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The short esophagus —lengthening techniques
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Abstract: Conditions resulting in esophageal damage and hiatal hernia may pull the esophagogastric
junction up into the mediastinum. During surgery to treat gastroesophageal reflux or hiatal hernia, routine
mobilization of the esophagus may not bring the esophagogastric junction sufficiently below the diaphragm
to provide adequate repair of the hernia or to enable adequate control of gastroesophageal reflux. This
‘short esophagus’ was first described in 1900, gained attention in the 1950 where various methods to treat it
were developed, and remains a potential challenge for the contemporary foregut surgeon. Despite frequent
discussion in current literature of the need to obtain ‘3 or more centimeters of intra-abdominal esophageal
length’, the normal anatomy of the phrenoesophageal membrane, the manner in which length of the
mobilized esophagus is measured, as well as the degree to which additional length is required by the bulk
of an antireflux procedure are rarely discussed. Understanding of these issues as well as the extent to which
esophageal shortening is due to factors such as congenital abnormality, transmural fibrosis, fibrosis limited to
the esophageal adventitia, and mediastinal fixation are needed to apply precise surgical technique. The extent

and methods of esophageal mobilization and crural closure, options of gastropexy or gastroplasty will then

become clear to the foregut surgeon.
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Introduction

Management of the ‘short esophagus’ found during surgery
for gastroesophageal reflux disease and hiatal hernia repair
has been the subject of surgical controversy since the first
descriptions in the early 1900s. Shortening of the esophagus
in adults, currently accepted as an acquired condition,
was theorized in 1938 (1). Long-standing reflux damage
resulting in fibrotic shortening of the esophagus as well as
chronic gastric herniation resulting in mediastinal fixation
can lead to situations in which standard dissection will not
restore the gastroesophageal junction to an appropriate
intraabdominal position, and an additional ‘lengthening’
procedure is required. This paper will attempt to meld
that historical background into a discussion of the current
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definition, etiology, diagnosis and various surgical options
for the short esophagus.

Treatment of the short esophagus has revolved around
goals of treating the associated hiatal hernia and of resolving
gastroesophageal reflux. Any additional length of intra-
abdominal esophagus below the hiatus is a matter of reflux
barrier physiology and preferred esophageal length required
by some antireflux procedures. The changing causes of
esophageal shortening and methods to treat reflux does
make for an interesting story.

Definition of a short esophagus and relation to

Nissen fundoplication

Although conceptually a short esophagus may be relatively
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straightforward, the reported incidence ranges from 2% to
80% in patients with giant hiatal hernias (2,3).

Current laparoscopic literature regarding a short
esophagus frequently presumes a fundoplication will
accompany the hiatal hernia repair. An esophagus is
‘short’ if less than 2-3 cm of visible esophagus does not
rest easily within the abdominal cavity after routine
dissection. Fundoplication can still be completed without a
lengthening procedure, but with a greater risk of failure (4).
The origin of the concept is interesting. First, the precise
mark of the gastroesophageal junction is rarely defined;
many diagrams show measurements taken on the right side
of the esophagus, presumably where esophageal adventitia
transitions to gastric serosa, e.g., Horvath, 2000 (4). The
phrenoesophageal membrane and the angle of His more
reproducibly mark the transition from esophagus to
stomach and are normally adjacent to the abdominal side of
the diaphragmatic crura, not 2-3 cm below. It would seem
that achieving 2-3 cm of intra-abdominal esophagus may
be unnatural, as it would be stretching a normal esophagus.
Where then does the need for 2-3 c¢m of length arise?

One goal of antireflux surgery has been to restore
abdominal length to the lower esophageal sphincter. By
manometry and surgical findings, the lower esophageal
sphincter does extend 2-3 cm below the angle of His.
These findings indicate that a Heller myotomy must extend
onto the anterior gastric serosa to divide the esophageal
sling fibers all the way down to the junction of the oblique
gastric sling fibers, which mark the lower margin of the
LES. Accomplishing restoration of manometrically-
determined abdominal length does not require an additional
2-3 cm of visible abdominal esophageal length above the
phrenoesophageal membrane.

However, the bulk of a Nissen or similar fundoplication
does require the stomach be placed around 2-3 cm of
tubular esophagus. This is likely a major reason that
fundoplication and hernia repairs accompanied by
fundoplication fail when that 2-3 cm of additional length is
not obtained. Procedures that do not involve a bulk around
the distal esophagus do not require that additional length (4).

Historical background

The current definition of a ‘short esophagus’ is due to the
requirements of a Nissen fundoplication. This is important
as it relates to early surgical description and treatment of
the ‘short esophagus.’

Philip Allison in 1948 described the ‘short esophagus’ as

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Annals of Laparoscopic and Endoscopic Surgery, 2021

a radiologic finding in a review of 63 patients with peptic
ulcers of the esophagus (5). The radiologic findings defining
a hiatal hernia were known; Allison’s paper however
recognized 8 patterns of a short esophagus, 5 of which
were associated with various degrees of stricture. Allison
also observed in his postmortem and surgical dissections
that “the lowest part of the esophagus is enclosed in a thick-
walled tunnel of the diaphragmatic crura.... there is in life no
such thing as the abdominal oesophagus. This part is embedded
in the diaphragmatic muscle except for a small triangular bare
area in front.” Allison’s paper sets the stage: “The rational
treatment is to cure the deformity which allows acid to reach the
oesophagus. The success of this depends on the oesopbagus being
elastic enough to reach below the diaphragm.” At that time, due
to the severity of stricture rendering the esophagus inelastic,
partial esophagectomy was the most common surgical
solution, even though it did not cure the deformity.

At the same time, observations by rigid endoscopy and
resected specimens indicated that sometimes a segment
of what appeared to be esophagus by its tubular nature
above the hiatus, had instead a columnar-lined epithelium
and peritoneal covering consistent with stomach. Norman
Barrett in 1950 considered columnar lining always
indicative of gastric tissue (6). Allison in 1953, in describing
what for many years has been called the ‘cardia’, made a
keen observation: “The oesophagus (below a stricture), which is
lined by gastric mucosa, retains its tubular contour, although it
may be a little dilated. The position of the cardia can be identified
where the lumen widens again to form the sac of the berniated
stomach....” The cardia is an intermediate tubular structure
that represents esophagus lined by gastric epithelium
without “a demonstrable change in mucosal pattern” and
results from reflux (7). It is not often that surgeons are
known to change their opinion; however, Barrett in 1957
aligned with Allison that the lower part of the esophagus
can be “/ined by columnar epithelium extending upward for a
short or long distance above the esophagogastric junction,” and
had his name eponymously used henceforth as “Barrett’s
esophagus” (8).

At this time, the barrier to reflux was called the ‘cardiac
valve” and more attention was paid to the flap-valve effect of
the angulated gastroesophageal junction and the pinchcock
effect of the diaphragmatic hiatus, and little was known
about what is now defined by manometry as the lower
esophageal sphincter. In a sliding hiatal hernia, competence
of the ‘cardiac valve’ was attained by restoring parts to their
normal anatomic position by repair of the phrenoesophageal
membrane (9). In 1954 Collis described a similar restoration
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Figure 1 Original description of gastroplasty by Collis (14). (A) Diagram of herniated stomach due to shortened, strictured esophagus. (B)

Clamps are placed parallel to lesser curve of stomach and tissue divided between clamps and oversewn. (C) After division and oversewing,

demonstrating gastric tube and lip of remnant fundus. (D) Lip of remnant fundus is reduced below diaphragm and fans out with rest of

fundus; closure of hiatus accentuates an acute angle between distal gastric tube and proximal stomach.

of the cardiac valve by closing the hiatal opening anterior
to the esophagus (as opposed to posterior, as Allison had
done), and in 1968 reported 80% 4-year control of reflux
with this procedure (10,11).

A different understanding of, and approach to the treatment
of reflux esophagitis was taken by Rudolf Nissen (12).
He believed that reflux was due to a functional insufficiency
of the gastroesophageal sphincter and its sequalae.
“Consequently, the principal purpose of the operation is not the
elimination of the hernia, but the restoration of the sphincteral
function (13).” In Nissen’s original description, which he
used in all cases except those of the paraesophageal type, the
peritoneal covering of the gastroesophageal junction was
incised so that the intraabdominal esophagus could be “pulled
Reduction of the herniated

1

down approximately 10 cm/[sic]!
stomach relied on a Boerama anterior gastropexy, no closure
of the hiatal opening was performed.

In 1957 Collis published a technique, which still bears
his name, to treat hiatus hernia in the setting of a markedly
short esophagus (14). The technique involved creating a
tube of gastric tissue to act as a conduit between the lower
end of the esophagus and the main body of the stomach.
Collis justified the use of acid-secreting gastric tissue as
prior studies demonstrated that the proximal stomach (the
cardia) had 50% of the parietal cell density as the rest of
the stomach. The procedure was performed through a

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

thoracic approach, placing two clamps longitudinally along
the herniated stomach parallel and very close to the lesser
curve, then dividing between the clamps and oversewing
the divided tissue (Figure I). The remnant, non-connecting
portion is placed below the diaphragm and then “zhe
limbs of the right crus are now sutured together and in front
of the connecting tube. This produces an acute angle between
the connecting tube and the main body of the stomach.” No
fundoplication was performed; prevention of reflux relied
upon recreation of the acute angle at the entry to the main
body of the stomach by closing the hiatus anterior to the
esophagus as had been described in his 1954 paper.

Collis also astutely observed that some patients
undergoing paraesophageal hernia repair developed reflux
when none was present preoperatively. Confirmed by
other studies, current ‘dogma’ is to perform an antireflux
procedure—typically a Nissen fundoplication—in all
paraesophageal hernia repairs regardless of preoperative
reflux findings.

Thal er al. in 1965 described an antireflux procedure
which left the stomach above the diaphragm.

In 1971 Pearson et al. reported their initial experience
of combining a Collis gastroplasty with a Belsey-type
partial fundoplication performed through a thoracotomy.
Although the initial indication for gastroplasty was obvious
shortening due to peptic stricture, Pearson recognized
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that more subtle shortening occurred “in cases of gross
ulcerative esophagitis, even without a peptic stricture”.
The gastroplasty was created over a 48-Fr Maloney dilator
and was generally 5 cm long. The partial fundoplication
used in this situation was longer than a typical Belsey Mark
IV operation. When the operation was completed, the
upper end of the gastric tube would be at or just above the
thoracic side of the diaphragmatic hiatus. The objective
of the operation was “to achieve an antireflux repair that
is free of tension and therefore highly unlikely to suffer an
anatomic recurrence of the hiatus hernia” (15), a mantra
that has stayed the course of time.

Orringer and Sloan in 1978 described combining the
Collis procedure with a 360-degree Nissen fundoplication,
as reports of the Collis-Belsey indicated an unexpectedly
high (30-46%) failure rate in controlling reflux (16).
The reason for failure, according to the paper was that
“comstruction of the gastroplasty tube so reduces the amount
of gastric fundus available for fundoplication that a standard
240-degree Belsey wrap around the new distal esophagus cannot be
achieved.” This is a curious statement, as the paper does not
go on to explain how a 360-degree wrap can be constructed
when there is insufficient funds for a 240-degree wrap.
Orringer’s thoracic approach used a 56-60F dilator in the
lumen of the esophagus and performed the gastroplasty
with two applications of a GIA surgical stapler creating a
“functional distal esophagus” of 5-10 cm. The subsequent
360-degree fundoplication was created around a 46Fr dilator,
of 6 cm in length, and enfolded 3—4 cm of gastric fundus as
well as 3—4 cm of the gastroplasty tube.

Up until the report by Steichen in 1986, the Collis
gastroplasty was commonly performed through a left
thoracotomy (17). Using an abdominal approach, Steichen
described using an end-to-end anastomotic stapler (EEA) to
create a ‘buttonhole’ uniting anterior and posterior gastric
walls 5 cm distal to, and in vertical alignment of the angle
of His. Subsequently a gastrointestinal anastomotic (GIA)
stapler could be passed cranially through this buttonhole,
parallel to the lesser curve, to divide the fundus up to the
angle of His—creating in a cranially-directed fashion what
had previously been done caudally-directed through the
chest. The flap of fundus created was then used to create a
360-degree fundoplication.

Other procedures for the short esophagus included
creating an intrathoracic Nissen fundoplication (18), if
necessary, accompanied by a longitudinal opening of the
stricture and suturing the gastric wall as a patch over the
esophageal opening (Thal-Nissen procedure), as well as a
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stapled uncut gastroplasty. Neither of these gained wide
acceptance (19). The Collis procedure did reduce the
need for esophageal resection in cases of short esophagus
associated with strictures not refractory to dilation (19).

The era of laparoscopic surgery and potent acid-
suppression medications

By the mid-1990s, two developments—laparoscopic
fundoplication and proton pump inhibitors (PPIs)—altered
the landscape of the short esophagus. With the use of PPIs,
refractory transmural strictures leading to irreversible
esophageal shortening became less frequent. Laparoscopic
fundoplication in the short-term increased the number
of patients receiving an abdominal, minimally invasive
approach to antireflux surgery.

Early descriptions of laparoscopic fundoplication
recognized that failure to obtain that additional 2-3
cm of length was associated with a higher failure rate.
Careful preoperative endoscopic and radiologic evaluation
to identify a fixed hernia which would likely need a
lengthening procedure was promoted as laparoscopic
methods of performing a Collis gastroplasty were
lacking. A fixed hernia of >5 cm from diaphragm to the
gastroesophageal junction seemed to be the most reliable
landmark (20).

In 1996 Swanstrom and colleagues reported the
outcomes of 34 patients with a >5 cm axial hernia on
preoperative endoscopy. In 10 patients the EGJ could easily
be brought 2 ¢cm or more below the diaphragm. Extensive
trans-abdominal mediastinal dissection (performed under
direct laparoscopic visualization, which had not been
performed during open surgery) was successfully used in
17 of the remaining 24. Of the remaining 7 patients, 4
had crural repair and gastropexy. The remaining 3 had
a novel minimally invasive Collis procedure performed
with an endoscopic linear GIA stapler inserted through
the right chest under thoracoscopic visualization, with the
mediastinal dissection, crural repair, and fundoplication
performed laparoscopic technique (Figure 2). Based on
improved outcomes of the 3 Collis patients compared to the
17 with extended mobilization, the paper concluded that
laparoscopic Collis gastroplasty was the treatment of choice
for the shortened esophagus (21).

Johnson in 1998 reported that 26% of 220 patients
undergoing laparoscopic antireflux surgery, had esophageal
foreshortening by preoperative evaluation using the >5 cm
fixed height criterion. After hiatal dissection, 9 of these
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Figure 2 Laparoscopic approach for Collis: transthoracic passage of laparoscopic stapler is used to emulate clamping/cutting/closure of cut

tissue following Collis’ original description. (A) Herniated stomach has been mobilized and largely reduced. (B) Endoscopic linear stapler

introduced through right chest after creation of pneumothorax. Fundus is rotated anteriorly and stapler advanced parallel to lesser curve
starting at the EGJ and fired. (C) Gastric tube and portion of fundus which is used, (D) for the fundoplication.

patients (16% of those suspected to have foreshortening)
did not have 2 cm of esophagus resting easily below the
diaphragm and required Collis gastroplasty. A minimally
invasive variation of the EEA/GIA stapling technique
described by Steichen in 1986 was used to perform the
gastroplasty in these patients (22).

In 2002 Jobe reported follow-up on fifty-two patients
with laparoscopic adaptation of a Hill posterior gastropexy
repair in giant hiatal hernia with short esophagus without
gastroplasty (23). Small, asymptomatic axial recurrences
were noted in 4 patients; larger hernias due to disruption of
the hiatal repair—not the gastropexy—were seen in 7. The
study concluded that the Hill procedure avoided the need
for gastroplasty because it does not require the 2-3 cm of
additional esophageal length of a fundoplication.

In 2004 Terry reported results of laparoscopic resection
of a wedge of gastric fundus to create a Collis gastroplasty,
obviating the need for an EEA stapled buttonhole (which
was difficult to place with laparoscopy) or the double-lumen
endotracheal tube required for the right chest approach
(Figure 3) (24).

In 2014 Wilson and colleagues described a left chest
approach to a Collis using an articulated endoscopic stapler. A
left sided pneumothorax is induced and through a single port
in the 4" intercostal space the articulated stapler is advanced
gently (largely by feel) through the mediastinal pleural defect
and the hiatus and with jaws open along the gastric fundus
starting at the angle of His to complete the gastroplasty. A
46Fr Bougie is used to size the gastroplasty (25).

Disadvantages to the Collis procedure

The gastric conduit created by the Collis gastroplasty places
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the acid-secreting mucosa of the gastric fundus against an
already diseased esophagus (26). In one study, 7/15 patients
were found to have acid-secreting parietal cells in the neo-
esophagus above the wrap and esophagitis or the need for
acid-suppressive medication has been reported (27).

Whether the gastric tube of a Collis retains peristalsis
remains unclear. Theoretically, this segment should be
aperistaltic (27).

Collis gastroplasty can make ablation difficult in distal
esophagus secondary to acid production by the tubularized
oxyntic gastric tissue (28).

Alternatives to Collis procedure.

Recognizing variations in degree of esophageal shortening,
O’Rourke and colleagues described extended mediastinal
dissection of the esophagus 7-10 cm circumferentially above
the hiatus as an option to reduce reflex recourse to a Collis
gastroplasty (29). This extended, “Type II” mediastinal
dissection was performed in 92% of patients with a mixed
paraesophageal hernia, and in 26% of patients undergoing
routine fundoplication. The report does not mention the
frequency with which this procedure was inadequate and
an intraoperative decision to perform a Collis gastroplasty
occurred but suggests it would be in the 2-4% of cases.
Oelschlager noted that a frequent finding in a short
esophagus was tension from the vagus nerves. Division
of one (in 26 patients) or both (in 4 patients) vagal nerves
would in these situations provide 2-3 cm of additional
esophageal length, negating the need for a Collis procedure.
Post-vagotomy side effects in the unilateral vagotomy
group were no different than in matched controls; 4/4
patients undergoing bilateral vagotomy did report persistent
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Figure 3 Laparoscopic Wedge Fundectomy. (A) After division of short gastric vessels, inferior retraction on fundus permits linear stapler

to divide superior fundus towards lesser curve. (B) Completed first staple line. (C) Second staple line parallels angle of His. (D) Completed

wedge resection creates neo-esophagus; residual fundus then used for fundoplication.

dumping (30).

The possibility of vagal mobilization rather than vagal
division was described by Herbella in 2009. Although
no data are presented, conceptually this could enable
preservation of vagal function while still obtaining
additional intraabdominal esophageal length (31).

In 2017, Bellevue et /. (32) compared a laparoscopic
modified Hill gastropexy with Nissen fundoplication to
a laparoscopic Collis-Nissen procedure in 106 patients
with a short esophagus by preoperative testing. Though
not meeting statistical significance, postoperative pH and
endoscopic findings favored the Hill-Nissen, whereas
recurrent hernia >2 cm favored the Collis-Nissen.

Emerging methods

Magnetic sphincter augmentation initially used as an
alternative to fundoplication in patients with <3 cm hiatal
hernias, has demonstrated utility in patients with large
hiatal hernias and paraesophageal hernias (33,34). As it has
a cranial-caudal dimension on the esophagus of ~6 mm
and in most instances is placed just above the GEJ, it does
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not necessitate obtaining the additional and ‘artificial’ 2-3
cm of visible abdominal esophageal length that a Nissen
fundoplication requires. MSA with LINX may have a
role controlling reflux without the need for gastroplasty
(which would not be advisable with an implant). Results in
controlling reflux and preventing recurrent herniation with
MSA in patients with giant hernias (without resorting to
gastroplasty) have been encouraging (34).

Conclusions

The purpose of this review has not been to detail the
success or failure of these various techniques to lengthen the
esophagus. Variations in definition, surgical judgement and
technique, and outcomes assessments would make any such
assessment fraught with potential error. Some principles do,
however, emerge that may guide a surgeon in managing this
complex issue.

The need for additional visible length of intra-abdominal
esophagus to perform an esophagogastric fundoplication is
rarely mentioned in reports of Collis-Nissen procedures.
The native external esophago-gastric junction is at the
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Figure 4 Dilated distal esophagus. (A) Hiatal hernia or dilated distal esophagus? (B) Rugal folds extending above angle of His in a dilated

distal esophagus. This cannot be distinguished from a hiatal hernia except during surgery, after isolating the esophagus from hiatus by

division of the phrenoesophageal membrane.

insertion of the phrenoesophageal membrane to the inferior
edge of the diaphragmatic crura, and manometrically
the lower esophageal sphincter extends beyond this as
is recognized during Heller myotomy. The additional
2-3 cm needed to perform a fundoplication is in many
respects unnatural and may to some extent contribute to
fundoplication failures.

Early descriptions by Collis reflect a gastroplasty
performed along a “broad neck of gastric tissue” and the
EG]J is clearly well above the hiatus. This broad neck of
gastric tissue in some cases probably represented a dilated
distal esophagus, in which the angle of His had dehisced
(Figure 4). In these instances, the so-called gastroplasty
would not contain oxyntic, acid-secreting mucosa. More
modern descriptions show a gastroplasty starting at the
angle of His, creating an acid-secreting neo-esophagus.

Initial descriptions of the short esophagus dealt with
patients in whom uncontrollable acidic gastric reflux led
to transmural fibrotic shortening. With modern acid-
suppression medication, such transmural shortening is
uncommon. More often the esophageal shortening results
from accordion-like periesophageal fixation as the hernia
becomes more fixed in the mediastinum combined with
paraesophageal herniation of the stomach. Extensive
mediastinal mobilization will often allow the esophagus
to ‘regain’ its native length. Additionally, untethering the
Vagus nerves can provide additional length.

A technical aspect to esophageal mobilization which is
difficult to quantify and thus to study is that of dissecting
peri-esophageal adventitial fibrosis. Untethering the vagus
nerves down to the lesser curve and up 5-10 cm on the
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esophagus will release a fair portion of the adventitial fibrosis
that accompanies long-standing herniation (Figure 5).
Frequently an artery running along the antero-medial
surface of the esophagus is an additional locus of fibrosis. As
experience is gained, careful denuding of the esophagus will
provide even further gain in esophageal length as it is this
adventitial scarring that limits esophageal length. With the
technique of esophageal adventitial dissection, the author’s
personal rate of Collis gastroplasty in paraesophageal
hernias with short esophagus decreased from 18% (35) to
0% (personal data, unpublished). Lastly, MSA may fill the
void for the need for increased intra-abdominal length of
the esophagus to accommodate a bulky fundoplication.

As is often said regarding other hernia repairs, the best
repair is the one the surgeon knows the best. Recognizing
the problem must be followed by meticulous, practiced
technique; but it is not clear that one technique is better
than another.

Synopsis

Original descriptions of the ‘short esophagus’ by Allison
and Collis were in patients with severe acid-reflux related
esophageal strictures resulting in transmural fibrosis and
shortening, when medical therapy for reflux was limited.
Surgical intervention following Collis’ method was
performed with an open thoracic approach, positioned the
neo-esophago-gastric junction just below the diaphragm,
and initially did not include a fundoplication.

With the widespread use of potent acid-suppressive
medication, most esophageal shortening is due to long-
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Figure 5 Mediastinal and vagus mobilization. (A) Herniated stomach. (B) Extended mediastinal mobilization resulting in EGJ below hiatus

by 2 cm. (C) Extended mediastinal mobilization still does not achieve adequate length, anterior vagus nerve in native position. (D) Additional

length obtained by mobilization of anterior vagus nerve from lesser curve proximally 5+ cm (posterior vagus nerve may be treated similarly,

not illustrated).

standing herniation with resultant mediastinal fixation and
associated peri-esophageal adventitial fibrosis. Extensive
trans-abdominal laparoscopic mediastinal mobilization
often frees up this accordioned esophagus and restores
native esophageal length with the esophago-gastric
junction below or inferior to the diaphragm. Posterior
fundoplication requires an additional 2-3 cm of visible
abdominal esophagus to ensure the plication is properly
placed around distal esophagus. In such instances additional
length has been obtained by performing a gastroplasty
following Collis’ principles, though now performed with
minimally invasive laparoscopic technology. Alternatives to
gastroplasty include extensive dissection of peri-esophageal
fibrosis with vagus nerve mobilization or division,
performance of a Hill posterior gastropexy with or without
fundoplication or use of MSA.
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