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Objective

To test the hypothesis that early and low doses of erythromy-
cin reduce the incidence of early delayed gastric emptying
(DGE) and induce phase 3 of the migratory motor complex in
the stomach after Billroth | pylorus-preserving pancreati-
coduodenectomy (PPPD).

Summary Background Data

Delayed gastric emptying is a leading cause of complications
after PPPD, occurring in up to 50% of patients. High doses of
erythromycin (200 mg) accelerate gastric emptying after pan-
creaticoduodenectomy and reduce the incidence of DGE,
although they induce strong contractions that do not migrate
to the duodenum.

Methods

Thirty-one patients were randomly assigned to either the
erythromycin or control groups. The patients received erythro-
mycin lactobionate (1 mg/kg) every 8 hours, or H,-receptor
antagonists and gastrokinetic drugs from days 1 to 14 after
surgery. On postoperative day 30, gastroduodenal motility
was recorded in 14 patients.

Results

Preoperative, intraoperative, and postoperative factors were
comparable in the erythromycin and control groups. The
erythromycin group had a shorter duration of nasogastric
drainage, earlier resumption of eating, and a 75% reduction in
the incidence of DGE. Erythromycin was an independent influ-
ence on nasogastric tube removal, and preservation of the
right gastric vessels was a significant covariate. Low doses of
erythromycin induced phase 3 of the migratory motor com-
plex and phase 3-like activity, with the same characteristics
as spontaneous phase 3, in 86% of patients: two had quies-
cent stomachs and the others had spontaneous phase 3 or
phase 3-like activity.

Conclusions

Low doses of erythromycin reduced the incidence of DGE by
75% and induced phase 3 of the migratory motor complex
after Billroth | PPPD. Low doses of erythromycin are prefera-
ble to high doses in the unfed period after PPPD.

Pylorus-preserving pancreaticoduodenectomy (PPPMancreas and periampullary regiblelayed gastric emp-
has become accepted as a safe, appropriate operationtying (DGE) is a leading cause of complications after PPPD,
selected patients with malignant and benign disease of thgcurring in up to 50% of patienfs’® The pathogenesis of
DGE is thought to be gastric atony in response to resection
of the duodenal pacemaKeor reduction in circulating
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bG;thTg;fé‘;eﬁ:t%;;;r:‘.'ty of Medicine, 3-39-15 Showa-Machi, Mae'rolio!g compounds act as motilin agonists by binding to
E-mail: sohwada@med.gunma-u.ac.jp motilin receptors and initiating phase 3 activity of the in-

terdigestive migratory motor complex (MMEY. A pro-
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Table 1. PATIENT CHARACTERISTICS AND PREOPERATIVE FACTORS

Erythromycin (n = 14) Control (n = 17) P Value
Age (yrs) 59 *+ 3.6 (29-75) 62 = 3.5 (42-76)
Sex .04
Male 4 (28.6%) 12 (70.6%)
Female 10 (71.4%) 5(29.4%)
Preoperative factors
Prior abdominal surgery
Absent 0 0 NS
Diabetes NS
Normal 12 15
Oral hypoglycemic agents 2 1
Insulin 0 1

spective, randomized, placebo-controlled, double-blinddomly assigned to either the erythromycin or the control
study showed that erythromycin significantly accelerategroup. The patients ranged in age from 29 to 76 years; the
gastric emptying after pancreaticoduodenectomy and remean age was 58 3.6 years in the erythromycin group and
duces the incidence of DGEIn this study, patients were 62 + 3.5 years (range 42—76) in the control group. Fifteen
given high doses (200 mg) of erythromycin every 6 hourspatients were women (55%) and 16 were men (45%). There
from days 3 to 10 after surgery. Studies in unfed normawere more women and fewer men in the erythromycin
patients have shown that high doses of erythromycin (200group compared with the control group. Preoperative fac-
300 mg) induce strong, prolonged bursts of antral contractors associated with gastric emptying problems were com-
tion, which are not propagated to the small bowélow  parable between the two groups (Table 1). Indications for
doses of erythromycin (40 mg) induce a premature phase PPD were periampullary tumor ¢a 14), bile duct carci-
commencing in the stomach and migrating through thenoma (n= 8), pancreatic duct carcinoma £n4), duodenal
small intestine; this has the same characteristics as spontatmor (n = 2), and chronic pancreatitis (& 3). Disease
neously occurring phase®3This suggests that low doses of was malignant in 28 patients and benign in 3. No significant
erythromycin are preferable to high doses once eating redifferences were observed between the two groups (Table
commences after surgery. The effect of low doses of eryth2). Three patients in the control group were excluded from
romycin on patients after pancreaticoduodenectomy is unfurther analysis because they developed pancreatic anasto-
known. This study tested the hypothesis that early and lownotic leakage, which is one of the pathogenic factors of
doses of erythromycin reduce the incidence of early DGEDGE ° Appropriate written informed consent was obtained
and induce phase 3 in the stomach after PPPD. from each patient.

PATIENTS AND METHODS Surgical Procedures

From April 1997 to March 2000, 31 patients underwent Extended dissection of the regional, hepatoduodenal, and
PPPD with a Billroth I-like reconstruction and were ran- paraaortic lymph nodes and surrounding connective and

Table 2. INDICATIONS FOR PYLORUS-PRESERVING PANCREATICODUODENCTOMY

Indications Erythromycin Control P Value

Carcinoma of the head of the pancreas 1(7.1%) 3(21.4%) NS
Carcinoma of the common bile duct 4 (28.6%) 4 (28.6%) NS
Ampullary tumor 6 (42.9%) 5 (3)* (85.7%) NS

Malignant 5 4

Benign 1 1
Duodenal tumor 2 (15.4%) 0 NS

Malignant 1

Benign 1
Chronic pancreatitis 1(7.1%) 2 (14.3%) NS
Total 14 14 (3)

* Patients had pancreatic anastomotic leakage and were excluded from further study.
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Table 3. SURGICAL FACTORS

Erythromycin (n = 14) Control (n = 14) P Value
Lymph node dissection NS
No 1(7.1%) 1(7.1%)
Standard 2 (14.3%) 1(7.1%)
Radical 10 (71.4%) 12 (85.7%)
Right gastric vessels NS
Conserved 11 (84.6%) 12 (85.7%)
Dissected 3 (23.1%) 2 (14.3%)
Vagal pyloric branch NS
Conserved 1(7.1%) 1(7.1%)
Dissected 13 (92.9%) 13 (92.9%)
Length of conserved duodenum (cm) 3.6 0.8 3.7 0.8 NS
Operative time and blood loss
Mean operative time (min) 477 =17 480 = 30 NS
Mean blood loss (mL) 1,247 = 199 1,310 = 220 NS

nerve tissues was performed for patients with malignantlays, emesis after nasogastric tube removal, reinsertion of
tumor; in the standard dissection, dissection of the paraaonrasogastric tube, postoperative use of prokinetic agents
tic lymph nodes and surrounding connective and nerveafter postoperative day 10, or failure to progress with diet.
tissues was omitted. The right gastric vessels were skele-
tonized and conserved, which resulted in dissection of thill . .
vagal pyloric branch. Pylorus-preserving pancreaticoduode- anometric Recording
nectomy was performed as pancreas head resection with After a 16-hour fast, a catheter containing three micro-
pylorus-preserving duodenectomy. We made a Billroth I-transducers was transnasally introduced into the stomach
type reconstruction, which has a normal anatomic arrangeand connected to a Microdigitrapper portable data-logger
ment. This entailed duodenoduodenostomy or duodenojejySynectics Medical, Stockholm, Sweden). The use ¢f H
nostomy followed by pancreaticojejunostomy and biliary receptor antagonists and gastrokinetic drugs was avoided
anastomosis: Stent tubes were placed in both the biliary for 1 day before recording. Erythromycin lactobionate (1
and pancreatic anastomoses and brought out through a herg/kg) in 50 mL of 0.9% saline was intravenously infused
paticojejunostomy, the liver, and skin. A tube gastrostomyover 15 minutes at 1@m. Motility was analyzed using a
was not created in any patient. computer with manual aid, and the frequency, duration,
amplitude, and motor index of phase 3 were evaluated.

Erythromycin

In the erythromycin group, intravenous administration of Statistical Analysis
erythromycin lactobionate (1 mg/kg) in 50 mL of 0.9%  pata are presented as the mearstandard error of the
saline, given over 15 minutes through a central venous routg,ean. Statistical analysis was performed using the program
every 8 hours, started on postoperative day 1 and continuegkatview J-5.0 (Abacus Concepts, Inc, Berkeley, CA). The
to postoperative day 14.Heceptor antagonists and meto- cpi-square, Fisher exact, and Mann-Whitney tests were used
clopramide hydrochloride as a gastrokinetic drug Wereor clinical data. A parametric Studebtest was used for
avoided in the erythromycin group but were used in thepaired gastric motility data. The Kaplan-Meier method was

control group. used to estimate nasogastric tube removal day, and the
Breslow-Gehan and log-rank tests were used to determine
Data Collection statistical significance. A Cox proportional hazard model

) ) was used to assess the risk ratio under simultaneous contri-
Cephamycins or cepharosporins were used prophylactyyiions from several covariateB. < .05 was considered
cally for 3 consecutive days before and after surgery. 'ntra?statistically significant.

venous hyperalimentation was administered after surgery

until the patients could eat satisfactorily. The nasogastric

tube was removed when the daily drainage volume was leSBESULTS

than 200 mL on 2 consecutive dgys. An oral diet WaSp tient Characteristics

resumed 2 or 3 days after nasogastric tube removal. Delayed

gastric emptying was defined according to the criteria of The right gastric artery was skeletonized and preserved in
Yeo et af as a nasogastric tube left in place for 10 or more85% of patients. The vagal pyloric branch was conserved in
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Table 4. CLINICAL MEASURES OF DELAYED GASTRIC EMPTYING

Erythromycin (n = 14) Control (n = 14) P Value

NG tube days (POD) 49+ 0.5 124 +1.9 .001
NG removal within 3 PODs 7 (50.0%) 0 .008
NG left in place for 10 or more days 1(7.1%) 8 (57.1%) .002
Emesis after NG tube removal 1(7.1%) 0 NS
Reinsertion of NG tube 1(7.1%) 1(7.1%) NS
NG tube output >500 mL/day (days) 05=*02 7524 .002
NG tube output at POD1-4 1,011 = 194 1,683 = 266 .09

DGE 2 (14.3%) 8 (57.1%) .04

Progress to diet (POD) 7.5+0.8 147 £ 22 .003

NG, nasogastric; DGE, delayed gastric emptying; POD, postoperative day.

one patient in each group. Intraoperative factors were coma Cox proportional hazard model showed that administra-
parable in the erythromycin and control groups (Table 3)tion of erythromycin exerted an independent influerfee=(
Three patients in the control group developed pancreatidd11) on tube removal. Length of the preserved duodenum
anastomotic leakage and their nasogastric tube drainage wég = .44), preservation of the right gastric arteB/€ .16),
postoperative day 13, 13, and 36. There were no othepreservation of the vagal pyloric brancP & .16), the
complications in either group, including bilioenteric anas-presence of diabeteR (= .64), and ageR = .72) were not
tomotic leakage, wound infection, cholangitis, or uppersignificant covariates. However, a stepwise multiple regres-
gastrointestinal bleeding. There were no postoperativsion analysis using a Cox proportional hazard model indi-
deaths in the hospital or within 30 days of discharge. cated that erythromycin administration and preservation of
the right gastric artery were significant covariates (relative
risk, 6.3-fold [P < .001] and 4-fold P = .019], respec-
tively) (Table 5). Groups of patients with different combi-
Patients receiving erythromycin had a shorter duration ohations of erythromycin and preservation of the right gastric
nasogastric tube drainage (postoperative day4®@.5 vs.  artery showed relevant differences in tube removal. Patients
12.4+ 1.9), and in 50% of the patients the nasogastric tubavho did not receive erythromycin and who underwent right
was removed by postoperative day 3 (Table 4). In contrasgastric artery dissection had the longest period before tube
the nasogastric tube was left in place for 10 or more days ifiemoval P < .001) (Fig. 2)
more patients in the control group (one vs. eight). Patients
receiving erythromycin resumed eating earlier (postoperaGastric Motility Index
tive day 7.5+ 0.8 vs. 14.7+ 2.2). The number of days with
high-volume 500 mL) nasogastric tube drainage was
significantly less in the erythromycin group, although total
drainage over 4 postoperative days was not significant
(1,011= 194 vs. 1,583+ 266 mL). The number of patients 0
who had a nasogastric tube reinserted and had emesis after 100 {
nasogastric tube removal was similar in both groups. The
incidence of DGE was 14.3% in the erythromycin group and
57.1% in the control groupR = .04), indicating a 75% ; p=0.004
reduction in the incidence of DGE with erythromycin 50 =
administration.

Clinical Gastric Emptying

Gastrointestinal motility was recorded in 14 patients
(erythromycin group, 13; control group, 1) on day 30 after

—— Erythromycin

Control

Nasogastric Tube Removal and its
Prognostic Factors

. . - . 0 10 20 30 Day
Univariate analysis revealed significantly earlier nasogas-

tric tube removal with erythromycin administration Figure 1. Nasogastric tube removal probability according to the

(Breslow-Gehan tesP = .002: Iog-rank testP = 004) Kaplan-Meier method. Univariate analysis revealed a significantly earlier

. . . - nasogastric tube removal day for erythromycin administration (Breslow-
F T 0
(Fig. 1). Tube removal in 50% of patients was Slgmflcantlyeehan test, P = .002; log-rank test, P = .004). Nasogastric tube re-

earlier in the erythromycin group th'an !n the Contr()l 9roUPmoval for 50% of patients was significantly earlier in the erythromycin
(4.0 = 0.8 vs. 12.0+ 4.7 days). Multivariate analysis using group than in the control group (4.0 + 0.8 vs. 12.0 = 4.7 days).
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Table 5. SIGNIFICANT COVARIATES FOR GASTRIC TUBE REMOVAL

Variables Coefficient 95% Confidence Interval Relative Risk P Value
Erythromycin administration 0.16 0.06-0.43 6.25 .0003
Right gastric artery preservation 0.247 0.08-0.83 4.04 .0196

surgery. Gastric motility was completely quiescent in 4 ofangialgia, and diarrhea, the major adverse effects of eryth-
the 14 (28.6%). Spontaneous phase 3-like contractiongpmycin, were not seen.

which did not migrate to the duodenum, were observed in

three patients (21.4%), and spontaneous phase 3 activity of

the MMC was seen in seven patients (50%). ErythromycirDISCUSSION

induced phase 3-like contractions and phase 3 of the MMC ) .

in one of the four patients with a quiescent stomach and The pathogenesis of DGE after pancreaticoduodenec-
phase 3 in one and phase 3-like activity in two of the thredomy or PPPD is thought to involve factors such as perito-
patients with spontaneous phase 3-like contractions. Fupitis from anastomotic leaks, ischemia of the antropyloric
ther, erythromycin induced phase 3 in all patients withMuscles,” gastric atony in response to resection of the
spontaneous phase 3 contractions (Table 6). Low-dos@uodenal pacgmakérand_ reduction in circulating motilin
erythromycin induced phase 3 of the MMC in 64.3% of Ievelsf’ Univariate analysis of DGE after PPPD showed that
patients and phase 3-like contractions in 21.4%. The injec€Stablishment of a gastrostomy, the length of the preserved
tion of erythromycin significantly increased the frequencyduodenum, gastric juice output, duration of gastric tube
(2.8 = 0.4/min) of phase 3 compared with the patients withPlacement, and administration of cisapride were significant
spontaneous contractions (146 0.3/min). In contrast, the Covariates. Therefore, to simplify the pathogenesis of DGE
mean amplitude (106 25 vs. 115+ 38 mm Hg), mean and the influence of erythromycin on DGE after Billroth 1
duration (6.3+ 0.3 vs. 6.2+ 0.5 seconds), mean area PPPD, pancreatic anastomotic leakage was excluded from
(305 + 97 vs. 436+ 181 mm Hg sec), and gastric motility the analysis and no gastrostomy was created. In this series,
index (6.7 = 0.1 vs. 7.3= 0.4 [mm Hg sec]/min) were Patients receiving erythromycin had a shorter duration of

similar in the spontaneous and erythromycin-induced phasBasogastric drainage, earlier resumption of eating, and a
3 (Table 7). 75% reduction in the incidence of DGE (14.3 vs. 57.1). This

reduction in the incidence of DGE was much better than the
53% reduction that Yeo et%ieported. The difference may
Adverse Effects be due to differences in dosage and the date on which

Abdominal pain and cramping were seen in one patient irfffythromycin was commenced. They used a higher dose of

the erythromycin group. However, nausea and vomiting€rythromycin (200 mg) on days 3 to 10 after surgery; we
gave low doses (1 mg/kg) from days 1 to 14 after surgery.

Higher doses of erythromycin (200—300 mg) induce strong

o contractions, which are not propagated, whereas a lower
dose of erythromycin (40 mg) induces a premature phase 3

100 —y e EM(-),RGA()  that migrates through the small intestihe.
------ EM(-), RGA(+) Erythromycin hastened the nasogastric tube removal day

— EM(+),RGA(-)  On univariate analysis and was an independent influence on
: — EM(+), RGA(+)  hasogastric tube removal in the multivariate analysis using
50 p <0.0001 a Cox proportional hazard model. In addition, in a stepwise

i multiple regression analysis using a Cox proportional haz-
. ard model, erythromycin and preservation of the right gas-
—LL‘ tric artery were significant covariates. The relative risk was

6.3-fold for erythromycin and 4-fold for preservation of the

; right gastric artery. Groups of patients with different com-

0 10 20 30 Day blnat!ons of erythromycin and preservgnon of the. right
gastric artery had relevant differences in nasogastric tube

Figure 2. Nasogastric tube removal probability in various subgroups removal. Tube removal was delayed the longest in patients

with different combinations. Patients who did not receive erythromycin who did not receive erythromycin and who underwent riaht

(EM (-)) and underwent right gastric artery dissection (RGA (-)) had the tri t di t'er < y001 Right tri t 9

greatest number of days until nasogastric tube removal (P < .001). EM gastric artery dissec _IO, ( ) ) ight gas r!c artery

(+), erythromycin administration; RGA (+), preservation of right gastric removal was a precﬂctlve faCtO_r fF)r the gﬁectlveness of

artery. erythromycm. Chronic mesenteric ischemia causes revers-
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Table 6. SPONTANEOUS AND ERYTHROMYCIN-INDUCED PHASE 3-LIKE AND PHASE 3

No Treatment Quiescent Erythromycin Phase 3-like Phase 3
Phase 3 7 (50%) 0 0 7
Phase 3-like 3(21.4%) 0 2 1
Quiescent 4 (28.6%) 2 1 1

14.3% 21.4% 64.3%

ible gastroparesis and gastric dysrhythrmasschemia of  through the small intestine with the same characteristics as
the antropyloric muscles resulting from right gastric arterya spontaneously occurring phase 3 in a normal unfed stom-
dissection may result in gastric dysrhythmias and influencach? Low-dose erythromycin (1 mg/kg) induced phase 3 in
the effects of erythromycin. In this study, the mean length otwo patients who had a quiescent stomach and phase 3
the preserved duodenum was 3.6 cm, and it did not influactivity of the MMC in other patients with spontaneous
ence DGE or erythromycin. Preservation of the vagal pylophase 3 after Billroth | PPPD, as well as in unfed normal
ric branch had no major affect on DGE in this series, as irpatients. The phase 3 induced by low-dose erythromycin
a previous report? was similar to the spontaneous phase 3 in amplitude, dura-
Abnormal motility in the antrum, called tachygastria andtion, area, and gastric motility index. These characteristics
dysrhythmia, plays a part in the pathogenesis of DGE aftewere no different from those of the spontaneous contrac-
PPPD. Electrogastrography showed tachygastria 2 weeks tns of phase 3 and erythromycin-induced phase 3 in
1 month after Billroth | PPPD? and monometric studies healthy subjects$® However, the erythromycin-induced
showed a few irregular contractions with no cyclic patternphase 3 had a higher frequency than the spontaneous phase
on postoperative day 18.In this series, gastric motility was 3 after Billroth | PPPD. Low-dose erythromycin induced
still quiescent in 4 of the 14 patients (29%), but no patientphase 3 of the MMC in 64.3% of patients and phase 3-like
showed abnormal motility on postoperative day 30. Theactivity in 21.4%. The erythromycin-induced phase 3 activ-
other 71% of patients already had phase 3-like or phase By of the MMC may act as a “housekeepr'and drasti-
activity of the MMC in the stomach. Matsunaga et®al cally reduce the incidence of DGE after PPPD. High doses
reported that the return of phase 3 activity in the gastricof erythromycin may induce strong, prolonged bursts of
MMC was not observed within 3 weeks after PPPD; theantral contraction that do not migrate after Billroth | PPPD
earliest recovery was noticed on postoperative day 32 ands in unfed normal patients.
the latest on day 54. In our study, phase 3 of the MMC Itis well known that in dogs and humans, the initiation of
appeared earlier than their mean first appearance af 21 interdigestive phase 3 contractions in the stomach and du-
days. This is probably explained by differences in the methodenum is closely related to elevation of the plasma motilin
odology used to study motility. We did not create a gas-concentratiort®° Erythromycin acts as a motilin agonist
trostomy and placed the catheter transnasally. In contrasby binding to motilin receptors, which are largely confined
they established a gastrostomy and used that route to insett the antrum and upper duodenéfrand initiates phase 3
the manometric catheter into the stomach. The gastrostomctivity of the gastric MMC®” Ischemia of the antropyloric
might be a cause of DGE and the delay of the first appeamuscles and the length of the preserved duodenum are
ance of phase 3. associated with the functional volume of motilin receptors.
Low-dose erythromycin (40 mg) induces a prematureThese factors would be covariates with the effects of eryth-
phase 3 that commences in the stomach and migratesmycin on the stomach after Billroth | PPPD. We did not

Table 7. MOTILITY INDEX OF PHASE 3 OF MMC

Phase 3 of MMC

Motor Index Spontaneous Erythromycin-induced P Value
Frequency (per minute) 1.6+03 28 +0.4 .01
Mean amplitude (mm Hg) 106 = 25 115 + 38 .81
Mean duration (sec) 6.3 +0.3 6.2 +05 .93
Mean area (mm Hg sec) 305 + 97 436 + 181 49
Motor index ([mm Hg sec]/min) 6.7 = 0.1 7.3*+0.4 .26

MMC, interdigestive migratory motor complex.
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measure the serum motilin level and could not confirm any 8.
association between its level, the initiation of phase 3 of the
MMC, preservation of the right gastric artery, and the length
of the preserved duodenum after Billroth | PPPD. Preser-
vation of the right gastric artery alone, however, was deter-

mined as a covariate in a multivariate analysis using a Coxp.

proportional hazard model.

Our injection dosage was much smaller than that of Yeo
et al® and the rate of adverse effects was much lower than
in their study. Abdominal pain and cramping were seen int
just one patient in the erythromycin group. Nausea and
vomiting, angialgia, and diarrhea, the major adverse effects

of erythromycin, were not seen. Our study determined thaiy.

a low dose of erythromycin was preferable to a high dose
after the unfed period after patients undergoing Billroth |
PPPD.
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