carcinoma of the head of the pancreas. Annu Rev Med. 1995;46:361-370.
33. Le Borgne J, de Calan L, Partensky C. Cystadenomas and cystadenocarcinomas
of the pancreas: a multiinstitutional retrospective study of 398 cases. French Surgical Association. Ann Surg. 1999;230:152-161.
34. Rivera J, Fernandez-del Castillo C, Pins M, et al. Pancreatic mucinous ductal ectasia and intraductal papillary neoplasms. Ann Surg. 1999;225:637-644.
35. Loftus EV, Jr, Olivares-Pakzad BA, Batts KP, et al, and Members of the Pancreas
Clinic, and Pancreatic Surgeons of the Mayo Clinic. Intraductal papillarymucinous tumors of the pancreas: clinicopathologic features, outcome, and nomenclature. Gastroenterology. 1996;110:1909-1918.
36. Traverso LW, Peralta EA, Ryan JA Jr, Kozarek RA. Intraductal neoplasms of the
pancreas. Am J Surg. 1998;175:426-432.
37. Kozarek RA, Patterson DJ, Ball TJ, Traverso LW. Endoscopic placement of pancreatic stents and drains in the management of pancreatitis. Ann Surg. 1989;
209:261-266.

(REPRINTED) ARCH SURG/ VOL 136, APR 2001
397

38. Binmoeller KF, Jue P, Seifert H, Nam WC, Izbicki J, Soehendra N. Endoscopic
pancreatic stent drainage in chronic pancreatitis and a dominant stricture: longterm results. Endoscopy. 1995;27:638-644.
39. Birkmeyer JD, Finlayson SR, Tosteson A, Sharp S, Warshaw AL, Fisher ES. Effect of hospital volume on in-hospital mortality with pancreaticoduodenectomy.
Surgery. 1999;125:250-256.
40. Warshaw AL. Pancreatic surgery: a paradigm for progress in the age of the bottom line. Arch Surg. 1995;130:240-246.
41. Klinkenbijl JH, van der Schelling GP, Hop WC, van Pel R, Bruining HA, Jeekel J.
The advantages of pylorus-preserving pancreaticoduodenectomy in malignant
diseases of the pancreas and periampullary region. Ann Surg. 1992;216:142145.
42. Patel AG, Toyama MT, Kusske AM, Alexander P, Ashley SW, Reber HA. Pyloruspreserving Whipple resection for pancreatic cancer: is it any better? Arch Surg.
1995;130:838-842.
43. Yeo CJ, Barry MK, Sauter P, et al. Erythromycin accelerates gastric emptying
after pancreaticoduodenectomy: a prospective, randomized, placebo-controlled
trial. Ann Surg. 1993;218:229-237.
44. Miedema BW, Sarr MG, van Heerden JA, Nagorney DM, McIlrath DC, Ilstrup D.
Complications following pancreaticoduodenectomy: current management. Arch
Surg. 1992;127:945-950.
45. Basse L, Jakobsen HD, Billesbolle P, Werner M, Kehlet H. A clinical pathway to
accelerate recovery after colonic resection. Ann Surg. 2000;232:51-57.
46. Hanna E, Schultz S, Doctor D, Vural E, Stern S, Suen J. Development and implementation of a clinical pathway for patients undergoing total laryngectomy: impact on
cost and quality of care. Arch Otolaryngol Head Neck Surg. 1999;125:1247-1251.
47. Edwards WH Sr, Edwards WH Jr, Martin RS, Mulherin JL, Bullock D. Resource
utilization and pathways. Am Surg. 1996;62:830-834.

DISCUSSION
William Cioffi, MD, Providence, RI: It is a pleasure to have
the opportunity to discuss this article presented by Dr Balcom
on behalf of his colleagues, Drs Rattner, Fernandez-del Castillo, and Warshaw, from the Massachusetts General Hospital.
He has reported on a consecutive series of 733 patients undergoing pancreatic resection over 1 decade. Nearly 500 of these
underwent pancreaticoduodenectomy, and the other 190 had
distal pancreatectomy; there were 40 total pancreatectomies and
14 middle-segment pancreatectomies.
They examined their data for length of stay, occurrence of
complications, and mortality and then examined it for factors during the decade that made an impact on each of these variables. They
found several things: One, they are performing more pancreatic
resections today than they did 10 years ago; their rate has almost
doubled. Two, they are operating on older patients, and despite
this fact, their mortality rate has remained constant at a very respectable 1%. Next, their length of stay has decreased dramatically during the decade. They attribute their excellent results to
their case volume, the decrease in use of pylorus preservation, and
the initiation of both case management and clinical pathways.
Their results are in keeping with several other large series, most notably those reported by our guest, Dr Cameron,
and his colleagues from Johns Hopkins as well as those from
Memorial. I have several questions for Dr Balcom.
First, one of the major points in this article is that length of
stay has decreased significantly during the decade. You point out
that you believe case management and clinical pathways are either partially or wholly responsible for this fact. Please define
for us how your case management system works and what the
clinical pathway is that you have instituted. When I examined
your length-of-stay data, it appeared that length of stay was decreasing prior to the institution of case management and clinical pathways. In 1995, the median length of stay was slightly more
than 10 days, and that is when case management was instituted.
In 1996 and 1997, the median length of stay was apparently 11
to 12 days, indicating to me that case management had little impact on length of stay. Clinical pathways were instituted in 1999,
a time at which the median length of stay was approximately 9
days; at the end of the study period, in the year 2000, the median length of stay seems to have remained at 9 days. I would
like you to comment on how you believe clinical pathways and
case management have had an impact on length of stay.
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Concerning your length-of-stay data, it is clear that a larger
number of patients leave the hospital much sooner than they did
a decade ago. Toward this end, you have fairly reported your
readmission rates. For pancreaticoduodenectomy, the readmission rate is 11%, and for distal pancreatectomy, it has varied
between 11% and 17% during the past 5 years. Does the lengthof-stay data that you reported include the patient’s length of stay
from the readmission? If not, what impact does this have on your
data? Could you comment on the reasons for readmission?
Another major point of your article is the decreased use of
pylorus preservation. In the beginning of the series, you used
this procedure approximately 45% of the time; by the end of the
series, you were not performing it in any patients. I would assume that your reason for not using it now is your observation
of increased delayed gastric emptying. However, other series, most
notably those from Hopkins, report much higher use of pylorus
preservation with a much decreased incidence of delayed gastric emptying. Could you comment on why you think delayed
gastric emptying is such a prevalent problem in your hands?
One of the major reasons for your increased number of
pancreatic resections involves a significant increase in the number of patients being operated on for cystic tumors of the pancreas. Dr Fernandez-del Castillo nicely outlined your approach to these patients, and I will not ask you more about that;
however, at the same time you report an increased use of midsegment pancreatectomies as well as splenic salvage distal pancreatectomies. Could you define for us the criteria for the use
of these procedures, and do you believe that splenic salvage distal pancreatectomy is actually a good oncologic procedure?
My final question has to do with quality of life following resection. The data you provided us are a short-term follow-up.
Clearly, as we extend indications for pancreatic resection to a
broader number of diseases, it is important that long-term quality of life be considered. Do you have any data on quality of life
or functional outcome of your patients similar to what has been
reported by other institutions? Of particular interest would be your
decreased use of pylorus preservation, especially in patients with
non–garden-variety adenocarcinoma. Do the patients receiving
your standard resection have an increased incidence of alkaline
reflux, gastritis, dumping syndrome, and the like?
In summary, this is an excellent series of patients undergoing pancreatic resection, with outstanding results. The mortality figures set a benchmark for any surgeon involved in the
care of this type of patient. The authors have been extremely
fair in the definition of complications, presenting a clear picture of the present-day morbidity and mortality rates of pancreatic resections. Dr Balcom and his colleagues should be congratulated for bringing to us such observations and for, once
again, helping set benchmarks for the care of these patients.
Francis D. Moore, Jr, MD, Boston, Mass: Would Dr Balcom tell us of the fistula rate among these patients?
James Balcom, MD, Boston: Dr Cioffi first asked a question concerning the role of case management and clinical pathways in patient care. Very briefly, a case manager is an employee of the hospital who works closely with the nurses,
physicians, physical therapists, and social workers to make patients comfortable while they are in the hospital and to provide
them with a speedy discharge, whether it be to a rehabilitation
facility or to home. In general, they ensure that the patient’s care
will be well coordinated. Our clinical pathway currently outlines a 7- to 8-day postoperative course after Whipple resection.
It is basically a set of standardized orders that detail postoperative milestones; for example, our pathway calls for removal of
the nasogastric tube on postoperative day 1 or 2, and removal of
the closed-suction drains on postoperative days 5 and 6.
Dr Cioffi also pointed out that the median and mean length
of stay were decreasing prior to the institution of case management and in fact were close to the length of stay during the sec-
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ond period. That is true. We feel that the stabilization of length
of stay after case management introduction may reflect an adjustment period that culminated with the introduction of clinical pathways in September 1998. Clearly, the combination of case
management and clinical pathways seems to bring the median
length of stay down to 8 days during the last period, and that is
where we stand now. Half of our patients are going home by postoperative day 8. The gradual decline in the length of stay during
the last half of the decade may also reflect increasingly aggressive attitudes toward prudent postoperative care and discharge.
Dr Cioffi asked several questions concerning readmission rates. Of importance, we found that the readmission rate
did not change significantly over time for pancreaticoduodenectomy or distal pancreatectomy. We analyzed readmission
rate as a separate variable and did not include readmission hospitalization days in the calculation of length of stay. It is difficult to say exactly what impact this has had on our data. I suspect that because most readmission hospitalizations were short
and because they were rather evenly distributed across the decade, as evidenced by the stable readmission rate, the separate
analyses have had little impact on the data. Most readmissions
were for mild dehydration and general “failure to thrive.” Wound
infection with associated cellulitis was the second most common reason for readmission. Rare causes included intraabdominal abscess and gastrointestinal bleeding.
The next question had to do with pylorus preservation.
As the data show, we are doing a lot less of these. In fact, we
did not do any in the last 130 resections. In our hands, at least,
the incidence of delayed gastric emptying seems higher, and
patients stay in the hospital longer as a consequence of having
this operation. Our experience is that the classic Whipple resection enables patients to have a very rapid return of gastrointestinal function. Most of them are eating by 3 to 4 days after the operation, and again, most of them are home after 8 days.
With regard to the use of spleen-sparing operations, a decision about splenic preservation must be highly individualized. An example of a patient who would be a good candidate
for splenic preservation is someone with a small cystic tumor in
the body or tail of the pancreas that is thought to be a serous
cystadenoma or benign mucinous cystic neoplasm. There is a
very low incidence of encountering a malignant situation in that
setting. Certainly, any patient who has a very large tumor, a tumor invading the splenic hilum, or a tumor associated with extensive lymphadenopathy in the splenic hilum is probably not a
candidate for a spleen-sparing operation, and the spleen should
be resected. Somewhat similar indications exist for the middlesegment pancreatectomy. Small, benign-appearing tumors in the
pancreatic neck or body are candidates for the middle-segment
operation. Intraoperative resection margins may be helpful in
guiding the decision to undertake a more extensive resection.
We do not currently have any data in this series on the
quality of life after resection although other series have examined this issue. One recent series from our institution showed
no difference in outcomes such as pain control, insulin use, and
body mass index in patients with chronic pancreatitis who underwent pylorus-preserving pancreaticoduodenectomy vs classic Whipple resection. Perhaps in a future study we could examine long-term quality-of-life indices in these 733 patients.
With regard to the treatment of pancreatic fistula, Dr Moore,
we are seeing a relatively constant rate of fistula throughout the
past decade. However, it has become clear that the vast majority
of these fistulae are fairly benign, and unless they are high-output
fistulae, they are often managed with progressive drain retraction
for 3 to 4 days, even up to a week. Many times this can be done
as an outpatient. Eventually the drainage decreases, and the drain
can be discontinued. We have experienced some morbidity in the
form of intra-abdominal abscesses and at least 1 mortality in our
series, but clearly these complications are very rare.
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