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Abstract. Literature reports indicate that the incidence of delayed gastric
emptying (DGE) is higher after pylorus-preserving pancreaticoduoden-
ectomy (PPPD) than after conventional pancreaticoduodenectomy (CPD),
but DGE is traditionally diagnosed from patient-reported subjective
sensations. Our clinical radiological experience suggests higher rates for
physiological DGE post-CPD. We therefore sought to quantify rates of
subjective DGE (sDGE, based on patient complaint) verses objective
DGE (oDGE, based on scintography) post-CPD and post-PPPD. Con-
tractile motility of post-PPPD residual stomach was also studied. For 21
PPPD and 33 CPD patients between October 1997 and June 2000, sDGE
and oDGE data were collected preoperatively, on postoperative day 14,
and 6 months postoperatively, with cholescintography for pylorus ring
competency on postoperative day 14. The incidence of SDGE was higher
for PPPD (42%) than for CPD (15%) at 14 days, with zero sDGE for both
at 6 months. The incidence oDGE was higher for CPD (91%) than for
PPPD (76%) at 14 days, with a 6-month incidence of 4.7% in PPPD but
~33% for CPD. Solid-phase emptying in PPPD showed that residual
stomach retained partial gastric emptying function at 14 days but not at 6
months. Cholescintography showed abnormal pylorus closure function in
2 of 21 PPPD patients but was not related to DGE. Literature reports of
higher DGE incidence post-PPPD are true only for subjective symptoms.
Radiological measurement of oDGE shows that both CPD and PPPD
manifest ~80% incidence of DGE in the early postoperative period. At 6
months, ~33% of CPD show persistent 0DGE. We concluded that (1) the
concept of DGE should distinguish between subjective and objective
symptoms; (2) loss of distal stomach mechanoreceptors in CPD reduces
patients sensation of 0DGE, producing “silent” DGE;(3) both CPD and
PPPD have high and approximately equal rates o0DGE;(4) the previously
unnoticed silent oDGE in CPD may contribute to the higher rates of
ulceration and related morbidity in association with CPD

A one-stage conventional pancreaticoduodenectomy (CPD) was
reported by Whipple in 1941 [1]. A few years later Watson de-
scribed a pylorus-preserving pancreaticoduodenectomy (PPPD)
in which antrum, pylorus, and 1 inch of duodenum were pre-
served and the gastrointestinal tract was reestablished by duo-
denojejunostomy [2]. Conventional PD remained the preferred
treatment for periampullary malignancy [1], but in 1978, to reduce
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marginal ulceration and improve postoperative nutritional status
post-CPD, Traverso and Longmire revived PPPD [3]. However,
PPPD presented a significant increase over CPD in delayed gas-
tric emptying (DGE) [4], which increases parenteral nutrition
complications and length of hospital stay. To date, most studies
report early postoperative DGE incidence higher post-PPPD
(25% to 40%) than post-CPD (6% to 23%) [5-8], although dif-
ferent opinions exist [9].

In clinical studies, DGE is traditionally diagnosed on the basis
of patient-reported symptoms of abdominal discomfort, bloating
or nausea [5, 6]. In these cases and also in postoperative patients
with no subjective experience of discomfort, the presence or ab-
sence of physiological DGE is rarely confirmed. In our group’s as-
yet-unpublished tests of postoperative procedures such as
somatostatin prophylaxis to reduce pancreatic stump complica-
tions, conflict was noted between subjective patient reports and
objective physiological testing by radiological gastric emptying
scintigraphy. These differences so obvious that present investi-
gation was undertaken to compare the incidence of DGE as
determined by patient complaint and by radiological scintpgraphy
measurement.

Both solid and liquid gastric emptying scintography were used
to monitor actual mechanical emptying function preoperatively,
on postoperative day 14, and 6 months postoperative. These data
are compared with the subjective patient symptoms that consti-
tute the traditional clinical diagnosis of DGE. We additionally
used cholescintography to evaluate pylorus function by extent of
enterogastric reflux, and determined the correlation of pyloric
function with DGE.

Patients and Methods

Between October 1994 and June 2000, patients undergoing either
PPPD or CPD at the National Cheng Kung University Hospital,
Taiwan, routinely underwent preoperative solid and liquid phase
gastric emptying scintography. Follow-up scintographic gastric
emptying studies were done 14 days and 6 months postoperation.
Subjective patient symptoms were also collected preoperatively,
during the hospital stay, and at 6-month follow-up. Cholescin-
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tography for enterogastric reflux was performed to evaluate
pyloric function 14 days postoperatively. After operation, all pa-
tients received antibiotics for 3 days and partial parenteral
nutrition until recovery of food intake. The surgical suction drain
was removed if there was no sign of pancreatic fistula or abscess.
The pancreatic diversion duct was removed routinely 3 weeks
postoperatively. If subjective DGE developed, then total paren-
teral nutrition was given via central line until the patient com-
fortably resumed a normal diet.

Surgical Technique

Patients underwent CPD or PPPD as described previously [10].
One volume surgeon performed all the operations using the same
approach, technique, and anastomotic fashion to keep surgical
variation to a minimum. In CPD, standard subtotal gastrectomy
with sparing of the vagus nerve was done. In PPPD, duodenum
was preserved longer than 2 cm if possible, and the right gastric
artery was preserved if not tethering anastomosis. Regional lymph
node dissection was performed for both PPPD and CPD. The
sequence of gastrointestinal tract reconstruction was chol-
edochojejunostomy, pancreaticojejunostomy, to gastrojejunosto-
my in CPD or to duodenojejunostomy in PPPD. End-to-side
pancreaticojejunostomy in one layer suture was completed with a
temporary diversion tube (trans-anastomotic stent) in the pan-
creatic duct using an appropriate pediatric suction tube to divert
pancreatic juice, which can further damage surgically traumatized
tissue. The diversion tube did not adhere directly to the abdomen
wall and was left for 3 weeks, whereupon healing tissue was
considered mature enough for restoration of normal (residual)
pancreatic drainage. A closed-suction drain (Jackson Pratt) was
placed in the operative dissection bed close to the pancreatic
stump.

Gastric Emptying Scintography

Gastric emptying scintography was done according to our hospi-
tal’s standard technique. Test was performed after overnight fast.
Patients were forbidden smoking and any pharmacenticals that
would likely affect gastric motility. Single-phase gastric emptying
was measured preoperatively, on postoperative day 14, and 6
months postoperatively. Radionucleolide formulae were: 0.5 mCi
of Tc-99m sulfur colloid mixed with one scrambled egg (60 + 3g,
protein 7 g, fat 2 g, 75 kcal) for solid phase; 1 mCi of Tc-99m
DTPA in 200 ml saline for liquid phase. Patients lay semi-upright
(60°) under a single-headed gamma camera using the left anterior
oblique (LAO) method [11]. The upper abdomen was scanned by
every 20 seconds for 20 minutes for the liquid phase test and every
1 minute for 60 minutes for the solid phase test with a pro-
grammed computer. Generally, a gastric region of interest (ROI)
was drawn on the computer for summed gastric imaging. After
correction for decay and attenuation, a time-activity curve (TAG)
was generated and a parameter of gastric emptying was calcu-
lated. The rate of gastric emptying was calculated by an expo-
nential fitting curve (Fig. 1A). The time of maximal dosage of
radionucleolide within the stomach (T.x), the time for radio-
nucleolide to appear within intestine (lag time), and the time of
half clearance (Tyj, i.e., time half the food is emptied) were
calculated. Normal control reference was obtained from 20
healthy volunteers: Ty, = 0.8 £ 1.1 minute, lag time = 3.1 + 1.1
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minutes, upper limit of normal range of Ty, = 23 minutes for
liquid phase gastric emptying test (LGE); Tiyax = 3.3 £ 1.8 min-
utes, lag time = 14.2 + 6.9 minutes, and Ty, = 44.0 £ 7.2 min-
utes for solid phase gastric emptying test (SGE). In test patients,
radiographic physiological DGE, referred to in the following as
objective DGE (oDGE), was diagnosed if T, > 23 minutes in
LGE or if Ty, increased by more than two SD above the mean
value in SGE.

Cholescintography

Radionucleolide formula was 4 mCi of Tc-99m DISID A in 10 ml
normal saline. After overnight fasting, the patients received
infusion of radionucleolide and lay fully reclined under the
scanning gamma camera, which captured an image every 5 min-
utes for the first 60 minutes after radionucleolide injection. The
subject then drank 200 ml of milk to facilitate biliary flow.
Imaging was continued for an additional 60 minutes while mon-
itoring passage of radionucleolide (DISIDA) into jejunum or
stomach. Enterogastric reflux was defined as radionucleolide
detected in the stomach. The severity of enterogastric reflux was
graded as 0 (absent), 1 (transient reflux into the antrum or body),
2 (persistence of isotope in the antrum or body), 3 (reflux into the
gastric fundus), and 4 (reflux into the esophagus) [12]. Enterog-
astric reflux > grade 2 is assumed to mean incompetent closure
function of the pylorus. The postoperative status of bile in the
jejunal limb is also used to detect slow transit of the jejunum after
gastrointestinal reconstruction.

Delayed Gastric Emptying

Our hospital’s clinical definition of DGE is derived from previous
studies [5, 6] whereby DGE is diagnosed if the nasogastric tube is
in place at postopertive day 10 or more. This condition occurs
basically as a result of patient-reported symptoms such as com-
plaints of discomfort, pain, bloating, or nausea. In the following
discussion, DGE diagnosed from subjective patient report is
designated subjective DGE (sDGE). In previous studies [5, 6], the
classification “early” is used for sDGE in the range of postoper-
ative day 10 and “late” for sDGE symptoms in the range of 6
months postoperation. For easy comparison with the previous
studies, we collect postoperative data on day 14 and again at 6
months. Cholescintography data are from postoperative day 14.

Statistical Analysis

Data are expressed as mean + SD except Ty.x and Ty, values in
the gastric emptying test. Tp.x and Ty, are presented as range
(median). The Mann-Whitney U test was used for statistical
analysis of T,.x and Ty ,. Inter-group differences in postoperative
morbidity and other categorical data were compared by Fisher’s
exact test. A p value < 0.05 was regarded as statistically sig-
nificant.

Results
Demographics and Postoperative Morbidity

In the study period, 154 patients underwent either CPD or PPPD
in our department. Of these, full data and patient consent was
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Fig. 1. Exponential fit of solid gastric emptying (SGE) curve. A. normal volunteer; B. PPPD patient at 14 days without sSDGE, longer Tmax is observed;
C. PPPD patient at 14 days with sSDGE, longer Tmax and multiple fluctuations in emptying curve are observed; D. patient C at six months without sDGE,
rapid emptying is observed; E. CPD patient at 6 months without sSDGE, emptying curve is rapid and similar to curve D; F. CPD patient at 6 months with
oDGE, late intestinal reflux results in longer T, ;. Term “Cts” indicates “counts.” Exponential fit = dashed line, solid food emptying curve = solid line.

obtained for 63 patients who formed the initial study group. Nine
patients were subsequently excluded from the study, one patient
with palliative PD (positive margin of pancreatic remnant micro-
scopically), 2 patients with septic shock at 6-month follow-up, and
6 patients with disease recurrence at 12-month follow-up. A total
of 54 patients with complete examination were divided into two
groups according to surgical procedure, group 1 for PPPD and
group 2 for CPD (Table 1). Group 1 contained 21 patients with an
age range of 38-84 years (median: 65 years) and a male/female
ratio of 13:8. The follow-up period was 12-80 months (median: 40

months). Group 2 contained 33 patients with an age range 36-80
years (median:61 years) and a male/female ratio of 23:10. The
follow-up period was 12-72 months (median: 35 months). Pe-
riampullary lesions accounted for 98.2% of patients, with one
gallbladder carcinoma in group 1. In both groups carcinoma of the
ampulla of Vater was the major disease: 52.4% of patients in group
1 and 42.4% in group 2. Pancreatic cancer accounted for only 9.5%
and 9.1% of disease in groups 1 and 2, respectively.

The incidence of SDGE was significantly higher for PPPD than
CPD: 9 of 21 PPPD patients (42%) versus 5 of 33 CPD patients
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Table 1. Demographics and morbidity of patients undergoing PPPD and -
CPD. _ g
2 o
PPPD (n = 21) CPD (n = 33) L&
Sex (M/F) 13/8 23/10 s 9
Age (year) median, range 65, 38-84 61, 36-80
Indications for operation —
Ampullar of Vater cancer 11 (52.4%) 14 (42.4%) Sr 0
Pancreatic cancer 2 (9.5%) 3(9.1%) z T
Duodenal cancer stromal tumor 2 (9.5%) 5 (15.2%) % .
Distal CBD cancer 3 (14.3%) 7 (21.2%) S
Chronic pancreatitis 1 (4.7%) 0 '; Z 5 5
Gall bladder cancer 1 (4.7%) 0 R !
Pancreatic benign lesions® 1 (4.7%) 4 (12.1%) [j Z z g
Postoperative morbidity
Intraabdominal abscess 3 (14.3%) 4 (12.1%) -
Leakage of P-J anastomosis 1 (4.7%) 0 _ ;
Bleeding 0 1 (3.0%) X =
Wound infection 0 1 (3.0%) = 2
Bile stasis in jejunal stump 4 (19.1%) 9 (27.3%) =S "
Enterogastric reflux 4 (19.1%) 20 (60%) ** gz a
Subjective delayed gastric 9 (42.8%) 5 (15.2%) Hoa o~
emptying (sDGE)
NG days, mean (range) 11.4 (4~36) 6.7 (4~22) P
Follow-up period (months), 40, 12-80 36, 12-72 als I -
median, range s &« & ©
o : ) sld s = T
“Pancreatic benign lesions include serous microcystic adenoma (3), a % Z en 2
mucus producing tumor (1), and isolated pancreatic head tuberculosis (1). &| 2 B iy T
** One patient suffered from marginal ulcer with bleeding. UlF Ao o
PPPD: pylorus-preserving pancreaticoduodenectomy; CPD: conven-
tional pancreatico-duodenectomy; CBD: common bile duct; P-J: pan- 5 =
creatico-jejcenostomy; NG: nasogastric tube. § —
g &
(15%), p < 0.05. The measure “mean nasogastric tube days” was ol a‘
longer for PPPD patients, 11.4 (4~36) days than for CPD pa- He v
tients, 6.7 (4~22) days. No significant intergroup difference was =
found in other postoperative morbidities (Table 1). There was no z =
significant correlation between sDGE and postoperative mor- E/ I
bidity. One PPPD patient with postoperative pancreatitis and two © i“ =
CPD patients with intraabdominal abscess did report 14-day Tz = e
sDGE, but they did not exhibit 6-month oDGE. L ;2 2 b=
L ozed & | 8
=]
Stomach Emptying Function in PPPD and CPD o 5 2
~ < = g
Preoperatively, no significant sSDGE symptoms were noted in any 5 S 3 ‘é:
patients. All patients underwent preoperative scintography, and g o« g 5
. g s . © Q
approximately 20% exhibited some form of preoperative oDGE: SIS g =
in the PPPD group, 5 patients for LGE and 6 patients for SGE; in R 8 g
the CPD group, 3 patients for LGE and 7 patients for SGE. % — '§ o
Because all of our patients were suffering initially from severe é" ~ g o = 91
pancreatic or stomach disorder, this percentage of preoperative 'z T SR o
oDGE is not surprising. However, no correlation was found be- E* I w3 5 g,
tween incidence of preoperative oDGE sand postoperative ; alc g ~ i g F
sDGE, oDGE, or other morbidity. % =l : 2 é? < § o
ol B -
Proximal Stomach Function. In 14-day LGE, both Ty and Ty, o R
. . . . . 2]
in PPPD with sDGE were significantly longer than in PPPD £ = = = ]
without SDGE; Ty 0-18.7 minutes (15.7) versus 0-1.3 minutes .5 o - é =z
(1.0), Tyj2: 73-(off scale) minutes (205.7) versus 6.7-182 minutes =, g 28 £ o 8 <
(46.9), respectively. No difference was observed between CPD % m g 8 8 g g2
patients with and without sDGE; Tmax: 0-7.3 minutes (0.3) g 8 = £§ £ 83
. . — < =
versus 0-17.3 minutes (5.3), Ty,: 25-1041minutes (48) versus % o8 ag z g e G
. [ 2
20.3-(off scale) minutes (91). In 6-month LGE, Ty, and Ty,.x had & ZE «g © o = = (Lg
recovered to within normal range in 20 of the 21 PPPD patients. e g . gLz AE E‘Q" Aa
In contrast, Tp,.x and Ty, had recovered to within normal range % 8 § &) @ é‘ g 2 E = C
in only 21 of the 33 CPD patients (Table 2). The LGE emptying & £ 2ad 3
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Table 3. Results of solid phase gastric emptying (SGE) test.

CPD (n = 33)

PPPD (n = 21)

Ty 392 (51.5)

Tax:2.0-13.3 (6.0)

Postive,n = 5

Tmux

Tl//2:22.34u (479)

Tmax: 3.0-48 (11.0)
Postive,n = 9

Tmax

Preoperative oDGE LGE, range (median)

sDGE

Negative, n = 28

Tmux

Negative, n = 12

Tmax

Tl/'2

Ty

SGE scintography values
Early (<6 m) range
(median) (min.)

0-29

(10.7)

0-22

113-

6-53
1)

9.5-58.3

(33.1)

3-58
(24)

0-27
(2.0)

(183)

(14)

(171.2)
2.4-221
(20.3)

18.9-723

33219 0-39.5
(1.3) (78.3)

(18.0)

2.0-4.0
(3.0)

Late (> 6 m) range
(median) (min.)

(3.0)

Normal range for SGE is 44.0 + 7.2 minutes, T;/, larger than 2 SD is considered delayed emptying of solid food.

“Data are off scale.
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Fig. 2. Incidence of sDGE (patient complaint) and oDGE (scintography)
in different periods.

curves indicate that the slow return to normal resulted from
intestinal reflux, presumably as a consequence of BII gastrojej-
unostomy.

Distal Stomach Function. In 14-day SGE, T, in most PPPD and
CPD patients was longer than in normal volunteers. Ty, in PPPD
with sDGE was significantly longer than without sDGE; 79-(off
scale) minutes (171.3) versus 9.5-68.3 minutes (33.1) (Table 3).
Compared to PPPD without sDGE (Fig. 1B), multiple fluctua-
tions in the emptying curve were observed in PPPD patients with
sDGE (Fig. 1C). The values of T, in most CPD patients were
significantly longer than in normal volunteers, but there was no
difference between CPD with and without sDGE.

In 6-month SGE, T,,.x and Ty, in 20 of the 21 PPPD patients
had recovered to within normal range, but Ty, was somewhat
shorter than normal. A similar pattern was observed in 70% of the
CPD group (Figs. 1D, 1E), but the remaining 30% of CPD pa-
tients showed oDGE at 6 months by SGE test. Excluding the 6-
month oDGE CPD group, similar 6-month SGE emptying curves
were observed in PPPD and CPD, patients indicating that the
emptying function of the retained distal stomach was completely
lost in PPPD patients. Longer T, was observed in 30% oDGE
CPD (Fig. 1F) and resulted from intestinal reflux.

Correlation Between sDGE and oDGE.

In our study group, 42% PPPD and 15% CPD had 14-day sDGE,
with no 6-month sDGE. At postoperative day 14, oDGE was
noted in 42% SGE and 76% LGE in PPPD, and in 88% SGE and
91% LGE in CPD. At 6 months scintographic data indicated
oDGE in 4.7% SGE and 4.7% LGE in PPPD, and 30% SGE and
37% LGE in CPD (Fig. 2).

Pyloric Function in PPPD Patients

Cholescintography for enterogastric reflux was used to evaluate
pylorus closure function. The distal stomach was preserved in
PPPD and was completely resected in CPD, so the incidence of
enterogastric reflux was higher in patients in the CPD group, 20 of
33 patients (60%) versus 4 of 21 patients (19.1%), p < 0.05. In the
CPD group, 9 patients had significant enterogastric reflux (=
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grade 2): 8 patients with grade 2 and 1 patient with grade 3. In the
PPPD group, 2 patients had significant enterogastric reflux: 1
patient with grade 2 and 1 patient with grade 3. The results in-
dicate that the function of the pylorus ring was competent in 19 of
the 21 PPPD patients.

Discussion

In general, the literature bases its human DGE data on patient-
reported subjective symptoms such as discomfort, vomiting, or
nausea, particularly because such symptoms constitute the con-
ventional clinical determinants of whether to use parenteral
nutrition or not. The issue of parenteral nutrition is relevant be-
cause (extended parenteral nutrition complicates care, increases
costs, extends hospital stay, and increases infection risk. Use of
scintography in our earlier clinical work and research (pending
publication) resulted in questions regarding the conventional
interpretation of the incidence of DGE post-CPD and post-PPPD
and led to this study’s attempt to quantify the differences between
subjective and objective DGE data.

However, quantifiable objective measurement of gastric activity
and gastric emptying function is a difficult task. Many methods
have been developed, including transcutaneous electrogastrogra-
phy [13, 14] and indirect pharmacological tests [15], but direct
gastric emptying scintography has become the standard clinical
tool for investigating gastric motor behavior [16, 17]. Emptying
rate is affected by many factors including patient physical status,
meal volume, caloric level, concentration of nutrients, salinity,
acidity, and viscosity. Increasing volume of solid food speeds
gastric emptying, whereas a high-calorie meal entering the
intestine stimulates hormone production, which inhibits further
gastric emptying [12]. But when test meal caloric level is low, the
solid gastric emptying test (SGE) is popular for evaluating distal
stomach emptying function. The liquid gastric emptying test
(LGE) uses clear liquids, which begin to empty immediately into
the intestine with no lag phase as a function of volume [12], so it is
popular for evaluating proximal stomach emptying. Because there
is no distal stomach after CPD, LGE is used in this study for
preoperative confirmation of normal stomach function and for
post-PPPD evaluation of proximal emptying.

Incidence of early (postoperative day 14) sDGE in our study
groups agrees with the literature, i.e., significantly higher sDGE
was found post-PPPD than post-CPD; 42% of our PPPD patients
and 15% of our CPD patients. These data match well the pub-
lished 25%-40% sDGE in PPPD and the 6%—-23% sDGE in CPD
[5, 8-8]. Also, as in the literature, 0% sDGE was found in PPPD
and CPD patients at 6 months. However, in sharp contrast to the
literature, our radiological data indicated very high incidence
(over 80%) of early (day 14) oDGE in both PPPD and CPD
patients, with the significantly higher incidence (~10%) being
found in CPD. Radiologically, at 6 months, we found 4.7% oDGE
in PPPD patients and 33% oDGE in CPD patients.

In LGE, proximal stomach emptying post-CPD and post-PPPD
was abnormal early in the early postoperative period but recovered
at 6 months. In SGE, we observed day 14 multi-fluctuations in the
emptying curve with longer T, in PPPD with-sDGE than without-
sDGE, but no difference was observed between CPD with-/without
sDGE. These 14-day emptying curve differences may be related to
residual emptying function of the retained distal stomach. Six
months later, however, similar emptying curves with shorter values
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of Ty, were observed in all patients regardless of procedure and
with or without early DGE, indicating complete loss of emptying
function of the retained distal stomach in PPPD by 6 months. This
finding is of significance because it appears to refute the pro-PPPD
premise of continued functionality of the retained distal stomach.

Cholescintography on day 14 revealed a high incidence of
enterogastric reflux in CPD, patients i.e., no pyloric function, but
in all but 2 PPPD patients the pyloric closure function was com-
petent. It would have been interesting to compare these results
with the 6-month data, but we neglected to perform cholescin-
tography at 6 months.

Previous work assumed normal proximal stomach function
early post-PD [18]. The present study finds 14-day proximal
dysfunction as indicated by increased LGE T, in both PPPD and
CPD, suggesting a weakening or inhibition of proximal stomach
contraction. Proximal stomach motor function and its inhibition
by feeding are normally hormonally regulated [19]. Most gastro-
intestinal hormones, including secretin, cholecystokinin, and
motilin, are secreted from the portion of the duodenum that is
removed during PPPD and CPD [20]. Also lost during these
procedures are the pancreatic polypeptides (secreted primarily at
non-B islets of the head and uncinate process of the pancreas)
implicated in feedback inhibition between pancreatic secretion
and interdigestive cyclic events [21, 22]. In our procedure, juice
from the remnant pancreas is diverted for 3 weeks postopera-
tively. It cannot be assumed that feedback inhibition between the
vagus nerve and remnant pancreas is lost by duodenectomy and
pancreatectomy or during the diverting period, but hormonal
insufficiency may contribute to our LGE observation of early
proximal stomach dysfunction post-PPPD and post-CPD.

Physiologically, the stomach consists of two functionally inte-
grated but electromechanically distinct portions. Food entering
the distal stomach stretches muscles and triggers peristalsis to
grind and empty the food [23, 24]. Mechanoreceptor activation is
necessary for proper peristalsis and emptying [25]. The mecha-
nism responsible for DGE is unclear, but balloon activation of
distal stomach mechanoreceptors of healthy humans can induce
DGE-like symptoms such as gastric discomfort and nausea;
overtactivation can induce gastric dysrhythmia [13]. Distal emp-
tying requires coordination among antrum, pylorus, and duode-
num [23, 24]. Pylorus opening is irrelevant for emptying of fluid
and very fine particles, but it is required for fine and larger food
particles. Pylorus opening is controlled by intrinsic downstream
messages from the antrum, upstream inhibitory messages from
the duodenum, and extrinsic stimulation from the vagus nerve
[23, 26-26]. Pyloric ring opening dysfunction can lead to inability
to empty food, which causes distention of the distal stomach.
However, cholescintography on day 14 revealed normal pyloric
ring closure in over 90% of PPPD patients, yet over 40%, of PPPD
patients experienced SGE-based oDGE, indicating a DGE
mechanism that cannot be attributed to pylorus function.

The literature reports early post-PPPD abnormal function of
the distal stomach, which recovers 6 months postoperatively [5, 6],
but literature reports of recovery of distal stomach function are
based on the absence of SDGE. The present study likewise finds no
sDGE at 6 months, but it does find radiological emptying curve
data indicating zero distal stomach emptying function in PPPD at
6 months. Thus, the early post-PPPD distal emptying function
seems a “dying” function of the residual distal stomach. Parti et al.
also reported 3 of 10 PPPD patients with abnormal SGE emptying
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curves 1-45 months after PPPD. This type of emptying curve is
abnormally fast, indicates dysfunctional distal stomach emptying,
and leads easily to our observation of complete loss of residual
distal stomach emptying function at 6 months post-PPPD [27].

The commonly reported higher incidence of sDGE in PPPD
relative to CPD has been among the primary rationales for con-
tinued preference of CPD over PPPD [6, 8]. Our study strongly
contradicts the traditional data by showing a greater than 80%
incidence of o0DGE both post-PPPD and post-CPD on postop-
erative day 14. Further, we find a 33% incidence of persistent
oDGE in CPD at 6 months, although this persistent 0DGE is
“silent”; i.e., the patient does not experience it subjectively. By
conventional clinical practice, silent 0 DGE goes unnoticed and is
treated as though it has no significant medical implications.
However, this previously unsuspected silent oDGE may be a
contributing factor to the well-known CPD complications of
marginal ulceration and bleeding.

Although data are scant, the incidence of systemic sepsis seems
higher in long-term follow-up of CPD and suggests that special
attention be given the ~33% persistent oDGE in our CPD group.
Silent o0DGE might also correlate with incidence of respiratory
infection from continued regurgitation of stomach contents. This
condition is similar to the pulmonary aspiration in gastroesoph-
ageal reflux disease [28]. Therefore, it becomes necessary to
consider the actual physiological effects of oDGE in general.

The mechanisms responsible for DGE are multi-factorial and
have not been explained in this study. However, subjective and
objective testing of DGE can give different results, which in turn
can lead to different theoretical interpretations of DGE and
optimal clinical management. We suggest that compromise or loss
of mechanoreceptors produces low patient experience of o0DGE,
and that the total removal of distal stomach mechanoreceptors in
CPD is the primary reason for the low DGE rates reported for
CPD. In agreement with the general literature, the sDGE rate is
low post-CPD and moderate post-PPPD, but we also observe
higher oDGE rates (over 80%) in our CPD patients. The presence
of this “silent” oDGE, whereby the physiological condition is
present but the patient cannot sense it, is clearly an advantage
post-CPD for minimizing hospital costs and time factors, but the
question of whether silent oDGE is physiologically harmless re-
mains unanswered. We suspect a higher rate of delayed mor-
bidities, especially with the 33% silent oDGE in our CPD group at
6 months. Additionally, we have observed by LGE 14-day proxi-
mal stomach dysfunction both post-PPPD patients and post-CPD
patients, as well as total loss of residual distal stomach emptying
function in PPPD patients at 6 months. We have also shown that
pyloric closure seems in general competent and so cannot be
viewed as a primary contributor to the DGE mechanism. Our
observation of a high rate of oDGE in CPD has been reported
elsewhere. Sadowski et al. reported both high sDGE and oDGE
in CPD [9], but they performed only antrectomy, while our pro-
cedure involved subtotal gastrectomy. As a result their CPD pa-
tients had greater numbers of the mechanoreceptors required for
sDGE symptoms, making direct comparison of their data with
ours difficult. It is hoped that further work will clarify these issues.
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The most common complication after the Whipple procedure is
delayed gastric emptying (DGE). Like other major maladies in
surgery, the concept of DGE is fraught with difficulty in com-
paring studies—primarily the lack of a standardized definition
and, just as important, the immense variables of reconstruction
throughout the world. The authors from Taiwan should be com-
mended for their compulsive method for examining DGE. All
centers that perform this operation experience DGE; some write
about it, and even fewer centers study DGE to help provide an
understanding of this phenomenon that occurs after any variety of
Whipple operation.

The Taiwan study, “Reconsideration of Delayed Gastric
Emptying in Pancreaticoduoden ectomy,” begins by examining
the surgeon’s own rate of DGE, defined on the basis of subjective
input from the patient: i.e., need for an NG tube for > 10 days
(sometimes noted as DGE 10 in the literature). Their results are
based on a single high-volume surgeon performing 26 cases/year
over an almost 6-year period. The patient entry criteria for their
study were not outlined. Unfortunately, perhaps because of pa-
tient preference, only 35% of eligible patients entered this
study—21 patients after pylorus preserving pancreaticoduoden-
ectomy (PPPD) and 33 after the classic Whipple (called “CPD” in
the paper). Subjective DGE 10 was noted in 42% of patients after
PPPD and in 15% after CPD. The author cite an average reported
DGE rate of 25%-40% after PPPD and 6%-23% after CPD.
Recently we reviewed 2730 cases reported in 16 articles between
1997 and 2003 and found a mean incidence of DGE 10 of 13.9%
[1]. Two reports in 2004 illustrate low DGE rates after PPPD. Our
own single-surgeon experience (34 cases/year) over a period
similar to that the literature review yielded a DGE 10 rate of 9.5%
(90% with PPPD) [1]. The other 2004 report showed a DGE of
12% after PPPD and 21% after CPD [2].

The high rate of DGE after PPPD may be related in part to a
technique that externally diverts pancreatic juice. The similarity in
the above-cited 2004 studies with low DGE rates may lie in the
reconstruction during PPPD, a step that avoids externalizing
pancreatic juice and antecolic duodenojejunostomy.

Support for this concept comes from Japan Investigators in
Nagoya. They have shown that if the pancreatic remnant does not
produce much juice, as might occur with the exocrine atrophy of
main pancreatic duct obstruction, then gastric volume markedly
increases in the immediate postoperative period [3]. This is not a
good time to have increased gastric volume, i.e., when the gut is
seeking to coordinate motility between two newly introduced
players, the stump of the preserved duodenum and the tempo-
rarily non-receptive jejunum. If gastric juice increases as the gut
content of pancreatic enzymes decreases, then perhaps external
diversion of pancreatic juice could be the reason for the higher
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incidence of DGE. Could this be why this Taiwan study and the
study by Jiminez et al. [4] found DGE rates after PPPD of 42%
and 33%, respectively? These centers employ a temporary exter-
nal diversion of pancreatic juice using a tube through the pan-
creatic anastomosis.

The objective findings of gastric scintigraphy are notable but
not surprising. PPPD and CPD result, in gastric emptying rates
that are different from those observed in normal controls. The 14-
day data should be interpreted with caution; there is a wide var-
iation in Tp,.x and Ty, results and the number of cases in the sub-
groups is small. Because no patients had complaints 6 months
postoperatively the objective finding of “silent” depressed gastric
emptying 6 months after CPD is interesting: 37% of patients had
abnormal emptying of liquids, whereas 30% showed abnormal
emptying of solids. What does this mean clinically? This study re-
introduces the concept of “silent” clinically occult abnormalities
after major reconstructions of the upper gastrointestinal tract.
These objective findings underscore the need for establishing
clinical benchmarks using long-term follow-up, particularly mar-
ginal ulceration, weight maintenance, and other consequences of
exocrine insufficiency. Recent efforts to collect international data
via a secure Web site may provide a means of overcoming the
small case numbers in single-institution or single-country studies.

The Taiwan report is timely in this era, when pancreatic head
resection is commonly performed for chronic pancreatitis and
patients are living longer after head resection for pancreatic
cancer. As a pancreatophile may remind us, the pancreas should
not be forgotten while observing postoperative gut dysfunction.
Short-term problems with gut motility are complex and may be
due to pancreatic juice diversion. Long-term sequelae may be due
to inadequate residual exocrine function, inadequate replacement
of exocrine enzymes, stricture of the pancreatic anastomosis, or
routing the juice to an acid environment of the stomach. Only the
clinical benchmarks can guide us.
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