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SUMMARY: 30 
We describe a novel intrathoracic esophagogastric anastomotic technique designed to create a 31 
large diameter anastomosis while simultaneously maintaining conduit blood supply to minimize 32 
the incidence of anastomotic leaks and strictures. Construction and orientation of the stomach 33 
conduit designed to optimize upper gastrointestinal tract function is also described. 34 
 35 
ABSTRACT:  36 
We describe a novel esophagogastric anastomotic technique (“side-to-side: staple line-on-37 
staple line”, STS) for intrathoracic anastomoses designed to create a large diameter 38 
anastomosis while simultaneously maintaining conduit blood supply. This technique aims to 39 
minimize the incidence of anastomotic leaks and strictures, which is a frequent source of 40 
morbidity and occasional mortality after esophagectomy. We analyze the results of this STS 41 
technique on 368 patients and compared outcomes to 112 patients who underwent 42 
esophagogastric anastomoses using an end-to-end stapler (EEA) over an 8-year time interval at 43 
our institution. 44 
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 45 
The STS technique involves aligning the remaining intrathoracic esophagus over the tip of the 46 
lesser curve staple line of a stomach tube, created as a replacement conduit for the esophagus. 47 
A linear stapling device cuts through and restaples the conduit staple line to the lateral wall of 48 
the esophagus in a side-to-side fashion. The open common lumen is then closed in two layers of 49 
sutures. 50 
 51 
There was a total of 12 (3.8%) anastomotic leaks in patients who underwent STS 52 
esophagogastric anastomosis. Two of eight patients (25%) had anastomotic leaks after 53 
esophagectomy for end-stage achalasia as compared to a 2.8% leak rate (10/336) after 54 
esophagectomy for other conditions. Eighteen (5.2%) patients required a median of 2 55 
dilatations for anastomotic stricture after STS anastomosis. Supplemental jejunostomy feedings 56 
were required in only 11.1% of patients undergoing STS anastomoses following hospital 57 
discharge. In contrast, patients undergoing EEA anastomoses demonstrated anastomotic leak 58 
and stricture rates of 16.1% and 14.3% respectively (p<0.01). Time analysis of postoperative 59 
contrast studies following the STS technique typically demonstrated a straight/uniform 60 
diameter conduit with essentially complete contrast emptying into the small bowel within 3 61 
minutes in 88.4% of patients. 62 
 63 
The incidence of esophagogastric anastomotic leaks and strictures were extremely low using 64 
this novel anastomotic technique. Additionally we believe that based on time and qualitative 65 
analyses of postoperative contrast studies, this technique appears to optimize postoperative 66 
upper gastrointestinal tract function; however, further comparative studies are needed.  67 
 68 
INTRODUCTION:  69 
Esophagogastric anastomotic leaks represent a not uncommon complication after 70 
esophagectomy1. Additionally, an anastomotic leak has been associated to unfavorable longer-71 
term outcomes including hospital readmission, early mortality, and occasionally poor quality of 72 
life2-4. An anastomotic stricture represents a long-term complication, which can also be a 73 
consequence of an anastomotic leak5. Anastomotic strictures both negatively impact quality of 74 
life as well as escalate the cost of care.  75 
 76 
As more esophageal cancer patients are living longer as a result of endoscopic detection of 77 
early stage adenocarcinoma and induction chemoradiation therapy for more locally advanced 78 
cancers, optimizing stomach conduit function also becomes important. Gastric conduit 79 
“function” mainly, however, relies on gravity for drainage. Gastric conduit construction and 80 
orientation can affect upper gastrointestinal tract function and therefore poor conduit 81 
“function” can be a result of technical issues.  82 
 83 
We have used a novel “side-to-side: staple line-on-staple line” (STS) technique for intrathoracic 84 
esophagogastric anastomosis since 2009. This technique is designed to create a larger diameter 85 
anastomosis as compared to anastomoses made with end-to-end staplers (EEA) while 86 
simultaneously maintaining conduit blood supply to reduce the incidence of anastomotic leaks 87 
and strictures. We describe this novel anastomotic technique and additionally described gastric 88 



  

conduit construction and orientation to optimize function. We compared the results of this STS 89 
technique to anastomoses performed with EEA staplers over an 8-year time interval at our 90 
institution. 91 
  92 
PROTOCOL: 93 
 94 
This study was approved by Indiana University-Purdue University in Indianapolis institutional 95 
review board (1109006832). This procedure was performed on all patients requiring resection 96 
and resection of the distal intrathoracic esophagus for malignant or benign diseases since 2009 97 
at Indiana University Hospital.  98 
 99 
1. Pre-anesthesia phase 100 
   101 
1.1. Place an epidural catheter.  102 
 103 
1.2. Obtain standard central venous and radial arterial access.  104 
 105 
1.3.  Anesthetize and intubate using a double lumen left-sided endobronchial tube for 106 
selective lung ventilation during the thoracic phase of the operation.  107 
 108 
2. Initial laparotomy phase 109 
 110 
2.1. Perform an upper midline laparotomy including excision of the zyphoid process with 111 
electrocautery. Place a self-retaining abdominal wall retractor for peritoneal cavity exposure. 112 
 113 
2.2. Perform a wide Kocher maneuver, which mobilizes the entire duodenum from the 114 
retroperitoneum. This maneuver not only straightens the gastric conduit, but also allows well-115 
vascularized portions of the stomach conduit to be advanced above the azygos arch.  116 
 117 
2.3. Temporarily place a standard size laparotomy sponge under the duodenum to elevate 118 
the conduit, which is removed in the final laparotomy phase.  119 
 120 
2.4. Divide the gastrocolic ligament by cauterizing and dividing the omental blood vessels 121 
with a standard energy device. Avoid manipulation of the right gastroepiploic vessels by placing 122 
a nasogastric tube along the greater curvature, which is used as a “handle” retracting the 123 
stomach upward.  124 
 125 
2.5. Score the peritoneum circumferentially around the diaphragmatic crus with 126 
electrocautery and temporarily place a Penrose drain around the intraabdominal esophagus. 127 
 128 
2.6. Ligate the left gastroepiploic and short gastric vessels with a combination of suture and 129 
surgical clips. Then divide.  130 
 131 
2.7. In cases of malignancy, mobilize the celiac lymph bearing tissues from the superior 132 



  

aspect of the pancreas, which includes ligation and division of both left gastric artery and vein. 133 
 134 
2.8. Clear the lesser gastric curve of fat and blood vessels typically 3 to 5 cm distal to the 135 
gastroesophageal junction with vascular endostaplers. In cases of malignancy, plan the 136 
operations to achieve tumor free 3 to 5 cm distal stomach and 5 to 7 cm proximal esophageal 137 
surgical margins. As tumor locations range from the mid-esophagus to the gastric cardia, 138 
achieving adequate distal stomach and proximal esophageal margins results in conduits of 139 
varying lengths and associated lower or higher intrathoracic esophagogastric anastomoses. The 140 
specific site of the lesser curve clearing is therefore somewhat variable and dependent on exact 141 
tumor location. 142 
 143 
2.9. Cleave the upper gastric fundus and cardia from the remainder of the stomach typically 144 
using anywhere from 3 to 5 60 mm endoscopic staplers beginning from the greater gastric 145 
curve into the cleared area on the lesser gastric curve.  146 
 147 
2.10. Gastric conduit creation 148 
 149 
2.10.1. Debulk lesser omental fat around the right gastric vessels, which allows the conduit to 150 
be straightened as well as lengthened. Division of right gastric vessels as they insert onto the 151 
lesser curve at the incisura will provide further lengthening. 152 
 153 
2.10.2. Secure the stomach at three points and provide outward retraction (Figure 1). 154 
 155 
2.10.3. Create a narrow uniform diameter conduit (average 7-8 cm) with an initial fire of the 156 
100 mm stapler, which delivers two rows of 4.8 mm staples aiming just beneath the previous 157 
staple line. Completion of the conduit construction usually requires 2 or 3 additional fires of the 158 
60 mm endoscopic tri-stapler into the cleared area on the lesser gastric curve. In cases of 159 
malignancy, send the stomach defect as the “distal stomach margin” for frozen section 160 
pathologic analysis.  161 
 162 
2.10.4. Inspect the tip of the conduit. Within 3 to 5 min, punctate bright red bleeding is usually 163 
seen through the lesser curve staple line representing good conduit perfusion. If no punctate 164 
bright red oozing is present, slightly trim the conduit tip with another 100 mm stapler until 165 
punctate bleeding is seen. Tri-staplers are not used for conduit trimming as cutting through and 166 
restapling the conduit tip during the intrathoracic anastomosis may be difficult.  167 
 168 
2.10.5. Perform a standard Heineke-Mikulicz pyloroplasty in order to assure good conduit 169 
emptying.  170 
 171 
2.10.6. Initially estimate how high in the chest the conduit will reach by comfortably stretching 172 
the conduit towards the neck without undue tension.  173 
 174 
2.10.7. Open the right pleura through the diaphragmatic crus. Place the conduit tip into the 175 
right chest keeping the lesser curve staple line facing rightward.  176 



  

 177 
2.10.8. Temporarily close the abdomen with a few interrupted fascial sutures and skin staples. 178 
 179 
3. Thoracic phase 180 
 181 
3.1. Place the patient in the left lateral decubitus position. 182 
 183 
3.2. Perform a serratus muscle sparing right thoracotomy through the 5th intercostal space. 184 
Divide the intercostal muscle underneath the incision within 3 to 5 cm of the vertebral body 185 
posteriorly and the sternum anteriorly, allowing additional movement of the 5th and 6th ribs 186 
with minimal risk of fracture or bruising. 187 
 188 
3.3. Excise the arch of the azygos vein and divide the inferior pulmonary ligament. In cases of 189 
malignancy, perform en bloc dissection by mobilizing the distal two-thirds of the intrathoracic 190 
esophagus with all surrounding soft tissues from the pericardium anteriorly to the aorta 191 
posteriorly esophageal blood vessels. Carefully occlude lymphatics with surgical clips before 192 
division during this dissection.  193 
 194 
3.4. Deliver the conduit into the right chest until there is no redundancy, limiting tension on 195 
the right gastric and right gastroepiploic vascular pedicles to determine the superior extent of 196 
esophageal dissection needed. 197 
 198 
3.5. At the level of the tracheal carina, dissect the esophageal wall from surrounding 199 
mediastinal soft tissues superiorly to a level where the tip of the conduit reaches without 200 
tension, which is usually 3 to 5 cm superior to the carina. Again however, given varying 201 
locations of tumors and length of stomach conduits created during the abdominal phase, 202 
establish anastomoses lower near the carina for gastric cardia tumors and higher at the thoracic 203 
inlet for tumors involving the middle intrathoracic esophagus.  204 
 205 
3.6. Creation of the esophagogastric anastomosis 206 
 207 
3.6.1. Align the mid left lateral aspect of the upper third of the intrathoracic esophagus over 208 
the lesser curve staple line.  209 
 210 
3.6.2. Place four tacking sutures approximately 2 to 3 cm apart in order to maintain alignment 211 
(Figure 2). 212 
 213 
3.6.3. Transect the esophagus 1 cm distal to the inferior set of tacking sutures. In cases of 214 
malignancy, send a ring of esophagus at this level as the “proximal esophageal margin” for 215 
frozen section pathologic examination prior to proceeding.  216 
 217 
3.6.4. Create a corresponding 1 to 2 cm opening in the conduit across the lesser curve staple 218 
line.  219 
 220 



  

3.6.5. Place interrupted sutures within the common lumen, incorporating the adjacent conduit 221 
and esophageal walls beginning in the middle through the lesser curve staple line and 222 
progressing to either side (Figure 3).  223 
 224 
3.6.6. Place the narrow anvil of a 45 mm endoscopic stapler with a 4.1 mm staple height in the 225 
esophageal lumen and the large anvil in the conduit. To optimize the length of the side-to-side 226 
communication between the esophagus and the conduit, trim 5 mm from distal plastic tip of 227 
stapler cartridge with an oscillating saw. 228 
 229 
3.6.7. Fire the stapler, which cuts through and restaples the lesser curve staple line (Figure 4). 230 
The length of the cut end of the esophagus is usually somewhat longer than the edge of the 231 
gastric conduit, so remove an ellipse of the conduit over the lesser curve staple line rather than 232 
extending the rent laterally, preserving collateral blood supply (Figure 4 inset). 233 
 234 
3.6.8. Close the open common lumen in two layers of sutures beginning with an inner layer of 235 
inverted interrupted 3-0 polyglactin suture followed by a second layer of interrupted 3-0 silk 236 
using a Lembert technique (Figure 5).  237 
 238 
3.6.9. Over sew the upper aspect of the lesser curve conduit staple line with interrupted 3-0 239 
silk sutures in a Lembert fashion extending inferiorly, until the right gastric vessels are 240 
encountered.  241 
 242 
3.6.10. Have the anesthesiologist place a nasogastric tube into the conduit to the level of the 243 
crus by palpation.  244 
 245 
3.6.11. For anastomoses created near the thoracic inlet, use a pleural flap to seal the 246 
anastomosis in the posterior mediastinum. For anastomoses in the middle aspect of the 247 
posterior mediastinum, mobilize a pericardial fat pat from anterior mediastinum and loosely 248 
wrapped to cover esophagogastric anastomosis (Figure 6 and Figure 7).  249 
 250 
3.6.12. Insert and position two 28-French chest tubes within the right hemithorax, one anterior 251 
and the other posterior, next to, but not abutting the conduit. Close the thoracotomy incision.  252 
 253 
4. Re-laparotomy: “double flip” phase 254 
 255 
4.1. Return patient to the supine position and reopen the midline laparotomy incision. 256 
 257 
4.2. Inspect the right gastroepiploic fat and carefully push any excess fat upwards through 258 
the left diaphragm crus into the chest. 259 
 260 
4.3. Secure the right gastroepiploic fat and conduit to the diaphragmatic crus with 261 
interrupted 2-0 silk sutures (Figure 8). Place a feeding jejunostomy tube in select patients, 262 
primarily in elderly patients or patients with preoperative nutritional deficits.  263 
 264 



  

4.4. Formally close the midline laparotomy incision.  265 
 266 
4.5. Keep patients intubated the evening of surgery with extubation planned the following 267 
morning.  268 
 269 
4.6. Provide pain control with epidural catheters placed just prior to anesthetic induction for 270 
the first 3 to 4 days, which is supplemented by intravenous narcotics. 271 
 272 
4.7. Obtain contrast upper gastrointestinal series 5 to 7 days postoperatively to assess for 273 
anastomotic integrity.  274 
 275 
4.8. If no anastomotic leak is identified, remove the nasogastric tube. 276 
 277 
4.9. Instruct patients to advance to a regular diet in 2 to 3 weeks after discharge as 278 
tolerated. 279 
 280 
REPRESENTATIVE RESULTS:  281 
From 2009 to 2017, a total of 368 patients were identified who underwent an STS intrathoracic 282 
esophagogastric anastomosis and of these 12 (3.8%) had anastomotic leaks. Five of these 283 
patients demonstrated grade I/II leaks and required no intervention. Six patients and one 284 
patient respectively experienced grade III and grade IV leaks requiring endoscopic stenting 285 
and/or surgical intervention2. A leak rate of 25% (2/8) was observed after esophagectomy for 286 
end-stage achalasia as compared to a 2.8% leak rate (10/336) where esophagectomy was 287 
performed for other conditions. There were 4 (1.1%) patient who died postoperatively, none of 288 
which had an anastomotic complication. Of STS patients, 18 (5.0%) required a median of 2 289 
dilatations for symptomatic anastomotic strictures. Supplemental jejunostomy feedings were 290 
required in only 11.1% of these patients following hospital discharge. In contrast, of the 112 291 
patients identified who underwent thoracoscopic end-to-end mechanical stapler (EEA) 292 
anastomosis over this same time interval, 16.1% and 14.3% demonstrated anastomotic leaks 293 
and symptomatic strictures respectively (p<0.01) despite all (100%) of these patients being 294 
maintained on a limited diet with supplemental jejunostomy tube feedings for at least one 295 
month following surgery (Table 1). Demographic and comorbidities of both STS and EEA groups 296 
were statistically similar; however, there was a trend towards more cardiac disease in the STS 297 
cohort (Table 2). Time analysis of postoperative contrast studies in first 208 patients who 298 
underwent an STS anastomosis typically demonstrated a straight/uniform diameter conduit 299 
with essentially complete (>95%) contrast emptying into the small bowel within 3 min in 184 300 
(88.4%) patients. The remaining 11.6% of patients studied, had near complete (>95%) contrast 301 
emptying into the small bowel within 5 minutes. No patient studied had contrast transit time in 302 
excess of 5 minutes. 303 
 304 
FIGURE AND TABLE LEGENDS:  305 
 306 
Figure 1: Creation of the stomach conduit. The stomach is secured at three points, which are 307 
retracted outward. A relatively uniform diameter conduit is created with staplers aiming just 308 



  

inferior to the previous staple line on the lesser curve. (Taken from with permission11.) 309 
 310 
Figure 2: Alignment of the esophagus over the stomach conduit. The mid left lateral aspect of 311 
the upper third of the intrathoracic esophagus is aligned over the lesser curve staple line at the 312 
tip of the conduit with 4 initial tacking sutures approximately 2 to 3 cm apart. (Taken from with 313 
permission11.) 314 
 315 
Figure 3: Preparation for a side-to-side communication between the esophagus and stomach 316 
conduit. A 1 to 2 cm rent is made in the stomach conduit across the lesser curve staple line. 317 
Tacking sutures are placed between the adjacent conduit and esophageal walls beginning in the 318 
middle through the lesser curve staple line then two sutures on either side. (Taken from with 319 
permission11.) 320 
 321 
Figure 4: Creation of a side-to-side communication between the esophagus and stomach 322 
conduit. A 45 mm endoscopic stapler is fired cutting through and restapling the lesser curve 323 
staple line. Typically only 2/3rds of the stapler length is used. An ellipse of conduit is removed 324 
over the lesser curve staple line (dotted line) rather than extending the rent laterally to equalize 325 
the length of the cut end of the esophagus and gastrotomy. (inset) (Taken from with 326 
permission11.) 327 
 328 
Figure 5: Closure of the open common lumen. The open common lumen is hand-closed in two 329 
layers of sutures beginning with inverted interrupted absorbable sutures. The first suture layer 330 
is imbricated by a second layer of Lembert silk sutures placing the stomach suture a few mm 331 
inferior to the first layer of sutures. (inset) (Taken from with permission11.) 332 
 333 
Figure 6: Over sew of the lesser curve staple line and pleural buttress of the anastomosis. The 334 
superior aspect of the lesser curve conduit staple line can be over sewn at this point with 335 
interrupted silk sutures inferiorly until the right gastric vessels are encountered. For 336 
anastomoses established in near the thoracic inlet, a flap of mobilized pleura is tacked to the 337 
stomach conduit to contain small anastomotic leaks. (Taken from with permission11.) 338 
 339 
Figure 7: Vascularized soft tissue buttress of the anastomosis. Pericardial fat is loosely 340 
wrapped around anastomoses created in the middle aspect of the posterior mediastinum to 341 
contain any small areas of anastomotic dehiscence. 342 
 343 
Figure 8: Final (“double flip”) laparotomy phase. The laparotomy incision is reopened. The 344 
right gastroepiploic fat and conduit carefully tacked to the crus with 2-0 silk sutures. (Taken 345 
from with permission11.) 346 
 347 
Table 1. Anastomotic leaks/strictures and use of postoperative feeding jejunostomy (Post Op 348 
J-Tube Usage) following hospital discharge comparing patients undergoing open STS and 349 
thoracoscopic EEA esophagogastric anastomoses using an Ivor Lewis approach performed at 350 
Indiana University Simon Cancer Center from 2009 to 2017. (*p value < 0.01, chi-square) 351 
 352 



  

Table 2: Demographic and comorbidity comparison open STS and thoracoscopic EEA 353 
anastomoses using an Ivor Lewis approach performed at Indiana University Simon Cancer 354 
Center from 2009 to 2015. Mean and standard deviation with range given for continuous 355 
variables. P values for continuous variables generated by Student’s t-test and chi-square for 356 
discrete variables.  357 
 358 
DISCUSSION: 359 
Esophagectomy represents a very extensive surgical procedure. Adverse long-term quality of 360 
life has been linked to patients experiencing postoperative complications including anastomotic 361 
leaks3. Risk factors for an anastomotic leak primarily include creation of an anastomosis with 362 
poor blood supply. An anastomotic leak not only represents a significant source of 363 
postoperative morbidity, but also can commonly result in stricture. A stricture can also be a 364 
result of technical issues including performing a small diameter anastomosis. Besides impacting 365 
quality of life, strictures add to overall medical costs when dilatation is needed5. Accurately 366 
performing several steps is of utmost importance to minimize complications as well as achieve 367 
good oncologic and upper gastrointestinal tract functional outcomes. 368 
 369 
Esophagogastric anastomosis can be accomplished by several methods, including hand sewn, 370 
EEA, and linear stapler techniques representing the majority. A report from the Society of 371 
Thoracic Surgeons General Thoracic Database cited an overall leak rate of 9.3% in patients 372 
undergoing intrathoracic esophagogastric anastomoses6. While postoperative mortality due to 373 
anastomotic leak seems to be decreasing, subsequent stricture rates remain high, ranging 374 
between 10 and 56%7. Collard and Orringer described a linear stapler technique to create a 375 
side-to-side cervical esophagogastric anastomosis8,9. The posterior triangulated opening formed 376 
by the linear stapler was demonstrated to result in a low leak rate as well as resistance to 377 
stricture. A retrospective study from Mayo Clinic reported a 5.6% incident of intrathoracic 378 
anastomotic leak in 177 patients where a linear stapled technique was used versus an 8.3% leak 379 
rate in 48 patients who underwent an EEA stapled anastomosis. While this difference did not 380 
reach statistical difference, the one-year probability for stricture was 32% after EEA 381 
anastomosis as compared to only 8.6% with linear stapled techniques, which was significant5. 382 
Wang and colleagues performed a prospective clinical trial involving 155 patients who were 383 
randomized into one of three esophagogastric anastomotic methods10. Impressively, no 384 
postoperative strictures developed in patients undergoing a linear stapler technique as 385 
compared to 9.6% and 19.1% in the hand sewn and circular stapled cases respectively, which 386 
was statistically significant. Prior studies involving linear stapler anastomoses have utilized the 387 
anterior wall of the stomach conduit for the anastomotic site. This approach may lead to an 388 
ischemic strip of conduit between the lesser curve staple line and the anastomosis predisposing 389 
to leak. Novel to our technique, collateral blood supply to the stomach conduit tip is preserved 390 
by cutting through and restapling the lesser curve staple line.  391 
 392 
There are limitations to the study. First, this represents a retrospective analysis. Despite the 393 
retrospective nature however, we utilized this STS approach uniformly in all patients 394 
undergoing surgery for mid-esophageal to proximal stomach pathology over the study interval 395 
as an “intent to treat” including stable patients who sustained esophageal perforations during 396 



  

dilatation for stricture where repair was not possible. Common to any intrathoracic side-to-side 397 
anastomotic technique is the need to dissect an additional 3 to 4 cm of proximal esophagus, 398 
potentially decreasing the length of surgical esophageal margin in cases of malignancy and also 399 
potentially resulting in some degree of esophageal devascularization. To avoid 400 
devascularization, a critical point is not to dissect the intrathoracic esophagus any further 401 
superiorly toward the neck than the tip of the stomach conduit will reach without tension. We 402 
speculate the higher leak rate observed using this technique for patients with end-stage 403 
achalasia may be related to further devascularization of a thicken esophageal wall after 404 
mobilization to perform an STS anastomosis where the preexisting blood supply may be poor. 405 
Esophageal dilatation frequently seen in achalasia cases makes hand sewing the open common 406 
lumen very difficult, which may also be a factor. Based on this experience, we now believe that 407 
achalasia is a contraindication to perform STS intrathoracic anastomoses. Of note, for long or 408 
more central cancers where an esophagogastric anastomosis needs to be created near the 409 
thoracic inlet to achieve an adequate proximal esophageal margin, we have utilized a 410 
somewhat shorter initial side-to-side communication not utilizing the entire length of the 45 411 
mm GIA which however has potential to be more prone to stricture formation.  412 
 413 
Unlike the esophagus, the stomach is a passive conduit, gravity dependent for drainage. Several 414 
variables including conduit diameter and length as well as conduit orientation can, therefore, 415 
significantly impact upper gastrointestinal tract function. Ingested food has the potential to 416 
hang up in three locations: the esophagogastric anastomosis, the stomach body, and gastric 417 
outlet. Poor conduit function can be a result of technical issues in any of these three areas. Poor 418 
conduit emptying paradoxically can cause more “reflux,” not only negatively impacting quality 419 
of life but also occasionally resulting in aspiration. “Minimally invasive” 420 
(laparoscopic/thoracoscopic) approaches, which utilize an EEA stapler for esophagogastric 421 
anastomoses, although still representing the minority of esophagectomy cases performed, have 422 
become increasingly popular. We believe however our open technique as described not only 423 
allows creations of precise STS esophagogastric anastomosis to reduce the stricture rates but 424 
additionally optimizes conduit construction and orientation with a straight non-redundant 425 
stomach conduit including pyloroplasty with minimal tendency for ingested food materials to 426 
hang up in these areas as compared to thoracoscopic approaches. The measured contrast 427 
transit times from mouth to small bowel on routine postoperative studies would support 428 
excellent conduit function with our technique, however comparative studies using other 429 
techniques are needed. Our observations would support minimal and self-limiting “dumping” 430 
symptoms in the vast majority of STS patients however specific quality of life assessments are 431 
currently underway. Finally, with the thoracotomy approach described, we have observed little 432 
difference with respect to acute and long-term postoperative discomfort as compared to 433 
patients undergoing a thoracoscopic approach at our institution. 434 
 435 
In summary, we believe this novel STS technique can significantly reduce the morbidity and 436 
occasional mortality of esophagogastric anastomotic complications following esophagectomy. 437 
Conduit construction and orientation as described additionally optimizes upper gastrointestinal 438 
tract function. Finally, this technique is easily adapted and reproducible.  439 
 440 
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STS (N=368) EEA (N=112)   

Anastomotic Leaks        3.8%* 16.1%   

Anastomotic Stricture   5.2%* 14.3%   

Post Op J-Tube Usage 11.0%* 100.0%
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STS (n=278) EEA (n=82) P-Value

Age at Diagnosis (yrs) 60.3 ± 11.4 (23-84) 60.6 ± 9.0 (38-80) 0.80

Gender

   Male 228 (82.0%) 69 (84.1%) 0.66

   Female 50 (18.0%) 13 (15.9%)

Cormorbidity

  Cardiac 114 (41.0%) 24 (29.3%) 0.06

   Diabetes Mellitus 70 (25.2%) 19 (23.2%) 0.71

   COPD 32 (11.5%) 12 (14.6% 0.45

Histology

   Adenocarcinoma 237 (85.3%) 74 (90.2%) 0.25

   Other Diagnoses 41 (14.7%) 8 (9.8%)

Neoadjuvant Therapy 200 (71.9%) 59 (71.9%) 0.99
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Name of Material/Equipment Company Catalog Number

100 mm Linear Stapler (ILA Autosuture, “green” cartridge, 4.8 mm staple height) Covidien 3973

3-0 silk (Perma hand black, 8x18", SH needle, 1/2 circle 26 mm, C013) Ethicon C013D

3-0 silk (Perma hand black, 8x30", SH needle, 1/2 circle 26 mm, C017) Ethicon C017D

3-0 vicryl (Coated vicryl violet, 8x18", SH needle, 1/2 circle 26 mm, J774) Ethicon VCP774D

3-0 vicryl (Coated vicryl violet, 8x27", SH needle, 1/2 circle 26 mm, J784) Ethicon VCP784D

45 mm Endoscopic Stapler (Flex “green” cartridge, 4.1 mm staple height) Ethicon SC45A

60 mm Endoscopic Tristapler  Ethicon SC60A

Flex “green” cartridge, 4.1 mm staple height Ethicon GST45G

Flex 60, “black”  cartridge (for 60 mm Endoscopic Tristapler) Ethicon GST60T

Foceps Debakey 7.75 inch Jarit 320-101

Forceps Debakey 12 inch Jarit 320-103

Forceps Debakey 9.5 inch Jarit 320-102

Needle Holder Mayo-Hegar 10 inch Codman 36-2019

Needle Holder Mayo-Hegar 7 inch Codman 36-2017

Needle Holder Mayo-Hegar 8 inch Codman 36-2018

Needle Holder Ryder 10 inch Codman 36-3005

Needle Holder Ryder 9 inch Jarit 121-164
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Comments/Description

Surgical Stapler

Suture Material

Suture Material

Suture Material
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Surgical Stapler

Surgical Stapler

Surgical Stapler
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Surgical Instrument
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Surgical Instrument
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Surgical Instrument

Surgical Instrument

Surgical Instrument

Surgical Instrument
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Vineeta Bajaj, Ph.D. 
Review Editor 
JoVE 
 
Dear Dr. Bajaj, 
 
On behalf of the authors and myself, many thanks for you and the reviewers for 
the thoughtful critique of our manuscript.  We also appreciate the kind comments 
of the reviewers. We have responded to all queries below and/or have revised 
the manuscript accordingly. 
 
Best regards, 
 
Kenneth A. Kesler MD 
Indiana University Dept of Surgery, Thoracic Division 
545 Barnhill Drive, EH #215 
Indianapolis, IN 46202 
 
Your manuscript, JoVE59255R2 "A Technique of Ivor Lewis Esophagectomy 
Designed to Minimize Anastomotic Complications and Optimize Conduit 
Function," has been editorially and peer reviewed, and the following comments 
need to be addressed. Note that editorial comments address both requirements 
for video production and formatting of the article for publication. Please track the 
changes within the manuscript to identify all of the edits. 
 
After revising and uploading your submission, please also upload a separate 
rebuttal document that addresses each of the editorial and peer review 
comments individually. Please submit each figure as a vector image file to 
ensure high resolution throughout production: (.svg, .eps, .ai). If submitting as a 
.tif or .psd, please ensure that the image is 1920 x 1080 pixels or 300 dpi. 
Additionally, please upload tables as .xlsx files. 
 
 
Your revision is due by Jul 08, 2019. 
 
To submit a revision, go to the JoVE submission site and log in as an author. You 
will find your submission under the heading "Submission Needing Revision". 
 
Best, 
 
Vineeta Bajaj, Ph.D. 
Review Editor 
JoVE 
617.674.1888 
Follow us: Facebook | Twitter | LinkedIn 
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____________________________________ 
 
 
 
 
Editorial comments: 
 
Changes to be made by the author(s): 
 

1. Please take this opportunity to thoroughly proofread the manuscript to 
ensure that there are no spelling or grammar issues. The JoVE editor will 
not copy-edit your manuscript and any errors in the submitted revision 
may be present in the published version. 

 
We have proofread and spelling checked the revised manuscript. 
 

2. Please obtain explicit copyright permission to reuse any figures from a 
previous publication. Explicit permission can be expressed in the form of a 
letter from the editor or a link to the editorial policy that allows re-prints. 
Please upload this information as a .doc or .docx file to your Editorial 
Manager account. The Figure must be cited appropriately in the Figure 
Legend, i.e. “This figure has been modified from [citation].” 

 
We have obtained copyright permission from Journal of Thoracic and 
Cardiovascular Surgery for Figures 1-7 and cited this approval.  Please know that 
Figure 8 is an original illustration. 
 
 

3. Please revise lines 52-55, 74-75, 120-122, 125-126, 148-150, 174-180, 
199-200, 203-204, 217-218, 304-306, 311-313, 326-328, 332-334, and 
343-345 to avoid previously published text. 

 
We have revised these lines.  
 

4. Authors and affiliations: Please provide an email address for each author. 
 
Done 
 

5. Long abstract: Please revise to focus on the method being presented 
rather than the results of a specific experiment. Include a statement about 
the purpose of the method. A more detailed overview of the method and a 
summary of its advantages, limitations, and applications is appropriate. 
Please focus on the general types of results acquired. 

 
Done 
 



6. Introduction: Please expand to include the advantages of the presented 
method over alternative techniques with applicable references to previous 
studies. 

 
Done 
 

7. JoVE cannot publish manuscripts containing commercial language. This 
includes trademark symbols (™), registered symbols (®), and company 
names before an instrument or reagent. Please remove all commercial 
language from your manuscript and use generic terms instead. All 
commercial products should be sufficiently referenced in the Table of 
Materials. You may use the generic term followed by “(Table of Materials)” 
to draw the readers’ attention to specific commercial names. Examples of 
commercial sounding language in your manuscript are: Ethicon Endo-
Surgery, Covidien, etc. 

 
Done.  A Table of Materials has been created (Table I) and referenced in the 
description of the esophagogastric anastomosis.  
 

8. Please include an ethics statement before the numbered protocol steps, 
indicating that the protocol follows the guidelines of your institution’s 
human research ethics committee. 

 
We have continued to use this surgical technique since 2009, on now well over 
500 patients with excellent results.  While we appreciate that IRB approval may 
be required for some experimental protocols, this technique is a modification of 
other reported techniques (References #5, 9, 10, and 11) and do not believe 
therefore that IRB approval has been required.  We have obtained IRB approval 
to retrospectively review the outcomes of these anastomotic techniques reported 
in this manuscript including the RB approval number and added this as an 
introductory statement in the representative results section. 
 

9. Please specify all surgical tools used throughout the protocol. 
 
This has been included in the new Table of Materials as per above. 
 

10. 2.2: Please describe how to perform a wide Kocher maneuver. 
 
Done 
 

11. Lines 199-204: The Protocol should be made up almost entirely of discrete 
steps without large paragraphs of text between sections. Please simplify 
the Protocol so that individual steps contain only 2-3 actions per step and 
a maximum of 4 sentences per step. Use sub-steps as necessary. 

 
Done 



 
12. Please combine some of the shorter Protocol steps so that individual 

steps contain 2-3 actions and maximum of 4 sentences per step. 
 
Done 
 

13. Please apply single line spacing throughout the manuscript, and include 
single-line spaces between all paragraphs, headings, steps, etc. 

 
Done 
 
14. After you have made all the recommended changes to your protocol (listed 
above), please highlight 2.75 pages or less of the Protocol (including headings 
and spacing) that identifies the essential steps of the protocol for the video, i.e., 
the steps that should be visualized to tell the most cohesive story of the Protocol. 
 
Done 
 
15. Please highlight complete sentences (not parts of sentences). Please ensure 
that the highlighted part of the step includes at least one action that is written in 
imperative tense. Notes cannot usually be filmed and should be excluded from 
the highlighting. Please do not highlight any steps describing anesthetization. 
16. Please include all relevant details that are required to perform the step in the 
highlighting. For example: If step 2.5 is highlighted for filming and the details of 
how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps 
where the details are provided must be highlighted. 
 
Done 
 
17. Please use superscript arabic numerals to cite references in text. The 
superscript number is inserted immediately next to the word/group of words it 
applies to but before any punctuation. 
 
Done 
 
18. Please ensure that the references appear as the following: [Lastname, F.I., 
LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – 
LastPage (YEAR).] For more than 6 authors, list only the first author then et al. 
Please do not abbreviate journal titles. See the example below: 
Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary 
salts of 2-[(hydroxyimino)methyl]imidazole. Journal of Medicinal Chemistry. 32 
(2), 493-503 (1998). 
 
Done 
 
19. Please upload Table 1 to your Editorial Manager account as an .xlsx file. 



 
Done.  We have renamed previous Table I to Table II (Table I is now Table of 
Materials) and we have added Table III as per requested by peer reviewer #1. 
 
20. Table of Materials: Please include all relevant supplies, reagents, and 
equipment used, especially those mentioned in the Protocol. 
 
Done (see above) 
 
 
Reviewers' comments: 
 
Reviewer #1:  
 
Manuscript Summary: 
 
Ramchandani et al. describe a modified technique of Ivor-Lewis 
oesophagectomy that rely on a stapler-line to stapler-line side-to-side 
anastomosis. One of their main goals was to achieve a sufficient blood supply of 
the gastric conduit with a particular focus on a large diameter anastomosis. They 
presented the results of 368 patients operated by their technique and compared 
their outcome in terms of stricture and leakage to a control group of 112 patients 
operated by a thoracoscopic conventional end-to-end anastomosis. 
 
The manuscript is well written and organized, the technique exceptionally well 
illustrated and addresses an important aspect in oesophageal surgery that has 
been debated in the literature since the 1970s with different foci. Within the 
recent literature, there was a trend towards increasingly expensive techniques to 
intraoperatively assess the conduit blood supply to modify the anastomotic site 
based on their results. In contrast, the authors technique is straightforward 
surgically oriented and demonstrated its successful use against a control group. 
 
I particularly welcome the limitations section as the authors clearly name all 
limitations associated with their work. 
 
Major Concerns: 
 
I do not have one. 
 
Minor Concerns: 
 

1. As Gooszen et al. (DOI: 10.1002/bjs.10728) demonstrated that especially 
comorbidites that negatively affect tissue perfusion such as diabetes are 
involved in anastomotic leakages. I may suggest another table that include 
the presence of these factors in their main and control group. Moreover, 
you may think about including the operation times of your technique and 



those of the thoracoscopic control group. 
 
We thank this reviewer for his/her kind remarks.  We agree this information is 
helpful and have added Table III to the revised manuscript in this regard.  Of 
note, while our IRB approval covered anastomotic complications of the STS vs 
EEA anastomotic techniques over the study interval, we were only able to 
retrieved demographics and comorbidities of both groups from 2009 to 2015 
which is noted in the Legends section.  As this time interval does represent over 
80% of the patients in our series, we believe very representative. 
 

2. In table one, the authors should present exact p-values and describe the 
test they used to compare both groups. 

 
We have specified the statistical tests used for these comparisons in the now 
Tables II and III. 
 

3. As the authors described particularly fast contrast passages in the small 
intestine, they should include a comment about the number of patients 
that experienced dumping symptoms. 

 
We have added a statement in the discussion section “Our observation would 
support minimal and self limiting “dumping” symptoms in the vast majority of STS 
patients however specific quality of life assessments are currently underway.”  
 

4. In our centre, we regularly offer two-stage procedures to patients that 
have severe co-morbidites or suffer from frailty, but would still benefit from 
a surgical approach instead of definitive radiochemotherapy based on 
their remaining life-expectancy. Have you used your technique in a two-
stage approach? If so, I may suggest that you describe the modifications 
of your technique in case of a two-stage approach. 

 
This is a very interesting concept and we have also considered doing a “two 
stage” approach on such patients with high comorbidities.  As in our experience 
these are very rare cases and the manuscript is already at maximal length, 
believe this is a topic deserving of another manuscript. 
 

5. Please correct the typo in line 103; it should read ligament instead of 
ligment. 

 
Done.  Thank you. 
 
 
Reviewer #2: 
 
Manuscript Summary: 
 



Esophagectomy has always been a high-risk operation. It not only requires 
complete resection of the tumor, but also involves the reconstruction of the 
digestive tract. Reconstruction of digestive tract is critical for the operation, which 
directly affects the short-term prognosis and long-term quality of life of patients. 
Therefore, how to reduce the incidence of anastomotic leakage and anastomotic 
stenosis has always been a concern of esophageal surgeons. This study 
introduced the author's understanding of anastomosis technique, they believed 
that the esophagogastric side anastomosis with linear incision stapler has certain 
advantages over EEA. 
 
Major Concerns: 
 

1. In this study, the side-to-side anastomosis was used to overlap the gastric 
tube anastomosis with the stapler in the lesser curvature side. The authors 
believed that this method could preserve the vessel curve on the larger 
curvature side and ensure better blood supply. But will the overlap of the 
stapler affect the stimulation of the Linear Stapling Device and the stapling 
effect at the anastomosis? 

 
This is an interesting thought.  We believe however that given excellent 
outcomes in our very large series, that if any disadvantages of this technique 
along these lines exists they are far outweighed by the advantages of this 
technique. 
 
 

2. The incidence of anastomotic fistula after EEA was higher than that after 
STS. What method was used to check the anastomotic state after 
operation in the author's center? Was upper gastrointestinal radiography 
routinely performed after surgery? What was the criterion of anastomotic 
leakage? 

 
We have revised the manuscript to address these issues.  The new manuscript 
now reads “All patients underwent radiographic assessment of esophagogastric 
anastomoses integrity either by computer tomography or standard contrast 
esophagram based on clinical status.  In the vast majority of patients, contrast 
upper gastrointestinal series were obtained five to seven days postoperatively” in 
the paragraph after Step 5.5. Leaks were graded as per reference #2 as stated in 
the original manuscript. 
 

3. What was the criteria for determining anastomotic stenosis in the author's 
unit? What was the indication of dilatation therapy? 

 
Anastomotic stenosis was defined by the need for dilatation of a symptomatic 
stricture.  This has been clarified in the Representative results paragraph. 
 
Minor Concerns: 



 
1. The authors believed that gastric emptying was better in STS 

anastomosis, and the timing of contrast agent emptying in the gastric tube 
after operation was calculated. Were there other complications? 

 
No other complications.  We believe we have adequately addressed the potential 
of “dumping” symptoms in response to the first reviewer. 
 

2. After the anastomosis is completed, is it necessary for the authors to 
reinforce the anastomotic site with pedicled pericardium embedding? 

 
This is not necessary for all anastomoses.  We have amended the revised 
manuscript to state that pericardial fat is used only in anastomoses located in the 
middle posterior mediastinum.  We continue to use pleural flaps to cover the 
anastomosis near the thoracic inlet.  We believe this has been clarified in the 
revised manuscript. 
 

3. The authors concluded that the emptying effects after STS was better, and 
illustrated the emptying time of STS was an example, however, there was 
no comparison between STS and EEA. 

 
Unfortunately we do not have emptying times for the EEA cases and have made 
reference to this issue in the original manuscript such as conclusion statements 
to the effect that “...further comparative studies are needed”. 
 
Thank you! 
 
Thank you! 
 

 



 

 

 

 

 

 

 

 

Dear Dr. Nguyen, 

 

On behalf of the authors and myself, we thank you for your review and assistance with our 

manuscript. 

 

I believe we have addressed your editorial items, which has continued to improve the quality of 

the manuscript. 

 

I am a bit concerned however that you might have been working off an older version of our 

manuscript or the most recently submitted version somehow changed during the submission 

process since there were a few items which had already been addressed with our most recent 

submission. 

 

One example is the e-mails of all authors, which was provided with the previously submitted 

manuscript. 

 

Regardless, I believe we have otherwise tried to be very responsive to all quires (editorial and 

peer review) from your journal over that past 9 months since the original submission in Oct, 

2018, however, in the process this has required submission of multiple versions. 

 

Thank you again for all of your editorial guidance, 

 

Ken Kesler, M.D. 
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