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Abstract

Background—Controversy remains regarding the role of pyloric drainage procedures following

esophagectomy with gastric conduit reconstruction. We aimed to compare the effect of pyloric

drainage strategies upon subsequent risk of complications suggestive of conduit distention,

including aspiration and anastomotic leak.

Methods—A retrospective study was conducted reviewing patients undergoing esophagectomy

between 1/2007 – 4/2012. Prospectively collected data included baseline comorbidities, operative

details, hospital course, and complications. Statistical comparisons were performed using ANOVA

for continuous variables and X2 testing for categorical variables.

Results—There were 361 esophagectomies performed during the study period, 68 were excluded

from analysis (for prior esophagogastric surgery and/or benign disease). Among 293

esophagectomies included, emptying procedures were performed as follows: 44 (15%) no

drainage procedure, 197 (67%) pyloromyotomy/pyloroplasty, 8 (3%) dilation alone, 44 (15%)

dilation + onabotulinumtoxinA. Aspiration occurred more frequently when no pyloric intervention

was performed (5/44 [11.4%] versus 6/249 [2.4%], P = 0.030). The incidence of anastomotic leak

(18 [6.1%]) and gastric outlet obstruction (5 [1.7%]) were statistically similar among groups.

Subgroup analysis demonstrated persistence of these findings when limiting the comparison to

transthoracic esophagectomies. Major complications directly related to pyloroplasty/

pyloromyotomy occurred in 2 (0.6%) patients, including 1 (0.3%) mortality.

Conclusions—These data suggest that omission of pyloric intervention at the index operation

results in more frequent aspiration events. The combination of dilation plus onabotulinumtoxinA

provided for a similar complication profile compared to surgical drainage. Future prospective
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comparisons are needed to evaluate these short-term effects of pyloric intervention as well as

long-term sequelae such as dumping syndrome and bile reflux.
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Introduction

For patients with potentially curable disease, surgical resection plays a significant role in the

treatment of esophageal cancer. While several technical approaches exist for performing

esophagectomy, all are associated with significant morbidity and mortality, in the ranges of

50-60% and 5-18%, respectively.1,2 Regardless of the surgical approach, pull-up with

gastric conduit remains the most common reconstruction. While vagal-sparing

esophagectomy has been described for patients with benign disease or early-staged

malignancy,3-5 this technique is not ideal for locally advanced cancers. For most patients,

bilateral vagotomies are inherent in the conduction of the operation, rendering these

individuals susceptible to problems related to impaired gastric emptying and contributing to

the burden of postoperative morbidity attributed to esophagectomy with gastric conduit

reconstruction.

The association of bilateral vagotomy with delayed gastric emptying and gastric outlet

obstruction originates from early publications documenting the physiologic effects of

vagotomies performed in the surgical treatment of peptic ulcer disease.6 Significantly

delayed gastric emptying is generally believed to occur in approximately 15% of patients

who undergo esophagectomy with gastric pull-up, with reports of this problem ranging from

4 to 50%.7-13 Delayed gastric emptying after esophagectomy has been associated with

increased aspiration, prolonged hospital stay, and decreased patient satisfaction.14,15

Proponents of pyloric drainage argue that procedures such as pyloroplasty or

pyloromyotomy can prevent gastric outlet obstruction, thereby lowering the risk of

aspiration events, with resultant decrease in postoperative morbidity and mortality.12

However, while two large meta-analyses supported pyloric drainage on the basis of

decreased gastric outlet obstruction and improved gastric emptying, overall complication

rates and operative mortality were unaffected by pyloric drainage.13,16,17 Further, increasing

reports of minimally invasive esophagectomies have shown that, when conducted by

experienced surgeons, these procedures have comparable outcomes to open procedures,

despite rare inclusion of pyloric drainage.16,18,19

As potential downfalls of pyloromyotomy/pyloroplasty have been weighed against the

proposed benefits of improved gastric drainage, additional tools for improving pyloric

drainage have entered the thoracic surgeon’s armamentarium. A number of authors have

suggested that endoscopic balloon dilatation and botulinum toxin may effectively reduce

gastric outlet obstruction and, further, may allow avoidance of risks specifically inherent to

pyloroplasty/pyloromyotomy.9,12,15,20-23
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In our institution, several methods of addressing pyloric drainage have been employed,

including omission of pyloric drainage in a portion of patients. In this study, we sought to

assess the impact of current pyloric drainage techniques upon subsequent risk of aspiration

and anastomotic leak. Further, we aimed to compare outcomes among these techniques, with

the ultimate goal of identifying an optimal management strategy with regard to the issue of

pyloric drainage at the time of esophagectomy. In particular, with recent increase in our use

of botulinum and its anecdotally favorable complication profile, we sought to specifically

demonstrate non-inferiority of botulinum versus surgical drainage with regard to potential

complications related to delayed gastric emptying.

Patients and Methods

Following Institutional Review Board approval, a retrospective review was conducted of

prospectively gathered data for all patients who underwent esophagectomy at a single

institution between January 2007 and April 2012. Patients were excluded if

esophagectomies were performed for benign disease or if they had undergone previous

esophagogastric surgery. Data were retrieved from the Society of Thoracic Surgeons

database maintained by the surgical division and supplemented with clinical information

from patient medical records and the Social Security Death Index.

Patients underwent various pyloric drainage procedures according to surgeon preference.

Pyloromyotomy and pyloroplasty were performed in adherence to routine operative

technique. Manual pyloric dilatation, when used in isolation, was applied by digitally

stretching the pylorus and everting it between the thumb and forefinger.

OnabotulinumtoxinA (Botox; Allergan, Inc., Irvine, CA) was injected as 200 mg in 8 mL,

delivered in equal parts circumferentially into the pylorus, and accompanied by either digital

pyloric dilation or endoscopic balloon dilation. Endoscopic dilatation, when employed in the

postoperative setting, was performed with fiberoptic esophagoscopy and using standard

manufactured esophagogastroduodenoscopy pneumatic balloons.

Aspiration was deemed to have occurred if it was witnessed at the bedside (vomiting or

regurgitation noted to precede coughing, gagging, and/or acute decompensation in

respiratory status) or evident on contrast esophagography. Pneumonia diagnosis was based

on strict criteria as defined by STS guidelines, as were all other postoperative outcome

definitions, when applicable.24 Anastomotic leakage was defined by presence of contrast

extravasation on esophagography or visualization of an anastomotic breakdown on

endoscopy. Presence of gastric outlet obstruction, delayed gastric emptying, and dumping

syndrome were based on patient reported symptoms upon follow-up. We did not routinely

perform radiographic studies to objectively assess the degree of delayed gastric emptying.

Clinical data were analyzed using SPSS (SPSS 21.0 for Windows; SPSS Inc., Chicago, IL).

Descriptive statistics were expressed as mean ± standard error, and comparisons were made

with paired, two-tailed t-tests and single-factor Analysis of Variance (ANOVA) tests for

means of normally distributed continuous variables. Categorical data were expressed as

counts and percentages, with Fisher’s exact test and chi-squared testing used to analyze

differences, with α=0.05 considered significant.
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Results

Patients

361 esophagectomies were performed during the study period, with 293 patients meeting

inclusion criteria. Mean age was 61.8 +/− 0.6 years, and 248 (84.6%) were male. For 44

(15.0%) patients, no pyloric intervention was performed at the index operation. Among the

remainder, pyloromyotomy was performed in 161 (54.9%), pyloroplasty in 36 (12.3%),

digital dilatation in 8 (2.7%), and botulinum toxin in 44 (15.0%). Pyloric drainage strategy

trends over time are shown in Fig 1. Demographics and comorbidities, as shown in Table 1,

were not significantly different among groups as stratified by pyloric drainage strategy.

Operative procedures

Esophagectomies were performed by 6 surgeons, with 164 (56.0%) transthoracic and 129

(44.0%) transhiatal approaches. Considerable variability in operative time was present

among all techniques (Table 2). Patients who underwent dilation with botulinum injection

had significantly longer operations than those individuals in the other groups. These were

predominantly Ivor Lewis esophagectomies, which, in general, took more time than

transhiatal esophagectomies. Operative time tended to vary most by surgeon, and did not

vary significantly by pyloric drainage strategy within same-surgeon groups. 289 (98.6%) of

the patients included in this study underwent gastric pull-up as the conduit used for

reconstruction, with a tubularized stomach (rather than whole stomach) employed in all 289

of these individuals. All tubularized stomachs were created with the goal of a 4-5 cm wide

conduit. There were no significant differences in type of conduit used, type of anastomosis

performed, ASA class, or need for intraoperative transfusion among the groups as defined

by pyloric drainage.

Postoperative course

The average lengths of ICU and overall hospital stay did not differ among groups, and are

shown in Table 2. There were 102 (34.8%) patients that returned to the operating room prior

to discharge; overall likelihood of returning to the OR was not dependent upon pyloric

drainage procedure (P = 0.278).

Delayed gastric emptying was documented for only 5 (1.7%) patients, and it did not differ

among pyloric drainage strategies. However, differences were seen among complications

potentially related to poor gastric emptying. Need for postoperative pyloric dilation during

the index hospitalization was significantly reduced by the inclusion of any pyloric drainage

technique during the esophagectomy (7 [15.9%] versus 8 [3.2%], P = 0.008). Likewise, risk

of aspiration was also reduced when any pyloric drainage strategy was employed (5 [11.4%]

versus 6 [2.4%], P = 0.030). When performing ANOVA to assess differences in these

outcomes among all pyloric drainage strategies, these findings persist (Table 3, Fig. 2).

Further, there were no significant differences seen when comparing complications of the

various pyloric drainage strategies compared head-to-head.

Of significant interest, early during the study period, two severe complications were

observed directly related to pyloric drainage procedures. In one patient who had undergone
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induction therapy followed by Ivor Lewis esophagectomy, during his pyloromyotomy, the

mucosa was inadvertently entered. The myotomy was converted to a pyloroplasty, and a

routine esophagram on post-operative day (POD) 7 demonstrated a leak from the site of the

pyloroplasty, which persisted, ultimately requiring stent placement across the pylorus on

POD 17 and further re-explorations. The patient’s post-operative course continued to be

complicated, and he ultimately succumbed on POD 68. In a second patient, who underwent

pyloromyotomy, re-exploration was required on POD 1 when bilious drainage was noted

from the midline abdominal incision. Operative findings included a pinpoint hole at the

pyloromyotomy. This patient was also converted to a pyloroplasty. Thus, major

complications directly related to pyloroplasty/pyloromyotomy occurred in 2 (0.6%) serious

complications, including 1 (0.3%) mortality.

Long-term outcomes

Late postoperative data were available for 272 (92.8%) from the 0 to 6 month time period,

157 (53.6%) from 6 to 12 months, and 140 (47.8%) past 12 months. Neither the inclusion of

a pyloric drainage procedure nor the specific type of drainage performed significantly

impacted the need for subsequent dilation of the pylorus during the follow-up period (Table

4). Likewise, the prevalence of symptoms of dumping syndrome and bile reflux at each time

point were similar among all groups, with no significant differences found in our analyses.

Comment

In this study, patients who did not receive pyloric drainage procedures at the time of

esophagectomy were prone to increased risk of aspiration during the postoperative period

and were more likely to need pyloric dilation prior to discharge from the hospital. We did

not demonstrate any clear benefit of one pyloric drainage strategy over others in prevention

of gastric outlet obstruction-related complications. However, of significant importance,

major complications directly related to pyloroplasty/pyloromyotomy occurred, including 1

(0.3%) mortality. Therefore, innovative strategies of providing pyloric drainage while

minimizing procedural risk are highly desirable, rendering options such as botulinum toxin

injection a potentially acceptable alternative.

Our study did not show any reduction in pneumonia, length of stay, or respiratory failure

following pyloric drainage procedures. These outcomes measures, while markers of gastric

emptying, all have multifactorial origins, and our study may have been underpowered to

demonstrate such differences. While there may be potential benefits from pyloric drainage,

the conundrum of balancing risk versus benefit remains. Proponents of pyloric drainage

have emphasized the low morbidity of the procedure.2 However, as seen here, significant

adverse events, although rare, may occur following pyloroplasty/pyloromyotomy.25 Zieren

and colleagues described 1 mortality and 1 severe stricture formation secondary to surgical

pyloric drainage, accounting for 3.8% of their study group.26

In addition to such infrequent, serious complications of pyloric drainage, less severe side

effects may occur with a greater prevalence. Patients undergoing pyloric drainage may make

a tradeoff, exchanging poor gastric motility for bile reflux and dumping syndrome.25,27,28
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Wang et al found patients with pyloroplasty to experience greater incidences of both of these

undesirable outcomes (Table 5).28

With such mixed results, the utility of pyloric drainage has been an area of particular interest

to esophageal surgeons. Meta-analyses performed by Urschel and Khan both suggested a

reduced rate of early postoperative gastric outlet obstruction among patients who underwent

pyloric drainage procedures; however, patients experienced no consequent improvement in

other related outcomes13,17 (Table 5). In 2013, another meta-analysis aimed to readdress the

issues, evaluating outcomes from studies performed within the last decade.11,22,29,30 Each of

the studies considered in this publication suggested that pyloric drainage was unnecessary

and could be omitted. Reasons for the shift in paradigm may be related to an evolution over

time with regard to the type of gastric conduit used, as it has been shown that use of whole

stomach pull-ups has a greater tendency toward gastric outlet obstruction and delayed

gastric emptying.31 Results of this review conflicted with those of the two aforementioned

meta-analyses, concluding that with the modern use of gastric tubes, pyloric drainage

strategies may be obsolete16 (Table 5).

New techniques, such as endoscopic balloon dilation and botulinum toxin injection have

been touted for a number of potential strengths. Analyzing results of 242 esophagectomies,

Lanuti failed to demonstrate any clinical benefits of pyloromyotomy over no drainage;

however, in this study, pyloric dilation proved successful in managing symptoms of gastric

outlet obstruction (Table 5).22 Similarly, Kim used balloon dilatation to successfully

ameliorate all 21 (8%) patients who sustained symptoms of delayed gastric emptying.9 More

recently, Lanuti evaluated 436 esophagectomy patients, among whom a portion underwent

pyloric dilation with controlled radial expansion balloon dilators, demonstrating a 95%

success rate.23

A number of practicing surgeons have begun injecting botulinum toxin into the pylorus,

achieving the early benefits of a gastric outlet procedure while avoiding potential

complications.15,21 Kent performed a pilot study of botulinum in association with minimally

invasive esophagectomy, demonstrating its utility in preventing delayed gastric emptying

and aspiration pneumonia.21 In a larger retrospective study, Cerfolio reports outcomes of

postoperative gastric emptying, aspiration, and swallowing symptoms, with findings

strongly suggesting beneficial outcomes of botulinum compared to other drainage strategies

(Table 5).20 Subsequently, Martin reported botulinum toxin to be an effective means of

avoiding delayed gastric emptying in 96% of patients.15

In this study, we describe the use of botulinum toxin injection as an alternative to

pyloroplasty and pyloromyotomy, which, in part, is attractive due to the decreased risk of

leak from the pylorus. Other strategies have been described in attempts to minimize risk of

pyloric disruption, such as the circular stapled pyloroplasty.32,33 While this technique has

been shown to reduce risks of leak as well as conduit shortening when compared to standard

pyloroplasty, there are further advantages that are unique to botulinum injection. Each of the

invasive surgical strategies for pyloric drainage, regardless of specific risk of perforation,

tends to have permanent effects. However, physiologic studies have suggested that foregut

function following esophagectomy improves with time, regardless of the anastomotic level
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or the inclusion of pyloric drainage procedures.16,34-36 Consequently, the transient nature of

the botulinum injection offers additional benefits that may not be attainable by simply

altering the technical approach to pyloroplasty.

We acknowledge that this study is subject to several limitations. These data were

retrospectively retrieved from a prospective database, rather than obtained via

randomization. Choice of gastric emptying strategy was decided by surgeon preference, and

there may some inherent selection bias in terms of the different practices and experiences of

the surgeons in the group. In addition, in considering need for pyloric dilation as an outcome

of interest, we recognize the lack of objective criteria in determining requirement for

intervention. Reasons for pyloric dilation included slow progression of contrast through the

pylorus on esophagography and/or symptoms of delayed gastric emptying. It is conceivable

that, for patients already undergoing endoscopy for alternative reasons, there may have been

a lower threshold to proceed with concurrent pyloric dilation. Additionally, we acknowledge

that our stringent definition of aspiration, requiring either a witnessed event or radiographic

evidence, has the potential to miss some episodes. We presume that this likelihood is similar

for all groups regardless of pyloric drainage strategy. Finally, we acknowledge that this

study may be underpowered to detect differences among various drainage strategies for the

defined postoperative outcomes, and we aim to conduct large scale prospective studies in the

future.

In this study, we aimed to investigate the ongoing utility of pyloric drainage for patients

undergoing esophagectomy for cancer with tubularized gastric reconstruction. We further

sought to compare benefits and risk profiles of various pyloric drainage strategies. This

study carries several strengths, in that it is a large review of prospectively gathered data

obtained in the modern era. We found that inclusion of pyloric drainage procedures helped

reduce risk of aspiration and need for pyloric dilatation prior to discharge. All pyloric

drainage strategies were essentially similarly effective; however, we found botulinum

injection to result in comparable benefits with minimal inherent risk, as compared to

pyloroplasty/pyloromyotomy. Botulinum toxin injection serves as a promising adjunct to

esophageal surgery, and future trials investigating perioperative outcomes, long-term follow-

up, and quality of life metrics are warranted.
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Figure 1. Pyloric drainage procedure trends over time
As we have learned from our experiences, beginning approximately 2010, our use of

pyloromyotomy and pyloroplasty has diminished, while employment of botulinum toxin

injection continues to rise.
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Figure 2. Postoperative complication development by drainage procedure type
Patients who did not undergo any pyloric drainage intervention were at increased risk of

aspiration as well as need for pyloric drainage procedure prior to discharge from index

hospitalization.
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