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Abstract

Background/Aims: Preservation of the pylorus is an ac-
cepted alternative procedure to the classical Whipple
operation for pancreatic head resection but data describ-
ing its value for total pancreatectomy are sparse. Meth-
ods: A prospective analysis of 22 total pancreatectomies
performed in a consecutive series of 436 pancreatic
resections from 1.11.93 to 1.5.99. Results: 11 patients
underwent total pancreatectomy with preservation of
the pylorus. Histopathological examination revealed
pancreatic adenocarcinoma in 16 cases and duodenal
adenocarcinoma in 1 patient, 5 patients had other types
of pancreatic neoplasm. In-hospital mortality was 4.5%
(n = 1), cumulative morbidity was 59% and reoperations
were performed in 9.1% of cases (n = 2). Median follow-
up was 37 months (range 5-66). 62% of patients (n = 13)
developed tumor recurrence and 13 patients died during
the follow-up period with 10 deaths being cancer related.
There was no difference concerning postoperative and
follow-up morbidity of survival between patients un-
dergoing pylorus-preserving total pancreatectomy or

pancreatectomy with gastrectomy. However, postopera-
tive body weight was increased 3, 6, 9 and 12 months
following preservation of the pylorus. Conclusion: Total
pancreatectomy with preservation of the pylorus is a fea-
sible type of resection for all types of pancreatic or
ampullary tumors, which shows a similar morbidity and
long-term survival but improved nutritional recovery

compared with standard total pancreatectomy.
Copyright© 2001 S. Karger AG, Basel

Introduction

Originally, total pancreatectomy was introduced as a
safer and oncological more radical treatment form for
pancreatic cancer in comparison to pancreatic head resec-
tion [1-3]. However, several series have shown that peri-
operative outcome as well as long-term survival was no
better than after partial pancreatoduodenectomy [2, 4]. In
addition, the value of total pancreatectomy was compro-
mised by the risk of severe metabolic disorders due to the
complete loss of pancreatic endocrine and exocrine func-
tions [5]. Therefore, the classical Whipple procedure
(cWhipple) is still recommended as the procedure of
choice for the treatment of cancer restricted to the head of
the pancreas [6, 7]. Due to advances in pancreatic surgery
and perioperative intensive care management, pancreatic
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head resections can now be performed with great safety
[8-10].

In order to omit the side effects of partial stomach
resection [11, 12], the more conservative pylorus-preserv-
ing Whipple resection (pp-Whipple) has been introduced
by Watson [13] and Traverso and Longmire [14]. Several
mostly retrospective studies have shown that preservation
of the pylorus does not increase postoperative morbidity
and mortality when compared with the cWhipple proce-
dure [12, 15-20]. Moreover, long-term survival was simi-
lar after the two procedures in all these studies with the
exception of one rather small retrospective series [12, 15—
20]. Therefore, pylorus-preserving pancreatoduodenecto-
my is now considered a valid alternative to the classical
Whipple procedure for the treatment of all forms of pan-
creatic and ampullary cancers.

There remains a minority of cases where total pancre-
atectomy is indicated in order to achieve radical resection
[4, 21]. Although total pancreatectomy with preservation
of the pylorus or duodenum has been reported for patients
with chronic pancreatitis [22, 23], there exits only sparse
information in the literature describing the outcome after
pylorus-preserving total pancreatectomy [24, 25]. This
prompted an analysis of our series of 22 consecutive
patients undergoing total pancreatectomy for pancreatic
or ampullary tumors.

Patients and Methods

From 1.11.93 to 1.5.99, all patients undergoing pancreatic resec-
tions were recorded prospectively in a statistical database (SPSS,
Chicago, Ill., USA). Standard work-up in patients with suspicion of
pancreatic or periampullary cancer included contrast CT or MRI to
stage tumor and perioperative risk assessment consisted of ASA
score determination [26, 27] in combination with spirometry and
ergometry. Patients with signs of biliary obstruction underwent
endoscopic retrograde cholangiopancreaticography (ERCP) to insert
an endoscopic stent into the common bile duct (CBD). If no contra-
indications for major surgery were detected, these patients under-
went surgical exploration. The abdominal cavity was explored
through a midline incision in order to exclude metastatic or locally
advanced disease. If no contraindication for resection was found, a
‘Kocher maneuver’ was performed, the lesser sac was opened and
biopsies from suspicious peripancreatic lymph nodes were taken.
The superior mesenteric vein (SMV) was dissected from the neck of
the pancreas and the gastroduodenal artery was ligated near its ori-
gin. Cholecystectomy was followed by complete lymphadenectomy
of the hepatoduodenal ligament and the common bile duct was dis-
sected proximal to the cystic duct. The pancreas was resected in total
together with the spleen in order to ensure radicality. En bloc resec-
tion was performed together with the duodenum, the peripancreatic
lymph nodes and the distal stomach in classic pancreaticoduodenec-
tomy procedures (cTotal). The pylorus was preserved if the proximal
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duodenal resection margin was tumor-free; a 4-cm postpyloric duo-
denal segment was available for anastomosis and peripyloric lymph
nodes showed no tumor infiltration. In these cases (ppTotal), the gas-
troepiploic vessels as well as the vagal branches to the pylorus were
preserved. Lymphadenectomy was completed along the celiac and
superior mesenteric vessels and the retropancreatic region of the aor-
ta. Reconstruction after total pancreatectomy consisted of an inter-
rupted end-to-side hepaticojejunal anastomosis in a single-layer tech-
nique using the first jejunal loop. An end-to-side anastomosis of the
duodenal remnant with the jejunal loop was done in a two layer fash-
ion in cases with ppTotal or an end-to-side interrupted two-layer gas-
tro-jejunostomy was performed in a retrocolic omega-loop-fashion in
cTotal. A drainage was placed near the biliary and enteral anastomo-
sis and the abdomen was closed with a running suture in anatomical
layers. Antithrombotic prophylaxis consisted of subcutaneous appli-
cation of low-molecular-weight heparin once a day (3,000 IU/day
s.c.). Antibiotics (Piperacillin 4 g and Metronidazole 500 mg or
Piperacillin 4 g in combination with Tazobactam 500 mg, American
Home products) were given immediately preoperatively and were
continued for 48 h postoperatively.

Postoperatively, patients were transferred to the ICU. Abdominal
drainage was removed when the secreted fluid measured less than
100 ml/day or at day 5 at the latest. All patients underwent a gastric
contrast study at day 5 after surgery and thereafter solid food intake
was started. Blood glucose concentrations were measured in 4 to 6-
hour intervals and regulated by intravenous administration of insu-
lin (Actrapid®, Novo Nordisk Pharma AG, Kiissnacht, Switzerland).
After starting oral food intake, patients received either semi-long act-
ing insulin (Mixtard®, Novo Nordisk Pharma AG) or a combination
of long-acting insulin as baseline therapy (Insulotard®, Novo Nordisk
Pharma AG) in combination with short-acting insulin (Actrapid®)
before the meals. Patients were instructed to measure blood glucose
levels and to inject insulin by themselves. All patients received pan-
creatic enzymes (Creon forte®, Kali-Duphar Pharma AG, Bern, Swit-
zerland) in order to treat exocrine pancreatic insufficiency.

Adverse events occurring within 30 days after surgery were
recorded as early outcome results. Curative resection was defined as
no residual tumor and microscopically clear resection margins. De-
layed gastric emptying (DGE) was defined as the inability to tolerate
oral food intake for more than 10 days after surgery. Postoperative
bleeding was defined as the occurrence of blood loss either through
the abdominal drains or by hematemesis in combination with a
decrease in systemic hemoglobin content of more than 20 g/l to a
value of under 80 g/l within 24 h, requiring at least two units of blood
to prevent further blood loss. After discharge, all patients were fol-
lowed every three months thereafter in combination with our nutri-
tional and diabetic services. The registered data included survival,
tumor recurrence, course of pain and body weight as well as capabili-
ty to work. In addition, any adverse event leading to readmission to
the hospital was registered. Insulin requirements and blood glucose
levels were recorded and insulin regime was adjusted by the patient’s
primary care physician in collaboration with the department of dia-
betology. Persisting diarrhea was defined as the occurrence of more
than 3 bowel movements per day for more than 3 months after sur-
gery. Malnutrition was recorded if oral or parenteral hyperalimenta-
tion was needed. For statistical analyses, a x2 test, a Fisher’s exact test
or Mann-Whitney U test were applied where appropriate. Analysis of
survival was calculated according to Kaplan-Meier and the levels of
significance were tested with a log-rank test. Differences were consid-
ered significant at p < 0.05.
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Table 1. Patients’ characteristics

(gt 2 oo} Dem;— Total (n = 22) cTotal (n = 11) ppTotalm=11)  p
graphics & % i3 % & % value

Male 13 59 8 73 5 46 n.s.

Female 9 41 3 27 6 54 n.s.

Age, years 63 45-81 63 46-81 59 45-76 n.s.

ASA I-11 17 77 9 82 8 73 n.s.

[I-1v 5 23 2 18 3 27 n.s.

Jaundice! 5 23 2 18 3 27 n.s.

I Bilirubin level > 1 mg/dl.

Results

Out of 436 patients who underwent pancreatic resec-
tions, a total of 22 patients received total pancreatectomy
(5%). Indications for total pancreatectomy were: tumor
extension into the distal pancreas in 19 patients. One
patient had a cancer of the pancreatic body with infiltra-
tion of the superior mesenteric vein and the retroperitone-
um. Two patients with pancreatic head cancer had a frail
pancreatic remnant not suitable for performing a safe
pancreato-jejunostomy. Demographic data are summa-
rized in table 1. 13 patients underwent preoperative
ERCP and a plastic stent was inserted in the common bile
duct in 5 patients. Operative findings and length of ICU
and hospital stay are depicted in table 2. In patients who
underwent cTotal, the proximal duodenum was infil-
trated in 4 patients and tumor infiltration was intraopera-
tively suspected in another 5 patients but not confirmed
by histology. Furthermore, distal gastrectomy was per-
formed in 2 patients due to venous stasis in the pyloric
region. One patient with pancreatic cancer had a history
of total gastrectomy due to gastric cancer. In addition, seg-
mental resection of the colon was performed in 3 patients
with locally advanced cancer. An extended retroperitone-
al dissection and a left adrenalectomy were carried out in
one patient each. Two patients undergoing portal vein
resection had intraoperative hemorrhage requiring trans-
fusion while the other 20 patients had no intraoperative
complication. Radical resection was achieved in 19 pa-
tients (86%). A palliative resection was performed in 2
patients with advanced infiltration of the retroperitone-
um and one patient had microscopically positive resec-
tion margins.

Table 3 summarizes the results of the histopathological
examination and postoperative results are given in ta-
ble 4. One patient died on day eight due to acute respira-
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tory distress syndrome with progressive heart and renal
failure (MOF) resulting in a hospital mortality rate of
4.5% (1/22). 13 patients (59%) encountered a total of 22
postoperative complications (table 4). Two patients were
reoperated for intraabdominal bleeding; one of these two
patients underwent a second reoperation 26 days after
pancreatectomy for an intraabdominal abscess. The other
patient died due to MOF as described above. Two pa-
tients (9%) developed postoperative cholangitis and were
treated with antibiotics. Postoperatively, diabetes could
be managed well in all cases with the exception of one
patient with transient episodes of hypoglycemia who
stayed in the ICU for 6 days. Pancreatic enzymes (Creon
forte) were substituted in high doses in all patients.
Follow-up results after discharge are given in table 5.
Median follow-up time was 37 months (range 4-66).
Patients were placed on a high calorie diet (50 kcal/kg
bodyweight per day) consisting of 20% protein, 50% car-
bohydrate and 30% fat intake. Insulin regimen consisted
of administration of semilong acting insulin, a combina-
tion of long- and short-acting insulin or an insulin pump
system. An average total dose of 24 IU of insulin was giv-
en per day (range 20-36 IU) and patients measured their
blood glucose levels themselves using a reflectance meter.
The postoperative weight course (measured in percentage
of pre-disease body weight) is depicted in figure 1. The
ppTotal group showed a significantly increased body
weight 3, 6, 9 and 12 months following resection com-
pared to cTotal (mean 88 vs. 82%, p = 0.043 after 3
months, mean 91 vs. 84%, p = 0.049 after 6 months, mean
91 vs. 79%, p=0.015 after 9 months and mean 92 vs. 80%
after 12 months, p = 0.037, respectively). All but one
patient with disease-free survival were able to work regu-
larly. A total of 3 patients (14%) were readmitted to the
hospital due to recurrent hypoglycemia. One patient with
persistent diarrhea and brittle diabetes died 9 months
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Table 2. Intraoperative findings and surgical procedures as well as hospital stay (median + range)

Parameters Total _ cTotal ppTotal p
(median + range) n=22) , m=11) (m=11) value
Operation time, min 490 (285-750) 495 (380-720) 438 (285-750) n.s.
Blood loss, ml 1,800 (970-23,000) 1,900 (1,200-22,000) 1,550 (970-23,000) n.s.
Blood subst., U 4(1-42) 4(2-38) 4(1-42) n.s.
Splenectomy 19 (86%) 9 (82%) 10 (91%) n.s.
Portal vein resection 6 (27%) 2(18%) 4 (36%) n.s.
Radical resection 19 (86%) 10 (91%) 9 (82%) n.s.
ICU stay, days 2(1-8) 2(1-7) 2(1-8) n.s.
Hospital stay, days 20 (4-87) 21 (4-87) 16 (7-45) n.s.
Table 3. Histological findings
Characteristics Total (n=22) cTotal (n = 11) ppTotal(n=11) pvalue
n % Bl il e
Pancreas
Ductal adenocarcinoma 16 73 9 82 7 64 n.s.
IPMN 2 9.1 0 2 18 n.s.
Cystic tumors 3 14 1 9.1 2 18 n.s.
Duodenum
Mucinous adenocarcinoma 1 4.5 1 9.1 0 n.s.
Tumor stage (UICC)
11 6 27 2 18 4 36 n.s.
11 15 68 9 82 6 55 n.s.
No invasive cancer 1 4.5 1 9.1 n.s.
IPMN = Intraductal papillary mucinous neoplasm of the pancreas.
Table 4. In-hospital surgical and medical morbidity
Morbidity Total (n = 22) cTotal (n = 171)7 ppTotal (n=11) p value
n % n % n %
Cumulative surgical 8 36 6 55 2 18 n.s.
Delayed gastric emptying § 23 4 36 1 9.1 n.s.
Infection (wound/abscess) 3 14 3 27 0 n.s.
Bleeding 2 9.1 1 9.1 1 9.1 n.s.
Cumulative systemic 7 32 4 36 3 27 ns.
Pulmonary 4 18 2 18 2 18 n.s.
Renal 3 14 1 9.1 2 18 n.s.
Cardio-circulatory 2 9.1 0 2 18 n.s.
Other 3 14 2 18 1 9.1 n.s.
Relaparotomy 2 9.1 1 9.1 1 9.1 n.s.
Cumulative morbidity 13 59 8 73 5 45 n.s.
Mortality 1 4.5 0 1 9.1 n.s.
Pylorus-Preserving Total Pancreatectomy Dig Surg 2001;18:188-195 191
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Fig. 1. Postoperative body weight changes in patients surviving pylo-
rus-preserving (ppTotal, n = 10) or classical total pancreatectomy
(cTotal, n = 11). Values are expressed as percentages of predisease
body weight (mean + SE). * p<0.05.

Table 5. Follow-up after hospital discharge

after surgery due to lethal hypoglycemia. One patient
underwent reoperation due to small bowel obstruction 6
months after surgery. Intraoperatively no signs for recur-
rence could be detected.

There was no significant difference in survival between
the two types of resection (p = 0.48). Actual 3- and 5-year
survival rates for patients with pancreatic ductal adeno-
carcinoma were 11 and 0%, respectively. Actual survival
rates for patients with malignancies other than pancreatic
ductal adenocarcinoma were 100 and 50% at 3 and 5
years, respectively. The patient who died due to hypogly-
cemia had no signs of recurrence. Another patient devel-
oped metastatic small cell lung cancer and died 36 months
after undergoing total pancreatectomy. The autopsy
showed no signs for pancreatic cancer recurrence.

Discussion

Several studies have reported that preservation of the
pylorus for pancreatic head resection (ppWhipple) has a
similar morbidity and long-term survival compared to the

Morbidity ~ Total (n=21) cTotal@=11) pplotal(n=10) pvalue
n % CrianEi el B M
Anastomotic ulcer 1 4.8 0 1 10 n.s.
Acute cholangitis 1 4.8 1 9.1 0 n.s.
Poorly controlled diabetes 4 19 2 18 2 20 n.s.
Diarrhea 2 9.5 1 9.1 1 10 n.s.
Reoperation 1 4.8 i 9.1 0 n.s.
Cumulative morbidity 9 43 4 36 5 50 n.s.
Tumor recurrence* 13 62 7 64 6 60 n.s.
Local recurrence 7 33 4 36 3 30 n.s.
Distant metastases 12 57 6 54 6 60 n.s.
Diseased 13 62 8 73 o] 50 n.s.
Recurrence related 10 48 6 54 4 40 n.s.
Other cause 3 14 2 18 | 10 n.s.
Median survival (months) 16 (4-65) 10 (5-31) 18 (4-65) n.s.

* Only patients with malignant disease were included in this analysis, resulting in 11 patients in the cTotal group

and 9 patients following ppTotal.
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classical Whipple resection (cWhipple) [12, 16-20]. It has
been postulated that the ppWhipple procedure improves
postoperative nutritional recovery and therefore benefits
quality of life [12, 16-20, 28]. At our institution, we favor
the pylorus-preserving Whipple resection although at
present unbiased scientific evidence is lacking to prove
the superiority of either type of resection. Thus, we adapt-
ed the principle of preservation of the pylorus also for
patients undergoing total pancreatectomy. In the present
study, the cTotal and ppTotal groups were comparable in
terms of patient demographics and tumor characteristics.

Due to the severe consequences of total pancreatecto-
my on glucose metabolism and intestinal function, the
indication for total resection of the pancreas has to be con-
strained. Indications for total pancreatectomy in this
study were resectable cancer of the pancreatic body or the
pancreatic head with tumor extension into the distal pan-
creas in 20 patients. A friable pancreatic stump, which
would make for a hazardous anastomosis was the indica-
tion for total pancreatectomy only in two out of 331 con-
secutive patients (0.6%) undergoing pancreatic head re-
section at our institution. No patient underwent comple-
tion pancreatectomy due to a pancreatic fistula [10] or
due to chronic pancreatitis, which should no longer be
regarded as an indication for total pancreatectomy [2, 6].
ppTotal is technically a minor variation of the cTotal pro-
cedure and operation time and blood loss were similar for
the two procedures. Although previous studies have re-
ported a frightening mortality rate following total pancre-
atectomy, more recent studies as well as our actual series
are now reaching values comparable to those reported
after the Whipple resection [9, 21, 25, 29-31]. The rea-
sons for this improvement may be a combination of more
accurate patient selection, advances in surgical technique
and more sophisticated intensive care management.
Moreover, markedly fewer patients die due to surgical
complications as reported in the past and the same obser-
vation was made in our study [25]. In contrast, morbidity
following total pancreatectomy continues to be substan-
tial even in newer series [21, 32]. The cumulative morbid-
ity in our series was 59% and was similar for both types of
resection. Although our rates may be higher than in other
studies, this difference may be explained by the fact that
we recorded all relevant data prospectively whereas most
published reports are retrospective or used even question-
naires. Moreover, the majority of adverse events was
minor and temporary and consisted of cardiopulmonary
as well as renal complications typically seen after major
abdominal surgery. Therefore, only 4 patients had major
surgical complications. This is a favorable result when one
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takes into account that we followed an aggressive surgical
approach even in patients with advanced cancer disease.
Another commonly recorded complication was de-
layed gastric emptying (DGE) which resolved sponta-
neously in all patients. The effect of preservation of the
pylorus on DGE following pancreatic resection is an
ongoing controversy in the surgical literature. Some stud-
ies reported a higher incidence of DGE pylorus preserva-
tion whereas other authors did not [12, 15-20, 33-35].
Consistent with more recent published studies, we did not
observe an increased incidence of DGE after preservation
of the pylorus [15, 20, 25, 36, 37]. Reasons for these con-
troversial results may be that most reports are either
based on retrospective studies or observations in patients
with chronic pancreatitis [20, 35-38]. One obvious prob-
lem with retrospective studies is that many factors such as
patient selection, surgical technique and perioperative
management, may have changed over time and may have
influenced the incidence of DGE during the more recent
periods. Moreover, multiple problems with bias and pa-
tient selection in nonrandomized studies may affect con-
clusions. Moreover, it seems that the extent of surgery,
such as extended lymph node dissection in cancer patients
and the occurrence of complications are far more impor-
tant factors determining the incidence of delayed gastric
emptying than preservation of the pylorus alone [10, 38].
Due to persistent diarrhea which may be encountered
in some patients after total pancreatectomy and the com-
plete lack of insulin antagonists these patients are more
prone to sudden and severe hypoglycemia. Moreover,
partial stomach resection may limit the daily calorie
intake thus further complicating the metabolic conse-
quences after cTotal. In our study, there was no difference
between the two patient groups regarding diabetic man-
agement neither in the early postoperative period nor
after discharge. Moreover, none of the disease-free survi-
vors suffered from recurrent severe hypoglycemia func-
tion during long-term follow-up. Thus, our study seems to
confirm that intense patient instruction, regular home
glucose monitoring and a high calorie diet distributed in
several meals per day can prevent severe hypoglycerpia in
most patients [5]. In addition, more sophisticated insulin
regimens such as a combination of long and short-acting
insulin or the use of an insulin pump system may have
further facilitated the diabetic management of these pa-
tients. Although, the majority of patients complained
about some sort of temporary diarrhea after discharge,
these symptoms diminished rapidly in both patient
groups under high dose enzyme substitution as reported
by other authors as well [5, 21, 39]. In contrast, body
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weight of patients undergoing ppTotal showed a markedly
superior recovery during the first months after surgery
compared to patients following cTotal. Thus, our observa-
tion seems to confirm that preservation of gastric reser-
voir function will improve oral calorie intake and acceler-
ate body weight recovery following total pancreatectomy
[16, 17, 25].

The most important topic remains the question wheth-
er preservation of the pylorus will compromise surgical
radicality and therefore reduce long-term survival. Histo-
logical observations and studies from autopsies have
shown, that the pancreatic resection margin rather than
the duodenum or pyloric region is more likely to be infil-
trated by cancer [40-43]. Our series revealed no differ-
ence in survival between the two groups and thus con-
firmed a most recent study [25]. It is also a well-known
fact that survival following resection for pancreatic but
also ampullary cancer is compromised by a high incidence
of local tumor recurrence. In our series, only 33% of
patients had local failure whereas 57% developed distant
metastases. However, the recurrence pattern was not dif-
ferent between the two procedures. Overall, we consider a
median survival of 12 months for the patients undergoing
total pancreatectomy for pancreatic adenocarcinoma still
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