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Induced Hypergastrinemia Can Prevent the
Pancreatic Atrophy after Pancreatoduodenec-
tomy in Human

Jin-Young Jang, M.D., Sun-Whe Kim, M.D., Joon-Koo
Han, MD." Sang-Jae Park, M.D., Youn-Chan Park, M.D.
and Yong-Hyun Park, M.D.

Purpose: Following a pancreatoduodenectomy, atrophy of
the distal pancreas commonly occurs. It has been demon-
strated that gastrin stimulates the regeneration of the pan-
creas in animals. This study was undertaken to determine whe-
ther gastrin has a similar effect in humans and in particular,
whether it prevents the atrophy of the distal pancreas after
a pylorus preserving pancreatoduodenectomy (PPPD).

Methods: Between March 1999 and May 2000, a random-
ized prospective study was performed in 56 patients who
underwent PPPD for periampullary neoplasms. The patients
were allocated to either a lansoprazole group (LG) or a con-
trol group (CG). The LG members were given oral lanso-
prazole (30 mg/day) over 12 weeks postoperatively to induce
hypergastrinemia. During the study period, 19 patients were
excluded for various reasons. Therefore, a total of 37 pa-
tients (LG: n=18; CG: n=19) were eligible for this study. The
volume of the distal pancreas was determined using thin
sectioned spiral CT data, the nutritional status, the endocrine
(insulin level, glucose tolerance test) and exocrine function
(stool elastase) of the pancreas. In addition, the serum gas-
trin level were measured prior to the operation and 3 months
after the operation. The two groups were clinically comparable.
Results: The serum gastrin level was higher in the LG (P <
0.05). In this group, the mean volume of the distal pancreas
was reduced by 10% (63,954 mm®+ 57,069 mm®) after PPPD,
whereas severe pancreatic atrophy occurred in the CG
(71,446 mm’+39,753 mm’) (P<0.01). The postoperative
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insulin and stool elastase levels were higher in the LG than
in the CG (insulin: 21.1 zU/ml vs 6.9 U/ml; elastase: 59
19lg vs 23 1glg).

Conclusion: Induced hypergastrinemia prevents pancreatic
atrophy after PPPD. This is probably because of the sti-
mulated regenerative activity of the pancreas by gastrin. This
has never been previously demonstrated in humans. (J
Korean Surg Soc 2001;61:95-104)

Key Words: Pancreas regeneration, Gastrin, Pylorus pre-
serving pancreatoduodenectomy
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56 presumed
periampullary cancer

\4

A4
45 patients enrolled in

11 patients were excluded due to:
5 not agreeing with the study
- 2 preoperative pancreatic atrophy
- 2 prolonged delayed alimentation
- 1 combined colon resection
- 1 pancreatitis

this study, randomized

v

8 patients were excluded during the study:
4 follow-up loss
- 2 disease recurrence
- 1 portal vein thrombosis
- 1 CT dye allergy

v

Lansoprazole group
(n=18)

v

Control group
(n=19)

Fig. 1. This figure shows the allocation of patients in this study. Of 56 patients that underwent pylorus preserving pan-
creatoduodenectomy (PPPD) with presumed periampullary neoplasms in Seoul National University Hospital between
March 1999 and May 2000, 37 patients met the inclusion criteria and were enrolled. 19 patients were allocated
to the control group and 18 patients to the lansoprazole group, and these patients received lansoprazole at 30 mg/day
for 12 weeks postoperatively, to induce endogenous hypergastrinemia.
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Table 1. Clinical characteristics of the patients

Lansoprazole Control group

group (n=18)  (n=19) PValwe

Mean age 583+84 58.6+123 0931
Male : Female 10 : 8 11:8 0.886
Diagnosis 0.809

Ampulla of Vater cancer 9 7

Common bile duct cancer 6 7

Pancreatic cancer 2 4

Duodenal cancer 1 1
PJ/PG anastomosis 16 : 2 13:6 0.131
Pancreatic leakage 4 (222%) 3 (15.8%) 0.332
Somatostatin analogue 4 (222%) 5 (26.3%) 0.772
Adjuvant therapy 10 (55.5%) 5 (26.3%) 0.070

PJ = pancreatojejunostomy, PG = pancreatogastrostomy; Somato-
statin analogue = Sandostatin™; Adjuvant therapy: postoperative
radiotherapy (5,040 rads) and chemotherapy (5-FU)
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Fig. 2. Effect of lansoprazole (proton pump inhibitor) administration
on serum gastrin level. After stimulation with a test meal,
postoperative gastrin level of the lansoprazole group was
significantly higher than the preoperative level (P<0.001).
In the control group, gastrin concentrations were unaltered.

Fig. 3. Representative CT images
of the lansoprazole group
(A) (61-year-old man, am-
pulla of Vater cancer) and
the control group (B) (39-
year-old woman, ampulla
of Vater cancer). (Al) Pre-
operative volume of distal
pancreas (49,632 mm3), (A2)
At postoperative 3 months,
it shows a minimal change
of pancreatic volume (45,288
mm3). (BI) Preoperative vol-
ume of distal pancreas
(129,110 mm®) (B2) Di-
minished distal pancreatic
volume is shown post-
operatively (70,445 mm’)
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Table 2. Comparison of volume change of the remnant pancreas between the Lansoprazole group and the control group

Lansoprazole group (n=18) Control group (n=19) p-value
Remnant pancreas preoperative 63,934 +6,354 71,446+6,971 0.434
Volume* (mm3) postop-3mo 57,069 +5,289 39,753 +3,334 0.008
Volume change' (%) -10.7 —44.4 <0.001

*Remnant pancreas volume = mean=+SEM; "Volume change =

remnant pancreas) / preoperative volume of remnant pancreas X 100

140,000

120,000

100,000 -

“c 80,000
£ \

R

60,000 1
40,000

20,000

@ 80,000

O T 1

Preop Postop 3m

(postoperative volume of remnant pancreas— preoperative volume of

140,000
120,000

100,000 1

(mm

60,000
40,000

20,000

///

0
Preop Postop 3m

Fig. 4. Individual volume changes of the distal pancreatic remnant in the lansoprazole group (A) and the control group (B).

A= lansoprazole-ol| A& <F 5%2] AZ747F dAdd
v, 2ol A& 10% 733—":—4 AlF7a7t A5E Ackp
<0.007)(Fig. 5). o] A& & ¥ LA & A A5
95% o= &3 ?l'z]'«] TE H]Lo}ﬁ’i‘e— u & lan-
soprazolest-oll A= 1278(67%)] &A7F AW vhiH, =
TolAE T8 GT%)Eke] & A AT 95% oo 3
Ealqieh sk 2 27 *14734'"“‘1‘: T ¥ e
Aol thztoll A 9] ZHA7) ol skAl /)\%%‘% 4 T AN
tH(Table 3).

5 & 7159 Hlu

ﬂ’é} Wit 7153 7HE Slal Aldst A 2
o TollA xRl WY & gldA, 9
f,“X]‘:— T% % 370 lansoprazoleg-ol| A & 21.1
A pUmlE 29 6.9+1.6 xU/mlel] v]3] §-2]s}A
& F U9l cHTable 4).

o] 75& vlslr] Y8l A138el e elastase
J FE Aol R FHo] 2334146 1g/g S E lansoprazole
9] 203438 pg/ghiet 7k =t & ¥ IMNIAE
lansoprazole-©] 59+ 12 pg/g® HZT-2] 24+6 pg/goll v]
3l FosAl Ea2 & F AATHp=0.009)(Fig. 6).
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Fig. 5. Changes of relative body weight (RBW) in the lansoprazole
group and the control group. No statistical difference was
apparent in preoperative relative body weights of the lanso-
prazole (112.1+4.1%) and control groups (100.9+3.0%).
3 months after operation, a greater decrease in relative body
weight was observed in the control group (90.1+4.2%)
than in the lansoprazole group (106.6+3.5%). Results re-
present mean+SEM at each time point, asterisk shows
significant difference between the groups (p<0.05).
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Table 3. Comparison of general and nutritional status between the Lansoprazole group and the control group

Lansoprazole group (n=18) Control group (n=19) p-value
Protein (g/dl) preoperative 7.3+0.4 7.1+0.6 0.308
postop-1mo 6.6+0.7 6.3+0.6 0.139
postop-3mo 7.4+0.3 7.4+0.6 0.805
Albumin (g/dl) preoperative 3.7+0.3 3.6+0.4 0.233
postop-1mo 34+0.2 43+0.3 0.431
postop-3mo 39+03 3.8+03 0.392
Transferrin (mg/dl) preoperative 224+49 238+47 0.490
postop-1mo 190+38 166+43 0.097
postop-3mo 254+45 224+51 0.089
TSF* (mm) preoperative 16.1+8.4 13.5+53 0.136
postop-1mo 14.1+7.6 10.5+4.3 0.093
postop-3mo 14.7+7.5 10.6+t4.4 0.047
Weight gain (%) 1 month >95% 4 (22.2%) 5 (26.3%) 0.772
<95% 14 (77.8%) 14 (73.7%)
3 month >95% 12 (66.7%) 7 (36.8%) 0.072
<95% 6 (33.3%) 12 (63.2%)

*TSF = triceps skin fold thickness; Weight gain (%)

= body weight at 1 month or 3 month/preoperative body weight X 100

Table 4. Comparison of endocrine function of the pancreas between the Lansoprazole group and the control group

Lansoprazole group (n=16) Control group (n=15) p-value

Serum glucose (mg/dl) Fasting preoperative 80.1+11.4 82.2+10.2 0.792

postop-1mo 935+17.3 88.5+14.6 0.444

postop-3mo 94.7+12.4 92.7+8.5 0.276

60 min preoperative 144.1+27.8 140.4+42.8 0.736

postop-1mo 143.6+25.3 136.9+30.0 0.490

postop-3mo 154.6+35.0 157.0+32.9 0.832

120 min preoperative 138.1+30.4 136.4+32.6 0.739

postop-1mo 145.4+21.2 139.4+35.9 0.359

postop-3mo 140.2+40.4 139.5+33.5 0.527

Insulin (2 U/ml) preoperative 209+13.1 145+29 0.563

postop-1mo 20.4+12.0 135+2.6 0.112

postop-3mo 21.1+12.1 69+1.6 0.005
A SARLS A Wvl 2 SRS A4 3] A A, AR, A FE A 9T G AR
A Aolel 4ABAE Fob A%} FU4E WAL & YA, FE F AT §F, somatostatin analogue A
Ak K FE T GPPAL NE S0l W2 A
6 AZSHHY YBE IHE XY SHE S A SRR Sl BE e
A Fsglont, AAEIEAC) Wbt ATAETES
WA hiEAdZe ojgt e W slo] AWl e Aol 15848-3,667 mmu A7) %m}
AREAHGe] d MAE YAAATE FEA B 2E5H7E dolont AAREGE Aol 32451+
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8,728 mm'e] $A7440%)7F YoluhA 1A TEE]

Aol WS Aol O wol WAL e wett o &
(Table 5).
A E= A AAG og] 7EA] 2l 93k Sl
el Al A FA el ol defe] EH& AL
140 ] Lansoprazole (n=18) ] Ml 1 o) N - "
El Control (n=19) 3lugtehe Zlo] & A A YA AAdAE 23t
_ 1201 Qa9 Bo] Yolherke & Feld UA shef. £
8 1001 o] oJs}m 19631 Condorelli S(8)0] Hx7 #AAAA +
H A9l Aol oldeha Mudk ol iz, AREEE o
£ &3 AAAA F7 2 Aol BATE AREl o
S 60- % AT} ol ol Fold] Hrho-12)
[o]
g Ll A8l Aol ofe] 2371528, Sl CCKS} gastin
- o] fofslelle A FEAHE T3t o= A& 4
7 ; A 9k o] ¥ H2ES Crerminale] 74| o]
0 T ' Ut 25 2= TEEOE T ER Y3 FEAE A
Preoperative Postop-1mo Postop-3mo %l-l,ﬂ__“g_ %"]"5"‘% 7};(]% Zi-q-i %}E%X% 9&‘4’ CCKE =
Fig. 6. Stool elastase I levels in the lansoprazole group and the SAYA WA, oA TEE zA-d o3 A

controls. The preoperative stool elastase levels were similar AT A Aol 7} A AFEIE Holy T E O

in the control group (233+46 ng/g) and the lansoprazole t}. 1991 Parekh 5(3)& WA AL AA e & Yol
+ = i

group (203 +38 1g/g)(P=0.620). At postoperative 3 months CCKE Z71A717] Slote] & E&AA Al Foy =z 979

mean level of stool elastase of the lansoprazole group (59 = . .
3 & 2= 1} k
+12 pg/g) was higher than that of the control (24+6 x F Foiqh F AAEHEE] 719k DNA, RNA, ghiA ofo]

g/2)(P= 0.009). Results represent mean+SEM at each time 2R v AAD)el vl f-olahA S7hsl e, o

point, asterisk shows significant difference between the = A nj g} ZAlo]| B o] gt B sty
groups (P<0.05) . Sk CCK Z7bol oJ3k #2ke] AL COK 584 7

Table 5. Postoperative volume change of remnant pancreas and its association with clinical factors

Number Volume change of pancreas (mm®) p-value

Age (years) >60 22 —20,685+4,052 0.712
<60 15 —17,880+7,052

Sex Male 21 —16,437+4,195 0.339
Female 16 —23,451+6,112

Diagnosis Ampulla of Vater cancer 16 —19,715+5,095 0.582
Common bile duct cancer 13 —22,391+7,592
Pancreatic cancer 6 —9,249+5,541
Duodenal cancer 2 —28,576 9,063

Jaundice No 8 —20,933 +9,554 0.873
Yes 29 —19,377+3,948

Pancreatic anastomosis Pancreatojejunostomy 29 — 15,848 +3,667 0.051
Pancreatogastrostomy 8 —32,451+8,728

Pancreatic leakage No 30 —20,812+4,173 0.681
Yes 7 —17,404+7,019

Somatostatin analogue No 28 —18,951£7,336 0.580
Yes 9 —21,568 4,136

Adjuvant chemoradiation No 22 —19,563 4,520 0.979

Yes 15 —19,764 £6,125
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