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ABSTRACT

Introduction. Total gastrectomy (TG) is commonly per-
formed for the (reatment of patients with gastric cancer,
However, reconstruction of the ~esophagojejunal (EI)
anastomosis c¢an be technically demanding, with reported
anastomotic leak rates in the Western world still
approaching 10~15 %, We report our experience using the

transoral anvil delivery system (OrVil™) for creation of

the BJ anastomosis after TG.

Methods. From 2007 to 2011, 48 consecutive patients
with gastric cancer underwent open (x == 31) or lapuro-
scopic (n = 17) TG. ) reconstruction was performed with
the transoral anvil deliver system (OrVil™) in un end-to-
side fashion. Demographie, clinic, and perioperative data
were obtained from a prospectively maintained database.
Results. Of the 48 patients, 83 % were male, Median age
at resection was 64 yesars. Medisn body mass index was
27.1 kg/m®. Seventy-nine percent (7 = 38) of patients had
al least one comorbidity. Fifteen patients (31 %) had at
least one perioperative complication. There was one peri-
operative death (2 %) following a duodenal stump leak.
There were four EJ leaks (8 %) and iwo EJ stenoses
(independent of leak; 4 %), There was one EJ leak (6 %)
and one BJ stenosis (6 %) following a case that was first
attempted laparoscopically. There were no deaths as a
consequence of an BY leak.
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Conclusions. The use of the transoral anvil delivery sys-
tem during BJ reconstruetion is a safe and effective option
for reconstuction after open or laparoscopic TG with
acceptable mortality and morbidity. The anastomotic leak
rate appears to be comparable to that of other technigues,

Total gastrectomy (TG) is utilized for prophylactic
management of high-risk patients (l.e., those with CDHI
mutations) as well as teatment for gastric carcinomas
arising diffusely, from the middle and proximal stomach,
or from some tumors of the gasiroesophageal junction
(GEI). Recent advances in perioperative manigement have
decreased postoperative mortality from TG, Complication
rates, thongh, still range from 20 to 40 % in most Western
specialized centers.'™ A significant propertion of the
postoperalive morbidity and mortality afler TG has been
atiributed to complications associated with the esopha-
gojejunal (ED anastomosis.

This unastomosis has been perceived as technically
demanding due to the inwinsic sttucture of the esophageal
wall and technical issues of exposure of the esophageal
stump, particularly when addressing GEJ tumors via the
wransabdominal approach. Complications have limited the
development of minirally invasive approaches, Currently
no method is widely accepted as superor for EJ recon-
struction after TG,

The lransoral anvil delivery systern was introduced as a
means of facilitating the difficult reconstruction and
anastomosis in open and laparoscopic TG. The objective
of this prospective study is to present the first American
experisnce about the use of this technology for a circular-
stapled EI anastomosis after TG, We hypothesize that use
of this system to perform stapled, circular anastomosis
dwing TG can be performed safely wilh acceptable
outcomes,
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Patient Selection

Patients who underwent laparoscopic or open TG for
gastric carcinoma or CDHJ mutation at Memorial Sloan-
Kettering Cancer Center from June 2007 through February
2011 and who did not have a hislory of prior gastric sur-
gory were identified from a prospectively maintained
gustric database, The study was conducted according to the
institutional human research committes procedures. Lapa-
roscopic surgety was offered to patients regardless of stage.
Tumors with extensive serosal involvement or bulky nodal
disease were generally resected by open approuch, Patients
were included if they were reconstructed with an end-to-

side EJ using the transorally inserted anvil delivery system,

All surgeries were performed by a single, high~-volume
gastric surgeon.

Demographic, histopathologic, psriaperative, and fol-
low-up information were collected. Pathologic siaging is
based on 7th edition AICC staging of the postoperative
pathologic evaluation. Analysis was performed as an
intent-to-treat analysis; laparoscopic converted to open TG
were analyzed as laparoscopic TG. Thirty-day periopers.
tive outcomes are reported. Postoperative leak and stenoses
were determined by radiologic, endoscopic, or operative
findings; workups were performed based on the patient’s
clinical status. Resection margins were defined as RO
(negative), R1 (microscopically positive), and R2 (macro-
scopicully positive). Ranges are reported as interquartile
ranges (IQR) unless otherwise specified.

Surgical Technique

The OrVil™ system includes an anvil with an erogastric
tube attached to the central rod by a connecting thread. The
head of the anvil comes tilted to lacilitate the passige
through the pharynx and upper esophagus, The rod of the
anvil is connected to a DST series™ EEA™ XL, 25 staple
device (Covidien, USA), which allows tissue approximation.

After entering the abdomen, the gastrocolic ligament was
divided to include the greater omentum in the specimen. The
dissection wus directed toward the pylorus with division of
the inferior gastroepiploic vessels, The hepatoduodenal
ligament was dissected, and the right gastric artery was
divided. Circumferential dissection of the duodenurn was
completed and transected distal to the pylorus using a 35-
mm linear stapler, Dissection continued along the gastro-
hepatic ligament until the hiatus was reached. Splenectomy
was avoided unless surgical margins were compromised or
macroscopic nodal disease was present at the splenic hilum.
The abdominal esophagus was circumferentially mobilized
to a length thought to prevent undue tenston. At this point,
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the esophagus was transected with a 35-mm linear stapler.
The proximal margin wag sent for intraoperative frozen
section; additional resection of vsophagus was performed if
necessary. Patients with the disgnosis of gastric cancer
underwent stundard D2 lymphadenectomy; D1 dissection
was performed in patients with ¢ CDH/ mutation who did
not have a diagnosis of cancer.

The orogastric tube was introduced in the esophagus,
and the tip was identified at the esophageal stump (Fig. 1).
The tube was exteriorized through a small hole created on
the anterior etophageal wall adjacent to the staple line and
extracted until the rod of the artached anvil reached the
hole. The connecting thread was divided allowing the wbe
to be removed. A 50-cm Roux-en-Y loop waus created and
the EEA™ XL 25 stapler device was introduced through
the jejunal loop end. The EEA™ was then connected to the
anvil and fired (Fig, 2), The enterotomy was closed with a
35-mm linear stupler,

Patients receive postoperative care according the
MSKCC TG treatment pathway, If the patient’s ¢linjcal
status allows, a clear liquid diet is started on postoperative
day 2, and diet is advanced to a postgastrectomy digt as
tolerated. Workup, including upper GI studies, is resorved
for patients in whom there is a ¢linical concern for a leak.
Standard mansgement for B leaks includes nonoperative
intervention for hemodynamically stable patients without
peritonitis and with coutajned or small leaks, However,
reexploration is indicuted in the setting of hemodynamic
instability, peritonitis, or a failure of nonoperative man-
agement, This study was [unded by internal sources and
was not funded by Covidien.

RESULTS
Patient Characteristics

Forty-eight consecutive patients underwent laparoscopic
or open TG with this technigue, No patient was excluded,
Patient churacteristics are summarized in Table 1. Forty
(83 %) patients were male. Median age at resection was
64 years (IQR 55-70), Median body mass index (BMI) was
27.1 kg/m* (IQR 24,0-30.5). Thirty-eight patients (79 %)
had at least ome comorbidity, which most commonly
included hypertension (44 %), obesity (29 %), and cardiac
disease (27 %).

Pathologic Characteristics

Pathologic churacteristics are summuarized in Table 1,
Pathologic diagnosis was gastric carcinoma in 46 cases
(96 %), high-grade dysplasia (2 %), and low-grade dys-
plasia (2 %). Tumars were most commonly located at the

' GBJ (37 %), middle third (33 %), upper third (23 %), and
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FIG. 1 Insertion and positioning of the transoral anvil delivery system

diffusely (6 %). Median wmor diameter was 3.2 cm (IQR
1.5-6.0). Median number of harvested lymph nodes was 22
(IQR 17-28). Forty-five casos had negative margins (RO;
94 %); three cases had R1 resections (6 %). Stage II
lesions were most comrmon (35 %), followed by I (33 %),
I (21 %), 0 (8 %), and IV (2 %).

JHOONJIS
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Perioperative Characteristicy

Perioperative characteristics are summarized in Table 1.
Open TG was the most commonly performed procedure
(n = 31, 65 %), followed by laparoscopic (35 %), Six
laparoscopic cases were converted to open (33 %); three
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FIG, 2 Docking of the cireular stapling device to the teansoryl unvil
delivery system

(18 %) were converted to laparoscopically assisted, Con-
version  indications  include:  unfavorable  tutnor
characteristics (1 = 5, 56 %), positive esophageal margin
(2 %), splenic hemorrhage (2 %), adhesions (2 %), and
device failure (2 %), Median operative time was 230 min
(IOR 190-277). Bstimated blood loss was 250 mL (IQR
150-450), Median hospital stay was 8 days (IQR 6-9),
Anvil passage through the pharynx and esophagus wus
uneventful in all cases.

Perioperarive Outcomes

Perioperutive outcomes are summarized in Table 1.
There was one perioperative death (2 %) in a patient with a
¢T2N1 tumor undergoing open TG after neoadjuvant che-
motherapy, The patient developed a duodenal stump leak,
necessitating reexploration. The EI anastomosis was found
to be intact. There were no perioperative deaths due to EJ
leak.

One of more complications occurred in 15 patients
(31 %), Two patients developed a duodenal stump leak
(4 %); one developed hemorrhuge at the BJ (2 9%). Four
patients (8.3 %) developed a postoperative BJ leak, Three
of the EJ leaks followed open I'G; one was associated with
a laparoscopic-assisted TG, No leaks occurred in cases that
were performed totally laparoscopically. Because postop-
erative studies to evaluate anastomotic leak are only
obtyived in the setting of a clinical suspicion, it is possible
that we are underreporting clinically occult anastornotic
leaks. However, the presence of these clinically inapparent
leaks dots not requite additional treatment,

FRIOONOIS

TABLE | Demogruphies, pathologic, and pueloporative churncteristics of
putients undurgoing  esophagojujunul reconstruction with trunsoral anvil
telivery system after wolal gugtrectomy

Putient chargeteristic

No, of pattents (i) 48
Clender (n, %)

Mula 40 (83)
Age ut rexection, yearr (median, IQR) 64 (55-70)

Body muss index (kglml; median, IQR) 27,1 (24.0-30.5)

Comarbidities (n, %)

Hypertenslan FANCL)
Qbiasily (BMI >30 kg/m?) 14 (29)
Dinbetes mellitgy $(10)
Cardiue diseass" 13 (27)
copp® T8
ASA ygrude (median, IQR) 2 (2-3)
Puthalogic charucteristic
Preoperative dingnosis (v, %)
Guaateie carcinoma 46 (Y6)
Migh-grade dysplasiu @)
Lowsgrude dysplagia 1(2)
Tumor location (n, %)
Gastroesophugeal junctioy 18 (37)
Uppusr third 11(23)
Midele thivd 16 (33)
Distal third 0 ()
Diffuye 3 (8)
Tumor size (o), mediun (IQR) 3.2 {1.5=6.0)
Lymph nodes barvested, macizn (IQR) 22 (17-24)
AJCC ataging, 7th edition
Stage 0 4 (8)
Stuge 1 16 (33)
Stage 1 {7 (35)
Stage [1I 10 21
Srage 1V 1(2)
Perioporatlve churucteriatic
Type of total gastrectomy (r, %)
Opun 31 (65)
Luparogcopic® 17 (35)

230 (190-277)
250 (150450)

Opurative tine (min), median ((QR)
Bstimated blood loss (mL), modisn (JQR)

Length of stay (duys), median (IQR) 8 (6-9)
Porloperative outcomes
Mortality (r, %) 1(2)
RJ leuk = strictuge (v, %) 4 (8)
ET grricrupe {n, %) 2 (4)
Duodenul stump lesk (n, %) 2(4)
EJ hemorvhage (1, %) 1(2)

IQR intsrquartile range

¥ Coronary srtery diseuse, urthythmia, angina, or valvular heget dissase

® COPD and nuthma

¥ Includes totally lupuroscopic, laparoscopic-ussisted, and luparoscopic con-
vurted to open
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Patient 1 underwent a laparosoopic converted to lapa-
roscopic-assisted TG and was diagnosed with an EJ leak on
an upper GI swallow performed on the seventh postoper-
ative day alter developing a left pleural effusion. The study
demonstrated a small, contained arex of exiravasation. The
patient was managed conservatively, and the leak had
resolved on the planned study 3 weeks luter. Oral diet was
resumed, and the patient was discharged after a 30-day
stay.

The second case was diagnosed on a computed tomog-
raphy (CT) scan performed on the third postoperative day
due to persistent abdominal pain and tachycardia after an
open TG, Imaging revealed pooling of oral contrast around
the EJ anastomosis. Reoperation with irrigation and
drainage was performed. Intraoperatively, the leak could
not be identified. The patient recovered and was discharged
40 days later.

The third patient developed cardiopulmonary decoms-
pensation, distension, and hypotension on the ninth
postoperative day afler open TG, The patient was reex-
plored and found an EJ dehiscence. The EJ was taken
down, and cervical esophagostomy with feeding jejunos-
tory tube was performed. The patient was discharged on
hospital day 51.

The final case occutrred in a patlent who undérwent an
open TG, On postoperative day 10, the patient developed
peritonitis and was taken to the operating room, where a 5-
to 7-mm defect at of anterior aspect of the EJ anastomosis
was identified. Management was similar to third patient
with discharge on day 59.

Two patients (4 %) developed Bl stenoses, independent
of BY leak. Patient 1 underwent a laparoscopic converted (o
open TG after frozen section confirmed a positive esoph-
ageal margiv. The patlent developed a stenosis alter
completing locoregional radiotherapy. Patient 2 developed
an EJ stenosis after open TG, No EJ stenoses occurred after
a totally laparoscopic TG. There was one additional BJ
stenosis that developed after an EJ leak, All stenoses were
weated with endoscopic dilations (median: 3 dilations),

The median follow-up since time of resection was 18
months (IQR 11-34). At last follow-up, 32 paticnts had no
evidence of disease, 9 had died of disease, 5 were alive

with disease, and 1 each had died of other causes or of

unknown causes,

DISCUSSION

Open, and mere recently, laparoscopic TG serve as the
mainstays of gastric cancer management for tumors at the
GEJ, upper, or middle third of the stomach, or diffusely,
Recongtruction with an EJ anastomosis can be technically
difficult, due to both patient and tumor characteristics. A
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number of seres have reported on the use of the circular
stapler in the setting of open TG (Tuble 2). However, 2
widely accepted method for EY reconstruction afier lapa-
roscopic TG has not yet been developed, Some authors
recornmend  assistance by a minilaparotomy, buf this
approach may compromise the advantages that laparo-
scopic surgery provides.™ Reported alternatives for BJ
reconstruction after lapuroscopic TG include linear and
circular stapled techniques (Table 3). Although they seem
safe in experienced hands, complex and time-consuming
maneuvers are necessary to complete the anastomosis.
With the increasing application of laparoscopic TG, the
current technique may facilitate intracorporsal creation of
the Bl anastomosis in all patient and tmor types.

Traditionally, creation of stapled circular EJ anastomo-
sis involves a pursestring suture to insert the anvil, In some
circumstances, such as a narrow esophagus, a large, obess
patient, or a higher resection of the esophagus, creation of
the pursestring may pose a great challenge. This is an
irnportant issue in Western countries where GEJ cancers
and obese patients are more common.'® Alernatively the
placement of the pursestring sutures may be incomplete
because of lack of adequate visualizution, leaving por uons
of the esophageal wall not included in the anastomnosis.!
These technical difficulties are minimized with this system.

This study is the first American series to veport use of
the transoral anvil delivery system for the EI anastomaosis
after TG for pastric cancer. In the 11 (predominantly
Eastern) published studies in which BMI was evaluated in
the bettmg of laparascopic TG, the median BMI was
22.4 kg/m*; the mean BMI was similarly low at 23.0 kg/m?
(Tuble 3). Additionally, 1 Korean, randomized, controlled
trial evaluating laparoscopic versus open distal gastrecs
torny reported 4 mean age of 55 years and mean BMI of
23.5 kg/m®. Thirty-seven percent of patients had a
comotbid condition; less than 10 % had an ASA class of
3.'2 Unlike BEastern series’ that traditionally report on a
young and healthy population,'? this report notes a high-
risk population; median age at resection was 64 years and
median BMI was 27.1 kg/m®  Additionally, 79 % ol
patients had al least one preoperative comorbidity (29 %
with morbid obesity) and 37 % (n = 18B) had an ASA class
of 3. Additionally, unlike the Bastern series in which
tumors may have a more favorable Jocation and biology,
tumors in this series are commonly located at the GEIJ
(37 %),

The presence of comorbiditiss, obesity, and advinced
age are associated with reduced postopcmnw outcomes
after both open and laparoscopic gasuectomy 426 Despite
features that increase morbidity and mortality in the current
series, we report an acceptable incidence of EJ anastomotic
leak. Reported leak rates after open and laparascopic TG
range from 0.5 to 13 % (Tables 2, 3). In the current series,

LBEBBTIPCEL 60T

ETB82/72/p8




J. LaFeminy 1 al.

TABLE 2 Relevant series reporting postoperutive resulls ufter open tlal gastrectomy and esophagojejunyl reconstruetion with a ciroular stuple

rechaigue

Author Year Mothod of anvil insertion N Mortality (%)  EJ leak rate (%)  EJ leuk lethality (%) EJ stenosis rute (%)
Hubu et al 1989  Handsewn pursestring 94 0 74 0 11
Seufert et al™ 1990  Pursestring ¢lurnp 40 2.5 2.5 0 0
Fujimoto ¢t al*® 1991 Handsewn pursestring 199 N/R 3.5 N/R 3
Tsozaki et al.?’ 1997 N/R 207 NIR 9.7 30.3 N/R
Pol et ul, 1997  Pursestring clamp 176 8 2.8 0 0
Nomura et 11,7 2000 NR 943 N/R 29 N/R 1.2
Tukeyoshi et al® 2000 Pursestring olump 324 N/R 3.1 0 49
Pesko et al.™ 2002 Handsewn pursestring 148 2.9 L4 0 0
Doglicto e 4l 2004 NR 237 0.3 6.3 13.3 N/R
Lamb et al* 2004 N/R 76 9 ! 50 N/R
Hyodo et al.*® 2007  Automatic pursestring 380 N/R 0.5 0 1
Sierzegu et al® 2010 N/R 690 2.9 59 27 N/R

N/R not reported

TABLE 3 Relevant series reporting results after [aparoscopic total pastrectomy grouped by the wcehuique of esophagojejunal reconkiruction

Author Yeur Castrectomy N BMI (kg/mz) Mortulity (%) EJ leak 1) stenosis
echnigue rate (%) rate (%)

End/side-torside fineur stupler anastomosis . .
Huscher et al.’ 2007 TLTG 11 N/R 18,1 0 0
Ziqiang el al® 2008 TLTG 14 N/R 0 0 0
Okabe ot al.” 2009 TLTG 16 20,84 0 0 0
Shinohara et al.’ 2009 TLTG 55 N/R 0 3.6 N/R
Bracals et ul.® 2010 TLTG 67 N/R 1.5 6 3
Inaba et al*® 2010 TLTG 53 22,0 0 3.8 N/R
Tsjimoto et al*! 2012 TLTG 15 217" o 0 0

Bnel-to-side circular stapler anastomoxiy with hand sewn/clamped/stapled pursestring
Carboni et a1 2005 TLTG 8 N/R 0 1.8 N/R
Dulucq et &l,* 2005 TLI'G 8 N/R 0 0 0
Ibafiez Aguirre et al, 2006 TLTG-LATG 63 N/R N/R 4.8 0
Kim** 2008 LATG 27 22.6" 0 0 N/R
Mochild at al.*® 2008 LATG 20 N/R 0 10 5
Topal et al.*’ 2008 LG 3% 24.0 2.6 5.3 N/R
Usui et al ' 2008 LATG 23 237" 0 0 N/R
Allist et al® 20090 TLTG-LATG 16 N/R 6.3 6.3 0
Jeong ¢t al. ™ 2009 LATG 131 23.0° 0 2.3 0
Lee et al.™! 2009 LATC 67 20.9° 0 1.5 9
Kinashita et al.% 2010 TLTG 10 224" 0 0 0

End-to-side circular stapler anastomosis with orvir™
Jeong et al.™ 2009 TLTG 16 23.0° 0 0 0
Sukurumoto et al.”? 2010 LATG 26 240" 0 0 3.8
Kachikwu et ul™ 2011 TLTG 16 24.9" 0 0 18.8
Kunisaki et al™ 2011 LLATG 30 23.0% 3.3 33 N/R
Murungogi et al ™ 2012 TG 13 N/R 7.7 ) N/R

Current series 2012 TLTG 17 27.1¢ 0 5.9 5.9

TLTG totally lapuwroscople (otal gastrectamy, LATG laparoscopically ussisted total gastrectomy, N/R not reported

4 Median

® Meun
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the EJ leuk rate is 8.3 %; in the setting of laparoscopic (but
ultimately converled to open) T'G, this incidence is reduced
to 5.9 %. The leak rate, in this series, is 0 % after totally
laparascopic TG.

B] leak is associated with considerable mortality.
Overall perioperative mer{alily in the setting of open and
laparoscopic TG ranges for 0-18 % (Tables 2, 3). Some
reports have attributed up to a 50 % morality directly
resulting from a postoperative leak. Tn the current series,
one patient with an B leak after laparoscopic-assisted TG
was managed conservatively; three after open TG were
managed with reoperation and diversion. Though three of
the four leaks required reoperation, there were no deaths as
a consequence of an EJ leak, demonstrating that early
detection and aggressive management of a postoperative ET
leak is critical, Additionally, il is of the utmost importance
(o limit tension on the esophagus during mobilization and
to ensute & tension-free EJ anastomosis creation, 4§ mini-
mize the risk of EJ leak and stenosis.

Finally, previous reporis have estimated a risk of EJ
stricture to be 0-19 % (Tables 2, 3). In the current series,
" we identified two eatly postoperative EJ strictures, and we

estiniate an early stenosis risk, independent of leak, to be
4 %. This stricture rate is comparable 1o previously pub-
lished studies. Additionally, when strictures do develop,
management is generally successful with endoscopic bal-
loon dilations.

A potential drawback of this system is contamination of
the abdomen that occurs when the oropasicic twbe i
extracted through the esophageal stump. Intra-abdominal
collections attributed to this have been rcported.z'/ Although
we did nol experience this problem, we advise proper
measures lo decrease infections complications, including
perioperative antibiotics and local irrigation after the anvil
positioning. If the procedurs is being performed laparo-
scopically, the orogastric tube should be extracted through
an inserted port. Another concern using this system is the
possibility of damaging the pharynx or the esophagus while
the anvil is passed. ™ Although this complication is al
Jeust theoretically possible, it has not been reported in any
previous studies,?”""* Sakuramoto et al. *3 teported one
patient in which passage of the anvil was not possible due to
an esophageal stenosis caused by ulceration. This was
detected due to unexpected resistance during the extraction
of the orogastric tube, The anvil was removed with intra-
operative endoscopy. Preemptive steps should be taken Lo
avoid potential difficulties during the passage of the anvil:
manual guidance at the pharynx, deflation of the cuff of the
endotracheal tube and gentle traction of the orogastric tube.
Exuraction should be halted and endoscopy performed if
resistance is encountered, This group also recommended
that esophagotomy is better done at the center of the staple
line due to tissue lacerations when performed on the
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anterior or posterior wall. This has not been described by
other authors or by our group. 1p any case, careful extraction
and manipulation of the anvil is always required to avoid
this potential intracperative complication.

TG, both laparoscopic and open, can be performed
safely and effectively in high-volume, specialized centers.
Recent reports on outcomes are derived predominantly
from Bastern centers. In this first American series, which
includes a representative Western population of older,
sicker patients with twmors demonsirating a more aggres-
sive biology, we demonstrate that TG, using the transoral
anvil delivery system can be performed safely and effec-
tively, with acceptable morbidity and mortality. Leak and
stricture rates appear to be comparable to that seen using
other techniques.
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