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Plasma gastrin and cholecystokinin (CCK) responses were mea-
sured after a pancreatoduodenectomy (PD) using the Billroth-I
type reconstruction combined with distal partial gastrectomy
(standard PD) and combined with preservation of the pylorus
and the duodenal bulb (PPPD). Six unoperated patients, 4 men
and 2 women, were studied as control subjects. Basal plasma
levels of gastrin were significantly higher in controls than in
patients who had a standard PD (p < 0.05) and gastrin responses
to a meal were also blunted in these patients. In contrast basal
and postprandial levels of gastrin after PPPD were significantly
higher than these found in patients with standard PD (p < 0.05).
Postprandial gastrin response after PPPD were similar in pattern
to these found in controls. Integrated gastrin release after PPPD
was less than that of the control but was significantly greater
than that in patients with standard PD. Basal plasma levels of
CCK in the patients after the standard PD were significantly
lower than in controls and sigificantly higher postprandial levels
of CCK were found after PPPD compared to standard PD (p
< 0.05). However integrated CCK from 0 to 120 minutes were
not significantly different between PPPD and standard PD
groups. Based on these observations concerning hormonal release
of gastrin and CCK, preservation of the stomach and the duodenal
bulb appears to be a more physiologic reconstructive procedure
than the standard PD. In addition the operation probably has
more beneficial effect on the injured pancreas in time.

G ASTRIN AND CCK are the important gut hor-
mones that have pancreatotrophic action and
an important role in the regulation of exocrine

and endocrine function of the pancreas.' 5 Pylorus-pre-
serving pancreatoduodenectomy (PPPD) is a surgical
procedure of reconstruction that preserves the gastroin-
testinal function after a pancreatoduodenectomy (PD).6
We performed a new type of reconstruction7 in which we
resected a minimal area ofduodenum preserving the neu-
rovascular supply of the pylorus and the duodenal bulb
(PPPD).

Gastric acid release, gastric emptying, and marginal ul-
cer formation have been reported after PPPD.8-" How-
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ever there are few reports concerning hormonal changes
in gastrin and CCK in these PPPD patients. These hor-
mones accelerate functional and morphologic regenera-
tion of the residual pancreas when comparisons are made
before and after PD. In this study we compared basal and
postprandial levels of gastrin and CCK between PPPD,
standard PD group, and control.

Materials and Methods

From April 1987 through August 1989, 33 patients un-
derwent PD procedure in our department, ofwhom PPPD
was done for 15 patients and the standard PD was for 18
patients. Both PPPD and standard PD were reconstructed
with the Billroth-I method (Fig. 1). Seven patients (3 men,
4 women), ranging in age from 34 to 72 years (mean, 48.8
years) who had the PPPD were examined. The final di-
agnosis of these patients was chronic pancreatitis in 2,
common bile duct cancer in 2, pancreatic cyst in 2, and
islet tumor in 1. Six of the patients (1 men, 5 women)
ranging in age from 42 to 75 years (mean, 56.7 years)
who had undergone standard PD also were examined.
This final diagnosis for them was five with pancreatic head
cancer and one with common bile duct cancer. These
patients were free of recurrence of disease at the time of
the study.
The control group consisted of six patients (four men,

two women), ranging in age from 18 to 75 years (mean,
40.3 years). Three ofthem suffered from chronic pancre-
atitis, one with congenital pancreatic cyst, and two were
normal volunteers. They had not been operated on before
this study. A test meal was given to PPPD patients 1 to
11 months (mean, 5.1 months) and to PD patients 2 to
5 months (mean, 4.1 months) after surgery.

After an overnight fast, a catheter was inserted into a

peripheral vein to collect blood samples. Each patient was
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Standard PD PPPD

FIG. 1. Schema of two types of reconstruction with Billroth-I method
after pancreatoduodenectomy.

given 250 mL of a liquid meal (YH-80 consisting of 7.75
g of protein, 6.5 g of fats, and 40.35 g of glucose, Meiji
Milk Products Co., Ltd., Tokyo, Japan), and blood sam-

ples were collected for gastrin and CCK assays at 10-min-
ute intervals before and for 120 minutes after the meal.

Blood Collection

Blood samples were collected with or without heparin
(10 U/mL) and Trasylol (50 KIU/mL), maintained on

ice, and plasma separated by centrifugation at 4°C and
3000 rpm for 15 minutes. Plasma was stored at -80°C
for subsequent assay of gastrin and CCK by radioim-
munoassay (RIA).

Radioimmunoassays

Gastrin. Blood samples were collected without heparin
and plasma separated by centrifugation. Plasma gastrin
was measured using a CIS gastrin radioimmunoassay kit
(Gastrin RIA Kit II, Dinabot, Japan).

CCK. Blood samples for CCK were collected in tubes
containing 10 U/mL of heparin and 50 KIU/mL of Tra-
sylol. Plasma concentration ofCCK was measured by ra-

dioimmunoassay using a specific antibody (specific to
CCK-33 [100%], CCK-8 [100%], CCK-39 [84.6%], gastrin
[0%]). The details of this method has been published pre-
viously. 12,13

Dual Scintigraphy

During a 12-hour fast, the patients who had PD (stan-
dard PD or PPPD) were positioned semirecumbent in
front of a large field of view -gamma camera (Digital
gamma camera GCA-A/W2, Toshiba, Tokyo, Japan) fit-
ted with a diverging collimator (Toshiba medium energy
general purpose collimator model ROC-930A) on line to
a scintigraphic data analyzer (Toshiba medical image
processor model GMS-550J). One hundred eighty-five
MBq of 99mTc-N Pyridoxyl-5 methyl tryptophan (99mTc-
PMT) was administered from the peripheral vessel before
each patient was given 60 g ofsemiliquid meal containing
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10 g of Clinimeal (Eisai Co., Tokyo, Japan) labeled with
37 MBq of 1"In-diethylene triaminepentaacetic acid
("'In-DTPA). Both agents were imaged by using the two
windows on the gamma camera by every 1 minute for 45
minutes and all data were stored in computer. Time ac-
tivity curve was calculated by counting the percentage
radioactivity ofmaximum in the area of the upper small
intestine.

Statistical Evaluation

The results are expressed as mean ± SE, and ANOVA
with Newman-Keuls test and independent student t test
(for comparison of the integrated values) were used to
evaluate statistical significance. A probability value ofless
than 0.05 was considered significant.

Results

Measurement ofPlasma Levels ofGastrin
Postprandial plasma gastrin responses in control pa-

tients after standard PD and after PPPD are shown in
Figure 2. In standard PD patients, the basal level ofgastrin
was significantly lower than the control (p < 0.05), but
there was no significant difference between PPPD patients
and the control. In controls plasma gastrin increased from
a mean fasting value of 70.1 ± 11.8 pg/mL to 130.7 ± 23.5
pg/mL at 20 minutes after the meal. In the post-PPPD
patients, plasma gastrin also increased from 48.2 ± 5.9
pg/mL to 76.6 ± 10.2 pg/mL at 20 minutes after the meal.
There was little or no postprandial gastrin release in the
standard PD patients and gastrin levels were significantly
less than PPPD patients and control throughout the entire
time course (p < 0.05). Integrated gastrin release (0 to
120 minutes) in the control was 3267.7 ± 1062.6 pg/min/
mL, 2092.1 ± 500 pg/min/mL in the PPPD group and
290.4 ± 122 pg/min/mL in the standard PD group, a
value significantly less than that of the control and of
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FIG. 2. Comparison of gastrin response after the test meal in control
group (n = 5) to standard PD (n = 6) and PPPD (n = 6) procedures.
Data are expressed as mean ± SE. There was a significant difference (p
< 0.05) between standard PD and PPPD groups throughout the time
course.
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FIG. 3. Integrated gastrin (120 minutes) in control, standard PD, and
PPPD groups. Data are expressed as mean ± SE. Asterisk indicates a
significant difference (p < 0.05) between standard PD and PPPD groups.
Sharp sign indicates a significant difference (p < 0.01 ) between standard
PD and control.

PPPD patients. There was no significant difference be-
tween PPPD and control (Fig. 3).

Measurement ofPlasma Levels ofCCK

Basal CCK level was 7.0 ± 1.0 pg/mL in the control
group, 7.0 ± 2.2 pg/mL in the PPPD group and 1.2 ± 0.8
pg/mL in the standard PD group. Peak response ofCCK
was 24.0 ± 13.3 pg/mL in the control group at 20 minutes,
15.1 ± 3.4 pg/mL in the PPPD at 30 minutes, and 8.0
± 4.8 pg/mL in the standard PD at 30 minutes. All peak
concentrations were significantly higher than the basal
levels (p < 0.05).

Basal and postprandial CCK levels in the standard PD
group were significantly lower than the control group (p
< 0.05), whereas postprandial CCK levels were signifi-
cantly higher in the PPPD group as compared to the stan-
dard PD group (p < 0.05) (Fig. 4). Cholecystokinin release
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FIG. 4. Comparison ofCCK response to the test meal in control (n = 5),
standard PD (n = 5), and PPPD (n = 5) groups. Data are expressed as
mean ± SE. There was a significant difference (p < 0.05) between standard
PD and PPPD groups through the entire time course. No significant
difference was found between PPPD and control.

pattern in PPPD resembled the control and no significant
difference between PPPD and control was found.
The integrated CCK response from 0 to 120 minutes

was 390.3 ± 225.6 pg/min/mL in the control group, 424.8
± 157.5 pg/min/mL in the PPPD, and 267.1 ± 92.6 pg/
min/mL in the standard PD group. There was no signif-
icant difference between the control, PPPD, and standard
PD patients (Fig. 5).

Dual Scintigraphy

Dual scintigraphy with 99mTc-PMT- and "'In-DTPA-
labeled food showed complete and gradual mixing ofbile
and food in both standard PD and PPPD (Fig. 6). Standard
PD showed slightly incomplete mixing of bile and food,
but this difference was not found significant.

Discussion
Pancreatoduodenectomy is a procedure that resects the

gallbladder, the distal part ofthe stomach, the entire duo-
denum, the proximal jejunum, and the head of the pan-
creas. These portions contain many different kinds ofgut
hormone-releasing cells, which have important roles in
the regulation ofgastric acid secretion and metabolism of
glucose, protein, and fat. Traverso and Longmire6 sug-
gested that PPPD with Billroth-II type reconstruction
could prevent dumping and other postoperative symp-
toms as well as maintain weight gain. We7 performed a
new PPPD with Billroth-I type reconstruction and re-

ported that this operative procedure has several advantages
over others in that it preserves gut hormonal status.9

In the current study we found that fasting plasma gastrin
levels were highest in the control and lowest in the stan-
dard PD group and that PPPD patients had significantly
higher gastrin levels than standard PD. The postprandial
gastrin response pattern after PPPD resembled that ofthe
control, as has been reported previously.9 It is of interest
that plasma levels of gastrin in standard PD did not in-

I

Control PPPD Standard PD

FIG. 5. Integrated CCK (120 minutes) in control, standard PD, and PPPD
groups. Data are expressed as mean ± SE. No significant differences were
found among control, PPPD, and standard PD groups.
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PPPD gastrectomy and reported that 2 months after the surgery
postprandial plasma levels of CCK were similar to the

meal 7 controls. Hopman'8 showed that the mean fasting plasmaCCK in patients after gastrectomy was similar to that in
controls; however CCK responses to oral fat in the patients
after gastrectomy were significantly greater than the con-

{bilIe trol patients. Becker et al.19 also reported that basal CCK
concentrations were not altered after Billroth-I or Billroth-
II gastric resections but they reported that a significant
increase in plasma CCK levels immediately after food. It
has been suggested that the increase in CCK levels after
gastrectomy was due to vagotomy and rapid gastric emp-

-__________, ____,____.________ tying, which results in activation of a large number of
9 18 27 36 45 min food-stimulated CCK cells.'7"18 However Guzman and

colleagues20 and Fried and colleagues2' found that CCK
StandardPD

release is not under vagal control. Thus the effect of gas-

Standard PD trectomy to CCK release is still controversial.
Pancreatoduodenectomy is the procedure that resects

^ /imeal gallbladder, duodenum, and the upper part of jejunum
and stomach. Postprandial CCK levels in the standard
PD group in this study were significantly lower than in
the controls and PPPD group. Ogden et al.22 reported that
the concentration of CCK-releasing cells is highest in the

'S"'g bile duodenum and progressively diminishes distally in the
small intestine. Lower CCK levels after PD may be due
to resection of the duodenum and jejunum, where the
concentration of CCK releasing cells is richest.

Basal and postprandial CCK levels were significantly
9 18 27 36 45 min higher in PPPD than in standard PD patients. It is prob-able that this is due to a good mixture of food with gastric,
me activity curves of dual scintigraphy. Time activity curves bile, and pancreatic juice. Gradual duodenal and jejunal
ilated by counting the percentage of maximam radioactivity acidification releases CCK23 via gastric acid production,'MT and ..In-DTPA. They showed complete mixture of bile
)oth in PPPD and standard PD. No significant difference was which is reported to be normal in PPPD patients (un-
veen them. published data). Further evidence that acid might be in-

volved is that secretin levels increase after a meal in the
ter a meal. Sato et al.14 also reported that plasma PPPD (data not shown); this is important because, to our
vels ofthe patients with Whipple's reconstruction knowledge, the only known physiologic stimulus for se-
were remarkably reduced after the surgery. Be- cretin release is duodenal acidification.

e normal antrum and bulb are richly populated However, even after standard PD, CCK was released
trin-releasing cells, our results and those of others well postprandially and no significant difference was found
w low levels of gastrin after PD suggest that this in the integrated CCK between control, PPPD, and stan-
*ative phenomenon may be due to the lack of dard PD.
e-releasing cells. In a previous study, we compared CCK release between
CCK release in PPPD patients was significantly two types of anastomosis of remnant alimentary tract after
ian that of patients with standard PD, whereas anterectomized PD.24 The plasma CCK response to an
idial response of CCK was similar to that found oral fatty meal was significantly greater in patients who
)ls. Several factors in PD patients may play a role had a PD with Billroth-I type reconstruction as compared
iation of plasma CCK levels. Gastrectomy is one to patients with the Billroth-II type, suggesting that Bill-
It was reported that patients with gastrectomy, roth-I type of reconstruction is a more physiologic recon-
y in Billroth-II anastomoses, have an impaired struction for the remnant alimentary tract. In this study
Af CCK'5 and an increased incidence of gall- the patients had Billroth-I type reconstructions both in
Satake and colleagues'7 measured endogenous PPPD and standard PD group.
ease after a test meal in controls and in patients Patti25 showed normal gastric emptying of radiolabeled
Iroth-I and Billroth-II anastomoses after subtotal solid food after PPPD using a scintillation camera. We

Vol. 214 - No. I



60 TANGOKU AND OTHERS Ann. Surg. July 1991
used a double-isotope technique to see the bile and food
mixing at the same time and found complete and gradual
mixing ofbile and food after both standard PD and PPPD.
Our results indicate that postprandial plasma gastrin

response in PPPD patients, but not PD patients, resembled
that of control. In addition preserving the pylorus and
the duodenal bulb as well as Billroth-I type ofanastomosis
between the bulb and the fourth portion ofthe duodenum
allowed gradual transportation of food and mixture with
digestive juice that enhanced CCK release before and after
the meal. Gastrin and CCK release in PPPD patients may
have a beneficial effect on the injured pancreas in time.
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