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This report concerns 348 pancreatoduodenectomies, including
13 total pancreatectomies. Operative mortality over 30 years was
15%, operative mortality since 1962, 10%. Precise factors influenc-
ing operability, mortality, morbidity, and long-term palliation or
cure are emphasized. The necessity for making a distinction among
tumors arising in the ampulla of Vater, the intrapancreatic portion
ofthecommon bile duct, and theduodenum surrounding the papilla
of Vater and carcinomas arising in the head of the pancreas is the
most important factor in the approach to periampuliary malignant
tumors. Even with this large experience, the impression of the
operating surgeon at the time ofresection was incorrect in 10% ofthe
patients in whom a resection was carried out for a tumor assumed to
arise in the head of the pancreas. Thus, surgeons who do not resect
carcinomas arising in the head of the pancreas and who may have
had less experience in this specialized field may be rejecting an even
larger per cent of patients with more favorable periampullary
malignant tumors. The influence of previous exploration, manipu-
lation, and biopsy on morbidity, mortality, and suijrvivaLis dils-
cussed. The significance of nodal involvement and residual tumor
at the neck of the pancreas and the point of division of the
common bile duct and the uncinate process is discussed. These
data justify continued selective application of pancreatoduo-
denectomy for periampullary cancer and identify areas where
further improvement can be made.

RADICAL RESECTION for periampullary tumors at the
Lahey Clinic Foundation has been based on the

anatomic principles advocated by Whipple in 1935.28 Over
the years, as a result of increasing experience, specific
modifications have been adopted, including total pan-
createctomy under certain circumstances.7'25'26 Although
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this practice has been amply justified by previous reports,
some controversy still persists regarding the preferred
surgical approach, particularly in the case of adenocar-
cinoma of the head of the pancreas.9"1'18,1926,27 On the one
extreme, more extensive resections, including vascular
resection, have been advocated for more advanced
tumors. 1.6,8,9,17,20 However, neither the bypass procedure
nor the more radical resection has been justified by re-
sults to date.1'6'8'9'20
The resectability rates for malignant jaundice have var-

ied from 8 to 30%o.2.4.29 Although these resectability rates
are relatively low, the magnitude ofthe surgical problem is
best indicated by considering that 348 resections for
periampullary cancer have been performed at one institu-
tion during the past 30 years. This report is submitted forthe
purpose of defining further the problems of morbidity and
mortality associated with radical resection for periampul-
lary cancer and to present survival figures based on
pathologic findings, including site oftumor, type oftumor,
the presence and absence of lymph node metastases, and
marginal involvement.

Methods and Results

The charts of 355 patients who underwent pan-
creaticoduodenal resections ofperiampullary tumors from
1942 to 1971 were reviewed. Operative deaths were defined
as those deaths occurring after operation in the hospital and
all those who died within 30 days after discharge from the
hospital. Relative survival rates were determined after
excluding operative deaths and patients with incomplete
followup studies. The effect on survival rates was deter-
mined for the site of tumor, the presence of lymph node
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TABLE 1. Patients Treated by Pancreatoduodenectomy or
Total Pancreatectomy

Malignant
Site Tumors Benign Total

Pancreas 150 4 154
Ampulla 112 1 113
Common bile
duct 47 2 49

Duodenum 39 0 39

Total 348 7 355

metastases in the excised specimen or in the nodes biopsied
during operation, and the type of tumor.
No obvious difference was found in the ages of patients

when compared to the site of the tumor. The ages varied
from that ofa 12-year-old girl with cancer ofthe head ofthe
pancreas to that of a 78-year-old man with cancer of the
common bile duct. The mean age for all 348 patients was

56.3 years.

Pathologic examination of355 surgical specimens resec-

ted because of the clinical and operative diagnosis of
periampullary cancer demonstrated that 6 resections were
for pancreatitis and one was for benign papillary cyst-
adenoma. The remaining 348 resections, which form the
basis of this report, were for malignant tumors. The 348
resections included 13 total pancreatectomies, 12 ofwhich
were for cancer ofthe head ofthe pancreas, and 1 for cancer
of the common bile duct (Table 1).
The histologic type oftumor was adenocarcinoma in 331

(95.2%) of the 348 patients with malignant disease. The
other 17 included 6 islet cell tumors, 4 carcinoids, 2
cystadenocarcinomas, 2 adenoacanthomas, 1 neurofi-
brosarcoma, 1 melanoma, and 1 leiomyosarcoma (Table 2).
The surgeon's conclusions regarding the site of origin of

all periampullary cancers at operation were compared with
the pathologist's findings. This demonstrated that 20 ofthe
198 cancers of the ampulla, common bile duct, and
duodenum were mistaken for cancer of the pancreas. This
10% consisted of 9 cancers of the ampulla, 8 cancers of the
common bile duct, and 3 cancers of the duodenum.
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tIABLE 3. Operative Mortality (1962-1971)

Number of Operative
Site Cases Deaths Per Cent

Pancreas 58 6 10.3
Ampulla 39 3 7.6
Common bile
duct 23 4 17.4
Duodenum 19 2 10.5

Total 139 15 10.7

Determination ofthe 30-year operative mortality accord-
ing to the site oforigin ofthe tumor showed that there was a

mortality of 21% for cancer of the common bile duct; the
next highest mortality was 18% for cancer of the
duodenum. The lowest mortality was 11% forcancer ofthe
ampulla, whereas there was a 15% mortality for cancer of
the pancreas. During the last 10 years, resections for
common bile duct cancers continued to have a relatively
high mortality of 17.4%, while the mortality for ampullary
cancer resection was 7.6%. Mortality for resection of the
duodenum and pancreas was reduced to 10.5 and 10.3%
respectively (Table 3).

Operative mortality for the 348 resections was 52 deaths
(14.9o). Hemorrhage, sepsis, cardiopulmonary problems,
renal failure, and necrotizing pancreatitis were the major
life-threatening complications causing 44 of the 52 deaths.
Sepsis caused 9 deaths, and cardiopulmonary complica-
tions caused 7 deaths. The mortality rate forthe 10patients
with renal failure was 60o, and 3 of the 4 patients with
necrotizing pancreatitis died. There were 28 pancreatic
leaks resulting in two deaths. Ofthe 23 biliary leaks one was
considered a cause ofdeath. There were fourgastric leaks,
none ofwhich caused death. Other complications included
hepatic failure which causedtwo deaths, shock ofunknown
cause which caused two deaths, and afatal cerebrovascular
accident (Table 4).

Since 1962 the operative mortality for 139 resections was
10.7%. Hemorrhage was again the most serious complica-
tion occurring in 13.7% with a mortality of 36.8%. Pancre-
atic leak occurred in 5 patients and caused one death. No

TABLE 2. Histologic Type of Tumor

Common
Type of Tumor Pancreas Ampulla Bile Duct Duodenum Total

Adenocarcinoma 138 109 47 37 331
Islet cell tumors 6 0 0 0 6
Carcinoid 1 2 0 1 4
Cystadenocarcinoma 2 0 0 0 2
Adenoacanthoma 1 1 0 0 2
Neurofibrosarcoma 1 0 0 0 1
Melanoma 1 0 0 0 1
Leiomyosarcoma 0 0 0 1 1

Total 150 112 47 39 348
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There were 87 (25%) patients with metastases to one or
more lymph nodes. There was an incidence of28% regional
lymph node metastases associated with cancer of the
pancreas and 28% in the case of ampullary and duodenal
cancers. Lymph node metastases were found in 13% of
cancers of the common bile duct.
Ofthe 348 resections, 261 (75%) patients had no evidence

of regional lymph node metastases (Table 7A). There is
only a41. 1% one-year survival rate forcancerofthe head of
the pancreas, whereas the one-year survivals for patients
with tumors at the other sites range from 75.7 to 90.4%.
Again, there is a steep decline in survival rates between the
first and third years in the case ofampullary, common bile
duct, and duodenal tumors. In the case oflong-term surviv-
als, a steady decline continues for both ampullary and duo-
denal cancers, while there is an actual improvement in sur-
vival rates for common bile cancers as already seen for all
cases according to site ofthe tumor(Table 6). Survival rates
shown in Table 7B demonstrates a marked drop after one
year for ampullary, common bile duct, and duodenal can-
cers, resulting in only 4 patients surviving in 5 years. The
results for cancer of the head of the pancreas, however,
show a remarkable 60%o one-year survival rate, but only
2 of 27 patients survived 5 years.

Marginal involvement was found in 18 (13) of the 150
resected tumors of the pancreas and in 6 (12.5%) of the 47
resected tumors of the common bile duct. No marginal
involvement was found in the case of duodenal or ampul-
lary tumors. There was only one 3-year survival among
those with marginal involvement, and that patient had
carcinoma of the head of the pancreas.
Of the 150 patients with cancer of the head of the

pancreas, 12 had tumors other than adenocarcinoma and 6
of these had islet cell cancers (Table 2). Survival rates for
the 10 patients eligible for followup demonstrate relatively
satisfactory results with a 5-year survival of40o (Table 8).

Discussion
The problem of avoiding unnecessary resection for

chronic pancreatitis can be a challenge to the surgeon
operating on patients with obstructive jaundice. The less
than 2% incidence of such resections in this series was
achieved by careful evaluation of the history, physical
findings, and results of investigations before operation.
During exploration, particular attention was given to
changes in the distal pancreas. The duct of Wirsung is
dilated in 80%o of the resectable tumors, and the body and
tail ofthe pancreas are enlarged, pale, and firm.27 Examina-
tion ofthe common bile duct and the gallbladder, which are
obstructed owing to carcinoma ofthe head ofthe pancreas,
will reveal a thin-walled gallbladder and bile duct with a
bluish color. In the majority ofcases, a diagnosis was made
without biopsy oflymph nodes or of the primary lesion. In
the cases where doubt still existed regarding the nature of
the lesion, the next step was peripancreatic and common

TABLE 4. Operative Morbidity and Mortality:
348 Resections (1942-1971)

Number of Cause and Number
Major Complications Cases of Deaths

Hemorrhage 41 19
Pancreatic leak 28 2
Cardiopulmonary 25 7
Biliary leak 23 1
Sepsis 23 9
Renal failure 10 6
Intestinal obstruction 6 0
Necrotizing pancreatitis 4 3
Gastric leak 4 0
Hepatic failure 4 2
Hyperglycemia 4 0
Thrombophlebitis 3 0
Cerebrovascular accident 3 1
Shock 2 2
Acute parotitis 2 0

Total 182 52 (14.9%)

deaths were attributed to any ofthe 16biliary leaks. Sepsis
and cardiopulmonary complications continued to be fre-
quent and serious (Table 5).

Survival rates according to the site oftumordemonstrate
that less than half (46%) of patients with pancreatic car-
cinoma survived one year, which is in marked contrast to
the fate of patients with tumors at the other periampullary
sites. A steep decline in survival occurred in patients with
ampullary, common bile duct, and duodenal tumors during
the second and third years although 5-year survivals of41%
and 32% were obtained respectively for duodenal and
ampullary tumors, while the survival rate for common bile
duct cancers.was 25%. At 5 years the survival rate for
cancer of the pancreas had fallen to 12.5%. Long-term
survival results, up to 15 years, demonstrate a steady
decline for tumors at all periampullary sites except in the
case of the common bile duct, which does not show such a
decline and for which a 38.4% 15-year survival rate was
obtained (Table 6).

TABLE 5. Operative Morbidity and Mortality:
139 Resections (1962-1971)

Number of Number of
Major Complications Cases Deaths

Hemorrhage 19 7
Biliary leaks 16 0
Cardiopulmonary 15 3
Sepsis 10 3
Pancreatic leaks 5 1
Renal failure 4 0
Necrotizing pancreatitis 2 1
Cerebrovascular accident 2 0
Gastric leaks 1 0
Hepatic failure 1 0
Acute parotitis 1 0

Total 76 15 (10.7%)
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TABLE 6. Relative Survival Rates According to Site of Tumor

1-Yr Survivals 3-Yr Survivals 5-Yr Survivals 10-Yr Survivals 15-Yr Survivals

Site 1942-1971 1942-1969 1942-1967 1942-1962 1942-1957

Pancreas 46.6% (56/120)* 15.7% (18/114) 12.5% (13/104) 8.6% ( 7/81) 3.5% (2/56)
Ampulla 83.2% (79/ 95) 44.4% (40/ 90) 32.0%'o (26/ 81) 35.3% (18/51) 23.6% (9/38)
Common
bile duct 76.3% (29/ 38) 32.3% (11/ 34) 25.0o ( 8/ 32) 28.5% ( 6/21) 38.4% (5/13)
Duodenum 93.5% (29/ 31) 45.1% (14/ 31) 41.3% (12/ 29) 25.0% ( 4/16) 18.1% (2/11)

*Numbers in parentheses indicate survivors and patients eligible for followup.

bile duct node biopsy. If diagnosis was still in doubt,
choledochostomy and, if indicated, duodenotomy were
carried outto obtain tissue from the distalcommon bile duct
and ampulla.25 When indicated biopsy of the head of the
pancreas was undertaken by making a rectangular-shaped
incision over the tumor and then gently scooping out tissue
with a bone curet. This method of biopsy has been found
satisfactory and is associated with no complications.

It is important to bear in mind that cancers other than
adenocarcinoma can occur in the periampullary area and
that resection for such cancers results in relatively satisfac-
tory survival rates (Table 7). Twelve such tumors occurred
among the 150 cases ofcancer ofthe head ofthe pancreas in
this series (Table 2).
The difficulty in determining the exact site of the tumor

during surgery is demonstrated by the pathologic reports of
the resected specimens. The reports revealed that, at the
time of operation, 10%o of periampullary tumors arising in
the ampulla, common bile duct, and duodenum was mis-

taken for tumors of the head of the pancreas. The impor-
tance of this figure is obvious in circumstances when only
bypass procedures are carried out for cancers of the head
of the pancreas, and it is especially important when one

considers the overall national figures involving thousands
of patients annually.5'12 These findings demonstrate the
difficulty of interpreting the results of the bypass opera-
tion for resectable tumors which were considered can-

cers of the head of the pancreas during exploration.9
Furthermore, this figure of 10o for these tumors with a

relatively favorable prognosis occurred at a center
specializing in this type of disease.
The operative mortality in this series, particularly during

the 10 years from 1962 to 1971, corresponds fairly well to
that found by other authors.2'10'15'16'21-24 Measures to re-
duce operative morbidity and mortality include careful
preoperative evaluation with particular attention to blood
volume, hypoproteinemia, prothrombin determinations,
and electrolyte balance. The correction of hypovolemia
has been shown to be a major factor in reducing operative
mortality.29 As operative experience has been gained over
the years, there has been a substantial reduction in the
number ofanastomotic leaks (Tables 3 and 4). In this study,
there were 5 pancreaticojejunostomy leaks after 1972 as
opposed to 23 before 1962. Furthermore, the mortality
associated with pancreatic leaks can be reduced by proper
use ofsump drains. The lower mortality rate during the past
decade was mainly the result ofabsence ofdeath from renal
failure (Tables 3 and 4). Hemorrhage, sepsis, and car-
diopulmonary complications are still the principal causes

of morbidity and mortality. A further significant reduction
in the morbidity and mortality rates associated with this
operation will be achieved only by the prevention of these
problems and improved methods ofmanagement. 15'16'22 As
a result of experience at this clinic, it is suggested that
management of postoperative hemorrhage during the ini-
tial phases, whether intraperitoneal or gastrointestinal,
should be based on conservative principles. Reexploration
should only be considered in patients whose condition
continues to deteriorate despite vigorous treatment, which
may involve transfusion of 10 to 12 liters of blood.

Since 6 deaths were directly related to the residual
pancreas (4 were due to acute necrotizing pancreatitis
and 2 were due to pancreaticojejunostomy leak) total pan-
createctomy should be considered in those patients in

TABLE 7 A. Relative Survival Rates According to Site of Tumor without Lymph Node Metastasis

1-Yr Survivals 3-Yr Survivals 5-Yr Survivals 10-Yr Survivals 15-Yr Survivals

Site 1942-1971 1942-1969 1942-1967 1942-1962 1942-1957

Pancreas 41.0% (35/85)* 21.6% (18/83) 16.8% (13/77) 10.9% ( 7/64) 4.3% (2/46)
Ampulla 88.0% (59/67) 49.2% (32/65) 40.0%zo (24/60) 35.3% (18/51) 23.6% (9/38)
Common
bile duct 75.79% (25/33) 35.4% (11/31) 27.5% ( 8/29) 33.3% ( 6/18) 41.6% (5/12)

Duodenum 90.4% (19/21) 52.3% (11/21) 50.0% (10/20) 33.3% ( 4/12) 18.1% (2/11)

*Numbers in parentheses indicate survivors and patients eligible for followup.
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TABLE 7 B. Relative Survival Rates According to Site of Tumor with Lymph Node Metastasis

1-Yr Survivals 3-Yr Survivals 5-Yr Survivals 10-Yr Survivals 15-Yr Survivals

Site 1942-1971 1969-1972 1942-1967 1942-1962 1942-1957

Pancreas 60.0o (21/35) 6.4% (2/31) 7.4% (2/27) 5.8% (1/17)
Ampulla 71.4% (20/28) 28.6% (8/28) 9.5% (2/21)
Common
bile duct 80.0o ( 4/ 5)
Duodenum 100.0%O (10/10) 30.0% (3/10) 22.2% (2/ 9)

*Numbers in parentheses indicate survivors and patients eligible for followup.

whom there is difficulty in making the pancreaticojejunos-
tomy anastomosis.

In this study, marginal involvement was found in 13% of
the common bile duct and pancreatic tumors and may well
represent an advanced stage oftumorgrowth. As a result of
finding marginal involvement in4 oftheir lOpatients, Hicks
and Brooks1' have advocated total pancreatectomy for
cancer of the head of the pancreas. However, Smith23 has
noted that recurrence in the residual pancreas is not one of
the major problems following resection for this disease.
The Whipple type of operation continues to be the proce-
dure ofchoice at the Lahey Clinic for cancer of the head of
the pancreas.

Analysis of survival rates in this series confirms the
relatively favorable prognosis for duodenal, ampullary,
and common bile duct cancer, particularly when there is no
associated lymph node metastases. Although no resections
were performed when lymph node metastases were found
beyond the area of excision, the presence ofnode involve-
ment in the pathologic specimens was associated with abad
prognosis. Node metastases within confines of possible
block excision probably should not be regarded as an
absolute contraindication to radical surgery, but such a
finding would obviously have to be weighed carefully in
light ofthe site ofthe tumorand the condition ofthe patient.
Despite the findings that75% ofperiampullary cancers in

this series had no evidence of lymphatic or blood-borne
spread at the time ofresection, the majority ofpatients were
dead within 5 years. Previous studies3 have clearly dem-
onstrated the importance of blood-borne metastases
particularly in the case of carcinoma of the pancreas.
Because ofthe tendency ofearly widespread dissemination
of cancer of the pancreas resulting in low resectability
rates, emphasis has been placed on developing methods of
early diagnosis including fiberoptic endoscopy, biochem-
ical tests, angiography, and scanning techniques."

TABLE 8. Comparison of Survivals: Adenocarcinoma versus
Other Malignant Tumors of the Head of the Pancreas

Number of
Type Cases I Yr 3 Yrs 5 Yrs 10 Yrs 15 Yrs

Adenocarcinoma 110 44.2% 10.2% 9.0o 3.8% 1.8%
Other tumors 10 70.0% 60.0% 40.0% 40.0% 10.0%

Although a 5-year survival rate of 18% has been reported,
the results of radical surgery for carcinoma of the head of
the pancreas have been poor. 10,13-15 However, radical
surgery still offers the only chance of cure to the patient,
and, furthermore, up to 10%o ofotherperiampullary cancers
with a relatively favorable prognosis may be mistaken for
cancer of the pancreas. The incidence of cancer of the
pancreas is increasing, and it is now the fourth leading
cause of cancer deaths in the United States.5"2 Although
there is little possibility of further advances in surgical
technique, improvement in diagnostic and other methods
of treatment are needed to combat periampullary cancer
more effectively.
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DISCUSSION

DR. GEORGE L. JORDAN, JR. (Houston): Dr. Warren has been a strong
proponent of an aggressive attack upon disease in this area, and I rise to
support this contention.
Our experience with this disease is somewhat smaller than his, but

our experience with 95 consecutive operations of this type for periam-
pullary malignancies parallels his own series. Some of our patients were
operated upon by some of our residents, and therefore our overall
mortality rate is somewhat higher than his. But ifwe look at the patients
operated upon by members of our faculty, the mortality rates are almost
identical, because throughout our entire experience the mortality rate
among that group has been 13.5%. Also, our survival rates are very
similar.
Among all of our patients who have been operated upon more than

three years ago, the three-year survival rate is 25%. This includes
patients who died postoperatively, as well as the long-term survivors.
Thus, there is a high salvage rate in this group, much higher than is
generally appreciated.
Some of those patients who survived three years died before reaching

the five-year period, but without disease. But we also have a significant
number of five-year survivals.

I agree completely with his insistence upon categorization of the
lesion. The best results we have obtained, as has he, are in patients with
carcinoma of the ampulla of Vater, where our five-year survival rate is
37%.

Lastly, I would like to make a plea that I have made before to follow
these patients carefully, and to attack vigorously any evidence of ap-
parent recurrent disease, because it is too easy to presume that when
the patient develops new abdominal symptoms, he now has recurrent
carcinoma, and there's nothing else that one can do.

There have been a number of patients in our series who have been
reoperated upon with symptoms of recurrent disease who were found to
have benign disease which could be treated and salvage accomplished.
There have been other patients who have developed a second, entirely
separate, independent carcinoma which could be treated. One of our
patients with carcinoma of the pancreas, for example, was not only a
five-year survival following treatment of his carcinoma of the pancreas,
but also a five-year survival following treatment subsequently of a
carcinoma of the colon. Therefore, things are not always what they
seem, and it behooves us to treat all of our patients aggressively, and to
continue our treatment until we know that they have totally incurable
disease.

DR. WILLIAM M. REMINE (Rochester, Minnesota): I rise in strong
support of Dr. Warren and his philosophy regarding carcinoma of the
pancreas, duodenum, and ampulla, because, as he indicated there, the
mortality in the untreated cases is very high. We have summarized our
experience with pancreatoduodenectomy in 1963 with 239 cases, and at
that time we had an 18% five-year survival of head lesions. One of these

was a malignant lesion of the islet of Langerhans, and we felt that it
was worthwhile to pursue the problem further even though the survival
was low and there was lots of room for improvement.
We, therefore, began to look at the possibility of total pancreatec-

tomy, because of the inability to detect the outer limits of the lesion as it
expands into the head of the pancreas, and also because of the possibil-
ity of multicentric lesions.

In 1970 we summarized our experience with total pancreatectomy,
and at that time we had 36 cases. Since then, we have summarized our
experience again recently with 28 more cases for a total of 64 patients
treated with total pancreatectomy.

I'd like to give you just a few of our findings in that series. Initially we
had a 27% five-year survival with total pancreatectomy. The series was
small, and so we don't know that it is highly indicative, except that it's
encouraging.

In the more recent series we have reduced our operative mortality,
which was originally 16% through 1968. From '68 to '70 it was reduced
to 11%, and since 1970 it's been 7.4%. We feel this is a marked
improvement and a better selection of patients. Prior to 1968 we were
operating on patients with very large lesions that required total pan-
createctomy for their removal.

In the total series, the longest survivor in the group, with adenocar-
cinoma of the pancreas, lived six years and eight months. There is a
patient still alive who had rhabdomyosarcoma who has remained alive
for 14 years after removal, and, since then, he's had another operation
subsequently for a stricture of the hepaticojejunostomy. I think this
man would have been written off as a recurrence if we had not operated
on him with the hope of being able to do something for him.
Of the nine patients with ampullary carcinoma, the longest survivor

remains alive 61½2 years after total pancreatectomy. Two patients sur-
vived three or more years, and four patients remained alive for one or

more years. There were four patients with cystadenocarcinoma; the
longest survivor lived about five years, or four years and nine months.

I would like to ask Dr. Warren if they have checked their specimens
for evidence of multicentricity. When we went over ours we found that
nine of the patients with total pancreatectomy with malignancies had
multicentric lesions. We feel this is very important if you are going to
eradicate all of the malignant problem. If so, what percentage did they
have?

I think the high degree of pessimism in certain quarters with regard to
this problem is totally unwarranted. I feel we need to strive more
diligently in this direction if we are going to get people well. I think
earlier diagnosis, of course, is the key to the whole problem.

DR. GEORGE CRILE. JR. (Cleveland): I think it's generally recognized
that there is a striking difference in prognosis between gastrointestinal
tract tumors that are polypoid and those that are invasive and ulcerat-
ing. This has certainly been true in our experience in the ampullary
lesions. We have only one long-term survivor of an infiltrating, as

opposed to a polypoid tumor.
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