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Chapter 1
Utility of Endoscopy in the Diagnosis of Hiatus
Hernia and Correlation with GERD

Francesca M. Dimou, Candace Gonzalez, and Vic Velanovich

1.1 Introduction

A hiatal hernia is a condition involving herniation of abdominal contents into the
mediastinum via the diaphragmatic hiatus. Anatomically, there is proximal dis-
placement of the gastroesophageal junction causing the intrinsic sphincter to lie
proximal to the esophageal hiatus; this is likely secondary to weakening or disrup-
tion of the phrenoesophageal ligament (fascia of Laimer) [1] and widening of the
diaphragmatic crura. The true prevalence of hiatal hernias is difficult to discern
because many individuals are asymptomatic and, therefore, never diagnosed and the
diagnostic criteria are somewhat subjective. Estimated prevalence in studies range
widely from 10% to 80% in the United States [2], but is generally correlated with
obesity and increasing age. Although, hiatal hernias may remain asymptomatic in
most patients and diagnosed incidentally, if at all; they are frequently associated
with gastroesophageal reflux disease as an incompetent lower esophageal sphincter
may be a consequence of a hiatal hernia. Other patients, in whom paraesophageal
hernias develop, may progress to significant symptoms including obstruction, isch-
emia, bleeding, and volvulus. In the asymptomatic patient, pursuing a diagnosis of
hiatal hernia is not indicated, but those experiencing symptoms warrant evaluation
and possible surgical intervention. Understanding the risk factors and types of hiatal
hernias are vital in managing patients once they are diagnosed.
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1.2 Risk Factors

Although, the underlying cause of hiatal hernias are not well understood; elevated
body mass index, higher abdominal pressure, and other aspects of sedentary life-
style have been reported as contributing factors [3]. In fact, studies have shown that
patients with a body-mass index (BMI) exceeding 25 are far more likely to be diag-
nosed with a hiatal hernia [4]. Thoracic deformities (kyphosis, osteoporosis, scolio-
sis) that occur in older patients and that cause an increase in anterior-posterior
diameter of the thorax also correlate with the occurrence of hiatal hernias [5].
Furthermore, with increasing age there becomes an increased laxity of the phreno-
esophageal ligament resulting in an increased risk of developing a hiatal hernia [4].
Congenital defects in children are the most common cause and sometimes may be
associated with other embryologic anomalies such as intestinal malrotation [4].

1.3 Classification

Hiatal hernias can be described as either sliding hernias or paraecsophageal hernias.
They are classified into four types, I-IV (Table 1.1; Fig. 1.1a—d). Type I hiatal hernia
is the sliding hernia in which the gastroesophageal junction is displaced proximally
superior to the diaphragm; it accounts for about 95% of hiatal hernias [6]. This
occurs when there is widening of the esophageal hiatus and laxity of the phreno-
esophageal ligament. Type II hiatal hernias are the classic “paraesophageal hernias,”
with widening of the diaphragmatic hiatus resulting defect in the anterior and lateral
aspect of the phrenoesophageal membrane, but with the gastroesophageal junction
still fixed in the abdomen. The fundus or body of the stomach herniates through this
defect while the cardia of the stomach and the gastroesophageal junction do not [7].
This is a relatively rare hernia, accounting for less that 1% of all hiatal hernias. Type
IIT hiatal hernia is the most common of the paraesophageal hiatal hernias and they
compromise approximately 5% of all hiatal hernias [8]. Type III has features of both
type I and type II hernias. The phrenoesophageal membrane is lax and stretched, the
esophagogastric junction is displaced into the chest as in a sliding hiatal hernia, and
there is a defect in the anterolateral portion of the membrane that allows the stomach
to rotate into the mediastinum as in a paraesophageal hernia [6]. Type IV hiatal

Table 1.1 Classification of hiatal hernia with regards to gastroesophageal junction location (GEJ)
and symptomatology associated with each type

Type | Location of GEJ Incidence Symptoms

I Above diaphragmatic >90% Asymptomatic or GERD
hiatus

II Normal anatomic <1% Asymptomatic but may become strangulated
position or incarcerated

11T Above diaphragmatic 5% Reflux and possible incarceration

v Above diaphragmatic <1% Risk of volvulus, obstruction and/or bleeding
hiatus
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and stomach ("sliding”) ("rolling”) ("mixed")

Fig. 1.1 The definitions of the four types of hiatal hernias

hernias are the least common, accounting for about 0.1% hiatal hernias [8]. They are
characterized by a large defect in the diaphragmatic hiatus and an excessive laxity
of the phrenoesophageal membrane. In addition to the stomach, other intra-abdom-
inal organs are herniated into the chest [8]. Small and large intestine with associated
omentum are the most common organs herniated in a type IV paraesophageal her-
nia; the spleen, pancreas and liver have also been found. Herniation of the stomach,
specifically, can result in gastric volvulus. Rotation of the stomach along the long
axis of the stomach is known as organoaxial rotation and occurs in approximately
60% of cases. Rotation in the short axis of the stomach is known as mesenteroaxial
rotation where the greater curvature of the stomach is flipped anterior to the cardia
and fundus and is sometimes referred to as an “upside-down” stomach [9].

Any symptomatic hiatal hernia should be considered for surgical repair, includ-
ing Type I hernias that are associated with GERD. The symptomatic hernia should
be repaired especially if there are obstructive symptoms or volvulus [10]. Anemia
can occur in up to 20% of patients with paraesophageal hernias, especially in the
presence of Cameron’s lesions, and should also be an indication for repair [11].
There is debate whether an asymptomatic hiatal hernia or those causing only mini-
mal symptoms should be repaired; considerations for surgical repair in these patients
should include overall clinical presentation, patient’s co-morbidities, and age.

1.4 Endoscopy in the Evaluation of Hiatal
Hernia and GERD

The use of endoscopy in evaluation of the upper gastrointestinal tract has become
commonplace. Its use in the diagnosis of hiatal hernia is not necessarily mandatory,
as contrast radiographic images can be used to evaluate patients with suspected hiatal
hernias. However, given the increased utilization of endoscopy, hiatal hernias are
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frequently found when endoscopy is done for other symptoms and/or conditions.
Hiatal hernias are associated with GERD and this can lead to other esophageal pathol-
ogy for which endoscopy can determine the presence and extent. Endoscopy can
determine the size of the hiatal hernia, extent of esophagitis, presence of neoplasia
and suggest the existence of delayed gastric emptying. Specifically, understanding
these clinical components and using endoscopy as a tool for diagnosis and manage-
ment will better help the physicians devise a management plan of their patients.

1.5 Endoscopic Assessment of Hiatal Hernia

Despite increased use of endoscopy as an adjunct in evaluating patients with a hiatal
hernia, the diagnostic criteria remain unclear. The most commonly accepted defini-
tion in the literature is identification of proximal dislocation of the gastroesophageal
junction (GEJ) >2 cm above the diaphragmatic indentation. This definition seems to
provide a systematic method of diagnosing and reporting size of a hiatal hernia, but
the confusion lies in the reference mark for the GEJ.

There are three anatomic possibilities used to assess the position of the GEJ:
the squamocolumnar junction (SCJ), the upper margin of the gastric folds, and the
distal margin of the palisade zone. Clarification of the endoscopic reference for the
GEJ needs to be undertaken for several reasons. The SCJ, also known as the transi-
tion zone or “Z-line” is not consistent across all patients [11]. The contour and
length varies, especially in those with Barrett esophagus because the junction
extends cranially and is, thus, unreliable in these patients. This is important given
many patients with hiatal hernias may have Barrett esophagus and may affect the
estimation of the axially dimension of the hernia. Identification of the upper gastric
folds is another marker that has been used as a reference of the GEJ, but may be
difficult to clearly define if the stomach is not fully insufflated and anatomy is not
clearly delineated endoscopically. Studies have demonstrated operator variability
with regards to this measurement for hiatal hernias even in healthy individuals [12].

Another proposed system for assessing the GEJ is the Hill classification [13].
This approach evaluates the GEJ and hiatal integrity based on a “flap-valve” mecha-
nism which is also used to predict reflux [13]. In this classification scheme, grade I
flap-valve is consider the “normal” configuration. It demonstrates close adherence
of the SCIJ to the shaft of the endoscope with a “ridge” of tissue corresponding to the
angle of His. There is no hiatal hernia (Fig. 1.2a). In grade II, the adherence of
the GEIJ to the endoscope is less well-defined and there is effacement of the angle
of His ridge (Fig. 1.2b). Hill grade III flap valve demonstrates incomplete closure of
the GEJ around the endoscope, with esophageal mucosa frequently visible and
complete effacement of the angle of His ridge (Fig. 1.2¢). These are frequently asso-
ciated with sliding hiatal hernias. Lastly, Hill grade IV is always associated with a
hiatal hernia with the diaphragmatic hiatus seen making and extrinsic compression
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Hill Grade | Hill Grade Il

Cc Hill Grade Ill d Hill Grade IV

Fig. 1.2 The Hill classification of the gastroesophageal junction flap valve. Black arrow in (a)
shows a normal angle of His ridge of a competent valve. Black line in (d) shows the transverse
diameter of the hiatal hernia

on the gastric mucosa. There no GEJ adherence to the shaft of the endoscope and
the squamous epithelium of the distal esophagus can be readily seen (Fig. 1.2d).
A population-based study evaluating the concordance with hiatal hernia size and
Hill classification included 334 subjects and demonstrated the Hill classification
was slightly better at measuring a hiatal hernia but was not necessarily a stronger
predictor [12]. The reproducibility of these results in an objective, accurate manner
have yet to be elucidated.

Once it is determined that a hiatal hernia is present, there are two dimensions that
determine its size. One is the axially dimension as measured from the GEJ to the
“pinch” of the diaphragmatic hiatus around the stomach (Fig. 1.3). The other is the
transverse dimension, as measured from the impression of the left crura against the
herniated stomach to the impression of the right crura against the herniated stom-
ach. These are measurements that are frequently not made during routine endos-
copy. In patients with paraesophageal hernias, a twisting of the stomach within the
hernia may be seen suggesting volvulus (Fig. 1.4).



Fig. 1.3 The
determination of the axial
length of a sliding (type I)
hiatal hernia from the
Z-line (gastroesophageal
junction, black arrow) to
the “pinch” of the
diaphragmatic hiatus
around the stomach (white
arrow). In conjunction
with the transverse
diameter (Fig. 1.2d), the
size of the hiatal hernia can
be determined

Fig. 1.4 Twisting of the
stomach within a
paraesophageal hernia
suggesting gastric volvulus

F.M. Dimou et al.

1.6 Endoscopic Evaluation of the Esophageal Mucosa

1.6.1 Esophagitis

When evaluating patients for hiatal hernia it is also important to note the esophageal
mucosa and any abnormalities. Specifically, the presence of erosive or non-erosive
esophagitis needs to be determined. The severity of erosive esophagitis is graded based
on the Los Angeles Classification (LA Classes) [14]. Grade A is the presence of one or
more mucosal breaks that are <5 mm in length; Grade B is the presence of one or more
mucosal breaks that are >5 mm; Grade C includes one or more mucosal breaks that



1 Utility of Endoscopy in the Diagnosis of Hiatus Hernia and Correlation with GERD 7

Fig. 1.5 An example of
Los Angeles grade D
esophagitis. Description of
grades A, B and C in text

interconnect between the apices of two or more mucosal folds, but encompass <75%
of the esophageal circumference. Grade D is the most extensive and includes continu-
ous breaks within the mucosa that exceeds 75% of the esophageal circumference
(Fig. 1.5). Biopsies of the area of esophagitis, in the absence of suspicion for neopla-
sia, appear not to have any additional value to endoscopic examination [15].

Conversely, non-erosive esophagitis is more difficult to diagnose via endoscopy
and primarily diagnosed via biopsy. The presences of eosinophils, lymphocytes,
balloon cells, and polymorphonuclear leukocytes have been seen on microscopy but
have poor sensitivity and specificity if only one of these histologic abnormalities is
identified. Specificity is increased if there are three or more of these abnormalities
on microscopy but, consequently, sensitivity is decreased [16]. Nonetheless, the
routine use of endoscopic biopsies in the setting of otherwise normal appearing
esophageal mucosa is not recommended.

1.6.2 Barrett Esophagus

Barrett esophagus is defined as a change in the normal mucosa of the esophagus from
squamous epithelium to metaplasia columnar epithelium. Barrett esophagus is a result
of damage to the esophageal mucosa from persistent reflux disease. Under endoscopic
visualization, it appears as salmon colored mucosa projecting proximally into the dis-
tal esophagus from the normal SCJ (Fig. 1.6a). With narrow-band imaging there is
enhanced visualization of the GE junction in addition to mucosal abnormalities such
as Barrett metaplasia (Fig. 1.6b). Suspicious areas seen on endoscopy and/or narrow-
band imaging must be biopsied to confirm or rule out mucosal abnormalities; specifi-
cally, biopsies need to determine the presence of intestinal metaplasia and goblet cells.
In the presence of esophagitis, patients need to be treated with proton pump inhibitors
to enhance histologic evaluation of the Barrett metaplasia.
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White light Narrow Band Imaging

Fig. 1.6 Barrett esophagus as seen by white light (a) and narrow band imaging (b). Narrow band
imaging enhances the difference between the area of normal squamous epithelium and metaplastic
epithelium

Obtaining endoscopic biopsies of the esophagus that are concerning for Barrett
esophagus typically follow the Seattle protocol; this is defined as four quadrant
biopsies taken every 1 cm over the length of the Barrett esophagus [17]. The extent
or severity of Barrett’s is then further classified based on the Prague classification.
This incorporates then length of circumference (Denoted as “C”) of Barrett and the
total length of the esophagus that includes Barrett’s (Denoted as “M”) [18]. For
example, if a 2 cm circumferential portion of esophagus was involved and included
5 cm non-circumferential Barrett, this would be documented as C2MS5.

The length and circumference is an important classification system for Barrett,
but the presence of the type of metaplasia and/or dysplasia is also clinically impor-
tant. Non-nodular Barrett or flat dysplasia is typically biopsied; depending on size
and grade of dysplasia this is commonly managed with endoscopic eradication. This
applies in the case of nodular metaplasia as well. Ulceration of the columnar epithe-
lium and/or Barrett segment can be found in up to 60% of patients [19]. These are
typically found incidentally, but may be complicated by bleeding or even perfora-
tion. There have been rare reports of fistula formation due to ulceration of Barrett
esophagus [19]. Development of these findings is concerning for underlying malig-
nancies and if seen endoscopically should be managed as such.

1.6.3 Esophageal Neoplasia

Endoscopy certainly plays a curative role in treating select patients with esopha-
geal carcinoma. Primarily, endoscopic therapy is used for mucosal cancers.
Endoscopic approaches can be divided into ablative and resection techniques. In
the latter, endoscopic mucosal resection (EMR) offers the advantage of obtaining
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Stricture with associated b Stricture with healed mucosa
ulceratign

Fig. 1.7 Esophageal peptic stricture with (a) and without (b) ulceration

more tissue for appropriate cancer staging and even adequate treatment (Fig. 1.7a,b).
EMR is primarily used in nodular Barrett’s esophagus, T1a esophageal adenocar-
cinoma lesions, and in some instances, flat Barrett’s esophagus with high-grade
dysplasia [20]. Curative rates for EMR have reported ranges between 60% and
100%; one of the largest studies included 349 patients with high grade neoplasia or
mucosal adenocarcinoma; with a follow-up of 5 years reported long-term eradica-
tion was 95% [21]. Although there has been no comparison to surgical resection,
EMR offers a promising alternative to minimally invasive resection of these
lesions. Complications of this intervention includes bleeding, perforation, and
stricture formation.

Ablation techniques include photodynamic therapy, cryotherapy, argon plasma
coagulation, heater probe treatment, and radiofrequency ablation. These techniques
may be used alone or in combination with EMR. Successful treatment of Barrett
esophagus or intramucosal carcinomas have been reported using ablative tech-
niques, however, these are primarily limited to small case series and likely biased
secondary to patient selection [20].

For malignancies that are greater than Tla or encompass larger areas of the
esophagus, another possible endoscopic therapy is endoscopic submucosal dissec-
tion (ESD). Specifically, ESD is used for areas of dysplasia >2 cm or T1b lesions
that are confined to the submucosa [20]. A recent study reported on ESD in 46
patients wither either HDG or intramucosal adenocarcinoma and a curative resec-
tion of 70%; similar curative rates have been reported [22]. However, it is impor-
tant to note that this technique can be difficult given the piecemeal dissection/
resection of these lesions. ESD solely for curative purposes can be done in highly
selected patients, but larger sample sizes are necessary to determine its full
utility.
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Use of snare in endoscopic
mucosal resection

b Post-EMR site

Fig. 1.8 An example of endoscopic mucosal resection of a Tla esophageal adenocarcinoma
within a nodule of Barrett esophagus with high-grade dysplasia

1.6.4 Esophageal Peptic Stricture

Esophageal peptic strictures primarily occur secondary to repetitive exposure of the
esophagus mucosa to stomach acid. Reportedly 7-23% of patients with reflux
esophagitis develop peptic stricture [23]. Endoscopically, these strictures are defined
as narrowing at the esophagus near the squamocolumnar junction and typically
measure 1-4 cm in length (Fig. 1.8). This may result in esophageal narrowing up to
13 mm. Typically these strictures result in dysphagia and when visualized on endos-
copy should be biopsied to ensure there is no underlying malignancy.

1.7 Intraoperative Evaluation of Newly
Constructed Fundoplications

1.7.1 Perforation

Use of intraoperative endoscopy is a valuable tool for surgeons who routinely do
minimally invasive foregut surgery. Trans-illuminating the gastroesophageal junc-
tion with the endoscope can help the surgeon identify the esophagus and stomach
during difficult cases, such as re-do fundoplications. After the fundoplication is con-
structed, the endoscope is typically passed into the esophagus and stomach follow-
ing creation of a fundoplication. There is visualization of the esophagus as the scope
enters into the stomach. Time is also taken to visualize the GEJ to ensure no muco-
sal abnormalities. Once the scope is passed into the stomach, the scope is retro-
flexed and the GEJ is visualized as well as the newly created fundoplication. Tears
or perforations may be seen with small mucosal slits or tears (Fig. 1.9). This can be
either seen via the endoscope or light from the endoscope is visualized within the
abdomen, which would signify a perforation. Once diagnosed, the perforation can
be repaired primarily intraoperatively.
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Fig. 1.9 An esophageal 4
perforation as identified by
endoscopy

Fig. 1.10 An example of a
normally constructed
fundoplication
immediately visualized
intraoperatively. Note the
“stacked coils” appearance
of the wrap

1.7.2 Fundoplication Construction

The ideal construction of a fundoplication is commonly classified based on the defi-
nition derived from Jobe et al. [24] This includes: tight adherence to the scope, cir-
cumferences of the cardia <35 mm, no cardia dilatation, valve length 3—4 cm, nipple
or coil type, and an intra-abdominal location of the stomach. The wrap should have
a “stacked coils” appearance (Fig. 1.10). If these criteria are not met, there is
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concern for failed fundoplication construction and intraoperative evaluation of the
newly constructed wrap should be undertaken to ensure there were no technical
errors made.

1.8 Endoscopic Evaluation of Postoperative Adverse Events

Although antireflux surgery has high success rates, recurrent symptoms do occur
approximately 5% of the time and may be disabling [25]. Conversely, anatomic
abnormalities have been described in as many as 25% of cases with the use of
endoscopy [25]. Therefore, endoscopy is important in determining the etiology for
a patient’s recurrent symptoms and whether their symptomology is a result of surgi-
cal failure.

1.8.1 Perforation

Perforation postoperatively is not a common event, but can happen and have severe
consequences to the patient resulting in peritonitis, sepsis, and even death. Timely
diagnosis is of the utmost importance and endoscopy aids in a timely diagnosis.
Visualization of a tear or perforation can be seen within the mucosa on endoscopy
(Fig. 1.9). Depending on the stability of the patient and severity of the tear, perfora-
tions may be repaired via endoscopic interventions including endoscopic clips,
negative therapy devices, and esophageal stents. Success of these interventions has
been reported to be above 80% from small case series, but with appropriate patient
selection it may provide a minimally invasive treatment alternative for treating this
postoperative complication.

1.8.2 Tight Fundoplication

A tight fundoplication typically refers to obstruction of the distal esophagus when
the wrap was made either too tight or too long. This results in dysphagia, bloating,
or regurgitation that persists several weeks after the procedure. This would be seen
with a narrowing at the level of the distal esophagus and can be treated with esopha-
geal dilation. If this fails, surgical revision may be necessary. In a normal fundopli-
cation, the gastric mucosa is seen wrapped circumferentially around the shaft of the
endoscope whereas a tight wrap results in the gastric mucosa being stretched and
wrapped tightly around the shaft without laxity or visibility of the gastric folds
(Fig. 1.11a).
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Tight fundoplication Disrupted fundoplication

Fig. 1.11 Examples of postfundoplication problems. (a) a tight wrap causing dysphagia. Note the
tethering of the gastric mucosa. (b) a disrupted wrap. Note that the mucosal folds have lost the
stacked coils appearance

1.8.3 Disrupted/Loose Fundoplication

Disruption of the fundoplication involves partial or complete breakdown of the
wrap; disruption commonly results in recurrence of a hiatal hernia. This complica-
tion may be secondary to inadequate suture technique and/or insufficient mobiliza-
tion of the stomach fundus. Endoscopically, the gastric mucosal folds are not
well-adhered to the shaft of the endoscope and essentially no evidence of a wrap is
present on endoscopy, again indicating a loose or disrupted fundoplication
(Fig. 1.11b).

1.8.4 Slipped Fundoplication

In the case of stomach slippage, the wrap remains below the level of the diaphragm
but the proximal stomach slips and enters the chest. This may be otherwise referred
to as an hourglass deformity because the stomach resides both above and below the
newly created fundoplication. The herniated stomach may then become compressed
by the diaphragmatic crura or a recurrent paraesophageal hernia may develop.
Slippage may be secondary to breakdown of sutures or incorrect placement of the
wrap around the esophagus. Conversely, slippage of the proximal stomach through
an unbroken wrap creates a pouch below the diaphragm without development of a
recurrent hiatal hernia. This is seen when the location of the wrap is inferior the
level of the Z-line, indicating migration of the gastroesophageal junction superior to
the wrap into the thoracic cavity (Fig. 1.12a).
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Fig. 1.12 Examples of recurrent hiatal hernias. (a) shows an esophageal view of a slipped Nissen
fundoplication. The black arrow shows the gastroesophageal junction and the white arrow the
position of the wrap. (b) shows a recurrent paraesophageal hernia with the wrap being pulled into
the hernia

1.8.5 Recurrent Hiatal Hernia

Recurrence of a hiatal hernia is another possible surgical failure following antireflux
surgery. In this case, through retroflexion a herniated pouch of stomach is typically
seen next to the fundoplication fold indicating the presence of a recurrent hiatal
hernia (Fig. 1.12b).

1.8.6 Twisted or Malconstructed Fundoplication

A twisted or malconstructed fundoplication may occur secondary to improper
mobilization of the gastric fundus (lack of mobilizing the fundus, not ligating the
short gastric vessels). Lack of mobility of the stomach fundus causing tension on the
GEJ that ultimately causes rotation of the esophagus and fundoplication.
Endoscopically there is a spiral-type of deformity that is seen when the scope is
retroflexed to visualize the wrap.

1.9 Conclusions

Hiatal hernias occur when there is a herniation of abdominal contents in to the
mediastinum via the diaphragm. Their prevalence is correlated with increasing age
and obesity. Many times they are asymptomatic while other times they can have
significant symptoms some of which include GERD, dysphagia, obstructive symp-
toms, to volvulus. Hiatal hernias are classified as either sliding or paraesophageal
and are further classified into four subtypes. Symptomatic hernias need to be



1 Utility of Endoscopy in the Diagnosis of Hiatus Hernia and Correlation with GERD

repaired and there is still an ongoing debate on whether an asymptomatic hernia
requires repair. Although the relationship between hiatal hernias and GERD has
long been debated, there is indeed a relationship between the two. One of the main
clinical concerns that hiatal hernias pose is the progression to high grade dysplasia
and carcinoma as a result of progression from Barrett’s esophagus. Endoscopy can
be an invaluable tool in the evaluation of hiatal hernias as well as postoperative
evaluation in patients who may be experiencing complications following antireflux

surgery.

Current Knowledge and Future Directions

Endoscopy is an important tool that aids in the diagnosis of hiatal hernia
and reflux disease

Endoscopic criteria for measuring hiatal hernias remain vague and further
studies should be done to determine a clear consensus for diagnosing and
measuring hiatal hernias

Endoscopic mucosal resection offers a minimal invasive intervention for
Barrett esophagus but efficacy and curative rates are limited to small single
institution studies

Complications following fundoplication can be diagnosed and treated
using endoscopy in select patients

Larger studies comparing endoclips, vacuum devices, and other approaches
are needed to determine the best management approaches for patients with
complications following fundoplication construction

Endoscopy offers a variety of options for managing patients with foregut
pathology and understanding its utility provides the surgeon with a power-
ful diagnostic and treatment tool
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Chapter 2
The Role of MRI in GERD

Christiane Kulinna-Cosentini

2.1 Summary

The current diagnosis of GERD is based on a combination of endoscopy, pH moni-
toring, manometry, and imaging tools, such as a barium study [1]. The most sensi-
tive technique for the assessment of gastroesophageal reflux is 24-h pH monitoring
[2, 3], as well as manometry to evaluate esophageal motor disorders and functional
disorders of the gastro-esophageal sphincter [4—6]. Catheters and probes for these
examinations are uncomfortable, time-consuming, and not generally available.

Endoscopy is capable of detecting advanced esophagitis, but lacks sensitivity in
determining pathological reflux, which is a particular limitation, as many patients
with GERD do not display macroscopic erosions [7] at endoscopy.

Barium studies allow the visualization of esophageal and gastro-esophageal mor-
phology and the alterations during physiological events with good specificity, but
with a sensitivity of about 40% [8] and significant amounts of ionizing radiation [9].

With the introduction of ultrafast MR sequences with increasing temporal reso-
lution to the subsecond level, dynamic MR fluoroscopy has become a reality for the
assessment of morphological and functional imaging of the esophagus [10-13].
MRI swallowing is a completely non-invasive procedure, without ionizing radia-
tion. Therefore, it can be implemented in pediatric patients [14] and pregnant
women without danger, as an initial examination or as a follow-up examination after
therapy, i.e., after anti-reflux surgery [15]. At present, MR fluoroscopy has been
effectively used in oropharyngeal imaging [9, 12] and for the assessment of esopha-
geal motility disorders, GERD [13, 16], as well as for post-surgery patients after
narrow gastric tube reconstruction in esophagectomy [17].
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Recent advances in magnetic resonance imaging (MRI) have led to the develop-
ment of a fast and accurate technique for monitoring the dynamics of the physiolog-
ical processes of the gastroesophageal region in real-time, as well as evaluating
surrounding structures. Due to the short examination protocol, it can be easily inte-
grated into the clinical routine.

2.2 Impact of MRI in Diagnosing GERD

Gastroesophageal reflux disease (GERD) occurs when the reflux of gastric content
into the esophagus provokes mucosal injury, often combined with typical symptoms
like heartburn, acid regurgitation, globus sensation, or dysphagia due to an ineffec-
tive antireflux barrier between the esophagus and the stomach [18]. The pathophysi-
ology of GERD is multifactorial and overlaps with other functional disorders of the
esophagus and stomach, such as esophageal motility disorders [19]. To diagnose
GERD, many invasive and non-invasive techniques, such as endoscopy, manometry,
24-h-pH monitoring, impedance measurements, and barium esophagram, are avail-
able. Each of these methods covers only a part of some aspect of this disease and a
standardized diagnostic procedure has not yet been established.

Videofluoroscopy or barium swallow are the most common radiographic meth-
ods, which allow an assessment of the morphology and functionality of the esopha-
gus and the GEJ. However, these techniques cannot display surrounding structures,
and requires ionizing radiation exposure. Due to the radiation exposure, a short
examination time is required and the procedure cannot be repeated arbitrarily.

The beneficial aspects of MRI include excellent soft-tissue contrast without
exposure to ionizing radiation. Study results [7, 10, 11, 13, 14, 16, 20] have demon-
strated the feasibility of dynamic swallowing MRI in healthy volunteers [20], the
assessment of esophageal motility [13, 14], as well as the evaluation of bolus transit
and reflux events [14] in patients with GERD.

Compared to videofluoroscopy, MRI swallowing offers the possibility of multi-
planar imaging in every desired plane. Thus, an exact measurement of the size of a
hiatal hernia, which is strongly associated with GERD [5, 6], is possible in various
views (Fig. 2.1) [14]. The size of the hernia shows a strong correlation with the
grade of reflux [14]. Approximately 60-80% of patients with reflux esophagitis
have a hiatal hernia, whereas only 3—7% of patients without a hiatal hernia show
signs of reflux esophagitis [5, 6, 21, 22]. The clinical importance of the size of a
hiatal hernia was described by Jones et al. [23] as well. An increased hernia size is
significantly correlated with total esophageal acid exposure, acid clearance time,
and esophagitis severity [23]. A correlation between the prevalance of Barrett’s
esophagus and the size of a hiatal hernia has also been reported by [24], as well as
the increased risk of esophageal cancer [25] in patients with hiatal hernia.

Dynamic MR imaging of reflux events requires an image plane that should be
oriented through the GEJ. Thus, sagittal and coronal double-oblique angulated
planes are preferred [14]. An axial orientation is favored for the detection and mea-
surement of an axial hiatal hernia (Fig. 2.2).
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Fig. 2.1 Dynamic FFE pulse sequence in the sagittal view shows spontaneous gastroesophageal
reflux (arrows) with typical caudo-cranial propagation of the bolus (a—d)

Fig. 2.2 Dynamic B-FFE pulse sequence shows a fixed axial hernia filled with buttermilk-
gadolinium (arrows) in the coronal (a), sagittal (b), and axial views (¢). A spontaneous gastro-
esophageal reflux from the hiatal hernia is demonstrated (thick arrow)

These orientations, in combination with the use of three contiguous slices for
better coverage of the entire esophagus, which is the main challenge in this exami-
nation, promise a good correlation between reflux events in MRI and pathologic
DeMeester score in pH-metric studies [14]. Another publication did not report any
correlation between reflux events in MRI and grade of reflux with endoscopic
findings and Carlson’s questionnaire score [16]. Gastroesophageal reflux, detected
on MRI, correlated to a Demeester score >14.7, which is indicative of gastroesoph-
ageal reflux, was diagnosed in 11 of 12 patients in a study by Zhnag et al. [7]. When
comparing functional parameters between healthy volunteers and patients,
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statistically significant differences between healthy volunteers and patients could
be evaluated based on diaphragm-to-sphincter distance, sphincter length, and
sphincter transit time [7]. There was no significant difference of the HIS angle
between healthy volunteers and patients, which is contrary to the longstanding
hypothesis that a smaller HIS angle forms an anatomical antireflux barrier by a flap
valve mechanism [26, 27].

The use of a simple and quick MR protocol, in combination with a good visible
contrast medium, is mandatory to integrate this examination into the clinical
routine.

The MRI is usually performed in the supine position on a 1.5 T or 3 T MRI,
provided the patient is not at risk of aspiration. A body phased-array coil should be
placed upon the chest. After a reference scan, a coronal T2-weighted, single-shot
Turbo-Spin-Echo-sequence (TSE) or a T2-weighted half-Fourier-acquired, single-
shot turbo spin echo (HASTE) sequence for orientation of the course of the esopha-
gus and the gastro-esophageal junction (GEJ) should be performed. Then, a sagittal
and an axial plane are obtained. After the “anatomical” static T2-weigthed sequences,
a sagittal, oblique B-FFE (Balanced Fast Field Echo Sequence) or TrueFisp sequence
(True Fast Imaging with steady state precession) with three contiguous slices is
centered on the lower esophagus in the coronal view of the T2-weighted image
according to these sequence parameters (Fig. 2.3). An additional coronal plane then
is planned in the sagittal view. During these dynamic series, a buttermilk-gadolinium
mixture (Dotarem®, gadoterate meglumine, Guerbet, Germany) at a dilution of 40:1
is placed in a cup with a long plastic tube in the MR gantry. The other end of the
plastic tube is placed into the patient’s mouth. Patients then are instructed to take a
bolus in their mouth and swallow in a single gulp to prevent repetitive swallowing.
If the coverage of the esophagus and the GEJ is inadequate, the pulse sequence is
repeated in a slightly different angulation. Since there is increased awareness of the
possible side effects of gadolinium or possible interaction between gadolinium and

Tabelle 1. MR Sequence parameter

Parameter HASTE B-FFE

Repetition time (ms) 1800 2.9

Echo time (ms) 100 1.5

Flip angle ° 150 60

Acquisition matrix 256x256 256x256

Field of view (mm) 350x350 375x375

Slice thickness (mm) 5 15

Intersection gap (mm) - 0.4

Aquisition time (s/image) 1 1

Aquisition cycle (s) - 60

Slice orientation 1. Coronal 1. Sagittal oblique
2. Sagittal 2. Coronal oblique
3. Axial 3. Axial

Fig. 2.3 Sequence parameter our routinely used MRI protocol
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gastric acid, which has not, as yet, been verified, we have changed the oral contrast
medium to Lumivision® (Bender Group, b.e. imaging, Baden-Baden, Germany).
Lumivision® is a natural liquid contrast for oral application in MRI and contains
different special fruit juices like pineapple, agave, and black currant. Patients with a
hypersensitivity to these fruits, as well as patients with fructose malabsorption,
should avoid taking this contrast medium. Diabetic patients must adjust their medi-
cation according to the sugar content (6.5BE per bottle of 250 ml Lumivision®).

Real-time MRI offers a new perspective for a robust anatomic visualization com-
bined with functional assessment of gastroesophageal reflux in patients. Another
advantage is the possibility to directly view the surrounding structures, which is not
possible with conventional examination techniques, for example, and represents a
reliable tool with which to identify extraluminal findings. As a consequence, this
non-invasive and non-ionizing approach has already shown great promise for the
characterization of complex motions during swallowing, which could be of particu-
lar interest in pregnant and young patients. This method cannot replace ph-metry
and manometry as measurable tools for the identification of reflux events and motil-
ity problems, but it could be a worthwhile method in pregnant patients, children,
and other patients in whom a ph-metric/manometric tube cannot be placed.

2.3 The Role of MRI in Patients After Fundoplication

After a fundoplication procedure, radiologic work-up plays an important role in
identifying possible problems.

The impact of a routinely conducted postoperative swallowing examination has
been discussed controversially [28]. However, 2—17% of patients need a postopera-
tive diagnostic clarification of their new or recurrent clinical symptoms, such as
recurrent heartburn, regurgitation, or dysphagia. During the last several decades, a
wide range of diagnostic modalities, such as endoscopy, pH monitoring, manome-
try, and barium swallow, were used to solve the possible problems. However, the
modalities cover only a partial aspect of potential postoperative failure and are inac-
curate in up to 40% of cases [29] in explaining the reason for dysphagia.

Because these patients are often young, a functional and morphologic imaging
method without ionizing radiation was introduced in [15]. This study analyzed the
role of MRI for the evaluation of anatomical and functional disorders after Nissen
fundoplication compared to intraoperative findings in 29 patients. MRI was able to
determine the position of the fundoplication wrap in 93% (Fig. 2.4), and correctly
identified 67% of all malpositions of the wrap. Intrathoracic migration of the wrap,
in particular, can be detected very well (Fig. 2.5). All wrap disruptions (Fig. 2.6), as
well as all stenosis could be identify by MRI. In three cases, stenosis were caused
by too-tight crural sutures, and, in two cases, by too-tight wraps. Stenosis that are
shorter than 1 cm in length are usually caused by too-tight crural sutures. A stenosis
measuring 2-3 cm in length is usually caused by a too-tight (Fig. 2.7) or too-long
wrap (>3 cm).
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Fig. 2.4 Normal postoperative appearance after Nissen fundoplication on MRI. The coronal (a)

and sagittal (b) view shows the correct position of the wrap under the diaphragm. A ring-like

“pseudotumor” (long arrow) of the fundoplication, and a well-defined smooth defect in the fundus
(short arrow) acquired in the axial plane (c)

Fig. 2.5 Intrathoracic wrap migration. T2w HASTE sequences in the coronal view were per-
formed to demonstrate the integrity of the wrap (long arrow) (a), but the wrap was detected above
the esophageal hiatus and above the diaphragms (thin arrows) (b)

When abnormal esophageal motility is present before surgery, there is a greater
likelihood of dysphagia developing after fundoplication [30]. The prolonged
mechanical obstruction of the distal esophagus by the fundoplication wrap, with
loss of peristalsis above the wrap, could be the cause of so-called secondary achala-
sia, even if there was normal esophageal motility before surgery.

Thus, the examination of peristalsis and esophageal motility in patients with dys-
phagia after Nissen fundoplication is mandatory. Usually, this condition is observed
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Fig. 2.6 Complete wrap disruption. Complete wrap disruption obtained in a patient with symp-
toms of recurrent reflux. The typical “pseudotumor” is missed on the coronal, sagittal and axial
(arrows) view (a—c)

Fig. 2.7 Stenosis at the gastroesophageal junction. If the stenosis measures less than 1 cm in
length (thin arrow) on the coronal and sagittal view, it strongly suggests too-tight crural sutures as
the cause of dysphagia (a, b). A ballooning of the distal esophagus can be shown in the coronal
view of the dynamic FFE pulse sequence (thick arrow) (c)

by manometry and barium swallow, the latter of which has the disadvantage of ion-
izing radiation. A delayed bolus transit of more than 20 s and a lack of propulsive
peristalsis was found in MRI swallowing in our study in three patients. The diagno-
sis of secondary motility disorder was confirmed by manometry. Another study by
Covotta et al. showed a sensitivity of 87.5%, with a specificity of 100% in MRI,
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compared to manometry, for the detection of motility alterations in 24 patients who
presented with dysphagia and specific and non-specific motor disorders [31]. There
is a lack of other MRI studies after esophago-gastric operations, except for one
study by Panebianco et al. This paper evaluated the functionality and morphology
of a neo-esophagus with narrow gastric tube reconstruction (NGT) after radical
esophagectomy [17] using MRI. MRI was able to properly invesitgate the peculiar
alterations that developed after this kind of intervention [17]. These authors showed
the strong association between an increased NGT caliber and poor NGT
functionality.

A short examination protocol in symptomatic patients after antireflux surgery
should include HASTE sequences for clarifying the wrap situation and dynamic
sequences for excluding a secondary motility disorder:

Starting with a single-shot sequence, such as a T2-weighted half-Fourier-
acquired single-shot turbo spin echo (HASTE) sequence, a good overview of the
postoperative hiatal anatomic situation can be obtained. The HASTE sequence is
first performed in the coronal, then in the sagittal and axial views.

This sequence serves to depict the wrap, its exact location, and any possible slip-
ping. A slipping or telescope phenomenon indicates that a part of the stomach slips
through the wrap into the thoracic area.

The HASTE sequence in the coronal and sagittal views can also depict the com-
plete course of the esophagus. The best views for depicting the position of the fun-
doplication wrap are the coronal and sagittal views. The axial view is preferred for
estimating the integrity of the wrap with a typical “ring-like pseudotumor” appear-
ance (Fig. 2.4c), as well as for evaluating a possible recurrent hernia.

The HASTE sequence is very helpful in depicting the correct position for the
dynamic double-angulated B-FFE or TrueFisp sequences, which is performed next.
A sagittal, oblique B-FFE sequence is performed as a pulse sequence with three
contiguous slices for better coverage of the entire esophagus, and is centered on the
lower esophagus.

This dynamic sequence, in particular, enables an evaluation of persitalsis and the
bolus transit time of the esophagus, including the lower esophageal sphincter. In
most patients, it is also possible to assess the passage through the fundoplication
wrap, even though this occurrence often can be evaluated better with a coronal view,
which is performed after the sagittal view. The coronal view should be centered on
the course of the lower esophagus and the wrap. A dynamic axial view has no
advantages and is rarely executed in routine clinical practice.

With the introduction of dynamic MRI in symptomatic patients after fundoplica-
tion, it is now possible to visualize not only luminal structures, such as with a bar-
ium esophagogram, but also to illustrate structural details of the esophagus and
stomach, as well as the surrounding structures. Thus, rupture or malposition of the
fundoplication wrap, as well as other anatomical problems in the hiatal position, can
also be detected, as well as motility disorders The short examination protocol of
about 30 min provides the possibility to include this examination into normal
clinical routine.



2 The Role of MRI in GERD 25
2.4 Summary

Swallowing MRI is coming of age. Until now several publications of swallowing
MRI in healty patients, as well as in patients with GERD and in symptomatic after
antireflux surgery could give novel insights into this disease without ionizing radia-
tion. Not only luminal structures but also anatomical as well as functional structures
in one diagnostic method can now be identified.

The development of more uniformed analysis methods in future will aid transla-
tion into clinical routine. Therefore further work validating this method is needed.

What Is the Current Knowledge and What Future Direction

Is Required

1. With the introduction of ultrafast MR sequences with increasing temporal
resolution, dynamic MR swallowing has become reality for the assessment
of morphological and functional imaging of the esophagus.

2. MRI swallowing is a completely non-invasive procedure, without ionizing
radiation.

Due to the short examination protocol, it can be easily integrated into
the clinical routine.

3. The beneficial aspects of MRI include excellent soft-tissue contrast and
the possibility to directly view the surrounding structures, which is not
possible with conventional examination techniques, for example, and rep-
resents a reliable tool with which to identify extraluminal findings.

4. MR swallowing cannot replace ph-metry and manometry as measurable
tools for the identification of reflux events and motilty problems, but it
could be a worthwhile method in patients in whom a ph-metric/manomet-
ric tube cannot be placed.

5. After antireflux surgery a rupture or malposition of the fundoplication
wrap, as well as other anatomical problems in the hiatal position, can also
be detected, as well as secondary motility disorders

6. The implementation of uniformed analysis methods and scoring systems
are need to translate MR swallowing into clinical routine.
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Chapter 3

Utility of Ambulatory Esophageal pH
and High-Resolution Manometry

in the Diagnosis of Gastro-Esophageal
Reflux Disease and Hiatal Hernia

Daphne Ang and Mark Fox

3.1 Introduction

The esophagogastric junction (EGJ) is the major defense against reflux of gastric
contents into the esophagus; however, normal EGJ function is crucial also for nor-
mal esophageal swallowing and venting of air (belching). These represent opposing
demands and the complex structure and function of the EGJ reflects this need to
allow bolus passage whilst preventing excessive reflux of gastric contents [1]. It fol-
lows that EGJ pathology, for example the presence of hiatus hernia, will either
impair the passage of food and fluid from the esophagus into the stomach or increase
the risk of gastroesophageal reflux.

Gastroesophageal reflux disease (GERD) is very common in the community and
symptoms impact on quality of life [1]. The prevalence of GERD and its complica-
tions, including esophageal adenocarcinoma, is rising; a trend that has been linked
to the increasing age of the population and increasing prevalence of obesity over
time [2]. Age is associated with a an increased prevalence of hiatus hernia and
impaired esophageal motility [3]. Obesity has been linked to mechanical and neuro-
hormonal effects on EGJ function, both of which can increase acid exposure of the
distal esophagus [4-6].

Medical treatment with proton pump inhibitors (PPI) is the mainstay of therapy
in GERD; however, acid suppression does not correct the underlying pathology of
this condition and the frequency of reflux events is unchanged [7]. Persistent
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“weakly- and non-acid” reflux is a frequent cause of reflux symptoms in patients
taking PPI therapy; [8] however, in one large series from a tertiary referral unit, only
half the patients referred for further investigation have GERD confirmed on ambula-
tory pH-impedance studies [1]. Anti-reflux surgery, including hiatal repair and fun-
doplication, restores the EGJ reflux barrier and dramatically reduces the frequency
of reflux and acid exposure; [9] however, a proportion of patients have persistent or
recurrent symptoms after surgery related either to failure to create an effective reflux
barrier or, conversely, the presence of EGJ outlet obstruction.

In this article, we review the structure and function of the EGJ in health and dis-
ease. The contribution of esophageal high-resolution manometry (HRM) and ambu-
latory pH-impedance monitoring to GERD diagnosis is considered. Throughout
there is an emphasis on how the results of investigation in patients with suspected
GERD impacts on management. Additionally, the role of physiological investigation
in patients with esophageal symptoms after anti-reflux surgery is considered.

3.2 EGJ Anatomy

The esophago-gastric junction (EGJ) comprises an intrinsic component made up by
smooth muscles of the lower esophageal sphincter (LES) with the clasp and sling
fibers of the gastric cardia, and an extrinsic component formed by the crural diaphragm
[10-15]. These two components are brought together into a functional unit by the
phreno-esophageal ligament that anchors the LES to the crural diaphragm (Fig. 3.1).
In health, the lower esophageal sphincter (LES) is approximately 4 cm long
extending from just above the squamo-columnar junction (Z-line) into the proximal
stomach with distinct upper and lower sections. The upper section comprises rela-
tively thick, tonically contracted esophageal smooth muscle fibers and the lower
section comprises the sling and clasp muscle fibers of the gastric cardia [11, 15].
The function of the intrinsic sphincter is modulated by vagal tone such that LES
pressure is higher in expiration than inspiration. The striated muscle of the crural

Fig. 3.1 Schematic Lower
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diaphragm, which forms the esophageal hiatus, encircles the proximal 2 cm of the
LES; an anatomical arrangement that increases EGJ pressure during inspiration,
coughing and abdominal straining [10, 14]. Thus, the intrinsic and extrinsic compo-
nents of the EGJ have complimentary effects that provide effective reflux protection
throughout the respiratory cycle and during physical exertion.

3.3 EGJ Function

On pharyngeal swallowing a vagal reflex is triggered that results in “deglutitive”
relaxation of the esophagus and LES to allow bolus transit from the mouth to the
stomach. Repetitive swallowing results in complete relaxation of the intrinsic LES
and the extrinsic crural diaphragm to facilitate rapid intake of food and fluid. During
this process, relaxation of the proximal stomach (“gastric accommodation”) ensures
that the stomach can be filled without an important increase in intra-gastric
pressure.

Ingestion of a meal is accompanied by gastric secretion that tends to collect
immediately below the LES forming an “pocket” or layer of unbuffered acid overly-
ing an ingested meal. In health, the transition from the acid to alkaline milieu occurs
at the EGJ in the post prandial period [16]. However, when the EGJ barrier is weak
or disrupted (e.g. in presence of hiatus hernia) the acid pocket can migrate into the
distal esophagus, leading to pathological acid reflux in the distal esophagus [17].
Delayed gastric emptying [18] and acid hypersecretory states are additional down-
stream factors that can contribute to the esophageal reflux burden. At the same time,
gastric filling is accompanied by a decrease in LES pressure and an increased fre-
quency of spontaneous, transient LES relaxations (TLESRs) that allow air swal-
lowed during the meal to be released (belching). Together, these events represent a
major challenge to the EGJ reflux barrier and it has been shown that when the EGJ
barrier is weak or disrupted, especially in the presence of hiatus hernia, the acid
pocket can migrate into the distal esophagus, leading to pathological acid reflux and
mucosal disease [19]. A small number of reflux events during TLESRs after meals
is normal in healthy individuals; however, the number of reflux events is much
higher in GERD patients. Studies using magnetic resonance imaging combined
with high-resolution manometry (HRM) have shown how active contraction of the
clasp and sling fibers maintains an acute angle of insertion between the esophagus
and the proximal stomach (termed “angle of His” in surgical studies) [20, 21]. The
presence of an acute angle of insertion allows the proximal stomach to compress the
EGJ and prevents reflux of gastric contents into the esophagus [22]. This “flap-
valve” effect is much less efficient if the angle of insertion is wide (obtuse) due to
ineffective contraction of the clasp and sling fibers or structural disruption of EGJ
anatomy, both of which are observed in GERD patients [20].

Another challenge to EGJ function occurs in the fasted state, especially at night,
when powerful migrating motor complex (MMC III) contractions clear the stomach
of undigested material. These contractions increase intra-gastric pressure and can
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trigger gastro-esophageal reflux; however, this does not occur in healthy individuals
with an intact reflux barrier because LES pressure increases during MMC III
contractions [23].

3.4 Mechanism of Reflux

Large studies have identified several markers from manometry studies that correlate
with the severity of reflux defined by the presence of reflux esophagitis or patho-
logical acid exposure on 24 h pH-studies. These include resting LES pressure, intra-
abdominal LES length (i.e. distance between PIP and distal LES border') and
disorders of esophageal motility that impact on clearance function [3, 24-26]. More
detailed observations after a test meal identify three main mechanisms that cause
individual reflux events: [27-30].

1. Transient LES Relaxation (TLESR). In health and in patients with mild-moderate
GERD most reflux occurs during TLESRs characterized by a period of com-
plete, prolonged (10-60 s) LES relaxation that is not caused by swallowing [31].
Gastric distention, laryngeal or pharyngeal stimulation provide the afferent stim-
ulus for the TLESR reflex, which is transmitted to the nucleus solitarius in the
brainstem. A set of events from the dorsal vagal nucleus and the nucleus ambigu-
ous mediates EGJ relaxation via the vagal efferent fibres [10].

2. Swallow-induced LES relaxations. In health about 5-10% of reflux episodes
occur during swallow-induced LES relaxations [32]. The relatively low risk of
reflux events during swallow-induced LES relaxations compared to TLESRs is
due to incomplete and shorter relaxation of the crural diaphragm during swal-
lowing and immediate clearance of reflux by oncoming peristalsis [32, 33].

3. Very low or absent LES pressure is an uncommon cause of reflux in health; [28,
29] however, it occurs frequently in the absence of a mechanically sufficient
reflux barrier in patients with a hiatus hernia and severe GERD [30].

Manometry can identify TLESRs and other potential causes of reflux. Moreover,
the presence of “common cavity pressure” (i.e. equilibration of pressure) between
the stomach and the esophagus indicates the occurrence of a reflux event. The initial
description of TLESRs by Dent et al. was based on the conventional water perfused
manometry with an “sleeve sensor” to provide stable pressure measurements from
the EGJ [30]. TLESRs were defined by the absence of a preceding swallow, rapid
rate of relaxation, low nadir LES pressure and prolonged duration of LES relaxation
[34]. Additional markers include inhibition of crural diaphragm and presence of a
prominent after-contraction [35]. The inter-observer agreement for detection of
TLESRs is superior for HRM compared to conventional manometry [36] and crite-
ria for identification of TLESRs were recently validated for this advanced technology
[37]. These include the occurrence of LES relaxation in the absence of swallowing

'In these studies hiatus hernia is defined by a negative intra-abdominal LES length
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4 s before and 2 s after the onset of LES relaxation and prolonged duration of LES
relaxation lasting more than 10 s with concurrent inhibition of the crural diaphragm.
The introduction of combined high-resolution impedance manometry (HRiM) sup-
ports this observation by direct detection of EGJ relaxation, opening and retrograde
flow of gastric contents (i.e. reflux) during TLESRs (and other events) [37, 38]. It is
also possible to discriminate between reflux of air (belching) and gastric secretions
based on the impedance profiles [37, 38].

Additionally, the use of HRiM facilitates the detection of rumination syndrome
and supra-gastric belching in patients with persistent “reflux” symptoms on PPI
medication [39, 40]. These behavioral conditions are characterized by the voluntary,
albeit unconscious, contraction of abdominal and thoracic muscles resulting in the
forceful return of gastric or oesophageal contents to the mouth. It is important to
recognize these conditions because the mechanism of disease is not the same as
GERD, cannot be corrected by standard medical treatment and can be exacerbated
by anti-reflux surgery. Instead, patients can be taught to suppress these “abnormal
responses” by simple exercises delivered by physiotherapists [39].

3.4.1 Motility and Reflux

After a reflux episode occurs, the refluxate is cleared most often by a primary peri-
staltic contraction that also neutralizes acid by bringing saliva from the mouth [41].
In many GERD patients, esophageal motor function is preserved; however, ineffec-
tive esophageal motility (IEM) can impair esophageal clearance and is associated
with increased likelihood of esophagitis [26, 42, 43]. The spectrum of IEM consists
of fragmented peristalsis, hypotensive peristalsis and absent contractility (all can be
observed in the same patients). Patients with more severe disease are characterized
by a failure to respond to the physiologic challenge of multiple repeated swallows
or the solid swallows (absent “contractile reserve”). It is the frequency of ineffective
esophageal contractions after reflux events that impacts on esophageal clearance
and the severity of acid exposure [44, 45].

3.4.2 Obesity and Reflux

A high body mass index (BMI) and, especially, a high waist circumference is asso-
ciated with an increased risk of GERD [6]. Epidemiological studies suggest that the
prevalence of GERD symptoms and reflux esophagitis is significantly increased in
patients with BMI > 25 compared to normal weight subjects [46]. Obesity has
effects on EGJ structure and function that increase the risk of reflux by all the mech-
anisms discussed above [6, 47-49]. The mechanical hypothesis proposes that obe-
sity results in increased mechanical stress at the EGJ due to increased intra-gastric
pressures and disruption of EGJ morphology (i.e. increased separation of the LES
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and crural diaphragm) which favors reflux [4]. Other hypotheses include the release
of metabolic and humoral mediators from visceral adipose tissue that have effects
on vagal activity and may well impact on the frequency of TLESRs and other key
aspects of EGJ function [50-52]. Of interest, although obese subjects complain of
heartburn and acid regurgitation more frequently than normal weight controls, [46]
this effect is weaker than that expected and many obese subjects with GERD have
only mild or occasional reflux symptoms. This lack of sensitivity and failure to seek
treatment could, in part, explain the relatively high risk of GERD complications,
including adenocarcinoma, in this group.

3.4.3 Hiatus Hernia

In patients with a small hiatus hernia, separation of the LES and crural diaphragm
results in a twofold increase in reflux events [19] and the risk of GERD increases
with the size of the hiatus hernia [3, 53, 54]. The presence of a hiatus hernia has
multiple effects on EGJ structure and function. First, the wide esophageal hiatus
impairs the ability of the crural diaphragm to contribute to reflux protection [55].
Indeed, in HRM studies, reduced augmentation of EGJ pressure during inspiration
is an independent risk factor for GERD [56]. Second, contraction of the crural dia-
phragm can trap gastric contents in the hiatal sac that can then pass into the esopha-
gus through the (weak) LES due to negative thoracic pressure during inspiration
[55]. Third, the frequency of reflux events of all kinds is increased in patients with
hiatus hernia [53, 54] due to mechanical effects on EGJ and proximal gastric func-
tion. Whilst TLESR remains an important cause of reflux events in this patient
group, other mechanisms appear to be more important in the presence of a hiatus
hernia [57]. Additionally, once reflux has occurred, ineffective esophageal motility
and impaired esophageal clearance are common in patients with a large hiatus her-
nia [58, 59]. This results in prolonged exposure of the distal esophagus with acid
gastric secretions that are thought to be a major cause of reflux esophagitis, Barrett
esophagus and other complications; all of which are more common in GERD
patients with hiatus hernia than those without.

3.5 Hiatus Hernia: Diagnosis

The diagnosis of a hiatus hernia is most often made on barium esophagogram or
endoscopy. Features on radiology include the presence of a herniated B-ring at the
squamocolumnar junction or rugal folds traversing the diaphragm [60]. On endos-
copy, the distance between the squamocolumnar junction and the diaphragmatic pinch
is measured to determine the length of the hiatus hernia. Recent studies indicate that
both investigations lack sensitivity for small hiatus hernias and, moreover, distention
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of the stomach during endoscopy often triggers TLESR with EGJ opening potentially
leading to false positive diagnosis or overestimation of hiatus hernia size [61].

In health and in many patients with mild-moderate GERD separation of the
intrinsic (LES) and extrinsic (crural diaphragm) components of the EGJ reflux bar-
rier is not constant but occurs intermittently [62]. HRM studies identify this spatial
dissociation of the intrinsic LES and diaphragmatic sphincter, as a double peak
pressure profile at the EGJ [63]. HRM provides a more prolonged and detailed
analysis of EGJ pressure and this increased spatial and temporal resolution has
excellent sensitivity and specificity for hiatus hernia [61]. Compared to barium fluo-
roscopy or endoscopy which each have a sensitivity of 73% for detection of a hiatus
hernia, the sensitivity and specificity of HRM for hiatus hernia detection was 92%
and 93% respectively [61].

The Chicago Classification of hiatus hernia by HRM is based on spatial separa-
tion of the two “high pressure zones” produced by the LES and diaphragmatic crus
[56, 61, 64]. An EGJ pressure morphology with a single pressure peak during inspi-
ration and expiration, indicating that the axial position of the LES coincides with
the CD, is classified as EGJ Type 1 (Fig. 3.2a). In the latest iteration of Chicago
Classification v3.0, [64] when LES-CD separation is observed that is <3 cm the
hiatus hernia is classified as EGJ Type II (Fig. 3.2b). When there is a marked
LES-CD separation >3 cm (typically with a nadir pressure between the two pres-
sure peaks less than gastric pressure) then the hiatus hernia is classified as EGJ Type
III. Large type III hernias can be further sub-classified according to the position of
the pressure inversion point (PIP) (Fig. 3.2c, d).
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Fig. 3.2 Different types of EGJ morphology identified by esophageal pressure topography across
the EGJ. Different types of EGJ morphology identified by esophageal pressure topography across
the esophagogastric junction. (a) EGJ Type I: the LES and CD overlap both in inspiration and
expiration, and the PIP is located directly above the LES. (b) EGJ Type II: minimal separation of
LES and CD, but a nadir pressure between the peaks that is higher than gastric pressure. (¢) EGJ
Type Illa: LES and CD separated but PIP is located at the proximal margin of the diaphragm. (d)
EGJ Type I1Ib: LES and CD separated but PIP Is located above the LES
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This classification system for hiatus hernia has been validated against endoscopy
and ambulatory pH-measurement. There is a positive correlation between increas-
ing disruption of EGJ morphology with the prevalence and severity of reflux esoph-
agitis [55, 57, 65]. In addition, esophageal acid exposure is higher in GERD patients
with compared to those without hiatus hernia [66, 67]. Notwithstanding the above,
other metrics derived from HRM measurements of EGJ function may provide better
sensitivity and specificity for the diagnosis of GERD (see below).

3.6 EGJ Measurement

Advances in esophageal motility diagnostic tests have provided further insights
into the anatomy and function of the EGJ reflux barrier [68—70]. Unlike “conven-
tional” esophageal manometry systems with up to 12 pressure sensors, HRM sys-
tems acquire pressure measurements from closely spaced sensors and display this
information as topographic (Clouse) plots that integrate time, position and pressure
data. Assessment of esophageal motility by the Chicago Classification for HRM is
based on objective metrics derived from these measurements [64]. The intraluminal
pressure at the EGJ is referenced to the intra-gastric pressure in clinical studies.
The presence of adequate resting pressure provides an indication of resistance to
retrograde flow of gastric content across the reflux barrier. As discussed above, the
intact EGJ barrier consists of superimposed LES and CD. The intrinsic LES can
independently have a low resting tone, with values <8 mmHg during the end expi-
ratory phase consistently abnormal [56, 64]. Inspiratory augmentation of the CD
provides adjunctive barrier function when intrathoracic pressures are at their low-
est; [71] an element of the EGJ barrier that is not well assessed by basal and end
expiratory LES pressure measurements. The EGJ contractile integral (EGJ-CI)
may overcome these drawbacks by combining EGJ anatomy, basal tone, and varia-
tion with respiration into a single metric assessing vigor of the EGJ [72, 73]. A
further improvement can be achieved by calculating the “total-EGJ-CI”, a param-
eter that summarizes EGJ barrier function during the entire HRM protocol compen-
sating for variation in morphology and pressure over time [74]. Normative EGJ-CI
and total EGJ-CI values have been described, and available data indicate that the
riskof GERD isincreased in the setting of abnormal results [ 74, 75]. Notwithstanding
this finding, GERD has a complex aetiology and the ability of any measurement of
EG]J function to provide a definitive GERD diagnosis is limited (although a robustly
normal value may rule GERD out) [74]. Therefore, an abnormal EGJ barrier can be
hypotensive (with reduced resting tone that can be overcome by events that increase
intra-abdominal pressure), disrupted with separation of the two components of the
EG]J barrier (i.e. hiatus hernia) or both. In the presence of a hiatus hernia, the rest-
ing tone of the intrinsic LES is typically hypotensive, with esophageal reflux bur-
den higher than with either abnormality alone. Therefore, abnormalities of EGJ
structure and function can coexist, and both can contribute to abnormal reflux
burden.
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3.7 Ambulatory Reflux Monitoring

The presence of “typical reflux symptoms” including heartburn and acid regurgita-
tion on validated questionnaires are unreliable in the diagnosis of GERD [76]. In
general, typical reflux symptoms are initially managed with an empiric PPI trial;
however, this approach is also unreliable, with a specificity of only 50-60% despite
sensitivity of approximately 80% in predicting erosive esophagitis or an abnormal
pH study [77]. Indeed, only half of patients referred for physiological investigations
have pathological acid exposure on ambulatory pH-studies [78]. These findings
emphasize the need for objective evaluation of reflux prior to antireflux surgery
[79]. This includes esophageal manometry to rule out achalasia and other, clinically
relevant motility disorders that appear in almost every published series.

Ambulatory reflux monitoring is performed when there is a need to document
esophageal reflux burden, or to define the relationship between symptom events and
reflux episodes. The most common settings consist of persisting esophageal symp-
toms despite seemingly adequate acid suppressive therapy, i.e. a failed PPI test, or
atypical symptoms (e.g. chest pain, cough, laryngeal symptoms) that may not
directly implicate GERD, but could improve with GERD therapy if esophageal
reflux burden is pathological. In the typical clinical scenario, ambulatory reflux
monitoring has either ‘rule in’ or ‘rule out’ value in defining abnormal esophageal
reflux burden. In settings where there is no independent evidence for reflux
(unproven GERD), testing is performed off anti-secretory therapy for 7-10 days.
Ambulatory reflux monitoring prior to anti-reflux surgery is also performed off anti-
secretory therapy. When there is strong evidence for GERD (proven GERD), such
as EGD evidence of severe erosive esophagitis, peptic stricture or long segment
Barrett’s mucosa (or prior abnormal ambulatory reflux monitoring), testing can be
performed on anti-secretory therapy, where the objective is to determine if ongoing
symptoms can be explained by abnormal esophageal reflux burden or linked to
reflux episodes. In this setting, pH impedance monitoring needs to be employed for
reflux monitoring, as pH testing alone is insufficient in describing weakly acid
reflux episodes that predominate in patients on PPI therapy [7]. If suspicion for
GERD is strong in the setting of negative 24 h reflux monitoring, repeating monitor-
ing using a prolonged pH measurement can be considered, as day-to-day variation
in esophageal reflux burden is present, and the finding of abnormal reflux burden
can impact management direction [80—82].

The best-established method for objective diagnosis of GERD is 24-h pH-
measurement with the pH-sensitive electrode mounted on an naso-esophageal cath-
eter placed in the esophagus 5 cm above the proximal border of the LES as
determined by manometry. An alternative technique using wireless pH probes is
also available, and are particularly useful in patients that fail to tolerate ambulatory
catheter based testing [83]. These single sensor probes are positioned 6 cm proximal
to the squamo-columnar junction during endoscopy and can record and transmit
distal esophageal pH data for up to 96 h. Catheter or probe placement is performed
after an overnight fast, and after withholding anti-secretory therapy for at least
7 days when testing off PPI is performed (essential in pH-only studies). Patients are
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recommended to maintain normal activities and meals, and keep a diary of meals,
recumbency periods and, crucially, symptoms. Careful instruction to record symp-
toms promptly ensures that not only the objective severity of disease but also the
subjective association between symptoms and reflux can be assessed.

The percentage of total recording time with pH < 4 (i.e. acid exposure time) is
the single most important parameter used in GERD diagnosis [84]. This is calcu-
lated as the percent time the pH is <4.0 in the distal esophageal (5 cm above the
LES), for the duration of the ambulatory study. Total AET is considered physiologic
when <4%, and pathologic when >6%; values in between are borderline and require
additional clinical or physiological evidence to confirm GERD [85]. Additional
information can be obtained by separately calculated AET for upright and supine
periods; elevated supine AET can implicate a disrupted EGJ barrier, as TLESRs are
generally suppressed during sleep. However, proximal esophageal and pharyngeal
reflux monitoring have limited value in directing anti-reflux therapy [86, 87]. AET
is marginally higher with the wireless probe, but the same thresholds can be
employed for both modes of reflux monitoring. AET is considered more reliable and
better reproducible than the composite Johnson-DeMeester score that is no longer
recommended in clinical practice [85].

More recently multiple intra-luminal impedance (MII) monitoring has been com-
bined with pH-measurement and is currently regarded as the gold standard for reflux
detection [85, 88]. By measuring differences in resistance to alternating current
between pairs of adjacent electrodes, MII can detect bolus movement through the
esophagus and the retrograde flow of refluxate from the stomach into the esophagus.
Moreover, the combination of pH and MII differentiates between acid and non-acid
reflux events and the conductivity of esophageal contents can distinguish between
liquid and gas reflux (belching) [89] (Fig. 3.3a, b). Thus, combined pH-impedance
monitoring permits the detection of (1) anterograde and retrograde bolus movement
(Fig. 3.4) (2) characterizes the nature of the refluxate (air reflux, liquid reflux or
mixed air-liquid reflux) and (3) determines the pH of the refluxate (acidic [pH < 4],
weakly acidic [4 < pH < 7] and weakly alkaline pH > 7 [89, 90] (Fig. 3.5). The
number of acid and non-acid reflux events over 24-h is highly variable and is a less
reliable marker of GERD than AET; [91] however, the presence of <40 reflux events
is considered physiologic, and large numbers >80 are likely to be pathologic; as for
AET, values in between are borderline and require additional clinical or physiological
evidence to confirm GERD [85]. For example, a low median nocturnal baseline
impedance (e.g. MNBI <2000 ohms) and the presence of a low post-reflux swallowed
induced peristaltic wave (PSPW) index? derived from pH-impedance studies have
been shown to predict response to medical and surgical GERD therapy [92].

2PSPW is an impedance-detected antegrade bolus propagation that passes through the esophagus
within 30 seconds of a reflux event. The PSPW index is the proportion of reflux events followed by
PSPW compared to all reflux events, and can be lower in erosive and nonerosive GERD compared
to controls. Further, this index may distinguish hypersensitive esophagus from functional
heartburn.
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Fig. 3.3 (a) A combined impedance-pH catheter consisting of six impedance channels and two
pH sensors. (b) Example of an acid reflux event detected on impedance-pH monitoring. Upper 6
channels display impedance readings in the esophageal body. The lower channel displays pH at
5 cm above the lower esophageal sphincter. [llustrative example of retrograde movement of liquid

bolus during an acid-reflux event

Ambulatory reflux studies are also used to confirm (or exclude) reflux events as
the cause of patient symptoms. Symptom-reflux association requires reporting of
symptoms during the ambulatory study, typically using an event monitor button on
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Fig. 3.5 Impedance patterns during swallow and reflux (liquid, gas, mixed liquid-gas) events

the reflux monitoring device worn by the patient. Reflux episodes are identified by
reflux software, using pH drops below 4.0 or impedance-detected retrograde move-
ment of gastric contents. A symptom event is designated as associated with a reflux
episode if the symptom occurs within 2 min following the reflux episode. Studies
have shown that ongoing non-acid reflux accounts for up to 50% symptoms in
patients with an incomplete response to PPIs [8, 93]. A simple ratio of associated
symptoms to all symptoms defines the symptom index (SI; abnormal if >50%).
Symptom reflux probability (SAP) takes into account 2 min periods with and with-
out reflux episodes and symptom events, and applies a statistical test (Fisher’s exact
test) to assess the probability that symptoms and reflux episodes could have co-
occurred by chance (SAP positive if >95% (1-p < 0.05)). The yield and diagnostic
value of symptom reflux association is highest when many symptoms are recorded,
with the patient recording the symptom promptly upon occurrence. A positive,
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symptom reflux association can augment the strength of a GERD diagnosis based
on borderline AET or number of reflux events. Reflux hypersensitivity is present
when AET is normal but a significant symptom reflux association is present (ideally
both SAP and ST are positive) [92, 94].

The metrics described above have been shown to predict reflux outcome when
testing is performed off PPI therapy in unproven GERD [91, 92]. In the clinical set-
ting, the results provide guidance as to whether reflux management should continue
(if pathological reflux is identified) or if alternate mechanisms should be sought for
persisting symptoms. However, as discussed above, thresholds defining pathological
from physiological reflux burden are not precise, and a ‘grey area’ exists (“borderline
reflux burden”) where the clinical presentation and alternate evidence from physio-
logical investigations (HRM, pH-impedance studies) could complement ambulatory
reflux monitoring findings to support or reject GERD [85, 95] diagnosis. Reflux
hypersensitivity is defined by a positive symptom-reflux association in the setting of
physiologic reflux, is part of the GERD spectrum and can respond to optimal acid
and reflux suppression therapy. In contrast, functional heartburn or functional chest
pain is defined by normal ambulatory reflux monitoring with negative symptom
reflux association and are functional conditions that are not caused by reflux events.

3.8 Impact of Esophageal Function Testing
on Management and Outcome

GERD is a complex condition that is defined by mucosal disease or symptoms
associated with the retrograde flow of gastric contents into the esophagus [96].
Several GERD phenotypes can be defined based on clinical assessment, endoscopy
and esophageal function testing. This is helpful because identifying the appropri-
ate GERD phenotypes can direct management and maximize therapeutic outcome.
In this regard, symptoms and PPI response do not adequately phenotype GERD
into reliable therapeutic categories.

Using EGD findings, GERD can be phenotyped into erosive and non-erosive
disease, with clearly better symptomatic outcomes in erosive GERD compared to
non-erosive GERD. Within erosive GERD, Los Angeles (LA) grades C and D pro-
vide definitive evidence for GERD, whereas LA grade B esophagitis is borderline
and LA grade A esophagitis can often be encountered in healthy volunteers, and
does not provide conclusive evidence for GERD. Many patients with erosive GERD
will also have hiatus hernia that is obvious on endoscopy (and radiology) and this
additional evidence may be sufficient for a recommendation for anti-reflux surgery.

There is limited research available describing prediction of outcomes of therapy
based on manometry studies including EGJ morphology and esophageal motor func-
tion; however, the purpose of this investigation is not to diagnose GERD but to
exclude a major motility disorder, rumination syndrome and similar conditions.
Using ambulatory reflux monitoring, pathologic AET is a predictor of outcome from
both medical and surgical antireflux therapy [91, 92]. Within abnormal AET cohorts,
those with positive symptom reflux association have the highest likelihood of
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improvement from antireflux therapy [94]. Therefore, the strongest GERD phenotype
consists of pathologic AET associated with positive symptom reflux association [97,
98]. When AET is normal or borderline but a positive symptom reflux association is
recorded, antireflux management approaches (including surgery) may be successful,
especially if there is evidence for EGJ disruption and hiatus hernia [99, 100]. In con-
trast, physiologic AET with no symptom reflux association is associated with subop-
timal outcomes from anti-reflux therapy, and can overlap with functional esophageal
syndromes [99, 101]. In these settings, coexisting functional syndromes (functional
dyspepsia, IBS) may also predict suboptimal outcome from antireflux therapy [98,
100]. Instead, similar to other functional esophageal syndromes, these conditions
may respond better to medications that modulate visceral sensitivity and perception
(e.g. low-dose tricyclic antidepressants) than to antireflux therapy alone [1].

3.9 Anti-Reflux Surgery

Anti-reflux surgery prevents reflux by two main mechanisms (1) restoring the “nor-
mal” position of the stomach by reduction of a hiatal hernia and repair of the hiatal
orifice, (2) reducing distensibility of the EGJ and the number of TLESRs associated
with reflux by formation of a fundoplication wrap that limits EGJ opening [102—
105]. In well selected patients (see above) this surgery dramatically reduces the
number of reflux events and associated symptoms; however, a small proportion of
patients have ongoing “reflux symptoms” or swallowing problems that can persist
in the long-term [9]. Symptoms are not specific for underlying pathology and repeat
physiological investigation is recommended. Ideally the HRM study should include
a test meal to increase test sensitivity to EGJ outlet obstruction which is common in
this patient group [106, 107].

Ongoing reflux symptoms may be related to persistent or recurrent GERD due to
failure of the fundoplication wrap occasionally with reformation of a hiatus hernia;
however, in clinical case series this diagnosis was confirmed only in about half of
patients tested [106]. Other patients had a symptomatic motility disorder, functional
heartburn or rumination syndrome. Conversely persistent dysphagia was most often
attributed to an excessively “tight” fundoplication wrap (or hiatal canal repair), with
a slipped wrap or trans-diaphragmatic herniation of the wrap observed less often.
All these complications affect esophageal emptying and lead to dysphagic symp-
toms [108]. HRM with a test meal is more sensitive to symptomatic EGJ outlet
obstruction than endoscopy or radiology (Figs. 3.6 and 3.7). If a clinically relevant
obstruction to bolus passage was present, then a balloon dilatation to the fundopli-
cation wrap produced symptom improvement and removed the need for re-opera-
tion in nearly two thirds of patients [107].

A further technology that could assist diagnosis in this setting is the Endoluminal
Functional Lumen Imaging Probe (EndoFLIP, Cropson, Galway, Ireland) which
uses high resolution impedance planimetry during volume controlled distension to
measure the luminal cross-sectional area (CSA) and distensibility of the EGJ [109].
EndoFlip is not helpful for GERD diagnosis; [110, 111] however, it may assist sur-
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gical management of GERD by guiding the “tightness” of the hiatal repair and
fundoplication wrap [112]. Further it may be useful in the post-operative setting to
identify patients with an excessively tight fundoplication wrap; however, outcome
studies are required before its use in routine practice [104].

3.10 Summary

The EGJ is a complex structure encompassing the lower esophageal sphincter and
the diaphragmatic crus that controls esophageal bolus passage and protects against
retrograde flow of gastric contents. Gastroesophageal reflux disease is characterized
by progressive disruption of EGJ structure and function, with hiatus hernia being a
marker of more severe disease. Advances in physiological measurement, including
esophageal HRM and ambulatory pH-impedance monitoring has provided new
insight into the mechanism of reflux protection. The same technology is now used
to diagnose GERD and identify the causes of reflux symptoms. The results of inves-
tigation allow physicians and surgeons to identify specific GERD phenotypes and,
based on this information, to tailor treatment to the individual patient.

What is the Current Knowledge and What Future Direction is Required

1. The esophago-gastric junction (EGJ) is the major defense against reflux of
gastric contents into the esophagus. Impaired EGJ barrier function is char-
acteristic in gastro-esophageal reflux disease (GERD).

2. The EGJ comprises an intrinsic component made up by smooth muscles of
the lower esophageal sphincter (LES) with the sling and clasp fibers of the
gastric cardia, plus an extrinsic component formed by the crural
diaphragm.

3. In health and in patients with mild-moderate GERD most reflux occurs
during Transient LES Relaxation (TLESRs) characterized by a period of
complete, prolonged LES relaxation that is not caused by swallowing.

4. In patients with more severe GERD, especially in the presence of a hiatus
hernia, multiple mechanisms of reflux and impaired esophageal clearance
are present.

5. High Resolution Manometry has superior sensitivity and specificity for
detection of hiatus hernia compared to barium fluoroscopy or endoscopy.

6. Existing parameters for manometric (and other) evaluation of EGJ barrier
function do not predict gastroesophageal reflux disease (GERD) reliably.

7. The presence of “typical reflux symptoms” including heartburn and acid
regurgitation on validated questionnaires are unreliable in the diagnosis of
GERD.

8. Ambulatory pH-impedance provides objective measurements of acid
exposure and documents the association between reflux events and patient
symptoms.
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Chapter 4

Preoperative Diagnostic Workup for GERD
and Hiatal Hernia: An Evidence

and Experience-Based Approach

Geoffrey P. Kohn

4.1 Diagnostic Workup for GERD

4.1.1 Confirmation of the Diagnosis

A useable definition of Gastroesophageal Reflux Disease (GERD) is difficult to create
but is necessary to guide management and research of this very common disorder
which affects up to 20% of the population of the Western World [1-5]. The diagnosis
of GERD requires more than solely the reflux of gastric contents into the esophagus;
indeed, some reflux is normal in all patients. Basing the definition upon the amount of
reflux would be problematic because any determined threshold between physiological
reflux and pathological would be arbitrary [6]. In addressing this problem, an interna-
tional consensus panel has devised the so-called Montreal definition of gastroesopha-
geal reflux disease, requiring both the objective finding of reflux of gastric contents
into the esophagus together with the subjective reporting of troublesome symptoms
[7]. This is the most widely accepted definition of GERD in use today. Troublesome
symptoms include the “typical” symptoms of heartburn and regurgitation, together
with the “atypical” symptoms of cough, dysphonia, chest pain, epigastric pain, dyspha-
gia, pneumonia and sinusitis and others. GERD can be the cause of all these symp-
toms, but there can be many other etiologies too. Defining a disease based on subjective
reporting of nonspecific symptoms is problematic and assuming reflux as the cause
and then treating as such, whether with lifestyle modification, antisecretory medica-
tions or by antireflux surgery, may be unhelpful in relief of symptoms where a non-
GERD etiology is present. Objective evidence of GERD is therefore required, together
with appropriate symptoms, before the diagnosis can be confirmed. Before considering
surgery, this objective documentation of gastroesophageal reflux is mandatory [8].
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4.1.2 Confirming GERD

The reflux of acidic gastric contents into the esophagus may cause endoscopically
detectable changes. Objective evidence of GERD may thus be obtained by endo-
scopic detection of “mucosal breaks” of the distal esophagus, Barrett’s metaplasia
or the reflux-related complication of peptic stricture.

4.1.2.1 Mucosal Breaks

Endoscopic visualization of any area of slough or erythema in the distal esophagus
which is clearly demarcated from adjacent normal-appearing mucosa [9], a so-
called “mucosal break”, is considered objective evidence of gastroesophageal reflux
disease in the appropriate clinical setting. This mucosal break is the minimum endo-
scopic lesion that is a reliable indicator of reflux esophagitis [10].

Histological examination of esophageal biopsies is not currently part of the stan-
dard diagnostic pathway for GERD, and such investigation is of unproven benefit.
However, there are some emerging data suggesting that there may be some utility in
recognizing the microscopic presence of inter-cellular space dilatation in the diag-
nosis of non-erosive reflux disease [8].

In an appropriate setting, a peptic stricture is also acceptable evidence of gastro-
esophageal reflux disease [11] provided malignancy has been excluded by multiple
biopsies.

4.1.2.2 Barrett’s Esophagus

Barrett’s esophagus is the replacement of the normal squamous esophageal epithe-
lium with a metaplastic specialized columnar epithelium with villiform appearance.
The added requirement for “goblet cells” to be present is not universally accepted
[12]. Barrett’s metaplasia is believed to arise nearly always as a result of gastro-
esophageal reflux and constitutes an alternative method of esophageal repair in the
setting of reflux esophagitis [13, 14]. Histological proof of Barrett’s esophagus is
currently also considered objective evidence of gastroesophageal reflux disease.

4.1.2.3 Contrast Esophagrams

For many years, contrast radiology studies of the esophagus were the standard for
demonstration of gastroesophageal reflux. The technique of contrast esophagrams usu-
ally involves the patient swallowing a liquid or semisolid contrast bolus. Physiologically,
the initiation of this swallow is expected to cause relaxation of the lower esophageal
sphincter (LES) mechanism to permit bolus transport into the stomach. Thus, the “fail-
ure” of the LES mechanism is actually expected during swallowing and over-interpret-
ing this as evidence of GERD will cause many false positive results. Ambulatory pH
studies therefore have both a higher sensitivity and specificity than fluoroscopy [15—
20] and have superseded contrast studies in the diagnosis of GERD.
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In patients with typical symptoms and endoscopy-proven esophagitis, the diag-
nosis of GERD is evident and additional investigation with esophageal pH monitor-
ing is unnecessary [8]. It is in patients with non-erosive reflux disease (NERD)
where there is an absence of endoscopic evidence of GERD that esophageal pH
testing remains crucial.

4.1.3 Catheter-Based pH Monitoring

Conventional catheter-based pH monitoring systems principally consist of a flexible
catheter with one or more pH sensors and a data recorder. The catheter is passed
through the nares and is placed with the pH sensor in the distal esophagus. It is con-
nected to a data recorder that is carried by the patient during the study. Ambulatory
catheter-based pH monitoring is generally performed over a 24-hr period, as a com-
plete circadian cycle allows for determining the effect of physical activity and body
positions on esophageal acid exposure [21, 22].

In general, esophageal pH monitoring is carried out while the patient is off acid-
suppressant medication. Patients are normally instructed to discontinue the use of
proton pump inhibitors at least 7 days prior, histamine H2-antagonists 3-5 days
prior and simple antacids 24 hr prior to the investigation. Only when the aim of the
study is to measure the esophageal acid exposure that persists during treatment
should acid suppressants be continued. If such medications are continued during the
study period, then the reduced gastric acid environment will result in an elevated
false-negative rate and lower sensitivity of the test.

During the study patients are instructed to keep a diary and to record symptoms,
mealtimes and times for supine and upright positions. Meal periods can be excluded
from the analysis to avoid potential artefacts produced by acidic meal ingestion and
this may improve the clinical reliability of the test [23]. The study period should
probably resemble the average day of the patient, both in terms of diet and activity.
However, some centers encourage the patient to attempt to exacerbate reflux by
consuming ‘““challenge meals” of refluxogenic food types such as fatty or spicy
meals, alcoholic beverages, or any food recognized by the patient as precipitating
symptoms (Fig. 4.1).

The catheter-based technique for esophageal pH monitoring is limited by dis-
comfort in the patient’s nose and throat, and as a consequence the test is not toler-
ated by all patients. Early removal of the catheter will result in an inability to
compare to a normal control period, though some positive attempts have been made
to reduce the measurement time to a better-tolerated 3-hr period [24].

4.1.4 Wireless pH Monitoring

In order to avoid the discomfort of the catheter-based technique of esophageal pH
measurement, a catheter-free, wireless pH system (Bravo, Medtronic, MN, USA)
has been developed. In addition to improved patient comfort [25], the capsule-based
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Fig. 4.1 A typical 24-hr catheter-based pH study

pH system has the potential advantages of fixed placement of the pH electrode,
minimizing the risk of slipping into the stomach, and of allowing for prolonged
recordings. The longer duration of pH monitoring has been suggested to increase
the sensitivity of reflux monitoring in identifying patients with gastroesophageal
reflux [26]. Recognized contraindications for the use of the Bravo capsule are hem-
orrhagic diathesis, esophageal varices, severe esophagitis, patients with a cardiac
pacemaker or defibrillator, and pregnancy.

The pH system consists of a capsule and a telemetry receiver. The capsule
includes a pH electrode, an internal battery and a transmitter. The capsule simultane-
ously measures and transmits pH data using radiotelemetry to the portable receiver.
The delivery system for the pH capsule is most commonly passed transorally after
completion of an upper endoscopy and attached to the mucosa of the distal esopha-
gus. The capsule is designed to detach in 3—7 days and then pass through the gastro-
intestinal tract. There are reports of the probe remaining attached for longer periods
usually without consequence [26] but sometimes requiring endoscopic removal [26].

Wireless esophageal pH monitoring is associated with fewer adverse symptoms
and less interference with normal daily activities and is preferred by patients [27],
though there are still limitations associated with the wireless technique. The wire-
less pH capsule is associated with thoracic discomfort in 10-65% of the patients.
The severity of chest symptoms ranges from a mild foreign-body sensation to severe
chest pain, although the latter is uncommon. In rare cases, the pain is so severe that
endoscopic removal of the capsule is necessary [28-30].

Possible problems with the capsule-based pH system include technical problems
such as premature detachment of the capsule or interruption of the radiotelemetry
signal. Detachment of the pH capsule is suggested by an abrupt pH drop as the sensor



4 Preoperative Diagnostic Workup for GERD 55

dislocates into the stomach with an increasing pH reaching above 7 as gastric motil-
ity propels the pH capsule into the duodenum. In a small proportion of patients with
unsuccessful recordings, pH monitoring has to be repeated as a consequence of these
technical problems [21].

4.1.5 Duration of pH Monitoring

The standard duration of recording for catheter-based esophageal pH testing is
24 hr. For the wireless pH system is 48 hr, though approximately 10% of wireless
probes detach prior to the completion of this period [26, 31]. The extended record-
ing capabilities of the wireless pH system as compared with the conventional cath-
eter-based technique appear to increase the sensitivity of the test. Studies have
demonstrated that by increasing the pH recording time from 24 to 48 h, the yield of
the procedure increases in capturing more abnormal pH tests or symptom-associ-
ated reflux events [28].

The 48 hr data can be interpreted using an average of the 2 days, or alternatively
using only the 24-hr period with the greatest acid exposure, termed “worst day
analysis”. A significant increase in the sensitivity of the pH testing is seen, together
with a small decrease in specificity, when using the worst day data as compared to
either 24 hr data or averaged 48 hr data [21, 22].

4.1.6 pH Electrode Placement

Consistent positioning of the pH electrode is vital for obtaining reliable esophageal
pH data and for comparison to normative population data values. Studies performed
using catheters with multiple pH sensors for simultaneous pH recording at different
levels in the esophagus have unsurprisingly shown greater acid exposure in the dis-
tal esophagus compared to more proximally [32, 33]. Consequently, esophageal
acid detection will be significantly reduced when the distance from the lower esoph-
ageal sphincter (LES) to the recording level increases, and therefore accurate pH
probe placement is essential for a reliable diagnosis of GERD. Typically, the pH
electrode should be placed close enough to the stomach to sample the region most
affected by gastroesophageal reflux without displacing into the stomach during the
course of the study, noting that the gastroesophageal junction migrates approxi-
mately 2—4 cm during deglutition [34, 35]. By convention, the catheter-based pH
electrode is placed 5 cm above the manometrically defined upper border of the LES
[36]. Therefore, esophageal manometry must be performed prior to the pH study to
ensure correct placement. Placement on the basis of the pH profile recorded on
withdrawal of the electrode from the stomach has been found to be inferior to place-
ment based on manometric LES localization [21, 37].
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In wireless esophageal pH monitoring the pH sensor is most commonly placed
according to endoscopic landmarks. By convention, the electrode is placed 6 cm
above the squamocolumnar junction (SCJ), a position that has been derived from
the findings of concurrent manometry and videofluoroscopy studies suggesting that
the upper border of the LES high-pressure zone typically extends 1-1.5 cm above
the SCJ [38]. Positioning the pH electrode 6 cm above the SCJ therefore approxi-
mates the standard 5 cm above the upper border of the manometrically defined LES
electrode position of the catheter-based technique. Transnasal placement of the pH
capsule normally requires prior manometry, as the electrode is positioned 5 cm
above the upper border of the LES [39].

4.1.7 Interpretation of Esophageal pH Studies

With esophageal bicarbonate secretion and swallowed saliva, esophageal pH is nor-
mally maintained between pH 5 and pH 7. Gastric acid secretion generates a highly
acidic environment within the stomach, with a pH of 1-2, and rarely more than 3.
During esophageal pH monitoring, gastroesophageal reflux events are detected as
abrupt declines in intra-esophageal pH. Generally, episodes where pH falls below 4
are taken as evidence of reflux events. The arbitrary choice of the cut-off of pH 4 is
supported by the observation that patients with symptomatic reflux usually report
heartburn at an intraesophageal pH below this threshold [40]. Physiologic acid
reflux seen in healthy subjects is characterized by reflux episodes that occur in the
upright position most commonly after a meal and are rapidly cleared. Physiologic
acid reflux rarely occurs while supine. In patients with mild reflux disease more
reflux episodes occur, especially in the upright, postprandial period. With increasing
severity of GERD, acid reflux increases first in the upright position, and thereafter
typically becomes bipositional with acid reflux in both the upright and supine pos-
tures [41-43]. Both the duration and number of acid reflux episodes increase, result-
ing in prolonged esophageal acid exposure times.

The total percentage of time the pH is <4 is the most useful single discriminator
between physiologic and pathologic reflux [36]. An abnormal pH test is defined by
a value greater than the 95th percentile of normal controls, though this can vary
depending on the age and gender distribution of the selected control population.

Another method of presenting esophageal acid exposure data is calculation of a
composite score, comprised of six measured parameters, including (1) total percent
time pH < 4; (2) percent time pH < 4 whilst upright; (3) percent time pH < 4 whilst
recumbent; (4) the total number of reflux episodes; (5) the total number of reflux epi-
sodes longer than 5 min; (6) the duration of the longest reflux episode. This so-called
DeMeester Composite Score, named for one of its original proponents [44], is auto-
matically calculated and reported by most commercially available pH software. The most
referenced value for an abnormal DeMeester composite score is a value larger than
14.7 [44]. Regardless of whether the composite score or individual acid exposure time
is used, a detailed evaluation of the pH tracing is of fundamental importance to recog-
nize and exclude artefacts and to assess symptom association [21].
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4.1.8 Symptoms Association

Reflux symptoms such as heartburn and regurgitation are very common but as these
symptoms are not specific for GERD, it is important to be able to determine if there
is a temporal relationship between symptoms and reflux events. Such a relationship
between symptoms and reflux episodes can be expressed numerically using symp-
tom association analysis [45]. The most frequently used indices are the Symptom
Index (SI) and the Symptom Association Probability (SAP) [46].

The Symptom Index is the percentage of symptoms preceded by a drop in esoph-
ageal pH below 4 within a time window, usually selected to be 5 min, divided by the
total number of symptoms. The Symptom Index can be calculated for each symp-
tom attributable to reflux, including heartburn, regurgitation, or atypical symptoms,
such as chest pain or respiratory symptoms. A positive symptom association is
declared if the symptom index is >50% (i.e., at least half of the reported symptoms
are preceded within a 5-min time window by an intraesophageal pH below 4) [47].
The Symptom Index does not consider the total number of reflux episodes and does
not include the total number of symptom events. When few symptoms are reported
during the study period, the Symptoms Index is less relevant.

The Symptom Association Probability is a statistical method to determine the
relationship between symptoms and reflux episodes. The SAP is calculated by divid-
ing the entire study’s pH data into consecutive 2-min segments. For each of these
segments, it is determined whether reflux occurred in the segment, allowing for cal-
culation of the total number of 2-min segments with and without reflux. Subsequently,
it is determined whether or not a reflux episode occurred in the 2-min period before
each symptom. A 2 x 2 contingency table is constructed in which the number of
2-min segments with and without symptoms, and with and without reflux events, are
tabulated. Using the Fisher exact test, a p value is calculated and the SAP index is
calculated as (1 — p) x 100% [48]. The cut-off value for a positive test is often
defined as SAP >95%. However, even a statistically significant relationship between
reflux events and symptoms does not necessarily imply causality [21]. The yield of
the SI and SAP is greater when performed off- rather than on-acid suppressant
therapy [22].

4.1.9 pH testing On- versus Off-Acid Suppressive Medication

An important decision has to be made by the treating physician as to whether to
perform pH testing on or off acid-suppressant medications. Esophageal pH testing
without medication is more accurate, and a negative result (i.e., normal distal esoph-
ageal pH with negative symptom association) is very helpful in suggesting that the
symptoms are not caused by acid reflux. Testing off-therapy is therefore often rec-
ommended for patients in whom there is a low index of clinical suspicion for GERD
in order to “rule out” reflux as a cause of the symptoms [22]. Off-therapy pH testing
may demonstrate abnormal reflux but this does not indicate causality between the
reflux and the patient’s symptoms.
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A positive pH test while off acid suppressant therapy does not necessarily explain
why the patient is still having symptoms while taking PPIs. On-therapy testing is
more commonly used to evaluate patients with refractory reflux symptoms despite
medical therapy [22]. An abnormal esophageal pH test (i.e., increased amount of
distal esophageal acid exposure with therapy and a positive symptom association for
acid reflux) performed during therapy is helpful because it suggests that the acid sup-
pression may be insufficient. In these situations, the use of dual pH electrodes to
monitor both distal esophageal and gastric pH are sometimes recommended, espe-
cially for patients unresponsive to antireflux therapy [22]. Although intragastric pH
measurement can help determine the efficacy of acid suppressive medications or sug-
gest poor patient compliance, its clinical relevance is unclear because there is a pau-
city of data showing a correlation between intragastric pH and gastroesophageal
reflux [49, 50]. A negative esophageal pH test while receiving therapy cannot exclude
nonacid reflux being associated with the residual symptoms [21]. Combining intralu-
minal impedance and pH testing is postulated to be able to address this issue, but high
quality data are lacking.

4.1.10 Limitations of Esophageal pH Monitoring

Ambulatory esophageal pH monitoring is not without its limitations. The sensi-
tivity and specificity of catheter-based pH monitoring have traditionally been
reported to be in the range of 87-96% and 97-100%, respectively [51, 52].
Importantly, these reports are based on studies consisting of patients with compli-
cated reflux disease, manifested by severe esophagitis and manometrically defec-
tive lower esophageal sphincters. As there is a relationship between the severity
of the disease and the discriminatory power of the test [53], the published data on
sensitivity and specificity reflect the severity of reflux disease in the populations
tested and may not necessarily apply to the ordinary patient with symptoms sug-
gestive of reflux disease [46]. In more recent studies of patients with typical
reflux symptoms and esophagitis, a sensitivity of 76-78% and a specificity of
93-95% were reported for the capsule-based technique of esophageal pH moni-
toring [26, 53]. The apparently lower discriminatory power of the capsule-based
technique probably only reflects differences in the selection of the patient popula-
tions [21].

Patients most likely to benefit from an objective documentation of abnormal acid
reflux are those without endoscopic evidence of GERD, who constitute up to two-
thirds of all patients with typical reflux symptoms [54]. In these patients,
catheter-based testing has a lower sensitivity of <71% [22] and capsule-based
pH monitoring has a specificity of 93-95% and sensitivity as low as 36-42%
[26, 53].
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4.1.11 Proximal Esophageal pH Assessment

An association between reflux of acidic gastric contents into the larynx and laryn-
geal symptoms has been proposed [55]. There are multiple alternative potential
causes for these respiratory and laryngeal symptoms, and establishing reflux as the
cause based on symptoms alone is unreliable [56, 57]. Measurement of distal esoph-
ageal acid exposure by catheter-based or wireless pH monitoring would be expected
to be less than useful in assessment of the proximal esophagus. Indeed when distal
esophageal acid exposure is used as an indication for antireflux surgery to address
extraesophageal manifestations of reflux such as laryngeal symptoms, outcomes are
usually suboptimal, particularly in patients who have already not successfully
responded to antisecretory medical therapy [58, 59].

Attempts have been made to improve operative outcomes for such atypical
symptoms of reflux by preoperative assessment of proximal esophageal acidifica-
tion. Normative value for upper esophageal acid exposure have been defined [57].
The total time of pH < 4 in the proximal esophagus in normal subjects is similar to
that measured in the distal esophagus. However, the number of reflux episodes is
significantly higher when measured in the proximal esophagus. The widespread
clinical utility of such systems remains unclear [60, 61].

4.1.12 Multichannel Intraluminal Impedance

Multichannel intraluminal impedance (MII) is a relatively new technique for evalu-
ating esophageal bolus transit during swallowing and for monitoring gastroesopha-
geal reflux independent of its pH.

The presence and movement of an intraesophageal bolus is detected by MII
based on measuring differences in electrical conductivity within the esophagus
(Fig. 4.2) [62]. Liquid boluses are better conductors than the empty oesophagus,
leading to a rapid decline in intraluminal impedance when the bolus enters the
impedance measuring segment [62]. Impedance returns to baseline once the bolus
has exited the segment. Multiple impedance measuring segments mounted on the
same catheter allow determination of the direction of bolus movement based on the
timing of changes in impedance at individual levels. Proximal to distal (antegrade)
progression of impedance changes is indicative of swallowing, whereas a distal to
proximal (retrograde) progression indicates reflux episodes [63].

Multiple impedance-measuring segments can be added to a regular pH probe,
and when combined as such MII-pH can evaluate the presence of refluxate
independent of its pH and at the same time can differentiate between acid and non-
acid reflux [21].
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Fig. 4.2 Esophageal multichannel intraluminal impedance assessment
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4.1.13 Combined Multichannel Intraluminal
Impedance and pH

Impedance assessment is best added to pH measurements to give a more thorough
evaluation of the function of the antireflux barrier [64].

Normal values for acid and nonacid reflux in healthy volunteers from multiple
centers not receiving acid-suppressive therapy [65] have been published, as have
various population-specific norms [66—68]. A hypothesis that proximal extension of
the refluxate to the level of the larynx may be the cause of respiratory and laryngeal
symptoms of reflux [7] is supported by MII findings [69].

MII-pH is a useful tool in expanding the group of patients expected to have a
successful outcome after antireflux surgery. Prior to the introduction of MII, some
patient with non-acidic reflux might have been denied surgery when in fact their
symptoms might be improved by an antireflux procedure. It is now appreciated that
there exists a subset of refluxers with normal pH studies but abnormal MII tests that
will have good short-term outcomes after fundoplication [70].

MII-pH is now being increasingly employed in the assessment of patients with
atypical symptoms of GERD [71-73]. However, the utility of this approach in
patients being considered for antireflux surgery remain uncertain, with little evi-
dence demonstrating a prognostic effect on post-surgical outcomes. There remains
a paucity of studies comparing outcomes of extraesophageal symptoms of reflux
disease after antireflux surgery based solely on ambulatory pH assessment as com-
pared to studies including MII assessment. Reports are also emerging of poor cor-
relation between pH studies and MII studies [74], where instead close correlation is
expected if these studies are to be viewed as both sensitive and additive in the diag-
nosis of GERD.

4.1.14 Other Preoperative Tests

After confirmation of GERD, but before undertaking antireflux surgery, regular pre-
operative tests are recommended to assess general fitness for surgery, including
basic biochemical analysis, electrocardiography on some patients and other tests
determined as necessary after appropriate history and examination of the patient.

While antireflux surgery is a reasonable, safe and cost-effective option for all
patients with symptomatic reflux of stomach contents into the esophagus [75], the
symptoms for which patient with reflux present for medical care are not always due
to GERD. For example, a symptomatic pharyngeal pouch may concomitantly be
present in a patient with elevated distal esophageal acid exposure. Clearly therapy
directed towards the lower esophageal sphincter mechanism will not solve all prob-
lems of concern to the patient. For this reason, many surgeons will request a contrast
esophagram to evaluate the entire esophagus prior to considering antireflux
surgery.
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Fundoplication is the most commonly performed antireflux procedure. The role
of preoperative manometric evaluation of the esophagus prior to fundoplication is
debated. Amongst the possible side-effects of fundoplication are included dyspha-
gia and gas bloat syndrome, occurring in approximately 5-8% [76—79] and up to
40% [80] respectively of post fundoplication patients. It has been postulated that
preoperative manometric investigation of the esophagus will predict postoperative
side effects, particularly postoperative dysphagia. It has also been thought that the
“tailoring” of the extent of the fundoplication, whether 90°, 360° or an intermediate
extent, would achieve superior postoperative quality-of-life and patient satisfaction.
A systematic review provides evidence that this is not the case, and an operation
tailored to the manometric measurements of esophageal motility is unwarranted [8].
Nonetheless, many centers do perform preoperative manometry. This is often justi-
fied as pre-emptive management of possible postoperative problems. For the post-
operative patients who presents with dysphagia (again, averaging 5-8% of all
postoperative patients, but much higher in the immediate postoperative period),
knowledge of esophageal motility may help guide management. Moreover, certain
motility disorders can mimic GERD by demonstrating the same symptomatology.
For example, achalasia cardia can present with substernal burning, regurgitation and
elevated distal esophageal acid exposure, but in this case the etiology is not due to
incompetency of the antireflux mechanism. Antireflux surgery in such patients
would result in a very poor outcome, and hence preoperative manometry will be
helpful in such patients. Other preoperative tests have been examined, such as
nuclear medicine gastric emptying studies [81], but there are no data to support a
correlation between their results and postoperative outcomes. Gastric emptying
studies may be important however in patients who require reoperation, as it may
provide indirect evidence for vagal nerve injury during the original surgery [8].

4.2 Diagnostic Workup for Hiatal Hernia

The antireflux mechanism of the lower esophagus is dependent upon multiple vari-
ables; the tone of the distal esophageal musculature (lower esophageal sphincter),
the actions of the diaphragmatic crura, the intra-abdominal esophageal length and
the orientation of the angle of His all affect competency of the antireflux mecha-
nism. With proximal migration of the stomach or gastroesophageal junction through
the diaphragmatic hiatus, this mechanism is disrupted. Therefore, there is a close
association between gastroesophageal reflux disease and hiatal hernias.

Indications for treatment of hiatal hernia include symptoms of GERD, symptoms
related to gastric obstruction due to the hernia, complications due to the hernia and
a desire to prevent future complications.

Hiatal hernias have been divided into various subtypes. Type I hernias, also
known as sliding hiatal hernias, have the gastroesophageal junction above the dia-
phragm with the remainder of the stomach located remaining in the usual subdia-
phragmatic position. The major clinical significance of a Type I hernia is its
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association with reflux disease [82]. In patients with proven gastroesophageal reflux
disease, with or without a sliding hiatal hernia, antireflux surgery is an option for the
management of their condition [83, 84]. The indication for repair of a sliding (Type
I) hiatal hernia is gastroesophageal reflux disease. The hernia is not the indication
for the procedure. Occasionally, such hernias are thought to produce symptoms of
dysphagia or rarely cause gastric ulceration. While these may occur, they are rare
and repair of a Type I hernia is nearly always unnecessary in the absence of gastro-
esophageal reflux disease. Therefore, preoperative diagnostic workup for Type I
hiatal hernia is directed toward confirming GERD.

Where more than just the gastroesophageal junction lies above the diaphragm
but the actual fundus or body of the stomach (and often other organs too) then this
is often termed a paraesophageal hernia. Such hernia are frequently divided into
subtypes dependent on the extent of herniation of abdominal contents, but the treat-
ment is more dependent on the area of the diaphragmatic defect and the orientation
of the hernia contents rather on the specific subtype. Larger defects with more her-
niation of contents, particularly with a degree of volvulus are more likely to be
symptomatic and have a greater indication for repair [85, 86].

4.2.1 Preoperative Diagnostic Workup
Jor Paraesophageal Hernias

Information regarding the anatomy of the hernia, the function of the upper gastro-
intestinal tract and esophageal acidification will be of use to the surgeon managing
paraesophageal hernias. Relevant investigations may include the following [8, 82]:

4.2.1.1 Diagnosis of the Hernia

Plain chest radiographs: A retrocardiac air-fluid level on chest X-ray is pathogno-
monic for a paraesophageal hiatal hernia. Visceral gas may be seen in cases of intes-
tinal herniation into the chest. Contrast studies (Fig. 4.3) are helpful to gauge the
size and reducibility of the hiatal hernia and to localize precisely the gastroesopha-
geal junction in relation to the esophageal hiatus. Contrast findings may add to sus-
picion of existing short esophagus [87]. This may allow for the surgeon to be
prepared to address a short esophagus with a lengthening procedure if needed intra-
operatively. Further, when performed as a video-esophagram, information on bolus
transport is provided by the study. Given the increased aspiration risk of patients
with paraesophageal hernias presenting with acute gastric outlet obstruction, ionic
water soluble contrast should be generally avoided due to the risk of aspiration
pneumonitis [88] Contrast studies will also evaluate the proximal esophagus to
detect the presence of concomitant pathology, such as a pharyngeal pouch. Computed
tomography (CT) scan may be useful in an urgent situation for patients with
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Fig. 4.3 A contrast study
of a large paraesophageal
hernia with organoaxial
volvulus of the
intrathoracic stomach

Fig. 4.4 Endoscopic
retroflexed view of a hiatal
hernia with the
gastroesophageal junction
seen to lie above the
diaphragm

suspected complications from a volvulized paraesophageal hernia. The hernia site
and any herniated organs within the chest cavity are clearly visualized in most cases.
Rarely a hernia will be seen to be of a type different to a paraesophageal hernia, such
as the congenital Bochdalek or Morgagni hernias or hernias secondary to traumatic
diaphragmatic injury. If intestinal obstruction and strangulation occur, dilated intes-
tinal segments will be visualized with air-fluid levels within the chest cavity and
abdomen. Cephalad migration of the gastroesophageal junction or gastric fundus
through the hiatus can be clearly visualized on oral contrast-enhanced CT images.
Esophagogastroduodenoscopy (EGD) allows for visual assessment of the
mucosa of the esophagus, stomach and duodenum. The presence of erosive esopha-
gitis, Schatzki’s ring, or Barrett’s esophagus can be determined. Further, the size
and type of hernia can be determined (Fig. 4.4). The sensitivity of EGD in the diag-
nosis of large paraesophageal hernias is lower than expected. The expected
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anatomical landmarks, that is the diaphragmatic impressions, are often difficult to
appreciate particularly in the presence of wide separation of the crura [89].
Therefore, an appreciation of the gastroesophageal junction being above the dia-
phragm is often missed. Evaluation of gastric viability is particularly important
among patients undergoing emergency surgery for incarcerated hernias.

4.2.1.2 Evaluation of Function

Esophageal manometry can demonstrate the level of the diaphragmatic crura, the
respiratory inversion point and the location of the lower esophageal sphincter. The
size of the sliding component of a hiatal hernia can then be calculated, particularly
with new high resolution manometry technology (Fig. 4.5). In patients with a para-
esophageal hiatal hernia with volvulus placement of the manometry catheter across
the lower esophageal sphincter and below the diaphragm can be difficult [90, 91].
Whether preoperative manometric evaluation of the esophagus is required is an

AW

Fig. 4.5 High-resolution
manometry findings of
hiatal hernia
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oft-debated topic [92] Similar to the situation around antireflux surgery, the role of
preoperative esophageal manometry with the purpose of allowing a tailored
approach to construction of the fundoplication is probably unwarranted. Moreover,
the presence of a hiatal hernia may affect the manometric studies [93, 94]. However,
knowledge of the function of the esophagus will greatly enhance care of the dys-
phagic postoperative patient.

pH testing has limited relevance in the diagnosis of a paraesophageal hernia, but
is critical to identify the presence of increased esophageal acid exposure in patients
with sliding hiatal hernias who might benefit from antireflux surgery. Confirmation
of abnormal gastroesophageal reflux either by the identification of erosive esopha-
gitis or Barrett’s esophagus on upper endoscopy, or by demonstration of increased
esophageal acid exposure on pH monitoring is necessary prior to consideration of
operative intervention in patients with a sliding hiatal hernia.

Nuclear medicine studies, Nuclear medicine gastric emptying studies can be use-
ful in assessing a reoperative patient where previous vagal injury is a possibility
[95]. Care must be taken when interpreting these studies as simply considering the
gastric emptying half-time can be misleading. Closer review of the scintigraphic
images may demonstrate retention of radionucleotide in the distal esophagus or the
part of the stomach proximal to a volvulus. In these cases, emptying time is not
dependent on vagal activity but also on mechanical distortion of the stomach [95].

Echocardiogram [96] and endoscopic ultrasound can also demonstrate hiatal her-
nias but are not routinely used for diagnosis. Echocardiogram may demonstrate
compression of the left atrium, inferior pulmonary vein and coronary sinus by a
large hiatal hernia [97]. This may be useful in determining whether the symptom of
dyspnea may be due to the hernia. By directing a patient to consume a volume of
carbonated beverage, the stomach can be inflated while monitoring the effect on
cardiac chamber compression.

The mainstays of evaluation for patients with a hiatal hernia, particularly prior to
operative intervention, are upper endoscopy and barium swallow. Contrast studies
are reported to be more sensitive than endoscopy in detecting sliding hiatal hernia
[98]. The role of the various diagnostic techniques may depend on the clinical pre-
sentation of the patient. Incidentally detected hiatal hernias, or those hernias which
are minimally symptomatic, may be assessed by endoscopy and contrast radiology.
A CT scan can be performed if additional information is needed to aid in further
clinical decision making [82]. Findings of a stomach in an unusually high position
or with an abnormal axis in a patient with acute abdominal pain and vomiting
should make one suspect gastric volvulus [99]. Emergency presentations of hiatal
hernia, such as with gastric obstruction or ischemia, may first be decompressed
with a nasogastric tube followed by a plain chest radiograph and endoscopy.
Excessive investigation in emergency presentation may lead to delay in treatment
and suboptimal outcomes [100]. CT scan may be especially useful in cases of diag-
nostic dilemma, though in retrospect, the diagnosis is frequently evident on prior
imaging [101].
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Summary of the preoperative diagnostic workup:

The evidence for various approaches to the preoperative workup for GERD and
hiatal hernia has been provided above. However, this chapter also aims to include
the personal approach and opinions of the author, who utilizes a standard approach
to the assessment of these patients.

All patients being assessed by this author for this type of surgery will have:

1. Contrast video esophagram; to assess esophageal anatomy, length of the esopha-
gus, the presence of any proximal pathology such as a proximal diverticulum and
to assess contrast flow into the stomach

2. Esophagogastroduodenoscopy; to assess for mucosal disease, esophagitis, stric-
tures, Barrett’s metaplasia or alternative diagnosis

3. Esophageal physiology studies (high resolution esophageal manometry and
ambulatory pH study); to confirm the diagnosis of reflux, to assess esophageal
motility (which may aid in the postoperative treatment of dysphagia) and to esti-
mate esophageal length (to allow for planning of intraoperative treatment for
short-esophagus, if present).

4. Physiological assessment of fitness for surgery and anesthesia

What Is the Current Knowledge and What Future Direction

Is Required

* GERD is a very common problem affecting up to 20% of the population of
the Western World. Preoperative workup aims to provide objective evi-
dence for reflux. If present, antireflux surgery is a well-proven and effec-
tive treatment, particularly for the management of ‘typical’ reflux
symptoms. ‘Atypical’ symptoms are more difficult to treat and increasing
importance is placed on impedance assessment and other alternative diag-
nostic tools. Prediction of response to antireflux surgery of atypical symp-
toms is currently difficult and remains an area of future investigation.

» Hiatal hernia treatment overlaps with that of the treatment of GERD. GERD
is associated with many smaller Type I hiatal hernias; therapy is directed
towards treatment of the GERD symptoms rather than the hernia per se.
For larger hiatal hernias, often termed paraesophageal hernias, heartburn
and regurgitation are only two of a common constellation of symptoms.
Indications for surgery include treatment of these reflux symptoms but also
of obstructive symptoms and to prevent emergent presentations.
Preoperative assessment is directed to determining the presence of the hia-
tal hernia, confirming it as the cause of the patient’s symptoms and assess-
ing fitness for surgery. Where large asympatomatic hernias exist, particulary
in the elderly, optimal management is less certain and controversy exists
about whether suergery is indicated solely to prevent future
complications.
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Chapter 5
Indications and Procedures for Surgical

Therapy of GERD with Hiatal Hernia

Monica T. Young and Brant K. Oelschlager

5.1 Introduction

Gastroesophageal reflux disease (GERD) is defined as a condition of symptoms or
complications occurring secondary to reflux from the stomach into the distal esoph-
agus. Hiatal hernias are frequently an incidental finding during work-up of symp-
tomatic reflux. While asymptomatic hiatal hernias do not inherently require surgical
repair, the exception is when this diagnosis is found in association with pathologic
reflux. In this chapter we will review the work-up of symptomatic GERD, indica-
tions for laparoscopic antireflux surgery (LARS) with hiatal hernia repair, and fun-
doplication options.

5.2 Pathophysiology of GERD

Gastroesophageal reflux occurs during exposure of the esophageal epithelium to
gastric secretions. A certain degree of esophageal acid exposure is considered phys-
iologic, resulting from transient relaxation of the lower esophageal sphincter (LES)
complex. GERD arises when the esophageal acid exposure exceeds the normal fre-
quency and length of time seen in healthy individuals. This may result in typical and
atypical symptoms of GERD as well as mucosal damage to the esophagus. The
main anatomic barrier to GER is the LES, which is made up of several anatomic
things including: intrinsic smooth muscle of the gastroesophageal (GE) junction,
the intraabdominal segment of esophagus, the diaphragmatic crura, the phreno-
esophageal membrane and the angle of His. Of these, the intrinsic muscle is the
primary structure to prevent reflux of gastric contents into the esophagus. It is a
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3—4 cm zone of high pressure that separates two adjacent lower-pressure zones. The
LES is constructed of smooth muscle which is tonically contracted except when it
relaxes in response to a peristaltic wave. Resting LES tone ranges from 10 to
30 mmHg above intragastric pressure [1].

Pathologic reflux occurs when intragastric pressure rises above the high-pressure
zone of the LES. This can develop from abnormal LES relaxation (spontaneous or
nonfunctional) and when the baseline LES resting pressure is low, described as a
hypotensive LES. Hiatal hernias are often associated with a hypotensive LES due to
displacement of the sphincter above the crura of the diaphragm. This results in
symptoms of GERD, which frequently prompts the initial workup leading to diag-
nosis of the hiatal hernia.

5.3 Clinical Presentation

Clinical manifestations of GERD can be categorized into typical or atypical symp-
toms (Table 5.1). The most common presenting symptoms are heartburn and regur-
gitation. Other typical symptoms include water brash, chest pain and dysphagia.
Heartburn is described as an epigastric or retrosternal burning sensation and is con-
sidered specific to GERD. Regurgitation in the setting of reflux is described as
digested food coming up from the stomach along with gastric secretions. The pres-
ence of gastric acid in the oropharynx can result in a sour or bile taste in the back of
the throat, referred to as water brash.

5.3.1 Atypical Symptoms

Atypical or extraesophageal symptoms of GERD arise from the respiratory tract
and are most commonly thought to be caused by microaspiration of gastric contents.
They can be divided into laryngeal symptoms such as hoarseness, throat pain and
Globus sensation; and pulmonary symptoms including cough, shortness of breath
and asthma (either with or without associated chronic lung injury). Although aspira-
tion is the most likely route of injury, distal esophageal acid exposure may activate
the vagus nerve. Due to common innervation of the trachea and esophagus, this may

Table 5.1 Typical and Typical Atypical

atypical symptoms of GERD Heartburn Hoarseness
Regurgitation Throat pain
Chest pain Globus sensation
Water brash Cough
Dysphagia Shortness of breath
Belching Asthma
Bloating
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result in bronchospasm and cough. Atypical symptoms are much more difficult to
elicit an etiology for as they can also occur from respiratory or pulmonary causes.
Furthermore, extraesophageal GERD symptoms less commonly resolve with proton
pump inhibitor (PPI) therapy. This is attributed to persistent microaspiration caus-
ing ongoing injury, even when acid production is suppressed by medical therapy
[2]. When patients present with extraesophageal symptoms and GER, it is our prac-
tice to refer patients for evaluation by a laryngologist or pulmonologist. If a nongas-
trointestinal cause cannot be identified it is appropriate to proceed with LARS.

5.3.2 Dysphagia

Patients referred for surgical evaluation will occasionally experience dysphagia
related to their GERD. In this patient population, the most common cause is esopha-
geal mucosal inflammation and damage. The inflammatory changes can manifest as
diffuse esophageal inflammation, a Schatzki ring or a peptic stricture. Although the
incidence of peptic strictures has significantly decreased in the age of PPI therapy,
they are considered pathognomonic for long-standing reflux. If found on upper
endoscopy, peptic strictures should always be biopsied to rule out intestinal meta-
plasia, dysplasia or malignancy. Similarly to peptic strictures, Schatzki rings also
arise in the distal esophagus. They can be differentiated on endoscopy by the appear-
ance of submucosal fibrotic bands as opposed to the mucosal scarring seen in peptic
stricture disease. Both should be dilated to relieve obstruction but Schatzki rings do
not need to be biopsied unless there is a visible mucosal abnormality. Some patients
with dysphagia in the setting of GERD have no identifiable anatomic etiology. In
these cases the dysphagia usually resolves with control of reflux. Patients who pres-
ent with sudden dysphagia to solids and liquids without anatomic abnormalities
should be evaluated for neuromuscular or autoimmune disorders.

5.4 Preoperative Work-Up

Many patients present for surgical evaluation with a longstanding diagnosis of
GERD based on typical symptoms and response to PPI therapy. However, there are
four key diagnostic tests to help establish a diagnosis of GERD as well as evaluate
gastroesophageal anatomy and function. These tests can help guide surgeon deci-
sion making and predict the success of an antireflux operation.

5.4.1 pH Monitoring

The gold standard test to diagnosis GERD is a 24-hour ambulatory pH study. This is
performed using a thin nasoesophageal catheter. The catheter is positioned with the
distal probe approximately 5 cm above the LES, whose location is determined using
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Fig. 5.1 Sample pH study tracing demonstrating episodes of reflux when pH drops below 4,
indicated by dotted line

esophageal manometry. Another option for assessment is ambulatory pH monitoring
performed using an endoscopically placed wireless pH sensor. Both studies record
data on the duration and number of acid episodes (defined as pH < 4), including the
number of episodes lasting longer than 5 min and the percentage of time spent in
reflux during upright and supine position (Fig. 5.1). Based on these results a compos-
ite DeMeester score may be calculated. Abnormal distal esophageal acid exposure is
defined as >4-5% of time spent with pH < 4 or a DeMeester score of 14.7 or higher.
Symptom correlation is also recorded by having the patient press a button to track
reflux-related symptoms. If >50% of episodes correlate with patient symptoms then
drops in pH are considered positive. A strong correlation with symptoms can occa-
sionally be helpful in equivocal cases. It is important to note that patients sometimes
modify their behavior and eating patterns when the catheter is in place. Therefore, a
comprehensive interpretation of the study is necessary to help predict the effectiveness
of LARS.

5.4.2 Esophageal Manometry

Esophageal manometry should be performed on all patients being evaluated for
LARS. High resolution esophageal manometry has become increasingly prevalent
and has improved the sensitivity and specificity of testing. A transnasal catheter
with pressure-sensing devices is passed down the esophagus and into the stomach.
The patient performs 10 swallows which are displayed as a color-contour plot based
on pressure recordings (Fig. 5.2). This study assesses function of the esophageal
body by measuring amplitude and efficacy of swallow-induced peristalsis. The
length, location and pressure of the LES is evaluated along with sphincter relaxation
during swallowing. Manometry can identify esophageal motility disorders and
therefore identify patients who may be at higher risk for postoperative dysphagia. It
can also help screen patients with atypical symptoms who may have an underlying
primary motility abnormality, such as achalasia or scleroderma.
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5.4.3 Esophagogastroduodenoscopy

Preoperative endoscopy is necessary to evaluate the esophageal mucosa, the GE
junction flap valve and check for the presence of a hiatal hernia. If the patient has
esophageal complications of GERD (e.g. esophagitis, ulcerations, peptic stricture or
Barrett’s esophagus), ambulatory pH testing might not be required. Patients with
atypical symptoms such as dysphagia should be evaluated for additional anatomic
abnormalities. Depending on the findings, biopsies can be taken or strictures can be
dilated, making upper endoscopy diagnostic as well as therapeutic.

5.4.4 Barium Esophagram

Contrast radiographs of the upper gastrointestinal tract help delineate anatomy and
identify the presence of a hiatal hernia or paraesophageal hernia (PEH) (Fig. 5.3).
A large PEH or shortened esophagus can add to the complexity of the operation and
should be identified preoperatively. Although sometimes the radiologist will comment
on reflux of contrast into the distal esophagus, barium esophagram is not a reliable way
to diagnose GERD. If the anatomy and function of the esophagus is clear with EGD,
manometry and pH monitoring, then one can consider dropping the UGI. However,
many other pathologies can be identified such as esophageal diverticula, peptic stric-
tures, achalasia, esophageal dysmotility, gastroparesis and malignancy.
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Fig. 5.3 Upper
gastrointestinal series
X-ray showing hiatal
hernia with stomach above
the level of the diaphragm

5.4.5 Impedance Testing

Esophageal impedance testing is a technique for assessing episodes of nonacid
reflux. Similarly to pH monitoring, this outpatient study is performed using a thin,
flexible catheter placed through the nares into the esophagus. Impedance catheters
detect changes in resistance based on the flow of an electrical current. By recording
different levels of impedance the catheter can help analyze movement of gas and
liquid in the esophagus [3]. Combined impedance-pH testing has been reported to
be more sensitive than pH testing alone. However, these tests require a lot of educa-
tion and human oversight, and often contradict the gold standard pH monitoring.
Therefore, a normal impedance study portion and normal pH portion should be
treated with caution. As such, more research is needed to determine the role of
impedance in guiding surgical therapies for GERD [4, 5].
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5.5 Additional Preoperative Considerations

5.5.1 Obesity

There are several additional factors which should be considered prior to LARS. Obese
patients have been shown to have a high failure rate with hiatal hernia repair and
fundoplication [6-8]. For morbidly obese patients (Body mass index >40) we typi-
cally consider Roux-en-Y gastric bypass as an alternative antireflux operation [9].
Gastric bypass can aid in weight loss and reverse medical comorbidities while also
eliminating acid exposure in the distal esophagus. Other preoperative considerations
include patients with severe cardiopulmonary disease who may not tolerate general
anesthesia or pneumoperitoneum. Previous operations on the stomach may make dis-
section at the hiatus more difficult or preclude construction of the fundoplication.

5.5.2 Partial Versus Complete Fundoplication

There has been a long history of controversy over the optimal fundoplication to
provide superior treatment of reflux while mitigating postoperative side effects of
dysphagia and gas-bloat. The most commonly seen options include 180-degree
anterior (Dor fundoplication), 270-degree posterior (Toupet fundoplication) and
360-degree esophagogastric fundoplication (Nissen fundoplication).

The anterior Dor fundoplication has generally been found to be less effective for
reflux control, with more patients requiring reoperations for symptomatic GERD
[10-13]. However, debate remains on differences in outcomes between Toupet and
Nissen fundoplications. Short-term data appears to favor partial fundoplication with
fewer side effects and similar control of reflux compared to complete fundoplication
[10, 14-21]. In 2010 Shan and colleagues reviewed 32 studies, including nine ran-
domized controlled trials, comparing laparoscopic Nissen fundoplication with lapa-
roscopic Toupet fundoplication. In patients with normal esophageal motility, no
difference in postoperative dysphagia was found between groups. In patients with
abnormal esophageal motility, laparoscopic Nissen fundoplication was found to be
associated with higher rates of dysphagia. The study also found increased rates of
postoperative gas-bloat and inability to belch in patients who underwent Nissen
fundoplication. The authors concluded that laparoscopic Toupet fundoplication
offers equivalent symptom relief with reduced adverse results compared to laparo-
scopic Nissen fundoplication [22].

However, long-term outcomes have trended in favor of the Nissen, with similar
rates of dysphagia and some studies showing re-emergence of symptoms after par-
tial fundoplication [23-25]. A very recent meta-analysis published by Du et al.
reviewed eight randomized controlled trials comparing laparoscopic Nissen fundo-
plication and laparoscopic Toupet fundoplication [26]. There were no significant
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differences found with regard to hospital length of stay, perioperative complica-
tions, patient satisfaction or control of reflux symptoms. Although postoperative
dysphagia was noted to be more prevalent after Nissen fundoplication, subgroup
analysis showed that the difference between groups disappeared over time. A com-
parative outcome study of 161 patients undergoing partial and complete fundoplica-
tions showed a significantly increased prevalence of heartburn after laparoscopic
Toupet fundoplication [25]. Quality of life results were collected using patient ques-
tionnaire with a mean follow-up of 88 months.

Multiple studies have also attempted to determine whether the type of fundopli-
cation constructed should be tailored based on the patient’s preoperative esopha-
geal motility [27-29]. In patients with GERD and esophageal dysmotility it has
been reasoned that a complete fundoplication will lead to greater postoperative
dysphagia. Booth et al. performed a randomized controlled trial comparing out-
comes of Nissen and Toupet fundoplication based on preoperative esophageal
manometry [30]. Patients were stratified based on effective and ineffective esopha-
geal motility. While there were no differences between groups for heartburn and
regurgitation, dysphagia was more frequent after Nissen fundoplication at 1 year
follow-up. However there was no difference seen in postoperative symptoms
between the effective and ineffective motility groups. Based on these findings, the
authors did not recommend tailoring the type of fundoplication based on preopera-
tive manometry results. In our experience, performing a complete fundoplication in
patients with esophageal dysmotility provides effective control of GERD symp-
toms without an increase in the development of dysphagia [31]. We utilize a partial
fundoplication only in those patients with aperistalsis or severe ineffective esopha-
geal motility.

Despite a large volume of literature, there is still no consensus regarding the
fundoplication which provides maximal reflux control with the least side-effects.
This is attributed to highly variable patient characteristics, patient selection and
operative technique between studies. Based on current evidence, the Society of
American Gastrointestinal and Endoscopic Surgeons guidelines for treatment of
GERD do not currently recommend a modified approach based on esophageal
motility [32]. Surgeons should perform the fundoplication that they are most com-
fortable with until further consensus has been achieved.

5.5.3 Barrett’s Esophagus

Chronic distal esophageal exposure to acid reflux can lead to histologic change of the
distal esophageal mucosa from stratified squamous epithelium to intestinal columnar
epithelium. Biopsy results will show intestinal metaplasia, known as Barrett’s esoph-
agus. Endoscopically Barrett’s is described as red “tongues” of mucosa extending
proximally from the GE junction. If Barrett’s esophagus is suspected, biopsies
should be taken to establish the diagnosis as well as evaluation for the presence of
dysplasia or malignancy. The incidence of esophageal adenocarcinoma is increased
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by about 40-fold in these patients compared to the general population. Although
intestinal metaplasia in the distal esophagus is a complication of long term GERD,
the presence of Barrett’s itself is not an indication for surgery. Some evidence sug-
gests that LARS may cause regression of intestinal metaplasia, however current
studies are not conclusive [33-35]. For patients with Barrett’s esophagus without
GER symptoms there is no evidence that anti-reflux surgery will decrease patient
risk of esophageal adenocarcinoma [36, 37].

5.6 Surgical Management

Surgical therapy should be considered in patients who have an objective diagnosis
of GERD based on preoperative testing and inadequate symptom and disease con-
trol despite maximal medical therapy. Other indications include patients with extra-
esophageal manifestations or complications of GERD such as peptic stricture,
esophageal ulcerations, or recurrent aspiration [38—42]. Occasionally patients will
have adequate symptoms control with medical management but request surgery to
avoid prescriptions or medication side effects.

5.7 Operative Technique

We routinely administer preoperative antibiotics to reduce the risk of surgical site
infection and preoperative subcutaneous heparin to reduce risk of venous thrombo-
embolic events. Sequential compression devices are placed prior to induction. After
initiation of general anesthesia, a Foley is inserted and the patient is placed in a
modified low lithotomy position with all extremities well padded. The surgeon
stands between the patient legs to obtain optimal ergonomics and the assistant stands
at the patient’s left. Steep reverse Trendelenburg is utilized to facilitate exposure of
the hiatus and displace the abdominal viscera inferiorly. An 11 mm incision is made
at the left costal margin lateral to the mid-clavicular line. A Veress needle is inserted
and used to establish pneumoperitoneum. The abdomen is entered under visualiza-
tion with a bladed optical access port. Three additional 5 mm ports are then placed
(Fig. 5.4). The camera port is placed 2 cm to the left of the midline and 10 cm below
the costal margin. The assistant drives camera and operates through the left inferior
port. The primary surgeon operates through the left upper quadrant and left subcostal
port. A Nathanson liver retractor is placed through a small subxyphoid incision.
Our dissection is first begun at the left crus by dividing the phrenogastric mem-
brane. The lesser sac is entered at the inferior edge of the spleen and the short gastric
vessels are ligated and divided to mobilize the gastric fundus. This is carried superiorly
until the previously dissected left crus is encountered. After the fundus is mobilized to
expose the left crus, the phrenoesophageal membrane is incised. The mediastinum is
carefully entered through the phrenoesophageal membrane between the left crus and
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Fig. 5.4 Port placement for laparoscopic foregut

surgery with patient in split-leg position. C
camera port, A assistant port, SR surgeon right -
hand, SL surgeon left hand, LR liver retractor LR

SL SR

- A

-C

\ /

Fig. 5.5 Intraoperative
anatomy visualizing the
hiatus, esophagus, right
and left crus

esophagus. The dissection is continued superiorly as well as anteriorly by dividing the
peritoneum overlying the anterior crus. The gastrohepatic ligament is then divided to
the level of the right crus. The right phrenoesophageal membrane is divided and right
crural dissection is performed in a similar fashion to the left side (Fig. 5.5). A retro-
esophageal window is created and a penrose drain is placed around the esophagus.
This is used to safely retract the esophagus during the mediastinal dissection and cre-
ation of the fundoplication. The esophagus is mobilized until at least 3 cm of intra-
abdominal esophagus is achieved. During this dissection, care must be taken to
preserve the anterior and posterior vagal nerves. The hiatus is closed posteriorly using
permanent interrupted sutures and approximated to allow a 52-French bougie
(Fig. 5.6). The crural fascia is incorporated into the closure rather than the muscle
fibers alone. Closure begins posteriorly where the left and right crura join and then
proceeds anteriorly. The esophagus should maintain straight orientation without exces-
sive angulation and the bougie should pass easily. The repaired hiatus should allow
passage of a closed laparoscopic instrument between the esophagus and crura.
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Fig. 5.6 Closure of the
diaphragmatic hiatus with
interrupted sutures

5.7.1 Creation of a Nissen Fundoplication

The Nissen fundoplication is the most commonly performed fundoplication world-
wide [43]. It augments the intrinsic function of the LES by increasing resting pres-
sure and decreasing transient relaxation, as well as by recreating the angle of His.
The most common technical failure when constructing a Nissen fundoplication is
incorrect fundoplication anatomy. It is critical for proper construction of the fundo-
plication that the two gastric fundus flaps are symmetrically wrapped around the
distal esophagus. To maintain appropriate orientation, it is our practice to place a
marking suture 3 cm distal to the GE junction and 2 cm from the greater curvature
on the posterior fundus. The posterior fundus is then passed through the retro-
esophageal window from the patients left to right side. The marking suture is used
to identify the correct site. The anterior fundus to the left of the esophagus is simi-
larly grasped 2 cm from the greater curvature and 3 cm from the GE junction. By
identifying two points equidistant from the greater curvature and GE junction we
decrease the chance of constructing a fundoplication using the body of the stom-
ach. This error creates a redundant portion in the posterior wrap which can com-
press the esophagus and result in dysphagia. Anterior and posterior portions of the
fundus are positioned on the anterior aspect of the esophagus and secured together
using three or four interrupted permanent sutures (Fig. 5.7). Care is taken to avoid
entrapment of the anterior vagal nerve. The fundoplication is constructed to a
length of approximately 2.5-3 cm. Similar to the hiatal repair, it should allow easy
passage of a 52-French bougie. To prevent herniation through the hiatus we anchor
the wrap to the esophagus and diaphragm. Two coronal sutures are placed to secure
the right and left gastric flaps and a single caudal suture to secure the posterior
wrap. We prefer these coronal sutures to incorporating the esophagus with the fun-
doplication in order to reduce the chance of including the vagus nerve with the
closure.
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Fig. 5.7 Intraoperative
view of 360-degree
fundoplication

5.7.2 Creation of a Partial Fundoplication

The initial gastric and esophageal dissection is the same prior to the construction of
a Nissen and Toupet however in a 270-degree fundoplication the gastric flaps are
sutured to the anterior esophagus rather than to each other. To construct an anterior
180-degree Dor fundoplication the fundus is folded over the anterior aspect of the
esophagus and anchored to the hiatus and esophagus. Anatomically the Dor fundo-
plication does not augment the LES or angle of His to the same degree and therefore
is rarely used as a primary anti-reflux procedure. The Hill fundoplication has been
traditionally referred to as a “cardioplasty” and involves suturing the GE junction
intraabdominally at the level of the hiatus [43, 44].

5.7.3 Assessment of Esophageal Length

If a hiatal hernia is present, adequate mobilization of the hernia contents is essential
to prevent recurrence and achieve a successful repair. This topic will be addressed
more extensively in other chapters on PEH repair, however it is important to reiter-
ate the importance of adequate intra-abdominal esophageal length prior to fundopli-
cation. As the GE junction is displaced superiorly above the hiatus, the thoracic
distance traversed by the esophagus shortens. Intrinsic shortening of the esophagus
is also believed to occur from the chronic inflammation associated with
GERD. Longitudinal as well as circumferential fibrosis manifested as stricture for-
mation may potentiate this decreasing length [45]. While the incidence of a truly
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shortened esophagus is unknown, in the literature it has been reported to occur in
0-60% of patients [46—48]. A recent study published last year by Magaczewski
et al. found no cases of shortened esophagus in their review of 202 patients undergo-
ing laparoscopic Nissen fundoplication, 30 of which were reported to have a con-
current hiatal hernia [49]. Similarly, Madel et al. reported his outcomes of 628
fundoplications, with 351 requiring hiatal hernia repair and no esophageal lengthen-
ing procedures [50]. At our institution we have found that with adequate mobiliza-
tion of the mediastinal esophagus the required 3 cm of intra-abdominal esophagus
can almost always been obtained. In rare cases when esophageal length still is not
adequate a vagotomy can yield an additional 2—3 cm of intra-abdominal esophagus.
While vagotomy has been associated with delayed gastric emptying, diarrhea and
dumping syndrome, we have not found this to be true in most cases. In our review
of 102 patients undergoing reoperative antireflux surgery or PEH repair, 30 patients
(29%) required a vagotomy to gain additional esophageal length. There was no dif-
ference found in severity of abdominal pain, bloating, diarrhea or early satiety
between patients requiring vagotomy and those with vagi left intact [51, 52]. If
intra-abdominal length cannot be obtained with these techniques a Collis gastroplasty
or wedge gastroplasty is usually performed.

5.8 Postoperative Care

After the operation patients are admitted to the general surgical ward, unless their
comorbidities require a higher level of care. Patients are given a clear liquid diet in
the evening on postoperative day 0 and advanced to a full liquid diet on postopera-
tive day 1. They are discharged home once tolerating a liquid diet and ambulating
with good pain control on oral analgesics. Patients are given instructions on how to
slowly introduce soft foods into their diet and generally have no dietary restrictions
by 4-6 weeks.

5.9 Operative Complications and Side Effects

LARS has been found to have very low rates of perioperative morbidity and mortal-
ity [53]. According to a review of over 7500 laparoscopic fundoplication patients
using the American College of Surgeons National Surgical Quality Improvement
Program database 30-day mortality was found to be 0.19% and 30-day morbidity
was 3.8% [53]. Minor causes of morbidity include ileus, urinary retention and
wound infection. Although major complications are rare, it is important to mention
pneumothorax, gastric or esophageal injuries and splenic injuries as intraoperative
pitfalls specific to LARS. Perioperative complications requiring reoperation occur
in <1% of patients. Common postoperative complaints include dysphagia, bloating,
increased flatulence and inability to belch.
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5.9.1 Pneumothorax

Intraoperative pneumothorax is one of the most common complications to occur
during LARS. Violation of the pleura is usually identified by visualization of the
thoracic cavity. Incidence has been described in up to 10% of patients [52].
Occasionally the pneumothorax will be discovered after a change in hemodynamics
such as increased peak pressures on the ventilator or decreased blood pressure.
Once identified, the pleura should be sutured closed. The carbon dioxide insuffla-
tion will then absorb rapidly in the pleural cavity, allowing the lung to re-expand.
Since a small residual pneumothorax should be self-limiting, we do not routinely
order a postoperative radiograph unless the patient is symptomatic. Tube thoracos-
tomy placement is very rarely required.

5.9.2 Gastric and Esophageal Injuries

Gastric and esophageal injuries typically occur from traction injury or overaggres-
sive manipulation during mediastinal dissection [54, 55]. Occasionally they can
also be caused during advancement of the Bougie into the stomach. Reported inci-
dence varies in the literature but in a retrospective study of 1340 patients undergo-
ing laparoscopic fundoplication, Pessax and colleagues found 0.4% of patients had
a gastric or esophageal perforation [56]. Risk of this complication is increased in
reoperative cases when the anatomy is difficult to delineate and scar tissue is adher-
ent to the esophageal wall. Utilization of a Penrose drain for retraction can decrease
excessive manipulation of the distal esophagus. When an injury is identified early
it can be repaired with suture or stapler, depending on the location. If a leak is
discovered postoperatively the patient may require drain placement or possible
reoperation.

5.9.3 Splenic Injury or Bleeding

Splenic injury or bleeding most often occurs during mobilization of the fundus and
ligation of the short gastric vessels. By utilizing the “left crus approach” and first
dividing the phrenogastric ligament we have found that the superior dissection can
be completed with good visualization of the short gastric vessels. Care must be
taken to avoid excessive traction on the splenogastric ligament which can result in
tearing of the splenic capsule. Partial splenic infarction can occur when ligating
short gastric vessels that are the primary blood supply to the superior pole of the
spleen. This is occasionally unavoidable but rarely has any clinical significance.
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5.9.4 Bloating

Aerophagia while eating or simply swallowing can lead to gastric distension.
Transient LES relaxation mediated by the vagus nerve normally allows belching to
relieve this pressure. Patients who have undergone fundoplication may find that they
are unable to belch due to the reconstruction of the GE junction flap valve. This can
lead to increased bloating and flatulence when patients are unable to release air from
the proximal gastrointestinal tract. If significant gastric distension is identified in the
immediate postoperative period a nasogastric tube can be placed for temporary
decompression. No other intervention is generally required and many patients find
symptoms improve over time.

5.9.5 Dysphagia

It is common for patients to experience mild symptoms of dysphagia during the
first 24 weeks after LARS. These symptoms generally decrease over time and
early dysphagia is attributed to postoperative edema at the fundoplication and hia-
tus. A minority of patients will have persistent symptoms and only 1-2% should
require intervention such as esophageal dilation or reoperation. If a patient cannot
tolerate liquids an upper gastrointestinal series should be obtained to ensure there
is no significant anatomical obstruction. If no recurrent hernia or other cause is
found watchful waiting can be initiated for 3 months postoperatively. For patients
with severe symptoms, or persisting symptoms of dysphagia beyond 3 months,
upper endoscopy can be used for evaluation and potential dilation of the GE
junction.

5.10 Conclusion

GERD is frequently associated with hiatal hernias due to displacement of the GE
junction and compromise of the LES resting pressure. Patients with symptomatic
reflux can benefit from LARS, with approximately 90% reporting resolution of
reflux symptoms at 5 and 10-year follow-up [41, 57]. However, they should first
undergo preoperative testing to confirm the diagnosis and optimize surgical ther-
apy. It is our preference to construct a laparoscopic Nissen fundoplication as it
offers optimal reflux control with minimal side effects as well as very low mor-
bidity and mortality. With appropriate selection and surgical experience, laparo-
scopic antireflux surgery can provide an effective treatment for the management
of GERD.
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What Is the Current Knowledge and What Future Direction

Is Required

* Presentation of GERD can range from typical symptoms of heartburn or
regurgitation to atypical respiratory symptoms and dysphagia.

* The four key diagnostic tests to help establish a diagnosis of GERD are pH
monitoring, esophageal manometry, esophagogastroduodenoscopy and
barium esophagram.

» Surgical therapy should be considered in patients with an objective diagno-
sis of GERD and inadequate disease control despite maximal medical
therapy, or complications such as esophageal stricture, ulceration or recur-
rent aspiration.

* When a hiatal hernia is present, adequate mobilization of the hernia con-
tents is essential to obtain 3 cm of intra-abdominal esophageal length and
prevent recurrence.

e During construction of the fundoplication, the two gastric fundus flaps
must be symmetrically wrapped around the distal esophagus. Identifying
two points equidistant from the greater curvature and GE junction will
decrease the chance of constructing a redundant fundoplication using the
body of the stomach.

» Patients should be counseled on postoperative side effects of dysphagia,
bloating, increased flatulence and inability to belch.

» With appropriate patient selection and experience, laparoscopic antireflux
surgery has been shown to provide effective control of reflux symptoms.

e There is still controversy regarding tailoring the fundoplication based on
esophageal motility. Current guidelines do not recommend a modified
approach but further research could be helpful to determine which patients
may benefit from partial versus complete fundoplication.
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Chapter 6

Anterior Versus Posterior Fundoplication,
Are They Equal?

Courtney Olmsted and Peter Nau

6.1 Introduction

Gastroesophageal reflux disease (GERD) is a common condition in western societ-
ies with as many 40% experiencing symptoms monthly [1]. It can affect one’s health
related quality of life and is associated with a number of complications including an
increased risk for esophageal adenocarcinoma [2]. The Nissen fundoplication has
been the most widely used procedure for the surgical management of GERD and
hiatal hernias for six decades. It was first described by Rudolf Nissen in 1956 for the
treatment of GERD [3] and then later in 1961 for hiatal hernias [4]. With the advent
of laparoscopic surgery it is primarily performed via a minimally invasive approach
as it reduces the morbidity associated with an open procedure [5]. The long-term
efficacy of anti-reflux surgery had been validated in numerous studies [6—-10]. A
prospective, randomized control trial with 10-year follow-up definitively establishes
the safety and efficacy of both laparoscopic partial and Nissen fundoplications [9,
10]. After 10 years, a minority of patients had return of reflux symptoms, and when
surveyed, nearly all were satisfied with their outcome and decision to have under-
gone the surgery [9, 10].

Notwithstanding the efficacy of the operation, the utilization of antireflux sur-
gery has declined substantially in recent years [11]. This is likely secondary to a
myriad of unwanted side effects including dysphagia and what have been called
“wind-related” complications. These complaints have led to several technical
modifications aimed at reducing postoperative morbidity. The procedures are
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similar to the laparoscopic Nissen fundoplication (LNF) in that they augment the
lower esophageal sphincter (LES) pressure, but to a lesser degree than that which
is accomplished with a 360° wrap. Given the improved side effect profile, partial
fundoplications have gained popularity over the past several years. This increase
in the utilization of a partial wrap has been associated with a debate on the com-
petence of the LES and the associated reflux control. Further, there has been
some contestation as to if anterior or posterior partial fundoplication is superior.
Several meta-analyses and systematic reviews have examined the topic [6-8].
This chapter aims to describe the current procedures being used in addition to
comparing and contrasting the procedures so they may be selected in the
appropriate patient.

6.2 Preoperative Evaluation

GERD is characterized by the pathologic reflux of gastric contents into the esopha-
gus. Classic symptoms of GERD include acid regurgitation, heartburn and dyspha-
gia. Atypical or extraesophageal symptoms include chest pain, chronic cough, voice
changes and globus sensation. Medical management is the first line approach to
GERD. Unfortunately, up to 44% will report inadequate resolution of symptoms
with proton pump inhibitors (PPI’s) [12]. It is this population who responds to
PPT’s, but has persistent or refractory symptoms that is best suited for surgical inter-
vention [13].

Prior to proceeding with definitive surgical treatment for GERD, all patients
need a complete evaluation including a thorough history and physical. Lifestyle
changes including weight loss and elevating the head of the bed [14] should be
made in addition to initiation of acid-suppressing medications [15]. PPI’s display
superior efficacy in the treatment of GERD-related esophagitis and are the stan-
dard of care for the medical management of GERD [16]. In those whose symptoms
are refractory to medical management or suffer from untoward medication side
effects, it is appropriate to move forward with evaluation for surgical
intervention.

The surgical work-up for GERD consists of an objective evaluation for acidic
effluent in the esophagus as well as an overall assessment of esophageal anatomy
and function. Acid reflux is best evaluated through the use of a pH monitor placed
within the lumen of the esophagus (Fig. 6.1). The addition of multichannel intralu-
minal impedance has improved the sensitivity of the test via the ability to test for
both acidic and non-acidic reflux [17]. All patients should undergo an endoscopy to
screen for mucosal changes or other anatomic pathology prior to any antireflux
surgery. While not exceedingly specific for pathologic levels of GERD, an esopha-
gram is an important test of esophageal function and anatomy prior to antireflux
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surgery (Fig. 6.2). Last, in the setting of dysphagia it is reasonable to complete a
high resolution esophageal manometry (HREM) (Fig. 6.3). With objective evidence
of impaired esophageal peristalsis, one may consider catering the wrap to the
patient’s esophageal function.
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of large hiatal hernia with
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Fig. 6.3 Representative
sample of high resolution
esophageal manometry

6.3 Partial Anterior Fundoplication Technique

The laparoscopic partial anterior fundoplications (LAF) have been described as 90°,
180° (Dor Fundoplication) [18], or 120° (Watson Fundoplication) [19]. Anterior
wraps have three main components: mobilize sufficient abdominal esophagus,
secure distal esophagus to crural repair, and close the angle of His via a partial fun-
doplication. The 90° fundoplication detailed by Krysztopik et al. [20] is described
here. The patient positioning and port placement are the same as that described for
the laparoscopic Nissen [5]. Briefly, the patient is placed in a modified Lloyd Davies
position in reverse Trendelenburg with the operating surgeon standing between the
patient’s legs and the assistant at the patient’s left side. A five-port technique is uti-
lized for the operation (Fig. 6.4). The camera port is placed cephalad of the umbili-
cus and to the left of midline to provide for visualization of the structures within the
hiatus. One must be able to extend the laparoscope all the way to the hiatus in order
to visualize mediastinal mobilization of the esophagus. Next, 5 mm trocars are
placed bilaterally in the anterior axillary lines for retraction of the liver and the sur-
geon’s assistant. A 12 mm trocar is beneath the costal margin in the left mid-
clavicular line. It is important to place this port lateral so as to maintain appropriate
triangulation at the hiatus. Lastly, with the liver retracted through the right lateral
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Fig. 6.4 Illustration of the abdomen with “X’s”
marking the trochar placement utilized for ®

laparoscopic antireflux surgery
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port, the final 5 mm trocar is placed in the right midclavicular line. Placement of this
port prior to liver retraction can result in obstructed access to the hiatus.

The operation is begun with dissection and isolation of the esophagus from the
surrounding structures. This is started by transection of the pars flaccida, moving
cephalad so as to identify the right crus. The phrenoesophageal ligament is tran-
sected moving anteriorly from right to left. This dissection is carried laterally and
posteriorly as far as possible until visualization is limited by the gastric fundus.
Next, the short gastric vessels are divided moving cephalad until the left crus can be
completely identified and all posterior short gastric vessels are sacrificed. A Penrose
drain is then passed posterior to the esophagus to facilitate retraction. The hiatus is
restored posteriorly with nonabsorbable suture. The fundoplication begins with an
esophagopexy between the right posterolateral side of the esophagus (proximal to
the gastroesophageal (GE) junction) to either the right or both crura. Next, the fat
pad overlying the cardia is retracted inferiorly to reconstruct the angle of His, and
an additional suture is placed between the left lateral esophagus and the neighboring
gastric fundus. Another suture is placed more cranially to close the angle of His.
This suture brings the left portion of the intra-abdominal esophagus to the gastric
body in juxtaposition to the left crura. The left crura can be included in this suture
to gain additional length of the intraabdominal esophagus. Next, the gastric fundus
is directed midline to sit loosely over the anterior portion of the esophagus. An api-
cal suture, the highest extent of the fundoplication, is placed from the fundus to the
anterior esophagus including the apex of the hiatus. The inferior portion of the fun-
dal fold is secured midline to the anterior esophagus at the EG junction. In this 90°
wrap, the short gastric vessels are left intact and no bougie is needed [20]. The
Watson fundoplication is similar to the above yet the fundus is brought over as a
120° wrap. In the Dor fundoplication the short gastric vessels are ligated and the
fundus is secured in place as a 180° wrap.



98 C. Olmsted and P. Nau
6.4 Posterior Partial Fundoplication Technique

The laparoscopic posterior partial fundoplication (LPF) that has been described
for the treatment of GERD is the Toupet (270° wrap) [21] although according to
Nissen, a 360° fundoplication is a type of posterior fundoplication [7]. The lapa-
roscopic Toupet fundoplication described by Wenck is discussed here. Somewhat
similar to the LAF, the posterior consists of three main steps: mobilizing the
abdominal esophagus, mobilizing the posterior portion of the fundus, and esopho-
gastroplasty with phrenogastroplasty. The patient positioning and port placement
mirrors that of the aforementioned LAF. Essential operative steps including
esophageal isolation and mobilization as well as the crural repair are also the
same. To complete the fundoplication, a portion of the superior fundus is drawn
posterior to the esophagus to the right side. Following this, a shoeshine maneuver
is performed to verify that the fundus is appropriately oriented and that there is not
undue tension due to persistent caudal or posterior short gastric vessels. The right
portion of the fundus is secured to right lateral aspect of the esophagus with three
distinct stitches. The most cephalad stitch also incorporates the right crura to
anchor the wrap within the abdomen. This is then completed on the left side in a
mirror image of the right. Finally, the posterior wrap is affixed to the crural closure
with two interrupted stitches to deter from cephalad migration of the wrap post-
operatively [22].

6.5 Posterior Complete Fundoplication Technique

As stated previously, the 360° fundoplication is a type of a posterior fundoplication
[7] and is briefly narrated herein. Much like the partial wraps, there are three
essential steps to the 360° fundoplication including mobilization of the esophagus
in order to achieve appropriate abdominal length, transection of the short gastric
vessels to afford for a tension-free wrap, and esophogastroplasty with phrenogas-
troplasty. The patient positioning and port placement mirrors that of the aforemen-
tioned procedures. Essential operative steps including esophageal isolation and
mobilization as well as the crural repair are also the same. To complete the fundo-
plication, a portion of the superior fundus is drawn posterior to the esophagus
towards the right. A shoeshine maneuver is performed to verify that the fundus is
appropriately oriented and that there is not undue tension. A 2.0-2.5 cm complete
fundoplication is then created with permanent stitches. The most cephalad stitch
often incorporates the muscular esophagus to help prevent slippage of the wrap
down onto the stomach. Further, many will anchor the wrap to the crura pillars
bilaterally to deter cephalad herniation into the thoracic cavity. Finally, the poste-
rior wrap is affixed to the crural closure with two interrupted stitches to complete
intra-abdominal fixation [22].



6 Anterior Versus Posterior Fundoplication, Are They Equal? 99
6.6 Medical Management Versus Surgery

Medical management remains the first line treatment for GERD. Recent publica-
tions have identified associations between PPI usage and dementia [23], chronic
kidney disease [24], and even risk of infections [25, 26]. These findings have pro-
duced consternation amongst millions of chronic PPI users and have led to uncer-
tainty as to the superiority of medical management of GERD. It is with this
ambiguity in mind that investigators have assessed the efficacy of the two treatment
options. A randomized study by Mahon et al. noted that anti-reflux surgery objec-
tively improved the acid exposure within the esophagus while also significantly
benefiting patient gastrointestinal and general well-being [27]. In another random-
ized controlled study by Goeree et al., surgery produced fewer heartburn days and
improved overall quality of life when compared with medical management alone
[28]. Perhaps more importantly, the long-term cost-effectiveness of surgery has
been validated in two distinct trials out to at least 5 years post-operatively [2, 28].
While these studies have lacked standardized patient-oriented outcomes and are
limited in length of follow-up, there is compelling evidence that the surgical man-
agement of GERD is successful and with an acceptable side effect profile.

6.7 Durability of Fundoplication Long-Term

Many reviews have been published with over 10 years of follow up data for the LPF
versus LAF. These studies demonstrate that the posterior partial fundoplication is a
durable surgical treatment for GERD with better reflux control than an anterior
wrap at the expense of mild increase in dysphagia [8—10, 29]. Patients with anterior
fundoplication have been found to need significantly more antisecretory drugs post-
operatively and reoperative surgery for their recurrent GERD. This is evidence that
an anterior fundoplication is overall less durable than a posterior wrap [30]. Of note,
the anterior partial fundoplication is technically simpler its counterpart [30] which
may continue to make it a popular procedure despite the evidence suggesting it to
be an inferior operation in the long-term.

6.8 Dysphagia Side Effects

The incidence of post-operative dysphagia is up to 70% following a 360° fundo-
plication [31]. The vast majority of these cases are transient and related to post-
operative edema. Advocates for a Toupet fundoplication assert that reflux control
is comparable, but the incidence of post-operative dysphagia is lower than that of
the LNF [32]. Specifically, those patients with preoperative esophageal
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dysmotility are thought to be better served with the looser partial fundoplication
[33]. To date, the literature has been inconsistent its support of this assertion.
Zornig et al. noted that, while the Toupet was a superior operation for prevention
of dysphagia, the outcome was independent of preoperative motility. Conversely,
others have noted that the presence of dysphagia is similar between the two opera-
tions [29]. Perhaps most importantly, a meta-analysis of over 400 patients found
that the LNF was significantly more likely to require dilation for persistent dys-
phagia [34]. Few have investigated the differences between LAF and the
LNF. While limited by a follow-up of only 6 months, one group noted fewer side
effects following the LAF [35]. Another paper reported improved outcomes fol-
lowing LAF out to 10 years. It is notable that their investigations into improved
reflux control and side effect profiles were based strictly on subjective evaluation
by the patient.

The issue of post-operative dysphagia has also been investigated for the LAF and
LPFE. A randomized, controlled trial of 95 patients noted no difference in the compli-
ant of dysphagia post-operatively based on type of fundoplication [36]. Others have
observed a higher incidence of early dysphagia with the LPF, but that this resolved
by 6 months post procedure [37]. Of note, the LPF performed in setting of a Heller
myotomy for achalasia has been found to be associated with improved postopera-
tive dysphagia with nearly identical reflux control in comparison to partial anterior
fundoplication [38]. While it is not as intensely debated when considering the ante-
rior versus partial wrap, there is evidence to support that neither is superior in pre-
vention of post-operative dysphagia.

6.9 Bloating and Wind-Related Side Effects

For many prospective patients one of the principal deterrents to anti-reflux surgery
is anxiety at the prospects of an inability to belch or vomit, excess flatulence and
abdominal bloating. These so called wind-related side effects can be identified in up
to 60% of patients depending on the complaint [8, 39]. When compared to the
Nissen, the LAF has been shown to have less flatus, abdominal bloating, inability to
belch and vomit, and other gas-related symptoms [7]. Those with a LPF also noted
less flatulence and postprandial fullness compared to those undergoing a 360° fun-
doplication [29]. When comparing the LAF and LPF, the results have been less
uniform. Well-designed studies with a follow-up up to 5 years found no difference
in the complaints of flatulence or inability to belch between the LAF and LPF
cohorts. Conversely, other investigations have noted that those who underwent LAF
were significantly more likely to be able to vomit [28, 32]. Hagedorn et al. observed
an improved ability to vomit as well as fewer complaints of flatulence in those
undergoing an LAF [36]. While the literature is more conclusive when comparing a
partial to a full wrap, there is more ambiguity with the LAF and LPF. Perhaps the
only area where there is a more explicit difference is the improved ability to vomit
following LAF.
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6.10 Control of Reflux Symptoms

There have been several comparisons via randomized controlled trials and meta-
analyses of the Nissen to both the LAF and LPF [7, 8, 10, 29, 30, 36, 37, 40—43].
While thoughtfully designed, many of these investigations have been limited by
short-term follow-up. For instance, using 24-h pH testing Zornig et al. identified no
difference in reflux control up to 4 months post-operatively [32]. This result was
replicated in a randomized study with 1 year follow-up using impedance pH testing
[33]. A meta-analysis of the available studies showed that the ability to heal esopha-
gitis was not significantly different between the two operations (LNF vs. LPF was
6.28% vs. 8.63% respectively, P = 0.42). Certainly the durability of a partial wrap
remains a concern in that any degree of unwrapping would negatively affect the
increased LES pressures. With that said, the available data speaks to the equivalence
of the LPF to the LNF for reflux control.

The LAF has also been compared to Nissen for the long-term control of reflux
symptoms. One group reported equivalent outcomes with regard to reflux symptoms
out to 10 years for a 180° LAF. Of note, this was a subjective evaluation only and had
a relatively small sample size [10]. This same collaborative showed that a 90° LAF
was inferior to a LNF for control of reflux symptoms at 5 years [44]. While not pow-
ered to evaluate for differences in reflux, Djerf showed that there was a higher inci-
dence of heartburn and acid regurgitation in those that had undergone a LAF versus
LNF [45]. While there are investigations into the equivalence of the LAF to the LNF,
most of the studies are underpowered or lack objective evaluations for reflux control.

Investigators have also contrasted the efficacy of the LAF and LPF to control
acid reflux. Engstrom compared a 120° anterior fundoplication to a Toupet and
found the anterior had inferior control of reflux related symptoms (heartburn and
acid regurgitation) with patients who had been randomized to the LAF [30]. Another
randomized, controlled trial identified better objective reflux control as well as
fewer complaints of heartburn and acid regurgitation after posterior fundoplication
[36]. It should be noted that, while the results were inferior for reflux control,
patients who underwent 90° LAF had similar overall satisfaction [42, 43]. Certainly
the LAF and LPF both reduce acid exposure to the esophagus; however, the major-
ity with a posterior fundoplication are able to achieve normal pH levels postopera-
tively as opposed to those receiving a partial anterior fundoplication [36]. Given
these findings, there is compelling evidence that the effectiveness and durability of
the LPF for control of GERD-related symptoms is superior to that of the LAF.

6.11 Conclusions

Both anterior and posterior partial fundoplication procedures are safe operative
treatments for GERD. Among partial fundoplications, the LPF has been shown to
offer superior symptom control. Furthermore, the side effect profile of the two
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operations remains comparable. Given this, in the hands of a competent surgeon, a
posterior partial fundoplication is recommended over anterior partial fundoplica-
tion. The debate between a LPF and Nissen fundoplication is less well-defined.
Certainly, the evidence supports the stance that the reflux control of the LPF is
comparable, but with improved morbidity, when compared with the Nissen. With
that said, there is a dearth of long-term evidence for the durability of the LPF. This
is particularly important when considering a younger population and the decreased
efficacy of a revisional operation should the index procedure fail. While a compel-
ling argument can be made for the universal application of the toupet, it is not
unreasonable to consider a full wrap in a very young population as it is only with the
Nissen that there is long-term data at this time.

What is the current knowledge? What questions need answering?

The anterior fundoplication provides inferior | Is tailoring the fundoplication to
long-term reflux control esophageal function appropriate?
There is an improved side effect profile when | What is the long-term durability of a
comparing a toupet vs. nissen fundoplication | toupet fundoplication?

Pre-op evaluation for anti-reflux surgery Is there an absolute contraction vigor
includes objective evaluation for reflux, below which a 360° fundoplication is
esophageal function and anatomic variants contraindicated?
All fundoplications share the necessity of Is there an indication for an anterior
achieving adequate intra-abdominal wrap outside of an operation for
esophagus prior to wrap creation achalasia?
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Chapter 7

Novel Endoscopic Antireflux Procedures:
Do They Have a Role in Patients

with Hiatus Hernia?

George Triadafilopoulos

Abbreviations

ARMS Anti-reflux mucosectomy

EART Endoscopic anti-reflux therapy
GEJ Gastro-esophageal junction

GERD Gastroesophageal reflux disease
GERD-HRQL GERD health related quality of life
LARS Laparoscopic antireflux surgery
LESP Lower esophageal sphincter pressure
PPI Proton pump inhibitors

TF Transoral fundoplication

7.1 Introduction

Endoscopic anti-reflux therapy (EART) is a relatively novel concept in the man-
agement of gastro-esophageal reflux disease (GERD) that intends to address three
key issues: First, the need to treat refractory GERD, that is, to eliminate symptoms
that are not completely controlled by proton pump inhibitor (PPI) use; second to
eliminate long-term PPI use in those patients who, although well-controlled phar-
macologically, are concerned about drug-related adverse events; and third to mini-
mize the need for laparoscopic anti-reflux surgery (LARS) and its peri-operative
and long-term sequelae [1]. Over the past 15 years, these clinical issues have
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become increasingly prevalent and clinically significant, thereby expanding the
potential applicability and clinical value of EART. It has also become clear that
not all patients with GERD are suitable candidates for such an option and that a
careful, objective evaluation is needed in order to phenotypically characterize the
disease and tailor therapy, aiming at producing the best long-term efficacy and
safety.

7.2 Precision GERD Management

Prior to considering any therapy for GERD, one needs to address several key ques-
tions (Table 7.1): Addressing these questions using various tools is essential in
decision-making as to what options are available to the particular patient and which
among them is the best.

7.2.1 GERD Validation

Although the symptoms of heartburn and acid regurgitation are highly specific for
GERD, they are imperfect and other non-GERD diagnoses need to be considered.
A significant number of symptomatic patients without erosive disease are found not
have excessive reflux suggestive that their esophagus is hypersensitive. The best
way to validate the diagnosis in a patient with a negative endoscopic examination is
ambulatory esophageal pH monitoring, that is performed either using a trans-nasal
catheter (impedance/pH), or wirelessly, by placing the Bravo pH probe (Fig. 7.1)
[2]. These tools quantify esophageal acid exposure and are invaluable in establish-
ing the diagnosis of GERD and, further, assessing its magnitude, occurrence in the

Table 7.1 Ten key questions for precision GERD management

1. Is GERD truly present and validated by endoscopy and/or pH monitoring?
2. Does GERD affect the patient’s quality of life?
3. Is there a confounding illness that makes GERD worse?

4. Has pharmacologic therapy been optimized?

5. Is there a sliding hiatal hernia that would require repair?

6. Are GERD complications (i.e. strictures, Barrett’s esophagus) present?

7.Is the esophageal structure and function adequate to undertake an endoscopic or surgical
intervention?

8. Is the patient treatment-naive or has failed or inadequately responded to previous therapies?

9. Is there significant obesity present that would be amenable to endoscopic or surgical therapy?

10. Are there extra-esophageal manifestations present, either alone or together with typical
GER symptoms?
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Fig. 7.1 Antegrade
endoscopic view of Bravo
pH capsule that was placed
in order to confirm
pathologic acid exposure in
a patient with endoscopy-
negative GERD

upright or supine position, and relating acid reflux events to symptoms. If the pH/
impedance study is negative, other possibilities, particularly achalasia, esophageal
spasm, or gastroparesis, need to be considered. Yet, even if the pH/impedance study
is positive, overlap syndromes may occur. For example, in a recent study, pathologic
acid reflux was found in 44% of patients with esophageal dysmotility/achalasia and
73% of patients with gastroparesis [3].

It is also useful to examine the impact of GERD on the patients’ quality of life
(GERD-HRQL) by asking the patient to fill out standardized, disease-specific ques-
tionnaires. This way, the decision to proceed with potentially beneficial yet invasive
interventions, endoscopic or surgical, can be adequately balanced against their
respective risks [4]. Ideally, these GERD-HRQL assessments should be done at
baseline as well as during a trial of PPI therapy. In a patient using PPIs, it is useful
to ask what happens if these drugs are transiently discontinued. Under such circum-
stances, bone fide patients with GERD quickly develop heartburn and acid regurgi-
tation (or other more atypical symptoms) while patients with other diagnoses tend
to tolerate PPI abstinence for quite some time. The latter group of patients should
not be considered as good candidates for invasive procedures but instead be evalu-
ated further to define the underlying reason for their symptoms.

Another important question to be addressed is the presence of regurgitation, or
“volume” reflux, particularly while patients are on PPI therapy. Its presence sug-
gests more severe, mostly supine GERD, but also a higher likelihood of underlying
hiatal hernia, complicated disease (i.e. Barrett’s esophagus) and respiratory mani-
festations. Regurgitation is a key point in the discussion of pursuing endoscopic and
surgical therapies for GERD [5].
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7.2.2 Hiatal Hernia Assessment

The presence, type and dimensions of hiatal herniation play a pivotal role in further
decision-making (Fig. 7.2). Classic para-esophageal hernias readily disqualify from
endoscopic intervention. The same is true for mixed hernias that are typically large
enough and fixed to lend themselves to a successful endoscopic repair. On the other
hand properly assessed sliding hernias that are <3 c¢m in length could be amenable
to transoral fundoplication (TF). Available evidence thus far has questioned the fea-
sibility and efficacy of the other endoscopic modalities if the hiatal length exceeds
2 cm.

There are several ways to assess for hiatal hernia. Traditionally, barium esopha-
gography has been used, but it has a sensitivity of only 34% and cannot be defini-
tively diagnostic for GERD. If a hiatal hernia is found, it is likely to be contributing
to the symptoms and should be repaired surgically. CT scanning is increasingly
used, since it provides important information on the structures surrounding the her-
nia, a better definition of the diaphragmatic defect size and esophageal wall thicken-
ing and rigidity, all elements that are important in tissue mobilization. Novel
methods for in vivo measurement of esophageal hiatal surface area using MDCT
multi-planar reconstruction have been introduced [6]. The presence of fluid levels
within the esophagus or the hiatal hernia on CT imaging implies more severe dis-
ease with impaired motility and esophageal clearance and should raise suspicion for
achalasia. High-resolution esophageal manometry (HRM) provides a reliable
assessment of the length of the hiatal hernia under physiologic conditions and high-
lights the relationship between the lower esophageal sphincter (LES) and the crural
diaphragm and the spatial dynamics of the esophago-gastric junction (EGJ) at rest
and upon swallowing (Fig. 7.3) [7].

Fig. 7.2 Antegrade
endoscopic view of a 4 cm
sliding hiatal hernia in a
patient after fundoplication
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Fig. 7.3 HRM revealing
significant impairment of
esophageal peristalsis that
would negate the
performance of a 360°
(Nissen) fundoplication

Fig. 7.4 Antegrade
endoscopic view of a 5 cm
sliding hiatal hernia. Note
the accumulation of clear
fluid on the left bottom at
the time of endoscopy.
Such a sizable hernia
cannot be corrected with
EART
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In order to provide useful information, endoscopy requires attention to the GEJ
at various levels of air distention, forward and retrograde viewing and a meticulous
detailing of the mucosa. If the distance of the GEJ from the incisors does not vary
significantly with insufflation one can expect wall fibrosis and esophageal fore-
shortening both messengers of a challenging surgical repair. Fluid pooling, stricture
formation or tissue nodularity imply atony and complicated disease and are expected
to be associated with suboptimal endoscopic or surgical outcomes (Fig. 7.4).
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Retroflexed views of the cardia during endoscopy are essential not only to con-
firm the type and size of the hernia but also to assess the GEJ using the Hill classi-
fication, a grading system that is easy to learn and has been used and validated for
over 20 years (Fig. 7.5) [8]. In controls without GERD, there is a prominent tissue
fold of tissue along the lesser curvature of the stomach that closely apposes to the
endoscope (Hill Grade I). Less commonly, in Hill Grade II, the fold is present but
there are times of opening and closing around the endoscope. In contrast, in patients
with GERD the fold is not prominent and there is inadequate grip of the endoscope
by the GEJ tissues (Hill Grade III) and a sliding hiatal hernia may be present
(Fig. 7.6). Patients with GERD and hiatal hernia have essentially no fold and the
lumen of the esophagus remains open, allowing the squamous esophageal epithe-
lium, proximal to the GEJ, to be seen from below (Hill Grade I'V). In the original
study of this classification, the sensitivity and specificity of an abnormal cardia (Hill
Grades III and IV) in predicting reflux was 91%, with a positive predictive value of
95%, and a negative predictive value of 87%.

Grade | Grade Il Grade Il Grade IV

Normal edge of tissue Ridge is slightly less Ridge is effeced and the  Hiatus is wide open at
closely approximated well defined and opens  hiatus is patulous all times and displaced
to the scope with respiration axially

Fig. 7.5 Hill’s endoscopic classification. Grade I flap valve appearance showing the ridge of tissue
to be closely approximated to the shaft of the retroflexed endoscope. It extends 3—4 cm along the
lesser curve. Grade II flap valve appearance. The ridge is slightly less well defined opening rarely
with respiration and closing promptly. Grade III flap valve appearance. The ridge is barely present,
and there is often failure to close around the endoscope. This is nearly always accompanied by a
hiatal hernia. Grade IV flap valve appearance. There is no muscular ridge, the gastroesophageal
area stays open all the time and squamous epithelium can often be seen from the retroflexed posi-
tion. A hiatus hernia is always present (Reproduced from ref. [8])
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Fig. 7.6 (a) Retrograde appearance of the cardia, revealing a Hill grade I appearance. The white
marking on the endoscope surface is fully encircled by the tissues of the cardia, suggestive of an
anti-reflux effect. In a symptomatic patient with pH-confirmed GERD, EART can be performed.
(b) Retrograde appearance of a Hill grade I'V cardia. The endoscope can be advanced into the distal
esophagus and easily visualize the squamous epithelium. (c¢) Retrograde view of a large sliding
hiatal hernia in a patient with GERD and Barrett’s esophagus. Neither (b) nor (c) are amenable to
EART and surgery is required

7.2.3 Esophageal Structure and Function

Both these elements need to be examined in every patient with GERD. Esophageal
structure is best assessed by endoscopy, first to exclude other conditions (i.e. other
forms of esophagitis or cancer), and to carefully define mucosal integrity, ruling out
dysplastic Barrett’s esophagus that will require attention prior to any endoscopic or
surgical therapy for GERD being applied (Fig. 7.7) [9]. Most EART studies have
excluded patients with Barrett’s esophagus, hence the efficacy of these procedures
in such patients is not well established. In contrast, we have better efficacy data on
Barrett’s esophagus patients undergoing anti-reflux surgery. Moreover, patients
with long segment Barrett’s esophagus tend to have large sliding hiatal hernias in
need for operative hernia repair and anti-reflux surgery.

Functional assessment mainly aims to exclude achalasia or other forms of
severe peristaltic failure that would impede the placement of a magnetic sphincter
(LINX) or a 360° fundoplication and may favor instead a partial 270° (Toupet)
fundoplication or a Collis gastroplasty. It is debatable to what degree ineffective
esophageal peristalsis and other lesser disorders of function detected by HRM
serve as contraindications to surgery or endoscopic management. As a general rule,
the creation of a tight anti-reflux barrier may aggravate dysphagia and difficulties
with throat clearance and any invasive option needs to be carefully examined and
individualized.



112 G. Triadafilopoulos

Fig. 7.7 (a) Antegrade view of a >1 cm esophageal ulcer on the substrate of Barrett’s esophagus.
Healing of the ulcer using PPI therapy and reassessment of the Barrett’s epithelium 2 months later
revealed high-grade dysplasia. (b) Antegrade endoscopic appearance of Barrett’s esophagus
immediately after HALO-360° ablation. This patient was first treated using HALO ablation for his
dysplastic Barrett’s esophagus and then, upon resolution of both the dysplasia and metaplasia
underwent a 270° laparoscopic fundoplication for GERD symptom control. (¢) Retrograde appear-
ance of the cardia 3 months postoperatively, showing the desired anti-reflux effect

7.2.4 Prior Therapies

Complete non-response to PPI therapy is a warning against either endoscopic or sur-
gical intervention for GERD. This is different than PPI-refractory disease, where
patients exhibit some (partial) response to pharmacologic therapy. This latter group of
patients constitutes the majority of patients referred for invasive therapies. Perception
modulators, such as the SSRI citalopram, can reduce esophageal hypersensitivity not
limited to acid, as well as other add-on therapies, such as prokinetics, inhibitors of
transient lower sphincter relaxations or alginates also play an important therapeutic
role. Another group of patients, those who respond well to PPI therapy but do not
wish to continue them long-term fearful of adverse events. Such patients may have
lesser endoscopic burden of disease that makes them better candidates for any inva-
sive therapies. There are very limited data in patients who have previously undergone
either endoscopic or surgical therapies for GERD and present with refractory symp-
toms. Radiofrequency therapy of GEJ (Stretta) can be performed repeatedly or in a
patient post anti-reflux surgery but not after magnetic sphincter implantation, but
there is no published data on its efficacy. In a patient presenting with recurrent GERD
after anti-reflux surgery, the degree of wrap displacement, if any, plays an essential
role in decision-making (Fig. 7.8). If present, there is no role for EART and surgical
repair is the only option [10]. Revisional anti-reflux surgery is always more challeng-
ing to perform and its outcomes are considered less robust than those of the initial
intervention. The use of mesh to close large hiatal defects that contributed to prior
failure remains controversial and needs to be individualized. Finally, patients with
prior esophageal injury or those with complicated disease (i.e., long peptic strictures)
that are resistant to medical therapy lone or in combination with temporary endo-
scopic stenting, may require esophagectomy instead of EART or anti-reflux surgery.
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Fig. 7.8 Retrograde view of the displaced fundoplication, revealing laxity around the shaft of the
endoscope. This is not amenable to endoscopic repair and a revisional surgery is needed

7.2.5 Obesity

Patients with morbid obesity have been excluded from EART trials and data on
efficacy and safety are scant. In general, if a patient with GERD is a candidate
for anti-obesity surgery, the performance of Roux-en-Y bypass is the best surgi-
cal option. Sleeve gastrectomy is less likely to be associated with complete con-
trol of GERD symptoms, but if such symptoms occur postoperatively,
radiofrequency therapy of EGJ is feasible and effective [11]. Regardless of the
choice of invasive therapy, endoscopic or surgical, peri-operative morbidity is
high in obese patients and needs to be considered and balanced against the
anticipated gains.

7.2.6 Extra-Esophageal Symptoms

The efficacy of EART in controlling extra-esophageal symptoms—particularly if
such symptoms occur in the absence of typical GERD—has not been adequately
explored and more data is needed. Non-cardiac chest pain, cough, asthma, recurrent
hoarseness and dental erosions, are less responsive to pharmacologic, endoscopic or
surgical interventions. Prior proof that GERD is inducing such symptoms is
generally advised in order to maximize gains.
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7.3 Endoscopic Anti-Reflux Therapies (EART)

Currently, there are four EART options available for patients with GERD.
Radiofrequency therapy of GEJ (Stretta) used for over 15 years has the best long-
term data [12]. The transoral fundoplication (TF) device creates molding of the GEJ
through endoscopic placement of polypropylene suture material; its short-term effi-
cacy and safety have been recently demonstrated in controlled clinical trials. The
MUSE™ endoscopic stapling system is a recent technique that creates an endo-
scopic partial fundoplication under ultrasound guidance, but clinical data is still
scant. More recently, the use of conventional endoscopic dissection tools to perform
anti-reflux mucosectomy (ARMS) has been reported from Japan [13].

The presence of a sliding hiatal hernia plays an important role when selecting
EART. Since Stretta treats the intrinsic LES muscle without interfering with the
crural diaphragm element of the anti-reflux mechanism, the dissociation of the two
in the setting of a hernia longer than 2 cm serves as a contraindication for the pro-
cedure since the treated area will remain above the diaphragm, possibly creating an
acid pocket effect (Fig. 7.9). Radiofrequency therapy may be most helpful in those
with TLESR as the cause of their reflux. The same is probably true for ARMS,
although we do not have enough information on this issue. Since they create a par-
tial valvular structure at the GEJ, both TF and MUSE may be feasible and effective
in patients with <3 cm hernias that, during the procedure, can be stretched and
mobilized aborally, but more data will be needed on their durability in such patients.

Fig. 7.9 Antegrade view
of a <2 cm sliding hiatal
hernia that could be treated
with EART
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Since many open and controlled studies and recent reviews have addressed the
safety, efficacy and durability of EART, the discussion below focuses on the specif-
ics of these procedures in patients with Hill grades I and II and sliding hiatal hernias
<3 cm. It is with such understanding that a balanced decision towards endoscopic or
surgical therapy can be made, aiming at optimizing clinical outcomes, particularly
in the long-term.

7.3.1 Radiofrequency Treatment of the EGJ (Stretta)

Radiofrequency energy delivery to the EGJ muscle (Stretta) has been used exten-
sively and has long-term data (10 years) (Fig. 7.10) [14]. In general, Stretta is most
effective in patients without hiatal hernia; its mechanism of action is mostly driven
by enhancement of the lower esophageal sphincter (LES) tone and reduction of
transient LES relaxations [15]. The presence of a hiatal hernia >2 cm is a contrain-
dication to the performance of Stretta, hence feasibility and efficacy studies on
patients with significant (>3 cm) hiatal hernia are lacking. In the first randomized,
sham-controlled trial, patients (40% with hiatal hernia <2 cm) who were treated
with Stretta had significantly improved symptoms and quality of life scores without
improvement seen in the sham group. Stretta reduced PPI usage by 46% compared
to 29% in the sham group [16]. In another prospective, randomized, double-blinded,
sham-controlled trial, patients with hiatal hernia <2 cm were treated with either

Fig. 7.10 (a) Stretta catheter. Upon inflation of the balloon, the four needles are impregnated into
the muscle of the EGJ prior to radiofrequency application
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Fig. 7.11 (a) Endoscopic view of the EGJ immediately after Stretta, revealing the white mucosal
markings where the radiofrequency treatment was administered at the level of the EGJ and cardia.
(b) Retrograde view of the cardia in the same patient 2 months afterwards revealing a Hill grade I
appearance. The endoscope is snug around the tissues of the cardia

Stretta once, Stretta twice, or with a sham procedure. At 12 months there was a
significant symptom improvement in both active treatments, but not the sham group.
LES pressures and pH improved in both the single- and double-treatment groups,
with non-significant changes seen in the sham group [17] (Fig. 7.11).

7.3.2 Transoral Fundoplication (TF)

Trans-oral, incisionless fundoplication (TF) treats GERD by creating a full-
thickness esophago-gastric plication using trans-mural fasteners (Fig. 7.12) and a
large number of studies over the past several years have validated its safety and
effectiveness. TF can fill the “therapeutic gap” that exists between PPI and laparo-
scopic fundoplication but TF cannot effectively close a significant hiatal hernia. In
the earliest TF study [18], upper endoscopy was performed before and after the
procedure in order to grade esophagitis and to exclude Barrett’s esophagus. A hiatal
hernia was diagnosed when the Z-line was above the diaphragmatic pinch caused by
external compression by the crus or when a herniation was visible on the retroflexed
endoscopic view. Hiatal hernias (<3 cm) were present in 13 patients (76%) and they
were all reduced and remained reduced in 62% of cases.

The recent randomized study of 44 patients (22 TF and 22 sham) excluded
patients with body mass index (BMI) >35, Hill grade IV, and hiatal hernia >3 cm
[19]. Based on their data, the authors concluded that ideal TF candidates would be
patients with persistent GERD symptoms and with the following anatomic
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Serosa-to-serosa fixation Fasteners

Fig. 7.12 (Top) Retrograde endoscopic appearance of the cardia before and after TF. (Bottom).
Diagrammatic representation of the transmural fasteners, creating the partial fundoplication affect

characteristics: (i) hiatal hernia <2 cm without an enlarged hiatus; (ii) normal
esophageal motility; (iii) abnormal ambulatory pH or evidence of reflux esophagitis
on endoscopy or biopsy; (iv) Hill grade ITI-11I at the GEJ.

In a prospective randomized trial, of patients poorly responsive to PPI therapy,
high-resolution esophageal manometry confirmed the absence of esophageal motor
dysfunction, endoscopy was performed to grade the appearance of the anti-reflux
barrier (Hill grade), to confirm the absence of long segment Barrett’s esophagus,
and to grade esophagitis, if present. Cine-esophagography was performed to con-
firm the absence of hiatal hernia or a hiatal hernia <2 cm in length. There were no
patients with larger hernias [5].

Similarly, another controlled study of TF included only highly selected GERD
patients with a small (<2 cm) hiatal hernia [20]. The authors of another study with
TF considered preoperative endoscopy as mandatory to determine the diaphrag-
matic hiatus, and the greatest transverse dimension of the hiatus under full gastric
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distension [21]. They claimed that only a hiatal hernia <2.5 cm long can be fully
reduced below the diaphragm, while a plication performed in a hiatus with a trans-
verse dimension >3.0 cm can end up in the thorax, which reduces the efficacy of the
newly created valve. In that series, hiatal hernia, even <2.5 cm and ineffective
esophageal motility increased the risk of symptomatic recurrence. In another study,
patients were required to have Hill grades II, III, or IV, while patients with a hiatal
hernia >3 cm, esophageal motility disorders, diverticula, strictures, previous gastro-
esophageal surgery, or Barrett’s esophagus were excluded. Fifteen patients (55%)
had hernia <2 cm [22].

7.3.3 MUSE

The MUSE™ endoscopic stapling system creates an endoscopic partial fundoplica-
tion (Fig. 7.13). The MUSE endoscope is inserted and advanced into the stomach
and retroflexed, pulling it back to the correct stapling level above the GEJ. Tissue is
then stapled under ultrasonographic gap finder. The procedure is repeated circum-
ferentially to form a 180° fundoplication.

A multi-center, prospective study evaluated 69 patients; no patients with sliding
hiatal hernia >3 cm were enrolled. During general anesthesia all patients were ven-
tilated with a PEEP setting of 5 mmHg; if a hernia was still evident, PEEP was
gradually increased to 10 mmHg until the hernia was reduced and the procedure
was performed. Of the 66 patients who completed follow-up 6 months after the
procedure, the GERD-HRQL score improved by >50% off PPI in 73% of patients
and 64.6% were no longer using daily PPIs. The proportions of patients with an
unacceptable Hill Grade (>2) dropped dramatically after the procedure. There were
two severe adverse events (empyema and gastrointestinal bleeding) requiring inter-
vention [23]. Larger randomized studies and registry trials with longer periods of
follow up will be required.

Fig. 7.13 Diagrammatic
representation of the
MUSE device, creating the
partial fundoplication
affect
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7.3.4 Anti-Reflux Mucosectomy (ARMS)

ARMS is performed using endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) of the distal 1 cm of the esophagus and proximal 2 cm
of the stomach, with the resection length at the cardia measured in retroflexion
(Fig. 7.14). The presence of a sliding hiatal hernia is a contraindication for
ARMS. The procedure is preferably performed along the lesser curve of the stom-
ach, thus preserving a sharp mucosal valve at gastric cardia. In one study, GERD
symptoms, pH as well as bile reflux scores improved significantly after the proce-
dure. In two cases of total circumferential resection, repeat balloon dilation was
necessary to control distal esophageal stricture. In all cases, PPI therapy was
stopped. Larger studies with long-term follow up will be needed [24].

Fig.7.14 Endoscopic follow up of circumferential anti-reflux mucosectomy (ARMS) (retroflexed
views). (a) Immediately after ARMS showing a 2 cm-wide gastric cardia mucosa that was circum-
ferentially resected by cap-endoscopic mucosal resection. (b) Appearance at 3 years, a tight gastro-
esophageal junction revealing convergence of three gastric folds along the gastric lesser curve. (c)
More than 10 years after circumferential ARMS shows an appearance that is similar to (b). (d)
Forward view of the EGJ >10 years after circumferential ARMS. Chromoendoscopy with Lugol’s
solution demonstrates well-stained squamous epithelium, with neither recurrence of esophagitis
nor Barrett’s esophagus (Reproduced from ref. [24])
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7.4 Conclusions

The clinical and phenotypic complexity of GERD requires that a detailed, multimo-
dality diagnostic evaluation prior to decision-making for EART or surgical thera-
pies. Each of the four currently available endoscopic modalities has unique features
and limitations, particularly in regards to hiatal hernia size. A tailored and individu-
alized selection has to be based on symptoms, clinical presentation, proper disease
definition, therapeutic objectives, and available local endoscopic and surgical exper-
tise. As these novel endoscopic and laparoscopic technologies evolve and mature
and long-term data becomes available, decision-making will remain in flux but best
done at multi-disciplinary esophageal centers of excellence.

What Is the Current Knowledge and What Future Direction

Is Required

* GERD is a more complex and multifactorial disease than previously
thought and results from imbalance between several offensive and protec-
tive factors

e Reflux hypersensitivity is increasingly recognized and add-on therapies
may be required

e Precision GERD management requires several key questions to be
addressed

» Although gastric acid hypersecretion is not a pathogenetic factor in GERD,
acid inhibition is the mainstay of GERD therapy.

e When acid inhibition fails, laparoscopic anti-reflux surgery with or without
hernia repair is the best-validated option.

* Not all patients with GERD are suitable candidates for endoscopic anti-
reflux therapy

e The effectiveness and adverse effects of all new endoscopic treatment
modalities must be investigated in randomized controlled and comparative
efficacy trials
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Chapter 8
Magnetic Sphincter Augmentation
for Symptomatic Small Hiatus Hernia

Luigi Bonavina, Andrea Sironi, and Emanuele Asti

Therapy for gastroesophageal reflux disease and hiatus hernia remains unsatisfac-
tory. About 40% of patients are partial responders to proton-pump inhibitors, and
even high dose escalation may be inadequate to maintain in a symptom-free state
individuals with a mechanically defective lower esophageal sphincter and volume
regurgitation [1]. Furthermore, there are growing concerns over the long-term
impact of chronic acid suppression on multiple metabolic and physiologic path-
ways, and there is evidence that patients suffering from uncontrolled esophageal
acid exposure may progress to serious complications of the disease, such as pulmo-
nary aspiration and fibrosis, esophagitis and peptic stricture, and Barrett’s metapla-
sia, the leading risk factor for esophageal adenocarcinoma [2].

The laparoscopic Nissen fundoplication is the current surgical gold standard for
the treatment of gastroesophageal reflux disease. This procedure is safe, effective
and durable if performed in specialized centers with appropriate technique and cor-
rect indications. A multicenter European trial comparing medical therapy with
fundoplication performed by expert surgeons showed that 92% of medical patients
and 85% of surgical patients remained in remission at 5 years of follow-up [3].
Despite a remarkably low morbidity and mortality rates, the Nissen fundoplication,
is underused due to the perceived side effects and fear of failure in the long-term. As
a consequence, only patients with severe symptoms/complications and partial
response to pharmacological therapy are usually referred for fundoplication [4].

The most common side effects of the Nissen fundoplication are bloating, inabil-
ity to belch and vomit, and persistent dysphagia that may occasionally require revi-
sional surgery. These are the main reasons why gastroenterologists tend to limit
their referrals for fundoplication only to patients with long-lasting severe disease
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and large hiatal hernias, and a reduced utilization of surgical fundoplication has
been noted in the United States over the past decade [5].

The limitations of both drug therapy and fundoplication have left many patients
and clinicians in the ambiguous position to either tolerate a life-time drug depen-
dence with incomplete symptom relief, or to undertake the risk of a surgical proce-
dure that alters gastric anatomy, may have substantial side-effects, and may
deteriorate over time. The Linx™ Reflux Management System is an FDA approved
method aimed to provide a permanent solution to gastroesophageal reflux disease
by augmenting the sphincter barrier with a standardized laparoscopic procedure.

8.1 Biomechanics of Magnetic Sphincter Augmentation

The Linx is a mechanical device that consists of a series of biocompatible titanium
beads with magnetic cores hermetically sealed inside. The beads are interlinked with
independent titanium wires to form an expandable ring. The beads can move indepen-
dent of the adjacent beads, creating a dynamic implant that does not compress the
esophagus and does not limit its range of motion upon swallowing, belching, and
vomiting. The Linx is designed to augment the physiologic barrier to reflux by mag-
netic force and is manufactured in different sizes: for reflux to occur, the intragastric
pressure must overcome the resistance to opening of both the patient’s native LES
pressure and the magnetic bonds of the device. The device, while augmenting the LES,
allows for expansion to accommodate a swallowed bolus or the escape of elevated
gastric pressure associated with belching or vomiting. Following the implant, the Linx
is encapsulated in a fibrous tissue reaction outside the esophageal wall, making pos-
sible its surgical removal without damaging the esophagus. The device has recently
received magnetic resonance imaging approval for scanning in systems up 1.5 T.

8.2 Operative Technique and Perioperative Management

The device is implanted under general anesthesia using a typical 5-port laparoscopic
access. The Linx procedure requires a few standardized steps and dissection should
be minimized with preservation of the phreno-esophageal ligament (Fig. 8.1). The
operation starts by dividing the peritoneum on the anterior surface of the gastro-
esophageal junction below the insertion of the inferior leaf of the phreno-esophageal
ligament and above the hepatic branch of the anterior vagus nerve. The lateral sur-
face of the left crus is freed from the posterior fundic wall without dividing any
short gastric vessel. The gastro-hepatic ligament is opened above and below the
hepatic branch to facilitate the preparation of the retro-esophageal window. Gentle
dissection from the right side is made towards the left crus just above the crural
decussation to identify the posterior vagus nerve. A tunnel is then created between
the vagus and the posterior esophageal wall, and a penrose drain is passed in a left
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Fig. 8.1 Anatomy of the
gastroesophageal junction.
Minimal dissection with
possible preservation of
phreno-esophageal
ligament is required to
implant the magnetic
sphincter augmentation
device

ESOPHAGUS
PERITONEUM

Fig. 8.2 Laparoscopic
view of the retro-
esophageal dissection. A
tunnel between esophagus
and posterior esophageal is
made to insert the Linx
device in the proper
position

to right direction (Fig. 8.2). The circumference of the esophagus is measured to
determine the proper size of the Linx device to be implanted. The sizing tool is a
laparoscopic instrument with a soft, circular curved tip actuated through a handset
with a numerical indicator that corresponds to the size range of the Linx device. The
gauge is placed around the esophagus in the tunnel made between the esophageal
wall and the posterior vagus nerve bundle. The appropriate size of Linx device is
introduced through the tunnel and its opposing ends/clasps are brought to the ante-
rior surface of the esophagus and engaged together. The decision to proceed with a
posterior crural repair depends on the size of the hernia found intra-operatively: in
most patients with a small and reducible hernia, a formal hiatus repair is usually not
necessary if the lower mediastinum has not been entered (Fig. 8.3).
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Fig. 8.3 Linx procedure
and posterior hiatoplasty:
crura repair (arrow),
posterior vagus (upper
arrowhead), preserved
hepatic branch of the
anterior vagus (lower
arrowhead)

Fig. 8.4 Chest film lateral
view showing the Linx
device in the sub-
diaphragmatic position
with typical inclination
angle

A chest film is performed after surgery to check the correct placement of the
device (Fig. 8.4), and patients are discharged the same day or on the first post-
operative day. They are counselled to progressively return to a normal diet, chew
well and take small volume meals, and discontinue the use of proton pump
inhibitors.

8.3 Synopsis of Clinical Experience

The first clinical implant of Linx device was performed a decade ago. Since then, all
reported studies have consistently confirmed a high rate of symptom relief and dis-
continuation of PPI therapy, an objective reduction of esophageal acid exposure,
and an improved quality of life.

The feasibility study included 44 patients implanted with the Linx at four study
centers in USA and in Europe between February 2007 and October 2008. The short-
term, mid-term, 4-year, and final results of this study have been previously published
[6-9]. In the feasibility study patients served as their own control to assess the effect
of treatment on esophageal acid exposure, symptoms, and use of proton pump
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inhibitors. The primary criteria for inclusion in the trial were age >18 and <85 years,
typical reflux symptoms at least partially responsive to proton pump inhibitors,
abnormal esophageal acid exposure, and normal contractile amplitude and wave
form in the esophageal body. The primary criteria for exclusion were history of
dysphagia, previous upper abdominal surgery, previous endoluminal antireflux pro-
cedures, sliding hiatal hernia >3 cm, esophagitis >grade A, and/or the presence of
histologically documented Barrett’s esophagus. Patients with abnormal manometric
findings (distal esophageal contraction amplitude of <35 mmHg on wet swallows or
<70% propulsive peristaltic sequences) were also excluded. Preoperative evaluation
consisted of symptom questionnaire and Gastro-Esophageal Reflux Disease-Health
Related Quality of Life (GERD-HRQL) questionnaire, upper gastrointestinal
endoscopy, barium swallow, standard esophageal manometry, and 24—48 h esopha-
geal pH monitoring. All Linx devices were successfully implanted via a standard
laparoscopic approach. The median operative time was 40 min. No intraoperative
complications occurred. Patients were instructed to resume a regular diet after a
chest film and radiological assessment of the esophageal transit were performed. All
patients except one were discharged within 48 h. Thirty-three patients (75%) were
followed at 5 years. The mean total GERD-HRQL score off PPI decreased from
25.7 at baseline to 2.9 at year 5 (p < 0.001), and 94% (31/33) patients had a >50%
reduction in the total score compared to baseline; 91% of patients reported of being
satisfied with their current condition. Esophageal pH testing was completed in 20
patients at 5 years: 85% of patients achieved either normal esophageal acid expo-
sure or had at least a 50% reduction from baseline. Normalization of esophageal pH
was achieved in 70% of patients. Complete cessation of drug therapy or a reduction
of 50% or more of the daily dose at 5 years was achieved by 88% and 94% of
patients, respectively. Forty-three percent of patients complained of mild dysphagia
during the postoperative period which resolved by 3 months without treatment.
Laparoscopic device explant was necessary because of persistent dysphagia in one
patient, the need to undergo magnetic resonance imaging in another, and the persist-
ing reflux symptoms in a third individual.

A randomized single-arm trial was performed in a cohort of 100 patients at 13
centers in the United States and one in the Netherlands [10]. The criteria of inclu-
sion and perioperative subjective and objective evaluations were similar to the fea-
sibility study. Significant improvements were seen in GERD related quality of life,
regurgitation, and esophageal acid exposure. Use of PPI dropped to 13% at 3 years
and patient satisfaction with reflux control increased to 94% after implantation.
Importantly, these positive results were stable showing no degradation over the
study time period. Although 14% of patients reported non severe bloating after
implantation, all study patients retained their ability to belch and vomit. Dysphagia
was present to some extent in 68% of patients but decreased to 4% by 3 years. Five
percent of patients rated the dysphagia as severe and required endoscopic balloon
dilation or surgical removal of device with complete resolution.

Two single-center studies have further validated the efficacy of the Linx proce-
dure. In Milan, Italy, 100 consecutive patients underwent Linx implantation between
2007 and 2012. The median implant duration was 3 years, ranging from 378 days to
6 years. There was a significant reduction of acid exposure time and improvement



128 L. Bonavina et al.

of GERD-HRQL score, and freedom from daily dependence on PPI was achieved
in 85% of the patients [11]. Another study from USA, including 66 patients with an
average follow-up of 5.8 months, showed similar satisfactory results [12].

Three case-control studies found comparable control of reflux symptoms after
surgical fundoplication or Linx implant up to 1 year follow up. However, the fundo-
plication group showed a higher rate of patients with inability to belch and vomit,
along with more severe gas-bloat symptoms [13—15].

A safety profile analysis study of the first 1000 implants in 82 hospitals world-
wide showed 1.3% hospital readmission rate, 5.6% need of postoperative endo-
scopic dilations, and 3.4% reoperation rate [16]. All reoperations were performed
non-emergently for device removal. Among the 36 patients who had the device
removed, the most commons symptoms were dysphagia and recurrence of reflux
symptoms. In addition, 7% of patients enrolled in the randomized multicenter
single-arm trial had the device removed due to persistent dysphagia in four, vomit-
ing in one, chest pain in one, and reflux in one [17].

A single-center cohort study focused on reoperations for Linx removal and
reported the long-term results of one-stage laparoscopic removal and fundoplication
[18]. Eleven (6.7%) out of 164 patients who underwent a laparoscopic Linx implant
with a median follow-up of 48 months were explanted at a later date. The main
presenting symptom requiring device removal was recurrence of heartburn or regur-
gitation in 46%, dysphagia in 37%, and chest pain in 18%. In two patients (1.2%)
full-thickness erosion of the esophageal wall with partial endoluminal penetration
of the device occurred. Although the course of this complication appeared to be
benign and easy to treat, it is possible that the long-term erosion rate of the Linx
device will be higher than it has been reported so far. The median implant duration
was 20 months, with 82% of the patients being explanted between 12 and 24 months
after the implant. Device removal was combined with partial fundoplication, most
commonly Toupet or Dor, in 11 patients and with reconstruction of the angle of His
in one. There were no conversions to laparotomy and the postoperative course was
uneventful in all patients. At the latest follow-up after reoperation (1-5 years), the
GERD-HRQL score was within normal limits in all patients.

8.4 Role of Magnetic Sphincter Augmentation
in Hiatus Hernia

The Linx procedure was developed as a less invasive and more standardized surgical
option for patients who are partially responders to proton pump inhibitors, have
troublesome regurgitation or develop progressive symptoms despite continuous
medical therapy. Minimal dissection is required to create the space where the device
would encircle the lower esophageal sphincter area when implanted. Proper surgical
dissection with preservation of the phreno-esophageal ligament allows objective
sizing of the distal esophagus and placement of the magnetic device at the esophago-
gastric junction without altering gastric anatomy and without entering the
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mediastinum. A more extensive dissection is needed only when the distal esophagus
does not easily reduce into the abdomen or when there is intraoperative evidence of
sliding hiatus hernia. In such circumstances, a posterior crural repair can be added
to the Linx procedure. In a single center series, a hiatoplasty was performed in 44%
of patients with 1-2 non-resorbable stitches; however, a formal mediastinal dissec-
tion was required only in three patients with type I or III hernia. The presence of a
hiatus hernia and the concurrent crura repair were not predictive of subsequent
removal of the device [11]. On the other hand, a more recent study has concluded
that the Linx procedure can be safely offered to patients with hiatal hernia larger
than 3 cm [19]. A total of 192 implanted patients were reviewed, and 52 (27%) had
a large hernia. Compared to patients with smaller hernias, postoperative require-
ment of proton pump inhibitors was less and mean GERD-HRQL scores were
lower. Also, the rate of postoperative intervention for dysphagia and the incidence
of symptom resolution or improvement were similar.

8.5 Conclusions

The Linx procedure provides a simple and physiologic solution to gastroesophageal
reflux with a favorable side-effect profile. Magnetic sphincter augmentation is
highly effective in decreasing esophageal acid exposure, reducing typical reflux
symptoms, reducing daily drug dependence, and improving patients’ quality of life.
Safety issues such as device erosions or migrations have been rare and not associ-
ated with mortality. The device can be easily removed if necessary, thereby preserv-
ing the option of fundoplication or other therapies in the future. The potential
limitations of this innovative procedure are the current contraindication to undergo
scanning in MRI systems >1.5 T, and the potential long-term consequences of a
permanent foreign body implant. The efficacy of the Linx in the presence of large
hiatal hernia and Barrett’s esophagus remains to be tested in further comparative
studies.

What Is the Current Knowledge and What Future Direction

Is Required

* Magnetic sphincter augmentation provides a minimally invasive and stan-
dardized antireflux repair in patients with small hiatus hernia.

» It is effective in decreasing esophageal acid exposure, reducing typical
reflux symptoms and drug dependence, and improving patients’ quality of
life.

* Device erosions have been rare and not associated with mortality.

» The device can be removed, if necessary, without side-effects.

e Scanning with magnetic resonance systems >1.5 T is currently
contraindicated.
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Chapter 9

Laparoscopic Repair of Paraesophageal
Hiatus Hernia: Suture Cruroplasty

or Prosthetic Repair

Manjunath Siddaiah-Subramanya, Breda Memon,
and Muhammed Ashraf Memon

9.1 Introduction

Large paraesophageal hiatus hernias (PHH) account for almost 50% of the cases
encountered during contemporary laparoscopic hiatal hernia repair [1] (Fig. 9.1).
PHH, using upper gastrointestinal contrast study, was first reported in 1926 [2].
Since the introduction of laparoscopic hiatal hernia repair in 1991 [3], there has
been contentious debate as to which surgical method of repair offers the best out-
come in these large PHH in the chronic setting. The four available methods i.e.,
conventional laparoscopic, robotic, transthoracic and open transabdominal, have
shown more or less equivalent results [4]. Furthermore, there also remains discus-
sion regarding the technical aspects of surgical repair which requires two critical
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Fig. 9.1 Large PHH

steps in the repair of these large PHH; (1) aggressive mobilization of the esophagus
to restore intra-abdominal length to minimize axial tension; and (2) selecting the
best way to close the crural pillars of these large PHH. Crural closure can be
achieved either by using suture or mesh because the dehiscence of ineffective crural
repair due to radial tension may lead to intrathoracic migration of the wrap. This
may result in either acute hiatal hernia requiring emergency surgery or recurrence
of reflux and/or dysphagia over a period of time requiring difficult revisional sur-
gery. These issues will have significant impact on the patient’s short and long term
outcome and quality of life (QOL). Several studies analyzing laparoscopic repair of
very large PHH by X-ray or endoscopy reveal between 11% and 67% failure rate
due to disruption of the hiatal hernia repair suggesting significant room for improve-
ment [5-9]. It has also been suggested that the inherent actions of the diaphragm
during both respiratory (breathing, sneezing and coughing) and non-respiratory
(vomiting, straining at stools and laughing) movements exerts repetitive stress upon
the repair of the crura, which if closed under tension using suture technique may
lead to the disruption of such a repair. However, it has been proposed that the addi-
tion of mesh in a tension free manner as an alternative to reinforce the crural pillars
may decrease hiatal disruption and reduce the recurrence rate by minimizing radial
tension. Nevertheless, non-absorbable mesh poses its own complications which
include mesh infection, migration, shrinkage and erosion into esophagus or stomach
thereby making revisional surgery extremely challenging and hazardous [10].

The current chapter will address an area of controversy i.e., the use of prosthetic
material (mesh) at the esophageal hiatus and whenever possible will compare it to suture
cruroplasty based on up-to-date clinical literature. The objective of the following discus-
sion is to discuss the clinical outcomes, safety and effectiveness and complications of
the two commonly used methods for elective surgical repair of large hiatal hernias.

9.2 Epidemiology

PHH is not an uncommon entity. Surgeons in the twenty-first century encounter
PHH in almost 50% of the cases during laparoscopic hiatal hernia repair [1]. PHH
predisposes to gastroesophageal reflux disease (GERD) [11] and therefore the
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incidence of symptomatic cases of PHH is closely related to the diagnosis of
GERD. Risk factors for developing PHH include body mass index (BMI) of >25,
age > 50 and male sex. Increasing age is not only an independent risk factor for the
development of GERD [12], but also increases the incidence of PHH. This is evi-
dent in a number of population based studies in various continents [13—16]. There is
also a familial preponderance for developing PHH as it confers a 20-fold increased
risk of developing PHH in younger siblings of children with this condition [17].

9.3 Patient Selection and Indications for PHH Repair

Patient selection and preoperative evaluation are crucial for successful PHH repair
especially in elderly patients with multiple comorbidities. Larusson and his team
[18] concluded that age, American Society of Anesthesiologists (ASA) score, and
type of operation are significant predictive factors in patients undergoing laparo-
scopic PHH repair. The investigators advised caution in balancing surgical indica-
tions with each patient’s comorbidities, age, symptoms, and potentially
life-threatening complications. Asymptomatic large PHH or those with minimal
symptoms although uncommon, may be observed over a period of time, a strategy
called ‘watchful waiting” and only after these patients have been counselled regard-
ing the risks of incarceration or strangulation which may require surgery in about
1.2% of the cases and carries mortality of 5.4% [19]. These patients, therefore,
should be educated about the appropriate work-up in an elective situation in case
emergency surgery is required in the future [20]. However, symptomatic PHH in
reasonably fit patients should be offered an elective surgical option [21]. The most
common symptoms include gastroesophageal reflux disease (GERD), non-cardiac
chest pain, anemia, cardiac arrhythmias, aspiration and shortness of breath.
Obstructive symptoms include early satiety, dysphagia and postprandial chest pain.

9.4 Diagnostic Evaluation

Preoperative evaluation for PHH repair requires four main studies which include (1)
video esophagogram, a dynamic study which provides information about the overall
size and position of the stomach within the hernia; (2) esophagogastroduodenos-
copy which can provide information about the mucosa of the stomach and its asso-
ciated conditions such as Cameron’s erosions, erosive esophagitis, and Barrett’s
esophagus (Fig. 9.2). Additionally, it provides valuable information about Hill’s
endoscopic classification of hernia (Fig. 9.3), level of esophagogastric junction,
length of the esophagus and importantly to rule out malignancy; (3) high resolution
impedance manometry (HRIM) proves valuable in planning the antireflux proce-
dure which is part and parcel of hernia repair, whilst knowledge of motility patterns
help plan the type of wrap created in these patients; and (4) lastly if GERD is a
dominant symptom, 24 h ambulatory pH study will provide an objective score of
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Fig. 9.2 Endoscopic view
of Barrett’s esophagitis

Fig. 9.3 Endoscopic view
Hill’s grade IV PHH

4

GERD symptoms (Fig. 9.4). This baseline investigation can be quite useful should
symptoms or problems develop in the future postoperatively. In addition to the
above baseline foregut studies, depending on patients symptoms and co-morbidities,
other investigations which may be of value in the preoperative period include
nuclear medicine gastric emptying studies; chest and abdomen computerized
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Fig. 9.4 24-h ambulatory pH study showing objective evidence of reflux

tomography, pulmonary function tests, cardiac stress testing and echocardiogram in
elderly patients with chest pain.

9.5 Basic Principles for Laparoscopic Repair PHH

Many of the principles of standard fundoplication apply to PHH repair, the most
important of which is the tension free repair of the crura [22]. The standard approach
in the twenty-first century is laparoscopically via the abdomen although some great
results achieved through a transthoracic approach in the twentieth century have to
be acknowledged. In a study by Maziak et al. [23], 93% of the patients reported
excellent results with a 10 year follow up with only 2 recurrences needing reopera-
tion. However, this technique has fallen into disrepute because of the painful thora-
cotomy incision, insertion of chest tube, prolonged length of hospital stay and
difficult reoperations in cases of complications or recurrence.

The four critical steps of the laparoscopic PHH operation include: (1) excision of
the hernia sac in its entirety; (2) adequate mediastinal esophageal mobilization; (3)
crural repair and (4) addition of fundoplication [24]. Incomplete dissection of the sac
increases the risk of intrathoracic migration of the wrap and recurrence. Some studies
have made use of this sac to provide cover to the mesh applied over the crura [7].
Similarly, incomplete mobilization of the esophagus to achieve adequate abdominal
length of the esophagus (2-5 cm) or even the addition of Colles gastroplasty to achieve
this maneuver in the case of a short esophagus is a vital step in preventing wrap migra-
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tion and recurrence postoperatively [9]. The crural repair can be achieved either with
sutures or a mesh. Cruroplasty is achieved with non-absorbable sutures, either in an
interrupted or a continuous fashion (Fig. 9.5). Most of the sutures are placed posterior
to the esophagus, although some may need to be placed anteriorly if the crura remains
splayed after posterior cruroplasty [8, 25]. It is also common to reduce the intra-
abdominal insufflation pressure while approximating the crura, especially for the
large PHH. Some surgeons use mesh to reinforce the crural repair and the choice of
mesh depends on personal preference of the surgeon and the size of the hiatal defect
e.g., some choose to use mesh only when the hiatal defect is large or >5 cm [26, 27].
Mesh cruroplasty may significantly increase operating time (15-50 cm) as reported in
arecent meta-analysis [28], but does not necessarily increase the rate of conversion to
open [29]. It is standard to perform a fundoplication following crural closure. The type
of fundoplication varies from complete to partial anterior or posterior fundoplication.
Most common types are Nissen [30-32] (Fig. 9.6) and Toupet [33, 34]. Some sur-
geons in addition to fundoplication, suture the wrap to the crura or the stomach to the
anterior abdominal wall or use tube gastrostomy to further prevent recurrence [7, 35].
The use of a bougie at the time of crural repair or while performing the wrap seems to
be practiced by some surgeons [30, 31, 36]. However, it has fallen out of favor and is
not considered as standard practice. This is because it possibly contributes to future
recurrence by leaving a larger than required gap following cruroplasty [24].

Fig. 9.5 Laparoscopic
view of posterior suture
cruroplasty using
continuous 0 V-Loc™
suture

Fig. 9.6 Laparoscopic

view of posterior suture
cruroplasty and Nissen

fundoplication
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9.6 Prosthetic Material Versus Sutures for Repair of PHH

An area of controversy is the use of prosthetic material (mesh) at the esophageal
hiatus to provide additional support (Figs. 9.7 and 9.8). The majority of surgical
mesh are constructed from synthetic materials or animal tissue. Synthetic mesh
can be knitted or non-knitted sheet forms and can be absorbable, non-absorbable
or a combination of these two. Animal-tissue mesh (bovine or porcine) are either
made up of intestine or skin, and are absorbable. Non-absorbable mesh will remain
in the body indefinitely and is considered a permanent implant. Absorbable mesh
will degrade and lose strength over time. It is not intended to provide long-term

Fig. 9.7 Different types of meshes used to reinforce hiatal defect: (a) Covidien Paritex; (b)
Polypropylene mesh with silicone catheter; (¢) MicroVal; (d) Gore Bio-A tissue reinforcement

Fig. 9.8 Large hiatus
hernia reinforced with
Gore Bio-A mesh
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reinforcement to the repair site. As the material degrades, new tissue growth is
intended to provide strength to the repair. According to DeMeester [24] the char-
acteristics of an ideal mesh for use at the hiatus include: (1) it should be absorbable
with no tendency to erode; (2) easy to use in terms of introducing, positioning, and
fixating; (3) provide long-term, effective strengthening of the crural closure and
reduce the risk of a recurrent hernia, and (4) it should not preclude a safe reopera-
tion if necessary.

In order to improve upon the high recurrence rate of suture cruroplasty, Carlson
and his team, in 1999 [30], reported the very first randomized controlled trial (RCT)
of laparoscopic prosthetic reinforcement of large hiatal hernia. Since then, many
comparative trials [7-9, 25-27, 31-33, 36—41] and meta-analyses and systematic
reviews [28, 42, 43] comparing suture cruroplasty versus mesh repair of large PHH
have been published, analyzing various aspects of these two approaches (Table 9.1).
Amongst the RCTs, two studies have made use of non-absorbable PTFE meshes
[30, 31] and one of prolene mesh [32], while two others have used absorbable
(Surgisis® Cook Ireland) meshes with varying results [9, 41]. Similarly, a diverse
range of meshes have been used in various other prospective and retrospective stud-
ies (Table 9.1). These include vicryl [26], ultrapro [26] and acellular dermal matrix
[40]. These meshes have been applied for crural closure in various configurations
which include a keyhole or circular configuration [31, 34] where the mesh sur-
rounds the abdominal part of the esophagus, while others have used the mesh in
“U” [33, 36], square or rectangular arrangements [7, 39] over the crura posterior to
the esophagus. Some have even used the mesh as a bridge when the crural pillars
could not be opposed [36, 38]. Although the majority of the surgeons have used
staples [27, 30, 36], and tacks [25] to secure the mesh, some have utilized sutures
which includes Ethibond® [26, 27, 34, 36, 39], polyster [30], prolene [7], silk [40]
or polybutester (V-Loc™) for either cruroplasty or/and to secure the mesh. Lastly
fibrin glue has also been increasingly used for mesh fixation to the crura in recent
days [44].

9.7 Mesh Complications

The significant complications related to the use of mesh in hiatal hernia surgery,
include mesh infection, mesh erosion [45, 46], adhesions and fibrosis, migration
of the wrap into the thoracic cavity (recurrence) and fistulae making revisional
surgery very challenging even in the hands of the most experienced surgeons.
Mesh related complications have been reported to range from 1.3 to 20% [47].
However, a recent systematic review has contradicted such a high rate [43].
Furthermore, a recent meta-analysis confirms comparable low complication rates
between suture and mesh cruroplasty in PHH repair [28]. Yet another systematic
review has shown a very low complication rate of only 1.9% for the mesh group
[42] dispelling the long held belief that mesh repair has a higher complication
rate especially over a long period of time. Non-absorbable mesh related
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complications occur at an average of 17.3 months (range 1-120) postoperatively
and includes dysphagia, heartburn, chest pain, weight loss, epigastric pain and
fever from sepsis. Once again it is important to emphasize that these complica-
tions are rare [47] (Table 9.2).

9.7.1 Mesh Erosion

Mesh erosion leading to peritonitis, mediastinitis and death may have been
observed in non-absorbable mesh [48, 49], but has not been seen in the biological
absorbable mesh. These types of complications, although rare, will have signifi-
cant impact on the patient’s quality of life and may require major intervention such
as esophageal resection [25]. Mesh erosion is rare and a recent systematic review
reported this to be 0.2% [29]. Furthermore, two large studies which used non-
absorbable mesh to close the hiatal defect have not shown any mesh complications
[31, 50]. The first comparative study to report on biological mesh has not seen any
mesh related complications with a follow up of just over 6 months [40]. Since then
a few more studies including two RCTs have reported on the long term follow-up
of biologic meshes [9, 41]. The longest follow up of biologic mesh was reported
by Oelschlager et al. [9] with a mean follow up of 59 (range 40—78) months with
no mesh complications. The biggest disadvantage of using biologic mesh seems to
be a high recurrence rate of up to 54% over prolonged follow up as reported in the
Seattle study [9].

9.7.2 Mesh Related Fibrosis

Extensive fibrosis from use of mesh is probably related to the type of mesh (non-
absorbable), its configuration and the position with respect to the esophagus. A recent
systematic review estimates it to be around 0.5% [29]. Non-absorbable mesh tends to
contract far more than biological mesh leading to fibrosis and possibly esophageal
stenosis at the site of insertion. Another reason why biologic mesh causes less com-
plication is because they are less adhesive compared to non-absorbable mesh [29].
Moreover, it is also ill advised to encircle the abdominal esophagus in a circular or
keyhole fashion using non-absorable mesh which may lead to esophageal stenosis
and erosion of the mesh through the esophagus from mesh contraction. To alleviate
this issue some surgeons suggest performing relaxation incisions on the diaphragm
which are then reinforced with mesh which would be secured away from the esopha-
gus and stomach. This will prevent possible mesh erosion into these visceras as the
ensuing fibrosis will occur away from these hollow organs eliminating the risk of
dysphagia [51, 52]. The repair of recurrent hiatus hernia in the presence of previous
non-absorbable mesh repair, possess yet another challenge due to the extensive adhe-
sions and fibrosis in the hiatal area. This makes the crura rigid and bringing them
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together in a tension free manner may be impossible. Once again to facilitate a ten-
sion free repair in redo surgery, a partial thickness relaxing incision in the right crura
followed by application of bioabsorable mesh to cover not only the relaxing incision
but to reinforce the crural closure may be the most practical option [21].

9.7.3 Recurrence

In the published literature, there is no common or agreed definition of recurrence.
While some described it as any amount of herniation (range 30-50%) of the wrap
above the diaphragm [8, 38, 39], others feel that the migration of the wrap needs to
be at least 2 cm above the diaphragm [9]. Some have suggested recurrence as the
amount of separation between the crural pillars [30, 31]. However, a number of
authors have not defined what they mean by recurrence in their studies, further mud-
dying the water [7, 27, 32]. It is unclear whether migration of wrap or crural separa-
tion is a sound definition for recurrence or whether symptom recurrence such as
heartburn, acid brash, water brash, etc. make up an integral part of the definition of
recurrence. In these cases, objective evidence with 24-h ambulatory esophageal pH
study should be considered for corroboration of symptoms as relying on subjective
definitions for recurrence may result in overestimation of the rate of recurrence.

There are a number of ways to evaluate recurrence objectively. The most com-
monly adopted method is an esophagogram, which was utilized by almost all the
studies evaluating recurrence [8, 9, 25-27, 30-33, 36, 37, 39-41] except for Soricelli
et al. [7]. The second most common method was esophagogastroscopy (OGD) [7,
34, 38]. However, ambulatory esophageal pH study, which is considered to be the
gold standard for objective evaluation of recurrence of GERD symptoms was uti-
lized the least in the literature [25, 32, 38, 39].

It has been suggested that mesh cruroplasty may have a lower recurrence than
suture cruroplasty in repair of PHH. To investigate this, there have been five RCTs
and a number of prospective and retrospective studies performed since 1999.
Patients with recurrence, present most commonly with chest pain and early satiety
[43]. They may also complain of heartburn and regurgitation. While some of the
studies [31, 34] report an absolute difference in recurrence favoring mesh repair
ranging from 7 to 33%, others show no statistical difference at all between the two
groups [8, 9, 26]. Overall, the recurrence rate with the mesh repair was significantly
lower compared to suture repair (13% vs 24%) according to a recent systematic
review analyzing 13 comparative trials comparing suture cruroplasty versus mesh
repair for large PHH. Unfortunately, the authors have tried to pool the data from a
varied level of evidence (I to III) producing a lot of heterogeneity making their
results unreliable [43]. Furthermore, this disparity in recurrence rate was compli-
cated by the fact that time to evaluation was skewed towards longer follow up after
suture cruroplasty. Also only half of the patients in the mesh group were available
for follow-up compared to 73% in the suture cohort, further distorting the
results. This is in contrast to a recent meta-analysis which has purely looked at type
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I evidence i.e., RCTs comparing suture versus mesh cruroplasty [28]. The results of
this meta-analysis has shown no significant difference between the two cohorts of
patients in terms of recurrence.

As far as the RCTs are concerned, Carlson et al. [30] reported the first RCT ana-
lyzing 31 patients with large PHH of 8 cm or greater undergoing suture vs mesh
cruroplasty. Their follow-up ranged from 12 to 36 months. The author of this study
demonstrated zero recurrence with mesh (PTFE) repair compared to 19% with
suture only repair. Frantzides and colleagues [31] who used the same type of mesh
in a larger group of patients (n = 72) similarly reported a significantly higher recur-
rence rate for suture cruroplasty compared to prosthetic repair (22% vs 0% respec-
tively) at a median follow-up of 2.5 years [31]. Five of those eight recurrences
needed reoperation with mesh repair, while the rest declined surgery. The hiatal
defect in this study was also >8 cm. Granderath et al. [32] published their RCT data
on 100 patients who were subjected to suture vs mesh cruroplasty. They utilized
gastroscopy, 24-h ambulatory pH study and esophagogram at 3 and 12 months to
evaluate their recurrence rate. Although a higher rate of recurrence (26%) was noted
in the suture group compared to the mesh group (8%), the data regarding their out-
come was not available and the follow up was short (12 months). Two further RCTs
[9, 41] showed comparable recurrence rates, 59% vs 54% [9] and 23% vs 21% [41]
between the suture and mesh groups respectively, at 60 and 12 months’ follow-up
respectively. The last two RCTs investigated the role of biologic mesh vs suture
crural repair [9, 41]. Oelschlagers et al.’s study demonstrated an increasing inci-
dence of recurrence and diminishing durability of the repair with time, irrespective
of the material used, although mesh related complications with biologic mesh were
nil [9]. This trial reported a 9% rate of recurrent hiatal hernia in the biologic pros-
thetic group compared to 24% in the suture cruroplasty group at 6 months’ follow-
up. However, at a median follow-up of 58 months analyzing the same cohort of 72
patients, the recurrence rate in both groups was similar; 59% in the suture cruro-
plasty group and 54% in the biologic prosthetic group. No statistical significant
difference was noted in terms of relevant symptoms or QOL issues between the two
groups. No mesh related complications were seen with biologic mesh. The authors
of this study concluded that the benefit of biologic prosthesis in reducing hiatal her-
nia recurrence diminishes at long-term follow-up. These authors emphasized the
validity of their results based on the following facts; (1) the objective manner of
detecting postoperative recurrence by a blinded third party i.e., radiologists and (2)
the participation of experienced laparoscopic surgeons from high volume esopha-
geal surgical centers. However, they conceded that strict criteria used to diagnose the
recurrence may have overestimated the recurrence rate. Nonetheless, the authors of
this study feel that although the biologic mesh, may not protect against recurrent
hiatal hernias, it may reduce the risk of severe hernias resulting in fewer reoperations
as evident in their study. They also felt that compared to non-absorbable mesh with
its known complications such as erosion into adjacent structures e.g., esophagus or
stomach which leads to severe dysphagia, the biologic mesh has no long-term nega-
tive consequences. Other comparative studies investigating the role of these meshes
in the last decade have shown no difference in the recurrence rate between suture
and biological mesh groups [9, 33, 39-41].
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Most of the retrospective comparative trials have shown significant lower recur-
rences in the mesh group (range 2.1-9.7%) compared to the suture group (range 12.7—
42%) irrespective of the type of mesh used, its fixation technique, its orientation or the
type of wrap performed [7, 25, 26, 34, 38—40], with the exception of studies by Morino
et al. [38] and Dallemagne et al. [8]. Dallemagne’s group [8] showed a high recur-
rence rate of 67% vs 64% in both suture and mesh groups respectively after a median
follow up of 155 months, whereas Morino’s group [38] also showed a higher recur-
rence rate for both groups although it was significantly higher for the suture group
(77%) compared to the mesh cohort (35%) after a mean follow up of 43 months.
Despite this high recurrence rate for both groups, the overall number of reoperations
in each group were very low. A similar pattern was observed for various other pro-
spective comparative trials with significantly lower recurrence rates in the mesh
groups and almost no one needing any reoperation due to recurrence [26, 36, 40].

Recurrence may be concerning as the majority of them may have symptoms, but
do they all require reoperation? This remains a moot point. Two studies showed no
difference in QOL scores between the groups with and without recurrence after long
term follow up [8, 9]. Patients were followed up for a mean period of 58 months in
Oelschlager et al.’s study [9], while with Dallemagne et al’s study [8], they were
followed up for a median of 155 months. While Oelschlager and colleagues [9] used
a combination of visual analog scores and a 36-item health survey questionnaire
pre- and postoperatively, Dallemagne and colleagues [8] used a 36-item
Gastrointestinal Quality of Life Index (GIQLI) developed by Eypasch [53] which
was only done postoperatively. Seventy five percent of patients in Dallemagne
et al.’s study reported significant improvement in their QOL and symptom improve-
ment, scoring high on GIQLI [8]. Furthermore, although radiological recurrence
was detected in two thirds of their patients, it had no impact on patients’
QOL. Oelschlagers et al.’s study [9] on a long term follow-up of their patients
undergoing suture and mesh cruroplasty, found no difference in the QOL score
between the two cohorts. One can therefore conclude that subjective or even objec-
tive symptom recurrence may not be the indication for revisional surgery.

9.7.4 Reoperation

Obeid and Velanovich [54] defines reoperation as an operation required to address
anatomical or symptomatic recurrence or other problems related to the index para-
esophageal hiatal hernia repair. Reoperation rate after cruroplasty has been reported
at 6% in the suture group and 3.7% in the mesh group in a systematic review by Tam
et al. [43] It also estimates that the patients are 60% less likely to have reoperations
following mesh cruroplasty compared to suture cruroplasty. A meta-analysis by
Memon et al. [28], which analyzed only the RCTs, showed a significantly higher
rate of reoperation for suture repair compared to the mesh group. A similar result
was obtained by Muller-Stich et al. [42] in another systematic review where the
reoperation rate for mesh repair was 2.4% compared to the suture group which was
8%. They also estimated that the chance of a patient needing reoperation in the first
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3 years following mesh repair of PHH is half that of those repaired with sutures
only. The main reasons for reoperation appear to be recurrence, mesh related com-
plications, migration of wrap and dysphagia in the long term. Reoperation cannot be
taken lightly as it has many disadvantages and difficulties. It carries higher mortality
and morbidity, longer operative time, longer post-operative hospital stay, higher
costs to patients and insurers and possibly a higher incidence of complications as a
result of prolonged hospital stay [28].

Almost all of the reoperations were reported within the first postoperative year.
The true incidence of reoperation over a longer period of time is not available for
most studies simply because few authors have published their longitudinal data.
Oelschlager et al. [9] published a median follow-up of 58 months analyzing the
cohort of 72 patients undergoing suture and mesh repair for large PHH. They
reported only 2 patients requiring reoperation, both in the suture group, despite the
fact that over 50% of the patients had recurrence in both cohorts of patients. It is
unclear if PPIs were used as treatment for some of these recurrences or not. The
probable explanation for the persistence of improvement despite the anatomic
recurrence may be that the average recurrence is relatively small when compared
with the initial anatomic defect. Most of the studies reported on recurrences which
were not operated upon or were managed conservatively with proton pump inhibi-
tors. In Frantzides et al.’s [31] study 5 out of 8 patients in the suture cruroplasty
group underwent further surgery and placement of PTFE mesh to close the hiatal
defect. In Granderath et al.’s RCT [32] although there was statistically significant
intrathoracic wrap migration in the suture cruroplasty group (13 patients) versus the
prosthetic mesh repair group (4 patients), the authors have provided reoperation
details of 4 patients in the latter group, two of whom had further circular hiatal mesh
placement. No such information is available regarding the fate of 13 patients in the
suture cruroplasty group. Adelaide’s RCT [41] revealed 4 revisional surgeries in the
suture cruroplasty group within 30 days for (a) tight hiatal repair (n = 1), (b) acute
hiatal hernia (n = 3) and one at 7 months for recurrent hiatal hernia (n = 1). In the
prosthetic mesh group, no surgery was required in the absorbable mesh group
whereas 3 revisional surgeries occurred within 30 days for (a) tight hiatal repair
(n = 2) and acute hiatal hernia and gastric perforation (n = 1). One reoperation was
carried out at 8 months for persistent dysphagia.

9.7.5 Dysphagia

Persistent dysphagia is one of the important indications for reoperation. Not many
studies provide details of this complication, and therefore the true incidence of dys-
phagia both in the short and long term remains speculative for both suture and mesh
repair. Granderath and colleagues [32] reports dysphagia in 3 patients in the mesh
group and 1 in the suture group, but only the outcome of 2 patients in the mesh
group is reported. While Carlson et al. [30] and Frantzides et al. [31], both, have
failed to provide any data on dysphagia rate in either groups. Oelschlager et al. [9]
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reported no dysphagia in either of the groups. Watson et al. [41] on the other hand
reports dysphagia in 2 patients in the suture and 3 in the mesh group (all with non-
absorbable mesh), but no outcomes have been detailed.

While most of the studies reported dysphagia based solely on subjective clinical
symptoms reported by the patients, other studies undertook further evaluation in the
form of QOL score [8], GIQLI score [9] or dysphagia score [41]. When clinically
dysphagia was suspected, it was confirmed with barium studies. Watson et al’s study
is the only one to detail the pre- and post-operative dysphagia score which was a
combination of zero to ten analogue score, Visick score and SF-36 QOL score [41].
Furnee et al. [29] in his systematic review concluded that more patients with mesh
repair experienced dysphagia in the first 3 months compared to their suture counter-
parts. This seemed to be transient and the difference between the mesh and suture
group disappeared at 1 year except in cases of esophageal stenosis or mesh erosion.

9.8 Conclusions

Based on the current literature in particular some of the recent meta-analyses and
systematic reviews, it seems that prosthetic hiatal herniorrhaphy and suture cruro-
plasty produce comparable results for repair of large PHH. In the future, a number of
issues need to be addressed to determine the clinical outcomes, safety and effective-
ness of these two methods for elective surgical treatment of large PHHs. These
include (1) standardized definition of large PHH; (2) standardized techniques for
suture and prosthetic repair; (3) type of prosthesis used—biologic versus non-
absorbable; (4) standardized method of securing the mesh such as use of sutures,
tacks or biologic glues; (5) standardized classification of recurrent hiatal hernia post
repair; (6) standardized method of detecting recurrence e.g., gastroscopy, barium
swallow or CT; (7) objective assessment of recurrent hiatal hernia via 24 h ambula-
tory impedance pH monitoring and lastly (8) long term postoperative longitudinal
data collection of at least 5 years to detect the true incidence of hiatal hernia recur-
rence between suture cruroplasty and prosthetic hiatal herniorrhaphy. We believe the
use of prosthetic hiatal herniorrhaphy for large PHH needs to be individualized based
on the operative findings and the surgeon’s recommendation.

What Is the Current Knowledge and What Future Direction

Is Required

» Large PHH account for almost 50% of the cases encountered during con-
temporary laparoscopic hiatal hernia repair.

* Patient selection and preoperative evaluation are crucial for successful
PHH repair especially in elderly patients with multiple comorbidities.

* An area of controversy is the use of prosthetic material (mesh) at the
esophageal hiatus to provide additional support.
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* Mesh related complications have been exaggerated. A number of recent

meta-analysis and systematic reviews have shown comparable low compli-
cation rates between suture and mesh cruroplasty in PHH repair.

e In the published literature, there is no common or agreed definition of

recurrence.

* The results of several meta-analysis and systematic reviews have shown

comparable recurrence rate for patients undergoing either suture or pros-
thetic cruroplasty and most of these recurrences can easily be managed by
conservative management.

* The use of prosthetic hiatal herniorrhaphy for large PHH needs to be indi-

vidualized based on the operative findings and the surgeon’s
recommendation.
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Chapter 10

Lower Esophageal Sphincter Efficacy
Following Laparoscopic Antireflux Surgery
with Hiatal Repair: Role of Fluoroscopy,
High-Resolution Impedance Manometry
and FLIP in Detecting Recurrence of GERD
and Hiatal Hernia

Vivien Wong, Barry McMahon, and Hans Gregersen

10.1 Introduction

Gastroesophageal reflux disease (GERD) is a global public health problem affecting
more than 20% of the population. Hiatus hernia, a quite frequent condition in
elderly, is known to be an important risk factor for the development of GERD. In
subjects who are symptomatic hiatal hernia promotes gastric acid access to the
esophagus and impairs its clearance. The overall consequence of increased esopha-
geal acid exposure is reflux esophagitis. Medical therapy with PPI is the first choice
of treatment but does not help all patients. The first surgical repair for hiatus hernia
was reported by Soresi in 1926 [1]. Since then there have been many diagnostic and
therapeutic advancements but there is still a need for development of current tech-
niques due to the physiological and anatomical complexity of the region. The
esophago-gastric junction (EGJ) has a complex anatomical and mechanical function
in normal subjects as well as in patients with hiatus hernia, and in those with surgi-
cally repaired EGJ and hernia (see later).

Efficacy is the ability to produce a desired result or effect. Speaking about the
lower esophageal sphincter (LES), efficacy under physiological conditions as well
as pathophysiological conditions such as in herniation and after hiatus repair relates
to its ability to avoid any pathological consequences of reflux of gastric contents.
These complex issues will be discussed later in the chapter. Firstly, LES is part of a
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wider barrier mechanism to prevent reflux of gastric contents into the esophagus.
Other structures such as the crura of the diaphragm and the FLAP valve contribute
to the barrier mechanism as well. The anatomy gets even more complicated when
normal tissues structures are remodeled such as in herniation and when surgical or
endoscopic fundoplication procedures are carried out. Secondly, efficacy can be
evaluated in terms of several variables and parameters including symptoms, pH in
esophagus, EGJ pressure profiles, clearance, and flow through the EGJ. Therefore,
diagnostic technologies such as hypersensitivity testing, high-resolution manome-
try (HRM), intraluminal impedance, pH-metry, fluoroscopy, functional luminal
imaging (FLIP) and endoscopy are relevant and of value. However, we may not
fully comprehend how these tests complement each other.

This chapter provides an insight into the complex anatomy and physiology of the
EG]J including the LES under normal conditions and under remodeled conditions as
observed in herniation and during operational procedures. The chapter deals in par-
ticular with efficacy evaluation of the surgical repair and recurrence based on fluo-
roscopy, impedance manometry, and FLIP.

10.2 Anatomy of the EGJ

The EGJ consists of several structures that regulate transport of swallowed sub-
stances to the stomach and serves as a barrier against reflux of gastric contents
[2, 3] (Fig. 10.1). The reflux barrier is predominantly maintained by the LES and the
crural fibers of the diaphragm [4, 5].

LES is a tonically contracted segment of the EGJ that together with the clasp and
sling fibers of the gastric cardia form an integrated sphincter mechanism [2, 3]. LES
anatomy is fascinating since a distinct anatomical sphincter with muscle thickening
has not been clearly identified [2, 3, 6, 7]. Rather, manometric studies have shown

Esophagus
Diafraghm

Fig. 10.1 The anatomy of
the normal esophago-
gastric junction showing
the esophagus, stomach,
diaphragm and the clasp
and sling fibers (modified
and reproduced with
permission from ref. [2])

Gastric sling fibers
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the high-pressure zone in the lower esophagus [8, 9]. LES is not an annular sphinc-
ter but rather formed by two crossing muscle bundles, i.e. the semicircular “clasp”
and the oblique “sling” muscular fibers derived from the oblique fibers of the stom-
ach [2, 3, 6, 7, 10]. Closure of the EGJ appears to be due to contraction of these
muscle bundles in conjunction with crural fibers of the diaphragm [7, 9, 11-16].

Another important anti-reflux structure is the gastroesophageal flap valve formed
by a musculo-mucosal fold that maintains a pressure gradient between the stomach
and lower esophagus to keep gastric contents away from the EGJ [3, 14, 17-21].
The sling fibers of the stomach located below the LES are associated with a valve
mechanism whereby pressure in the gastric fundus creates a flap that presses against
the lower end of the esophagus [20].

The gastroesophageal flap valve is located at the gastric cardia where it maintains
the acute angle of His [7, 20].

Brasseur and co-workers described three distinct components of the barrier
mechanism in the gastro-esophageal segment and how they can be differentiated.
The components are the extrinsic crural sphincter and the intrinsic LES and sling/
clasp muscle unit. Efficacy is maintained by a delicate interplay between the com-
ponents [22].

Hiatus hernia is characterized by proximal displacement of the EGJ causing the
intrinsic sphincter to lie proximal to the hiatus formed by the crural diaphragm [23]
(Fig. 10.2). This is likely caused by rupture or weakening of the phreno-esophageal
ligament [25]. Patients with hiatus hernia have more reflux episodes and greater esoph-
ageal acid exposure than patients without hiatus hernia and they have more severe
esophagitis [26]. Furthermore, larger hiatal hernia is associated with a greater esopha-
geal acid exposure and prolonged acid clearance times [27]. This is likely a reflection
of the remodeled mechanical properties of the barrier mechanism [28]. Referring again
to the work by Brasseur, hiatus hernia with its distinct mechano-morphometric changes
disrupts the integrity of the physiological barrier mechanism [22].

Surgical or endoscopic fundoplication aims to restore the lost efficacy observed
in herniation. The geometry of the EGJ and mechanically defect LES can be some-
what restored by antireflux surgery. The LES length and the FLAP valve are to some
degree regenerated which increases the baseline LES pressure [29]. In addition to
the contribution to the pressure increase, the lengthened LES better resist the effect

Esophageal clearance!

LES dysfunction

Hiatal hernia®™

-

Crural diaphragm dysfunction -—3"

Gastric volume and emptying

Pyloric dysfunction

Fig. 10.2 Mechanisms contributing to reflux disease including the hiatal hernia (reproduced with
permission from ref. [24])
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of gastric wall tension in opening the LES. This is complemented by the recreation
of the FLAP valve which tends to occlude the lumen and increase pressure [30]. If
the wrap is defect or recurrence occur, then the full geometric-mechanical effect is
not obtained and efficacy will be impaired.

10.3 Physiology of Esophago-Gastric Junction
with Focus on LES Efficacy

From studies performed up to 20 years ago and summarized elegantly by reviews
from Mittal & Balaban [3] and Kahrilas [31], it is evident that the core tenants of the
barrier function at the EGJ are now well established. The thickened muscle area at
the distal end of the esophagus represent the LES intrinsic barrier whereas the dia-
phragmatic hiatus, which is located as a narrow opening in the diaphragm where the
distal esophagus exits the thoracic cavity and enters the abdominal cavity, repre-
sents an extrinsic barrier. Studies indicate that the proximal 2 cm of the 4 cm-long
LES is where the so-called extrinsic “pinch cock™ effect of the diaphragm overlaps
the intrinsic circular valve effect of the LES [32]. The physiology described in these
reviews still forms the basis for surgical treatment options as mentioned in the
recent review by Patti and coworkers [33].

The role of the LES at the EGJ has been quite well understood for a considerable
time. In normal subjects the LES exerts a circular muscle force at the distal end of
the esophagus just as it enters the stomach. This is part of the barrier that ensures
stomach contents do not travel back into the esophagus. When swallowing is initi-
ated the LES relaxes allowing ingested material to travel from the esophagus into
the stomach [34]. Much of our understanding of this comes from manometric stud-
ies. These type of studies were further enhanced in the 1970’s by Dent and co-
workers, who using a variant of manometry known as the Dent sleeve, demonstrated
that the LES relaxes at other times as well [35]. These events are known as transient
lower esophageal sphincter relaxations (TLESRs). It has been shown that the num-
ber of transient relaxations is higher in patients suffering from GERD [32].

The more recent work of Miller and Brasseur used a very precise manometric pull-
through technique concurrent with high frequency ultrasound and studied the high-
pressure zone at the EGJ [22]. Their aim was to separate and manometrically quantify
in vivo the skeletal and smooth muscle components at the EGJ in an attempt to gather
more physiological detail in the LES region. This was achieved using atropine in one
group of healthy volunteers to suppress the cholinergic smooth muscle sphincter
effect and cistracurium in another group to neuromuscularly block the crural sphinc-
ter. Hence, the muscle contributions could be studied separately. The main and sig-
nificant finding from this study is that the pressure profiles generated by manometric
pull-through of the region, if carried out with great precision and with the interven-
tions above, can obtain more information on the physiology and function of the LES.

From this work new information that suggests the LES has two subcomponents
is evident. The authors conclude that one component is a proximal smooth muscle
component. They describe this as the lower esophageal circular muscle, which tends
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to move with the movement of the crural diaphragm component probably due to its
attachment to the phreno-esophageal ligament. The other component is described as
the smooth muscle component distal to the diaphragm and from ultrasound appeared
to be located approximately at the position of the sling-clasp muscle fibers [36].

10.4 Laparoscopic Antireflux Surgery with Hiatal
Repair Surgical Aspects

The anti-reflux effect of fundoplication was discovered after a 16-year follow-up of
a patient with partial esophagectomy done using a fundoplication wrap around the
anastomosis with the purpose of preventing leakage [37]. It became the most com-
monly practiced effective surgical treatment for GERD. However, how the proce-
dure has augmented the effect of the lower esophageal complex to act as a valve
against reflux is still under discussion.

Fundoplication is shown to increase the nadir lower esophageal pressure [38, 39]
and thereby better resists the intra-gastric pressure that produces reflux, while pre-
serving its ability to relax (though less completely) upon wet swallows [38]. While
this increase in pressure is shown to be exerted by the gastric wrap in animal studies
excluding the LES by myotomy [40], the fact that this new high pressure zone
behaves similarly to the physiological LES is interpreted as improvement of the
LES smooth muscles by some authors [41].

The relaxation pattern of the LES is also altered after fundoplication. Increased
TLESR is found in many patients with GERD [42—-45]. The relaxation is initiated
by gastric cardiac distension, the most sensitive zone as shown in animal studies
[46]. The fundoplication wrap alters the distensibility at the region. Ireland and
coworkers have demonstrated a significant decrease in TLESR frequency detected
after fundoplication and gastroesophageal reflux associated with the episodes [39].

10.5 Recurrence of GERD and Hiatal
Hernia Clinical Features

10.5.1 Clinical Features and Fundoplication Failures

The rate of long-term resumption of acid-reducing medication after fundoplication is
shown to vary widely from 5.8 to 62%, with most reports showing a rate of <20% [47].
Level I evidence showed a symptom resolution rate of 67% at 7-year follow up [47].
Recurrence with new reflux symptoms usually indicates a breakdown of the fundoplica-
tion [48]. A systematic review on surgical re-intervention after anti-reflux surgery showed
that over 80% of failed procedure is due to disruption of the post-operative anatomy [49].

Upon symptom recurrence after fundoplication, the approach to investigate for
indication of re-operation is similar to that for the primary procedure. Investigations
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aim to show objective evidence of acid reflux recurrence and to show the integrity
of the previous repair. Most patients who received re-operations were worked up
with endoscopy, fluoroscopy and/or pH monitoring studies [49]. In particular,
endoscopy and fluoroscopy help visualize the status of the wrap and hiatal repair.

A successful anti-reflux surgery comprises of a proper fundoplication and an
intact hiatal hernia repair. Various types of fundoplication wrap disruptions have
been described [50], according to the status of the wrap itself and the presence of
any recurrence of the hiatus hernia. The wrap can be incompetent due to loosening
or breakdown, or intact but slipped so part of the stomach is herniated through the
wrap. Hiatus hernia may recur in any of the scenarios, and the wrap itself may also
herniate through the diaphragm (Fig. 10.3).

i

c d

ﬁ i ﬁ

@f:

Fig. 10.3 Types of fundoplication failure (reproduced with permission from ref. [50]). (a)
Complete or partial wrap disruption with or without recurrence of the hiatus hernia. (b) Hiatal
herniation of the stomach via the intact fundoplication wrap. (¢) Slippage of the wrap causing
gastric herniation through the wrap only but not the diaphragm. (d) Hiatal herniation of the intact
fundoplication wrap
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10.5.2 Role of Fluoroscopy

Barium esophagography is a simple investigation that allows surgeons to assess the
morphology of the wrap, albeit interpretation can be challenging even for radiolo-
gists unless full understanding of the surgical procedure itself is acquired [51].
Double-contrast study is preferred. Three components can be observed: (1) the
wrap, (2) hiatus hernia, and (3) presence of reflux. Barium esophagogram after
fundoplication would show a smooth well-circumscribed filling defect at the gastric
fundus surrounding the narrowed distal esophagus, located below the diaphragm.
The wrap can occasionally be filled with barium contrast (Fig. 10.4). Normally,
above the wrap would be the esophagus and below the stomach. A slipped wrap
would show the presence of the gastric fundus above the wrap (Fig. 10.5). Noting
the level of diaphragm, recurrence of hiatus hernia can be identified, even in the
case of herniation of the whole wrap (Fig. 10.6). Occasionally, contrast reflux is
observed during fluoroscopy, confirming the presence of an incompetent LES.

In the situation of reflux recurrence after fundoplication, endoscopy (esophago-
gastroduodenoscopy) is another important investigation. It plays the role of identi-
fying failed procedure and ruling out any other organic causes of the new symptoms.
Endoscopic features to identify a failed fundoplication was described by Jailwala
and coworkers, including presence of esophagitis, ease of endoscope passage
through the EGJ, location of wrap relative to diaphragmatic hiatus, location of the
squamocolumnar junction and the appearance of the wrap [53].

A competent fundoplication should give an endoscopic appearance, upon retro-
flexion, a good seal around the endoscope by the wrap, and its resultant lengthened
intra-abdominal portion of the LES.

Compared with barium esophagography, endoscopy is able to pick up 10-15%
more structural abnormalities upon investigation for recurrence [53] whereas it is
less informative upon workup for dysphagia. However, fluoroscopy is still
recommended in the planning of revision surgery as an image guide to the relative
anatomy of different structures.

4

Fig. 10.4 Barium esophagogram after fundoplication (reproduced with permission from ref. [52])
with the well-circumscribed filling defects seen around the narrowed distal esophagus, and a sche-
matic diagram of the corresponding anatomy
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Fig. 10.5 Barium esophagogram showing a slipped wrap, indicated by the arrows, and part of the
stomach is now above the wrap (reproduced with permission from ref. [52]). Schematic diagram
of corresponding anatomy

Fig. 10.6 Barium esophagogram showing herniation of the whole fundoplication wrap above the
diaphragm (reproduced with permission from ref. [52]). The wrap is filled with contrast. Schematic
diagram of corresponding anatomy
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10.5.3 Role of High-Resolution Impedance-Manometry

Invariably for type I sliding hernia, the LES has moved through the diaphragmatic
hiatus and has herniated in the thoracic cavity [54]. High-resolution manometry can
identify what is sometimes referred to as the double hump or double high-pressure
zone [55]. This can be seen clearly in Fig. 10.7. Evaluating hernia size indirectly
based on the distance between the double high-pressure zone on high-resolution
manometry tracings is fast coming the accepted practice in clinics globally [56].
This is very useful for general diagnosis and orientation of a hiatal hernia but it does
not give precise information on structure and function. It is recommended as part of
patient work up before surgery [57].

As high-resolution manometry has evolved over the last 20 years so too has the
concept of intraluminal impedance and the combined concept of high-resolution
impedance manometry (HRIM). Studies have shown that intraluminal impedance
provides a much better understanding of the solid, liquid or gaseous state of the
refluxate [58]. However, although the technique has proven to be a useful tool in this
regard, and despite predictions on its development into clinical practice, this has not

Hietal hernia

Fig. 10.7 High resolution manometry tracing of a single swallow by a patient with a small size
hiatal hernia. The hernia is indicated by the spacing between the green color suggesting a higher
pressure where there is a squeeze present from the tone of the LES and the pinchcock effect of the
diaphragmatic hiatus. The X-axis represents time, Y-axis is position in the esophagus and color
represents pressure going from blue for low pressure through green toward red for high pressure.
Precise values are not shown as this figure is for illustrative purposes only
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materialized. Arguably it will not be useful to help diagnose patients with hiatal
hernia or the recurrence of GERD and hiatal hernia after antireflux surgery [59].
This is mostly because repair of hiatal hernia by antireflux surgery alters biome-
chanical activity in the region of the EGJ. As intraluminal impedance does not pro-
vide objective measures of function, it cannot directly evaluate improvements in the
junction barrier after surgery. Early information indicates that intraluminal imped-
ance may have a role in assessing the acid pocket and this relates to the hypothesis
that in patients with hiatal hernia the acid pocket may appear in the hiatus [60].
Further studies need to be carried out to evaluate if using intraluminal impedance to
assess the makeup of the refluxate in the hiatus and to assess if this is altered,
improved, or eradicated after anti-reflux surgery or to determine recurrence.

Since the physiological concept of TLESR is widely accepted and can cur-
rently be more easily assessed using high-resolution manometry, its assessment
role with respect to hiatal hernia patients is worth a mention [61]. However, stud-
ies back in the year 2000 are conflicting. Van Herwaarden and coworkers claimed
that TLESRs in patients with HH were comparible to those without HH and in the
same year and journal Kahrilas and coworkers claimed TLESRs were increases in
patients with GERD and hiatal hernia [62, 63]. However, there is no evidence
from the literature of TLESR evaluation being important before or after antireflux
surgery to evaluation efficacy. This of course makes some sense since very often
itis not a lack of tone or pressure in the LES that is observed with hiatal hernia but
a separation on the two main mechanism of the barrier, i.e. the LES and the crural
diaphragm.

10.5.4 Role of the Functional Luminal Imaging Probe

New work using the functional luminal imaging probe (FLIP) to measure function
in the region of the LES and the wider EGJ segment suggests it may have a role in
antireflux surgery in general and in the evaluation of hiatal hernia in particular. In
brief FLIP provides serial measures of cross-sectional areas inside a long bag and
the lumen geometry and distensibility can be derived from the measurements.

De Haan and coworkers provided some insights into the role of FLIP in the
evaluation of reflux surgery, Nissen and Toupet in a series of 75 patients (48 of
which were redos). The authors suggested that there is ongoing variability in the
outcomes of antireflux procedures despite their existence for more than 50 years.
This has hampered the ability to assess adequately predictors of clinical and symp-
tomatic outcomes. In their study they showed that the esophagogastric segment is
less distensible after anti-reflux surgery and that Nissen procedures are less disten-
sible than Toupet procedures. Based on this they suggested FLIP provides a method
to tailor fundoplication distensibility by observing geometry and pressure intraop-
eratively. Although further studies are needed, this could help create more unifor-
mity in technique, improve the long-term symptomatic outcomes and further
minimize side effects [64].
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Fig. 10.8 EndoFLIP®
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It follows that enquiry into the role of FLIP as a distensibility technique may
teach us something about the separation of the intrinsic effect of the LES and the
extrinsic effect of the diaphragmatic hiatus when they are no longer co-located to
form the EGJ.

Recent work by Lottrup and coworkers indicated that more subtle information on
hernia may help develop a better understanding of its role in reflux disease.
Therefore, it may assist with tailoring and improving antireflux surgery for hiatal
hernia as recommended by Tatarian and coworkers in their review [65, 66]. Work
has been initiated to evaluate FLIP as a tool to provide better functional measure-
ment of the different parts of the EGJ when a hiatal hernia is present, to compare the
distensibility of the EGJ components in HH patients and controls, and to attempt to
diagnose HH. It is evident from Fig. 10.8 that FLIP is capable of distinguishing two
narrow regions in patients with smaller hernias. The study concluded that FLIP
allows for a separate assessment of LES and crural diaphragm components, where
distensibility and compliance can be evaluated along with visualization of the
region. The work further confirms the importance of the superimposition of these
two components to achieve competence of the gastroesophageal segment in many
patients. This is clearly missing in hiatal hernia patients.

Concepts and thinking on the physiology of the EGJ region have been available
for more than 10 years and are eloquently described in Gordon’s review paper in
2004 [67]. New techniques need to be developed and evolved or adapted to high-
light and understand the physiological changes that occur with hiatal hernia. In this
way, we can understand the causes better and ultimately provide better preventions
or treatments. The paper also touches on early studies by Pandolfino and coworkers
evaluating changes in cross-sectional area in the LES segment with hiatal hernia
[68]. These studies underpin more recent concepts using FLIP as a distensibility
technique. FLIP in its present or a future form may provide one of these new
techniques.
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10.6 Conclusions and Perspectives

It is indisputable that surgical repair of the EGJ with hiatal hernia is an effective
treatment but recurrence may occur. Continued improvement of surgical technology
and evaluation of efficacy are important. Some technologies for evaluating efficacy
have been around for many years and still play an important role in clinical decision-
making. HRM and fluoroscopy will likely continue to have an important role in
clinical evaluation of hernia, surgical repair and recurrence. New technologies like
FLIP are evolving and show potential since it provides data on the geometry and
distensibility of the EGJ. Kwiatek and coworkers indicated that the FLIP method
will be a valuable method to assess the outcome of antireflux surgery as a supple-
ment to other measured outcomes [69] but more work is needed before the clinical
value is clear.

The physiology of the EGJ is complex and has been studied for many years.
Advanced physiological studies have contributed significantly [22] which also may
impact on the understanding of hiatal hernia pathophysiology and the remodeling
created during surgical repairs. We are starting to be introduced to bioengineering
studies using geometric and mechanical 2D and 3D models of the EGJ based on
detailed anatomical data using high-resolution microscopic imaging [70, 71].
Similar to other organs, such models will increase our understanding of the interplay
between anatomy, geometry, mechanics and function. In vivo advanced models may
be based on diffusion tensor magnetic resonance imaging (DT-MRI) technology that
provides a non-destructive and high-resolution method for reconstructing the fiber
orientation throughout the LES region. This technique is used to measure the aniso-
tropic diffusion properties of biological tissues as a function of the spatial position
within the sample. Better understanding of the precise myoarchitecture of the LES
and its relationship to EGJ function will be beneficial for our understanding of phys-
iology, reflux pathophysiology, and clinical outcomes of anti-reflux surgery.

What Is the Current Knowledge and What Future Direction

Is Required

» Efficacy of the esophagogastric junction (EGJ) under physiological and
pathophysiological conditions such as in herniation and after hiatus repair
relates to its ability to avoid any pathological consequences of reflux of
gastric contents.

» Efficacy of the EGJ barrier can be evaluated with endoscopy, pH-metry,
fluoroscopy, impedance manometry, and the functional luminal imaging
probe.

e Surgical or endoscopic fundoplication aims to restore the lost efficacy
observed in herniation by restoring the geometry of the EGJ and mechani-
cally defect lower esophageal sphincter. It is indisputable that surgical



10

Lower Esophageal Sphincter Efficacy Following Laparoscopic Antireflux Surgery 165

repair of the EGJ with hiatal hernia is an effective treatment but recurrence
may occur.

* Upon symptom recurrence after fundoplication, the approach to investi-

gate for indication of re-operation is similar to that for the primary proce-
dure. Investigations aim to show objective evidence of acid reflux
recurrence and to show the integrity of the previous repair.

* Continued improvement of surgical technology and evaluation of efficacy

are important due to the anatomical and physiological complexity of the
esophago-gastric junction in health and disease.

* HRM and fluoroscopy will likely continue to have an important role in

clinical evaluation of hernia, surgical repair and recurrence. New technolo-
gies like FLIP are evolving and show potential since it provides data on the
geometry and distensibility of the EGJ.
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Chapter 11
Adverse Outcome and Failure Following
Laparoscopic Anti-reflux Surgery for Hiatal

Hernia: Is One Fundoplication Better than
Other?

Ciro Andolfi and Marco P. Fisichella

11.1 Introduction

The management of hiatal hernia (HH) is one of the most debated in surgery. Trends
regarding indications, approach (open, laparoscopic, thoracoscopic), sac excision,
mesh placement, and routine performance of fundoplication have changed over
time. Today, most surgeons lean to perform a laparoscopic HH repair that entails the
excision of the sac, liberal use of a mesh to buttress the hiatus, and the addition of
an anti-reflux procedure. The rationale of including an anti-reflux procedure is to
treat coexistent reflux or to prevent the onset of “de novo” postoperative reflux
[1, 2]. In fact, many studies have shown that in the majority of patients a HH is
associated with symptoms—even subtle—of dysphagia, bloating, or gastroesopha-
geal reflux disease (GERD), and that an extensive hiatal dissection could exacerbate
GERD postoperatively by impairing the anatomical anti-reflux barrier [3]. Already
in 1996, a work by Wo et al. [4] showed that 68% of patients with type III PEH had
a history of heartburn. Interestingly, many of these patients (41%) no longer had
GERD symptoms at the time the operation, and the authors attributed this finding to
the flap valve created by the stomach above the gastro-esophageal junction, suggest-
ing that, in most patients, a type III paraesophageal hernia may be an enlarging
sliding hernia. A recent double-blinded randomized controlled trial by Muller-Stich
et al. [5] has validated the addition of an anti-reflux procedure by showing that a
fundoplication during a PEH repair results in a net improvement in patients’
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symptoms with reduced acid exposure and esophagitis. However, very little has
been written on which type of fundoplication should be performed in these patients
based on the outcome. In general, a total fundoplication is the preferred approach in
patients with GERD, as it provides a better control of reflux than a partial fundopli-
cation [6, 7]. Conversely, recent trends have highlighted how in patients with PEH
a partial fundoplication could provide—especially in the absence of preoperative
manometric data—a satisfactory balance between prevention/control of GERD and
prevention of postoperative dysphagia. We have set as the goal of our chapter that to
provide an evidence based overview of how the type of fundoplication can affect the
outcome of a hiatal hernia repair.

11.2 Laparoscopic Anti-reflux Surgery Failure

Most experts would agree that failure of a fundoplication is generally owing to 1 of
the following causes: (1) wrong indications for the operation; (2) wrong preopera-
tive workup; and (3) wrong type of fundoplication.

11.2.1 Indications

Indications for surgery result from an accurate clinical and diagnostic evaluation of
the patient hiatal hernia. Whether the patient has GER symptoms or not, when
choosing to add a fundoplication, it is important to perform a complete work-up and
also consider patient’s comorbidities into account. For instance, it has been exten-
sively shown that in the setting of morbid obesity a hiatal hernia repair with fundo-
plication has the highest chance of recurrence. In these patients, the surgical
treatment, independent from the primary achievement of weight loss, may result in
the failure of the procedure, a more difficult conversion to a bariatric operation at a
later time, and would not resolve other comorbidities.

11.2.2 Preoperative Workup

Hiatal hernia repair and antireflux surgery have excellent long-term outcome but has
been reported with large variations in hiatal hernia recurrence, post-operative reflux
symptoms and dysphagia. The appreciation of the excellent outcomes of primary
antireflux surgery and the introduction of minimal invasive approaches have led to
increased number of primary antireflux procedures with subsequent increased num-
bers of failure and demand for revision. Recent data show that 10-20% of patients
will eventually experience recurrence of their symptoms or new onset of
dysphagia.
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There seems to be little agreement on the best preoperative evaluation of patients
with HH. Generally, an esophagram (or a CT scan) and an upper endoscopy (EGD)
are requested to evaluate the type of hernia and to exclude concomitant foregut
pathologies (Figs. 11.1 and 11.2). Regarding preoperative esophageal testing, the
presence of esophagitis Los Angeles classification C or D, or Barrett’s esophagus,
can be considered an objective evidence of gastroesophageal reflux and might avoid
further pH testing, which is usually performed to detect reflux prior to performing a
fundoplication. Some authors limit the performance of a fundoplication to patients
with gastroesophageal reflux (GER) symptoms [8—12]. However, other authors pre-
fer to implement their patient’s selection by adding objective measures of reflux (pH
monitoring or EGD findings) [8, 9, 11]. Leeder et al. [12] elected to perform a fun-
doplication in all patients since 1998, due to the excessive amount of reflux
symptoms in the follow-up of patients who underwent a HH repair without a
fundoplication. However, the debate whether to add or not a fundoplication still
persists. Proponents of the addition of a fundoplication cite that GER symptoms
have poor sensitivity and specificity [13—17] and are unreliable when deciding
whether to perform a fundoplication or not. A preoperative pH monitoring would be

yphageal junction —a Hermnialed stomach
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Fig. 11.2 Upper
endoscopy

the most appropriate tool in this decision-making, as it provides a more sensitive
and specific assessment of the presence and severity of GERD. In addition, propo-
nents of these addition of a fundoplication cite that an extensive hiatal dissection,
even in patients without preoperative reflux, impairs the gastroesophageal barrier
with resulting “de novo” GERD [5, 18]. Many authors believe that pH monitoring
had little value, as a fundoplication should have been routinely performed [1, 19—
34]. Esophageal manometry plays a more important role than pH testing in planning
a fundoplication [14, 16, 35, 36]. The primary purpose of performing an esophageal
manometry before an anti-reflux procedure is to exclude achalasia or other primary
esophageal motility disorders, which would contraindicate total fundoplication and
favor a cardiomyotomy. Esophageal manometry also helps detecting those patients
with severe degree of hypomotility of the esophageal body that would contraindi-
cate a total fundoplication in favor of a partial. In fact, several authors have con-
vened that when the esophageal contraction amplitude (or, in another words, the
pressure needed to pass a food bolus past a total fundoplication) is 30-40 mmHg,
then a partial fundoplication should be considered to prevent postoperative dyspha-
gia [37, 38].

11.2.3 Is One Fundoplication Better than Another?

Carrott et al. [39] suggested that symptoms associated with paraesophageal hernia
are varied, and that truly asymptomatic patients are rare. In this single-center review
of 270 consecutive patients undergoing surgical repair of paraesophageal hernia,
Carrott et al. found that symptoms included heartburn (65%), early satiety (50%),
chest pain (48%), dyspnea (48%), dysphagia (48%), and regurgitation (47%). Due
to the difficulty in evaluating the esophageal motor function in some of these
patients and the common preoperative complaint of dysphagia [2, 38, 39],
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Fig. 11.3 Partial posterior
fundoplication

Fig. 11.4 Partial anterior
fundoplication

some surgeons prefer to perform a partial fundoplication (Figs. 11.3 and 11.4),
rather than a total fundoplication [23, 24]. In fact, a partial fundoplication might be
associated with fewer functional problems—Ieading to persistent dysphagia postop-
eratively—than a total fundoplication in those patients who might have undiag-
nosed impaired esophageal motility [38]. However, there has been little objective
evidence to support this trend, and one might argue that the overall durability of a
partial fundoplication in the control of reflux might be less reliable than that of a
total fundoplication [40-43]. Currently, there is a large agreement to perform a par-
tial fundoplication (either posterior or anterior) in patients with impaired esopha-
geal motility. Allaix et al. [44] suggested performing a total fundoplication as the
procedure of choice, while reserving a partial fundoplication in cases of severe
esophageal dismotility or during emergencies, when the patient presents with signs
and symptoms of incarceration or strangulation. The rationale of this approach was
that patients are frequently elderly, often they do not have preoperative esophageal
manometry, and a partial fundoplication might also be an effective form of gastro-
pexy. Conversely, Arafat et al. [30] routinely performed manometry in all patients,
and in those with a challenging insertion, they placed the manometry catheter with
the help of an endoscope. Arafat et al. suggested performing a partial fundoplication
when manometry showed aperistalsis or severe dismotility, yet not objectively
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defined. Auyang et al. [45] suggested performing a partial fundoplication in patients
with 90% or more failed peristaltic contractions. Cohn et al. shunned from a total
fundoplication in all patients with aperistalsis and those with severe dysphagia with
inability to pass the manometry catheter. DeMeester and other authors reported that
a fundoplication should always be added to all HH repairs and the type of fundopli-
cation should be selected on the basis of the patient’s esophageal motility [32-34].
In the studies by Ponsky and Stiven, of 142 patients undergoing HH repair with
a partial fundoplication—141 partial posterior (270 Toupet) and 1 partial anterior
(180 Dor, due to the anatomical difficulties in performing a posterior wrap)—at a
mean follow-up of 17 months, no patient reported reflux symptoms, while 4 (3%)
patients (1 in the Ponsky and 3 in the Stiven study) presented with postoperative
dysphagia requiring endoscopic dilation [23, 24]. In two studies, by Mittal et al.
[10] and Van Der Westhuizen et al. [10, 11] no fundoplication was performed in
patients with impaired esophageal peristalsis, and in patients with normal motility,
the type of fundoplication was chosen according to gastric anatomy and fundus
compliance. Overall, on a combined number of 225 patients, 150 (66.5%) under-
went total fundoplication, 18 (8%) partial posterior fundoplication, 1 (0.5%) par-
tial anterior fundoplication, 4 (2%) a gastric bypass for obesity (BMI[ 40 kg/m? ),
and 52 (23%) had no fundoplication. Postoperatively, at a mean follow-up of
29 months, 18 patients (12%) who underwent a total fundoplication presented with
dysphagia, with 10 requiring endoscopic dilation. Eleven patients presented post-
operatively with symptoms of reflux, seven after a total fundoplication (4.6%), and
four after PEH repair alone (7.7%), yet no postoperative pH monitoring was per-
formed [10, 11]. Interestingly, Dallemagne et al. and Leeder et al. routinely per-
formed a preoperative manometry and stated that they considered a total
fundoplication as the procedure choice in all patients, while they reserved a partial
fundoplication only to those with little compliance of the gastric fundus [12, 26].
Overall, on a combined number of 118 patients (96 total fundoplication, 11 partial
anterior, and 11 partial posterior), among patients with total fundoplication, three
had postoperative dysphagia (3%); two required a conversion to a Toupet fundo-
plication and 1 improved after endoscopic dilation. Among these 118 patients, 21
(18%) had postoperative reflux symptoms. Gouvas et al. [21] divided the 16
patients with abnormal esophageal motility in two subgroups: one group of nine
patients who received a total fundoplication, and another group of seven patients
who received a partial posterior fundoplication. At 12 months of follow-up, they
showed that four patients (44%) after a total fundoplication and two patients (29%)
after a partial fundoplication presented with postoperative dysphagia. Conversely,
four patients (57%) presented with reflux symptoms after a partial fundoplication,
while one patient (11%) presented with GER symptoms after a total fundoplica-
tion. In addition, all 16 patients underwent postoperative esophageal pH monitor-
ing and all of those with a partial fundoplication had an abnormal amount of reflux
(mean DeMeester score of 33), while 4 out of 9 patients (44%) after a total fundo-
plication had an abnormal amount of reflux (mean DeMeester score of 39).
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11.3 Conclusions

These data have shown that in the majority of surgeons prefer to add a fundoplica-
tion to all HH repairs, preferably a total fundoplication in patients with normal
esophageal motility. Despite this widespread tailored approach, as of today there is
no evidence in literature that a fundoplication is better than another in preventing
reflux and avoiding dysphagia in patients undergoing hiatal hernia repair, and the
small prospective/retrospective and non-comparative studies in the literature do not
help in drawing definitive conclusions. Based on our experience, we strongly sug-
gest performing esophageal testing, when possible, and adopt a tailored approach
performing a total fundoplication only in patients with effective esophageal
motility.

What Is the Current Knowledge and What Future Direction

Is Required

* Most of the authors agree that a fundoplication should be added to a hiatal
hernia repair.

* When possible, a complete workup including pH monitoring and high-
resolution manometry should be performed before planning an operation.

* The majority of surgeons embrace a tailored approach when choosing the
antireflux procedure, performing a total fundoplication only in patients
with effective esophageal peristalsis.

* A partial anterior or posterior fundoplication should be considered for
patients with esophageal motility disorders.

» Further study is required to validate this tailored approach.
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Chapter 12

Post-operative HRIM and FLIP for Dysphagia
Following Antireflux Procedures

John Pandolfino and Dustin Carlson

12.1 Introduction

Post-operative dysphagia after an antireflux procedure is a common problem that
requires a thorough evaluation of anatomy and physiology to determine whether the
complaint is due to obstruction at the esophagogastric junction or a defect in peri-
stalsis that was either missed or underestimated during the pre-operative assess-
ment. Many tools are helpful in this assessment and the first step is to assess the
anatomy of the EGJ as antireflux procedures focus primarily on attempting to aug-
ment the barrier function of this anatomic zone. This can be accomplished with a
careful endoscopy or a barium esophagram to determine whether the antireflux pro-
cedure is intact or potentially disrupted with or without herniation. Additionally,
these tools are also important in ruling out strictures and other mechanical problems
related to the various endoscopic and surgical approaches.

High-resolution impedance-manometry (HRIM) and Functional lumen imaging
probe (FLIP) evaluation should be performed when there is no overt cause of post-
operative dysphagia found on endoscopy and barium esophagram. High-resolution
impedance manometry can assess the ability of the lower esophageal sphincter
(LES) to relax and can also provide surrogate information regarding obstruction via
an assessment of intrabolus pressure. Additionally, peristaltic function and bolus
clearance can also be assessed during HRIM to determine whether there are severe
abnormalities in motor function that will lead to severe bolus retention once the
antireflux barrier is improved. The FLIP procedure is a complementary approach
that can be used endoscopically to assess the opening dynamics of the EGJ. Although
the FLIP has been primarily utilized in the evaluation of achalasia, this approach
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can be applied to the evaluation of post-fundoplication dysphagia as the primary
focus is documenting normal EGJ opening.

The current chapter will focus on the work-up of post-operative dysphagia after
antireflux procedures with the assumption that there are no overt abnormalities in
anatomy noted on endoscopy or barium esophagram. Additionally, the approach to
these patients will be generalized across both the endoscopic and surgical approaches
as the primary goal of HRIM and FLIP are to rule out a major motor disorder and
obstruction at the EGJ.

12.2 Algorithm: Evaluation of Dysphagia After
an Antireflux Procedure

It is not uncommon for a patient to note some degree of dysphagia after an antireflux
procedure and the difficult part of the early evaluation is determining whether the
complaint is transient or will persist. A feeling of food hanging up or that there is a
foreign body sensation is expected during the early post-procedure period (first
30 days) because the anatomy has been altered to prevent reflux and thus, inherently
this area will be more obstructive to passage of liquid and food. As long as patients
are maintaining their weight, not requiring narcotics for pain or regurgitating (espe-
cially at night), I will monitor the patient closely during this early post-procedure
time-frame. After 30 days, if the patient continues to have symptoms or the symp-
toms are progressive or associated with weight loss and nocturnal regurgitation,
evaluation with endoscopy and/or barium esophagram should be performed to
assess the anatomy (Fig. 12.1). If there is no overt herniation or disruption, or there
is a suggestion that an obstruction is occurring due to these abnormalities, the next
step should focus on assessing EGJ opening. This can be accomplished by perform-
ing an EndoFLIP™ evaluation during the endoscopic evaluation. Alternatively, this
can be accomplished with a barium esophagram using a 12.5 mm barium tablet if
FLIP is not available. If there is an obstruction noted and the anatomy is conducive
to dilation [no frank herniation or disruption], I will typically perform a through-
the-scope (TTS) balloon dilation to 20 mmHg with the caveat that this will likely
need to be repeated and escalated if no change in symptoms occur to a higher diam-
eter using either the EsoFLIP dilator balloon or the standard pneumatic balloon
dilators from 30 to 35 mm. Patients without evidence of obstruction should undergo
HRIM evaluation and in most instances I will typically place this during endoscopy
to expedite the work-up and improve patient adherence. The typical swallow proto-
col will be used to determine whether peristaltic function has changed and whether
an underlying primary motor disorder was undiagnosed before the operation. It is
important to realize that the operation can alter motor function and pseudoachalasia
may be difficult to discern from primary achalasia that was missed. The pre-
operative manometry is usually very helpful as it is unlikely that achalasia has



12 Post-operative HRIM and FLIP for Dysphagia Following Antireflux Procedures 181

Approach to patient with dysphagia after an antrireflux procedure
[Surgical/Endoscopic]:

-symptoms may be dysphagia, regurgitation or food impaction

Symptoms associated with weight-loss, severe
regurgitation and/or continued requirement of narcotics

\l/ yes

Before 30 days post-procedure » UGI Contrast

lno v

no i
_ Disrupted or Frank
EGD N herniation

| oe]

Hiatus hernia or disruption with or yes Considered failure and consider surgical options to correct
without obstruction ’ defect and treat reflux. Would place back on PPI.

o

Esophagitis/ Stricture

J/no

yes Medical management with PPl and dilation therapy if
stricture is noted. Consider procedure a failure.

FLIP
\L Dilation with a TTS balloon and gauge response.
R ) yes If no response-may escalate dilation therapy with
Evidence of obstruction —_— pneumatic balloon [EsoFLIP].
\l/na UGI with a barium tablet may be helpful.
HRIM
l yes Treat accordingly with the caveat that this could be
Major Motor Disorder/EGJOO »  psel i relalgfd to th_e operation or narcotic use
if ongoing.

| no

Functional Dysphagia
Treat with supportive care, diet
therapy and behavioural
intervention

Fig. 12.1 Management algorithm for patients presenting with dysphagia after an antireflux proce-
dure. Patients presenting with symptoms that are severe requiring pain medication and/or associ-
ated with regurgitation and weight loss require some evaluation to primarily rule out an anatomic
or mechanical problem related to herniation or disruption. A step-wise approach is used that ulti-
mately will lead to a diagnosis consistent with functional dysphagia if both FLIP analysis and
HRIM are negative

evolved over a short time period and occasionally, interventions with amyl nitrite
can be helpful to differentiate a mechanical obstruction (no relaxation to amyl
nitrite) from achalasia (relaxation in response to amyl nitrite). Additionally, narcot-
ics can be associated with a type III achalasia pattern or an EGJOO and repeat
manometry off these medications should be attempted if possible. Patients without
evidence of obstruction or a major motor disorder will typically be treated as if they
meet criteria for functional dysphagia and will be referred for cognitive behavioral
therapy, hypnosis and dietary consultation.
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12.3 High-Resolution Impedance Manometry (HRIM)

Esophageal manometry is recommended for the evaluation of non-obstructive dys-
phagia and prior to anti-reflux surgery [1]. Although not a primary indication,
manometry has been used to assess persistent dysphagia in post-fundoplication
patients and extrapolating from protocols for dysphagia appears to be reasonable.
High-resolution manometry (HRM) utilizes catheters with pressure sensors spaced
1-2 cm apart that are positioned spanning from the hypopharynx to the stomach to
simultaneously measure pressures generated along the entire length of the esopha-
gus. Sophisticated software processes the HRM pressure output to generate esopha-
geal pressure topography (EPT) plots that represent esophageal motility and
sphincter function on color-coded, pressure-space-time plots [2]. Analysis of EPT
plots is facilitated by objective metrics of esophageal function that can be applied to
classify individual swallows and generate esophageal motility diagnosis according
to a consensus-generated scheme: the Chicago Classification [3, 4]. Once again, the
Chicago Classification was not meant to assess post-fundoplication dysphagia,
however, it is reasonable to utilize the current metrics given the fact that asymptom-
atic post-fundoplication patients appear to have similar normal values when com-
pared to controls [5, 6].

Over the last 5 years, there has been an increased interest in combining HRM
technology with impedance and to leverage the information on bolus transit from
impedance with the improved accuracy and detail of HRM. Basically, this approach
gives you the “best of both worlds” and allows for more sophisticated analysis of
esophageal function. Impedance electrodes are usually spaced at 2 cm intervals to
straddle pressure sensors and provide an assessment of bolus transit/retention and a
more robust assessment of IBP.

12.3.1 HRIM Study Protocol

After catheter calibration and application of topical anesthetic to the patient’s nare
and/or throat, the HRM catheter is placed transnasally and positioned with the pres-
sure sensors spanning form the hypopharynx, through the esophagus, and 3-5 cm
into the stomach. After a brief period for patient acclimation, a baseline of resting
pressures can be obtained over approximately 30 s of easy breathing and without
swallows. Confirmation of correct placement of the catheter traversing the esopha-
gogastric junction (EGJ) can be confirmed during this period by recognition of the
presence of the pressure inversion point (PIP), i.e., the point at which the inspiration-
associated negative intrathoracic pressure inverts to the positive intra-abdominal
pressure. Having the patient take deep breaths facilitates identification of the PIP by
augmenting the EGJ pressure and exaggerating the intra-thoracic and intra-abdominal
pressures. This can be helpful in patients after hernia repair to determine whether
there is recurrence, however, this should usually be noted during endoscopy.
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The Chicago classification is based on the analysis of ten supine, liquid (5-mL
water) swallows and is validated for use in the non-surgical patient. Since one of the
primary objectives in assessing patients after antireflux procedures focuses on defin-
ing subtle obstruction, additional components can be added to the manometric pro-
tocol to supplement clinical interpretation. Inclusion of upright swallows can be
useful to help distinguish if abnormal pressure signals, particularly at the EGJ, are
related to anatomic abnormalities, such as vascular artifact or hiatal hernia [7].
Incorporating swallows of different bolus textures (thick liquids or solid) or a test
meal may also be beneficial to uncover symptoms and/or abnormal findings of
esophageal function [8]. Multiple, rapid swallows (generally 5 swallows of 2-mL
water spaced 2-3 s) can also be included to elucidate defects in deglutitive inhibi-
tion (if esophageal contractions occur during the course of the multiple swallows)
and to assess for peristaltic reserve [9, 10]. Peristaltic reserve can be identified by
augmentation of the esophageal contractile vigor following the multiple swallows
and may help predict risk of developing post-fundoplication dysphagia or detect an
etiology for symptoms in an otherwise normal manometry study [9, 10].

Our institutions standard protocol includes (1) Ten supine, liquid swallows, (2)
five upright liquid (5-mL water) swallows, (3) one multiple, rapid swallows (five
swallows of 2-mL water spaced 2-3 s), and (4) provocative swallows with a thick
liquid (applesauce) and solid (crackers) food bolus based on suspicion for obstruc-
tion and a final 200 mL mixed saline swallow to mimic a timed barium
esophagram.

12.3.2 HRIM Interpretation

Interpretation of EPT studies in the patient presenting with dysphagia after an anti-
reflux procedure can be performed in a stepwise, hierarchical fashion directed by
the Chicago Classification (Figs. 12.2 and 12.3) [4]. There are, however, several
caveats to note when applying the Chicago Classification to EPT analysis for
patients who have undergone an antireflux procedure. First, the absolute values
reported in the Chicago Classification (and in the remainder of this review) are
based on normative values generated from supine swallows of 5-mL water using the
Sierra HRM assembly (Medtronic Inc., Shoreview, MN). Thus, interpretation using
different catheter assemblies, patient positions, and/or boluses, needs to account for
expected differences in normative values of EPT metrics, which are summarized in
areview by Herregods and colleagues [11]. Additionally, there are studies that have
presented data on HRM metric values in patients who are asymptomatic after fun-
doplication. These values are very similar to what is seen in the published normative
ranges for non-surgical controls, however, small elevations in IRP are probably
within what would be expected and a careful assessment of bolus transit may help
determine whether a slightly elevated IRP is contributing to the current symptoms.

More recently, a new analysis paradigm has been introduced that combines the
analysis of HRM and impedance. Automated impedance manometry (AIM) utilizes
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Fig. 12.2 Analysis of esophageal pressure topography and impedance using color isocontours,
(Left) An example of a normal swallow with intact peristaltic integrity is provided. The color scales
for pressure and impedance are noted on the bottom below the topography plot. Deglutitive lower
esophageal sphincter (LES) relaxation is measured by the integrated relaxation pressure (IRP), the
mean pressure of the EGJ during the four contiguous or non-contiguous seconds of maximal relax-
ation (i.e., lowest pressure) during the deglutitive window (10 s after the swallow). The value is
12 mmHg and this is within the normal range, The contractile deceleration point (CDP; red circle)
is localized by identifying the point along the 30-mmHg isobaric contour at the intersect of lines
(dashed-red) tangent to (1) the trailing edge of the propagating contractile wave distal to the transi-
tion zone and (2) the terminal portion of the wave front proximal to the esophagogastric junction
(EGJ). The distal latency is then measured as the time from the onset of swallow to the CDP and
is normal at 6 s. Peristaltic vigor is measured by the distal contractile integral (DCI), a composite
metric of pressure amplitude x duration x axial length (mmHgesecm) of the distal esophageal
contraction (i.e., between the transition zone and the proximal border of the EGJ). The value for
this swallow is approximately 1100, which is normal. (Right) An example of a FLIP topography
plot with the diameter color scale on the bottom and the pressure and volume tracings on the top.
This is a normal study with evidence of repetitive antegrade contractions which represent peristal-
tic contractions in response to volumetric distention. The distensibility index measured through the
EGJ is 8.2 mm*mmHg and suggests minimal resistance to flow through the EGJ. Values less than
2.8 are consistent with obstruction

the temporal association of peak pressure, nadir impedance and detailed measures
of IBP to determine bolus transit dynamics and this approach does appear to have
some value in the post-fundoplication patients with dysphagia. This approach led to
the development of other metrics focused on utilization of impedance data with and
without pressure information, such as the bolus flow time (BFT) and the esophageal
impedance integral (EII).
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Fig. 12.3 HRIM and FLIP topography in two patients after fundoplication. Figure 12.3a repre-
sents data from a patient with an obstruction related to a tight wrap. The patient has no evidence of
peristalsis on both the HRIM study and the FLIP topography. Additionally, both the HRIM and
FLIP study support an obstruction. The HRIM supports a severe obstruction at the EGJ with a
borderline IRP and abnormal pressurization on the esophageal topography plot with severe bolus
retention. The FLIP study supports obstruction with a very low distensibility index and the inabil-
ity to reach a diameter above 12.5 mm at pressures greater than 30 mmHg. This patient would
benefit from dilation or reoperation. Figure 12.3b represents data acquired in a patient with normal
function on both HRIM and FLIP topography and the dysphagia symptoms in this patient are
likely functional
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12.3.2.1 Individual High-Resolution Manometry Metrics

The Chicago Classification is based on the assessment of patients without previous
foregut surgery, and thus technically should not be applied to these patients.
However, with acknowledgement of these factors, the concepts of EPT interpreta-
tion based on the Chicago Classification can be broadly applied.

12.3.2.2 Basal EGJ and Upper Esophageal Sphincter Assessment

Though not incorporated in the Chicago Classification of esophageal motility diag-
noses, EGJ morphology and basal pressure are important parameters in the assess-
ment of dysphagia after an anti-reflux procedure. The basal EGJ should be assessed
during a period of quiet breathing and absent of swallows. Because the crural dia-
phragm (CD) contributes to EGJ pressure, both the separation of the LES-CD (i.e.,
EGJ morphology) and the effect of the respiratory cycle on basal EGJ pressure
should be appreciated; greater LES-CD separation and reduced CD augmentation
pressures are associated with increased reflux [12, 13]. Elevated basal EGJ pres-
sures are also be observed, but the clinical relevance of this finding remains unclear.
Reporting EGJ morphology and basal pressures is more important in the patient
with dysphagia after antireflux procedures as the procedure specifically targets the
antireflux barrier and the components of the EGJ. Large separation of the LES and
CD will be seen in disruption and signifies reherniation. Additionally, abnormal
basal EGJ pressure values or high EGJCI values can be associated with
obstruction.

12.3.2.3 Deglutitive LES Relaxation

Deglutitive LES relaxation is measured with HRM/EPT using the IRP. Because the
IRP is referenced to gastric pressure, the IRP can be affected by abnormal pressur-
ization within the stomach. Thus, we typically place the gastric reference 2 cm
below the EGJ, though may adjust the placement of the gastric reference to reflect
the esophageal outflow resistance pressure in patients. This measurement is the
most important parameter in patients with dysphagia as patients with post-
fundoplication as this is where the primary alteration occurred and studies support
that patients with post-procedure dysphagia have significantly elevated IRP values
compared to controls and asymptomatic post-fundoplication patients [6].

12.3.2.4 Distal Latency

The contractile deceleration point (CDP) has been recognized as an important land-
mark that represents the physiologic transition from esophageal peristalsis to ampul-
lary formation and emptying [14]. Clinically, identification of this landmark draws
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its primary importance in defining the distal latency (Fig. 12.1), the essential metric
defining spastic contractions [15]. The CDP should represent the transition to the
terminal propagating velocity and should be within 3 cm of the EGJ [4, 14]. This
metric should not be altered after an antireflux procedure and evidence of abnormal
latency intervals may be related to a missed diagnosis of a spastic disorder or nar-
cotic induced.

12.3.2.5 Peristaltic Vigor

Peristaltic vigor is measured in HRM/EPT by the distal contractile integral (DCI;
Fig. 12.1). As one of the goals of the most recent update of the Chicago Classification
was to simplify the esophageal motility assessment using EPT, the DCI claimed
greater importance in the schema for individual swallow assessment [4].
Hypercontractile swallows are defined by a DCI > 8000 mmHgesecm, a value previ-
ously exceeding any observed DCI in studies of normal controls. Swallows with a
DCI < 450 mmHgesecm showed strong agreement with ineffective swallows identi-
fied on conventional manometry and thus a lower DCI threshold has been incorpo-
rated into the classification scheme to define ineffective swallows [4, 16]. One
interesting phenomenon of antireflux procedures is the finding of increased peristal-
tic vigor after the procedure. This augmentation is likely due to the esophagus
responding to an increase in outflow resistance [Mittal- animal model paper]. In
fact, overt jackhammer esophagus can be related to a tight or disrupted fundoplica-
tion and this will improve if the obstruction is removed. Thus, all patients who pres-
ent with jackhammer esophagus after antireflux procedures should be presumed to
have an obstruction until proven otherwise.

12.3.2.6 Peristaltic Integrity

In swallows with a normal DCI, the integrity of the peristaltic wave is assessed by
measuring the length of axial breaks in the 20 mmHg isobaric contour. Previous
versions of the Chicago Classification differentiated breaks into small (3—5 cm) and
large (>5 cm), though the most recent update only classifies swallows with large
peristaltic breaks (i.e., >5 cm) as fragmented swallows. Once again, these weak
contractions will lead to altered bolus transport that may be accentuated in the con-
text of an antireflux procedure.

12.3.2.7 Pressurization Pattern

The final step in assessing individual swallows in determination of the pressuriza-
tion pattern. With the IBC set at 30 mmHg, swallows are assessed for panesopha-
geal pressurization, i.e. simultaneous esophageal pressurization extending from the
upper esophageal sphincter (UES) to the EGIJ, and/or compartmentalized



188 J. Pandolfino and D. Carlson

pressurization, i.e., when distal esophageal pressurization extends from the contrac-
tile front to the EGJ. An assessment of the degree of compartmentalized pressuriza-
tion is an important component of the HRIM evaluation of patients with dysphagia
after antireflux procedures as this is a more accurate methodology to define obstruc-
tion at the EGJ. Although there is no validated approach, using the isobaric contour
tool, one is able to scroll up and down to determine the minimal pressurization
within the compartmentalized area between the LES and propagating wave. If this
value is above 30 mmHg, the patient likely has a significant obstruction. These
patients are usually referred for an UGI with a 12.5 mm barium tablet of an endos-
copy with FLIP if this was not done previously.

12.3.2.8 Individual Impedance Based Metrics
Bolus Flow Time

A study using concurrent HRIM and esophageal intraluminal ultrasound demon-
strated that impedance measurement can assess EGJ opening and esophageal emp-
tying [17]. Based on this concept, our group developed and validated a novel HRIM
metric to specifically assess flow across the EGJ: the bolus flow time (BFT) [18].
Utilizing simultaneous videofluoroscopy with HRIM, bolus flow across the EGJ
was observed on fluoroscopy when two criteria were met: (1) bolus was present,
which was associated with a decrease in impedance and (2) A preferential trans-
EG]J pressure gradient existed such that pressure in the distal esophagus was greater
than at the crural diaphragm. Both of these criteria were incorporated into a
computer-based algorithm for automated calculation of the BFT. To measure the
BFT, three impedance and three manometry signals are placed through the EGJ at
I-cm intervals (thus, impedance and pressure signals were interpolated by the anal-
ysis software). The distal impedance and manometry signal is positioned within the
hiatus as identified by crural contractions [18, 19]. Using the impedance signals, the
duration of bolus presence is determined: The onset of bolus presence is defined as
the point at which the impedance dropped to 90% of the nadir; the offset of bolus
presence is defined as the return to 50% of the impedance baseline. Using the three
manometry signals, periods of a trans-EGJ flow-permissive pressure gradient (i.e.,
when the esophageal pressure was greater than both the crural and intra-gastric
pressure signals) are determined. The BFT is then derived as the sum of all periods
meeting the criteria of both bolus presence and a flow-permissive pressure gradient
time. If the impedance drop is not greater than 50% at each axial location and/or a
flow-permissive pressure gradient is not achieved, the BFT is considered to be zero.
The median BFT value of the five upright swallows is utilized for each patient.
Previous study of asymptomatic volunteers demonstrated a median (interquartile
range, IQR) BFT of 3.2 s (2.3-3.9 s) for upright swallows; lower BFT values indi-
cate reduced esophageal emptying [19]. We recently reported that the BFT was a
useful measure in patients with suspected achalasia and borderline IRP measures
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and that BFT had a better symptom-association than basal EGJ pressure (EGJP) or
IRP in patients with achalasia prior to intervention [19].

Measures of Bolus Residual/Retention

Two measures of esophageal bolus residual can be calculated: the esophageal
impedance integral (EII) ratio and the nadir impedance to peak pressure impedance
ratio (IR).

The EII ratio is measured by creating a measurement region-of-interest (ROI)
ranging from the distal border of the upper esophageal sphincter to the proximal
border of the EGJ and starting at the upper esophageal sphincter relaxation and last-
ing to the completion of peristalsis or 12 s [20]. A best-fit diagonal straight line that
demarcated the present or expected peristaltic wave front is defined to divide the
swallow ROI into swallow (Z1) and post-swallow (Z2) impedance domains. The
amount of bolus present within each domain (Z1 and Z2) is then quantified by mea-
suring the esophageal impedance integral (EII), which represented the volume of
intra-esophageal liquid present within each domain (Z1 and Z2). The EII is mea-
sured by first determining the times of bolus presence by assessing the mean baseline
impedance and the nadir impedance at all times within the ROI; domains of bolus
presence are defined when the impedance value decreased to 50% from baseline.
The amount of bolus (i.e., EII) is then quantified by measuring the impedance-pixel
density (impedance value x time x axial length). Finally, the Ell ratio is calculated as
the EII-Z2 divided by EII-Z1; i.e., the ratio of residual bolus volume (Z2) relative to
the intra-esophageal bolus volume following the swallow, but before the peristaltic
wave. A greater EIl ratio indicates a greater degree of bolus retention [20].

The IR is measured by creating an analysis region-of-interest ranging from the
distal border of the upper esophageal sphincter to the proximal border of the EGJ
and starting at the upper esophageal sphincter relaxation and lasting to the comple-
tion of peristalsis [21]. The contractile peaks of the peristaltic wave and correspond-
ing nadir impedance time points preceding the peaks (corresponding to maximum
distension) are identified along the ROI. To determine the IR the nadir impedance
value is divided by the impedance value mapped to the timing of peak contraction
(peak pressure impedance). IR is calculated at each position along the ROI and the
average IR was then calculated for the whole esophagus. A greater IR indicates a
greater degree of bolus retention [21].

12.3.2.9 Pressure-Flow Measures of Distension Pressure,
Flow Timing and Bolus Pressurization

Pressure-flow parameters are measured for the distal esophagus proximal of the
EGIJ. A measurement ROI is defined from the mid-point of the transition zone to the
proximal border of the EGJ (Fig. 12.2b) [21]. Note, the transition zone midpoint is
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defined by the lowest pressure between proximal and distal esophageal pressure
segments or the distal margin of the proximal esophageal segment in the case of
large 20 mmHg iso-contour pressure defects (>5 cm). The peaks of the peristaltic
contraction and corresponding nadir impedance time points preceding the peaks
(indicative of maximal luminal cross-sectional area) are identified along the
ROI. Guided by the timing of nadir impedance and peak pressure, four pressure-
flow variables can be determined as described below:

1. The pressure at nadir Impedance (PNadlmp) is used to define the discrete
intrabolus distension pressure occurring at the point of maximal luminal
distention.

2. The intrabolus pressure slope (IBP slope) is defined by calculating the average
gradient of pressure change from the nadir impedance point to the midpoint in
time between nadir impedance and peak pressure. This quantifies the rate of
pressure change (or pressure “ramp”) during the isotonic/auxotonic phase of
esophageal contraction preceding luminal occlusion.

3. The time from nadir impedance to peak pressure (TNIPP) is used to define the
flow latency from maximum distension to maximum contraction.

4. Finally, the pressure-flow index (PFI) is calculated using the formula
PFI = (intrabolus distension pressure x IBP slope)/(TNIPP—peak pressure). The
intrabolus distension pressure is defined by calculating the median distension
pressure from the nadir impedance point to the midpoint in time between nadir
impedance and peak pressure. The peak pressure was the pressure recorded at
the maximum wave amplitude.

12.3.3 The Utilization of Pressure Flow Metrics in the Analysis
of Post-fundoplication Dysphagia

In a study from Myers et al., liquid and viscous swallows were evaluated using the
Pressure-Flow analysis paradigm in 19 patients with reflux disease before and after
surgery. Automated impedance manometry (AIM) analysis calculated a range of
pressure and bolus movement variables and compared these to standard measures of
esophago-gastric junction pressure and total bolus transit time were also evaluated.
At 5 months postop, 15 patients reported some dysphagia, including 7 with new-
onset dysphagia. Three AIM-derived pressure-flow variables: time from nadir esoph-
ageal impedance to peak esophageal pressure (TNadImp-PeakP), median intra-bolus
pressure (IBP, mmHg), and the rate of bolus pressure rise (IBP slope, mmHgs(—1)).
These variables were combined to form a dysphagia risk index (DRI = IBP x IBP_
slope/TNadImp-PeakP). DRI values derived from preoperative measurements were
significantly elevated in those with postoperative dysphagia (DRI =58, IQR =21-408
vs no dysphagia DRI =9, IQR =2-19, P < 0.02). A DRI >14 was optimally predic-
tive of dysphagia (sensitivity 75% and specificity 93%). Although this approach is
promising, it is currently only utilized by specialized centers with specialized manual
extraction protocols and customized software packages.
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12.4 Functional Lumen Imaging Probe (Flip)

Assessment of esophageal distensibility is somewhat limited with traditional meth-
ods of esophageal disease evaluation (i.e., upper endoscopy, manometry, and
barium-radiography) [22]. Devices employing impedance planimetry, which mea-
sures luminal cross-sectional area (CSA), combined with intra-luminal pressure
sensors allow for evaluation of esophageal mechanical properties and distensibility.
Initial studies applying impedance planimetry to the esophagus demonstrated the
feasibility and utility in evaluating the esophagogastric junction (EGJ) and esopha-
geal hypersensitivity [23, 24]. Multiple impedance planimetry electrodes measuring
serial, adjacent CSAs in a tubular lumen (essentially high-resolution impedance
planimetry) allowed for anatomic and biomechanical characterization of the esoph-
agus: a functional lumen imaging probe (FLIP) [25].

Recently, acommercially-available device, the EndoFLIP (Crospon, Inc. Galway,
Ireland) has increased the availability of FLIP. Subsequently, research and clinical
utilization of FLIP to assess esophageal function and disease has increased. The
FLIP has demonstrated the potential to become a valuable tool for functional evalu-
ation in esophageal diseases associated with abnormalities of EGJ competence
(e.g., achalasia and gastroesophgeal reflux disease, GERD) and mechanical proper-
ties of the esophageal body (e.g., eosinophilic esophagitis, EoE) [26]. The FLIP
consists of a 240-mm long, 3-mm outer diameter catheter with a balloon mounted
on the distal end. The balloon houses 16 paired impedance planimetry electrodes
spaced at consistent intervals and a solid-state pressure transducer located at the
distal end. Excitation electrodes at either end of the balloon emit a continuous low
electric current. As the balloon is filled with a conductive fluid, the voltage (which
is proportional to impedance) is measured across the paired impedance planimetry
electrodes providing measurement of CSA. The balloon is infinitely compliant
(within allotted fill volumes) to allow conformation to the esophageal lumen and
subsequent measurement of distensive properties of the tubular lumen. Two primary
device sizes are commercially available with FLIP measurement segments of 8 or
16-cm. Some studies report use of earlier models that consisted of a 10-14 cm bal-
loon that housed the 16-paired electrodes spaced at 4-mm intervals for a 6.4-cm
measurement length [27-31].

12.4.1 FLIP: Protocol

During a FLIP study, measurements of 16-sequential CSAs and one intra-bag pres-
sure are simultaneously measured at a 10-Hz sampling rate during volume-controlled
distension of the bag. Luminal diameter measurements, which simplify use for
clinical application, are generated from the CSA measures by assuming a circular
lumen: CSA = n(diameter/2). The FLIP is placed into the esophagus either trans-
orally or trans-nasally in a sedated or awake patient. Due to patient tolerance, our
institutional practice is to place the catheter orally either during endoscopy with
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conscious sedation (typically using the 16-cm measurement device) or intra-
operatively during general anesthesia (typically using the 8-cm measurement
device). The FLIP is positioned within the esophagus by identifying the waist on the
real-time, semi-3D display at a low fill volume (typically 20-30 mL). With the
16-cm bag, the distal esophageal body can be evaluated simultaneously with the
EG]J; the EGJ then serves as a reference point to control for catheter movement dur-
ing the study. Marking the catheter with an endoscopically or manometrically mea-
sured distance to the EGJ can also assist with placement, though maintenance of
stable FLIP positioning by visualizing landmarks on the real-time display during
the course of the study remains paramount.

During stable positioning of the catheter, volume-controlled distension of the
bag is performed. CSA and pressure (thus distensibility) measurements may vary
depending on the degree of volume distension, thus measurements should be
obtained at a stable distension volume and over a time sufficient to allow accounting
for measurement fluctuation related to respiration and esophageal contractions/peri-
stalsis. Additionally, measurements should be obtained at a volume that can gener-
ate sufficient intra-bag pressure to distend the esophageal body to allow an evaluation
of the luminal CSA/pressure relationship. Our practice is to perform step-wise volu-
metric distension with the 16-cm bag during endoscopic evaluation using 10 mL
increments; we focus on the EGJ distensibility measures at the 60-ml fill volume.
For intra-operative use, we typically make EGJ measures at the 40-mL fill volume
with the 8-cm bag.

12.4.2 FLIP Analysis

Though both CSA (diameter) and pressure are simultaneously measured (and often
reported independently in studies), assessing the relationship between luminal CSA
and distending (intra-bag) pressure arguably reflects the greatest value provided by
the FLIP for the esophageal evaluation (Figs. 12.2 and 12.3). The distensibility
index (DI) has been the typical measure of sphincter distensibility and is calculated
by dividing the median narrowest CSA (within the sphincter of interest) divided by
median intra-bag pressure over a set timeframe (or distension volume). The FLIP
measurements are dynamic with both CSA and pressure fluctuation occurring dur-
ing a stable distension volume, thus various methods using the FLIP Analytics soft-
ware (Crospon) or other external software methods (e.g., MATLAB, The Math
Works, Natick, MA) have been reported to generate metrics.

The FLIP is indicated (and FDA approved for use in the United States) for clini-
cal use as a pressure and dimension measurement device, as an adjunctive test in
patients with symptoms consistent with esophageal hypersensitivity and to estimate
the size of a stoma produced by a gastric band. Thus, clinical applications for FLIP
are varied. Studies utilizing FLIP have consistently demonstrated an abnormal
reduced EGJ-DI (i.e., more narrowed EGJ lumen at greater distending-pressure) in



12 Post-operative HRIM and FLIP for Dysphagia Following Antireflux Procedures 193

treatment naive achalasia patients [28, 32-34]. Further, studies assessing achalasia
treatment response (e.g., after pneumatic dilation or LES myotomy) have reported
lower EGJ-DI in patients with poor symptomatic outcomes (particularly below a
threshold of 2.8-2.9 mm?*mmHg than in patients with good symptomatic outcomes
[28, 32]; they also suggest that EGJ-DI may have a stronger association with symp-
toms and esophageal retention (per timed-barium esophagram) than manometric
measures of LES pressures.

Although there is little data on FLIP in post-fundoplication, it is logical to apply
the cut-offs for normal ranges and EGJ outlflow obstruction utilized in achalasia.
Patients with DI values less than 3.0 mm*mmHg may have obstruction and values
less than 1.0 are highly suspicious for a tight wrap or mechanical obstruction in the
patient after an antireflux procedure. We utilize the DI to determine whether dilation
will be performed and response to therapy.

Additionally, evaluation of esophageal contractility (described in more detail
below) with achalasia may also provide some complementary clinical information
to the standard assessment with esophageal manometry [34]. This has been incorpo-
rated into a live display that can substantially help diagnose obstruction and dys-
motility in the post-fundoplication patient (Figs. 12.2 and 12.3).

12.5 Conclusions

The approach to the patient with dysphagia after an antireflux procedure requires a
multidisciplinary approach using multiple diagnostic tools which provide comple-
mentary information. The choice of initial test is typically focused on ruling out
severe complications and this requires an assessment of anatomy and bolus reten-
tion. In patients presenting during the early post-operative phase (within 30 days), it
is best to start with an UGI to determine whether there is evidence of disruption,
herniation or frank obstruction. Patients with positive or equivocal results will usu-
ally require an upper endoscopy to reconfirm the anatomy and assess whether other
complications, such as esophagitis, stricture or a tight wrap are contributing to the
symptoms. The FLIP device provides a more accurate methodology to assess EGJ
obstruction during endoscopy and we have included this in our endoscopic protocol
whenever we are evaluating patients with dysphagia after an antireflux procedure. If
the FLIP supports an obstruction, we would proceed with dilation and will escalate
the dilation target based on the results of the FLIP. We have relied less on manom-
etry to assess EGJ obstruction and its primary role is focused on assessing motility
in patients with normal EGJ distensibility to determine whether dramatic changes in
peristalsis have occurred or a primary motor disease was missed in the pre-operative
evaluation. The utilization of amyl nitrite to assess mechanical versus underlying
achalasia is well described, but used less in the context of FLIP testing. Although
this algorithm provides a framework, the clinical presentation and availability of the
tools will certainly determine the sequence in which they are utilized.
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What Is the Current Knowledge and What Future Direction

Is Required

* Dysphagia is a common symptom after antireflux procedures.

* Pre-operative assessment of symptomatic dysphagia and motility are
important in the work —up of patients referred for antireflux surgery.

e The causes of dysphagia after antireflux procedures are very heteroge-
neous and range from surgical complications related to anatomic disrup-
tion to functional dysphagia related to visceral hypersensitivity.

* Obstruction related to surgical complications should always be ruled out
with a careful endoscopy complemented by radiographic evaluation.

e New technologies, such as HRIM and FLIP may help improve detection of
abnormal EGJ opening and obstruction as a potential cause of post-
procedure dysphagia.

» Using FLIP based dilation techniques could be helpful in patients with
mechanical obstruction related to a tight wrap using a staged graded
dilation.
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Chapter 13
Preoperative Assessment of Failed
Fundoplication with Recurrent Hiatal Hernia

Kenan Ulualp, Kathleen Simon, and Jon C. Gould

Hiatal hernia repair and fundoplication provide excellent long-term results.
However, even with the application of the time-tested surgical principles, recurrence
rates in postoperatively-unscreened and screened patient groups may be as high as
14% and 25% respectively [1-3]. Also, recurrent hiatal hernia is recognized as the
most common cause of the failure of an antireflux procedure with an incidence of
approximately 50% of all cases [4, 5]. Failed fundoplication and recurrent hiatal
hernia may be associated with a myriad of symptoms that may necessitate urgent
surgical care and present a challenging clinical problem that requires in depth
understanding of the condition.

13.1 Definition and Anatomy

Failed fundoplication is an anatomical deviation from the desired postoperative
configuration that should provide optimum result as a gastroesophageal junction
enhancement procedure. Failed fundoplication may be classified as slipped, malpo-
sitioned or loose and may or may not be together with an hiatal hernia. Similarly,
failed diaphragmatic hernia repair refers to a deviation from the targeted optimum
anatomic configuration at the time of the diaphragmatic repair that would prevent
herniation of the abdominal organs to the thoracic cavity but at the same time do not
interfere with the normal physiology. Anatomically it may be classified as a recur-
rence with intact hiatus, lateral defect, anterior defect, posterior defect or
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Table 13.1 Types of failed Slipped fundoplication and hiatal hernia
fundoplication and hiatal

hernia repair

Slipped fundoplication

Malpositioned fundoplication

Malpositioned fundoplication and hiatal hernia

Tight fundoplication

Hiatal hernia alone

Loose fundoplication

Tight cruroplasty

anteroposterior defect, listed in increasing order of frequency [6]. Above definitions
therefore include intact fundoplications and cruroplasties that are symptomatic but
require treatment due to over-tightness (Table 13.1).

13.2 Pathophysiology

Despite having been recognized over two centuries ago particularly by the work of
Bochdalek and Morgagni, pathophysiology of the hiatal hernia still remains to be
elucidated [7]. Limited data in the literature suggest; (a) unrelenting motion of the
diaphragm, (b) increased intraabdominal pressure, (c) esophageal shortening and
(d) structural changes in the diaphragm and adjacent ligaments as three main patho-
physiologic mechanisms leading to hiatal hernia (Table 13.2) [7-12].

Technical reasons and mesh related complications may be added to this list as
other contributing factors in the patients with previous repairs. Pathophysiologic
mechanisms leading to recurrence act by interfering with antegrade pumping of the
bolus, wound healing and principle of tension-free hernia repair.

13.3 Clinical Presentation

According to traditional understanding a recurrent hiatal hernia may or may not be
symptomatic, and asymptomatic cases are usually discovered incidentally during a
work-up for another reason. However, recent reports challenge this notion by sug-
gesting that symptoms associated with silent hernias are much broader than previ-
ously thought and truly asymptomatic patients are rare [13—15]. Symptoms like
insidious alterations in eating habits, early satiety and postprandial dyspnea that
gradually increase over time—particularly in the elderly population—may in fact
be related with a recurrent hiatal hernia and should not be assumed to arise due to
aging [16]. Moreover, pulmonary symptoms in the patients with hiatal hernia may
also remain underappreciated likely because in elderly population symptoms such
as dyspnea is often attributed to arise from other comorbidities [17]. Therefore a
careful history taking is necessary in the patients that are assumed to be
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Table 13.2 Pathophysiologic mechanisms and etiology of hiatal hernia

Mechanism Etiology

Increased intraabdominal pressure Obesity

Pregnancy

Straining

Chronic constipation
Weight lifting
Esophageal shortening Congenital short esophagus

Esophageal/periesophageal fibrosis

Chronic vagal stimuli

Tight esophageal longitudinal muscle

Structural changes in the diaphragm Reduced matrix metalloproteinases

Defective collagen formation

Structural changes in the crura Dilatation of the myofibrillar spaces

Swelling of sacrotubular structures

Degeneration of myofibrils

Disruption of the muscles
Decreased elastin in the ligaments In phrenoesophageal ligament

In gastrohepatic ligament

asymptomatic. In the more symptomatic group, complaints are mostly mechanical
symptoms due to gastroesophageal obstruction, gastroesophageal reflux, strangula-
tion and incarceration (Table 13.3). While in the cases with slipped fundoplication
reflux symptoms are the main components of the clinical picture, obstructive symp-
toms including anorexia, early satiety, dysphagia, postprandial bloating, regurgita-
tion and weight loss become more prominent in the cases with intact fundoplication.
Incarceration and partial strangulation of displaced abdominal organs may cause
chest or abdominal pain in addition to other specific symptomology depending on
the herniated structures. Venous congestion of the mucosa due to chronic external
pressure may result in gastric ulceration (Cameron’s ulcer) and postprandial pain
[19] (Fig. 13.1).

Cameron’s ulcer may cause occult bleeding and iron deficiency anemia both
resolve typically after herniorraphy. Respiratory tract symptoms secondary to
chronic aspiration or intrathoracic displacement of the abdominal organs can also
be seen and may include postprandial dyspnea, chronic cough, asthma, otitis media,
sleep apnea, globus sensation, hoarseness, recurrent upper respiratory tract infec-
tions and recurrent pulmonary infections. In addition, patients may present with
urgent signs and symptoms of acute conditions such as gastric volvulus, colopleural
fistula or gastropericardial fistula [21-23].

Gastropericardial fistula may appear as a rare complication of penetrating pep-
tic or neoplastic ulcers of the stomach within the recurrent hiatal hernia. Diagnosis
should be suspected when a patient with an history of hiatal hernia repair present
with chest/shoulder pain, dyspnea, atrial fibrillation, pericardial tamponade, pyrexia
and upper gastrointestinal symptoms [23, 24]. Dyspnea and coughing with purulent
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Table 13.3 The most Incidence (%)

common chief complaints of Dysphagia 26

the patients with recurrent =

hiatal hernia [18] Regurgitation 24
Heartburn 18
Nausea 10
Chest pain 6
Epigastric pain 6
Dyspnea 6
Anemia 4
Nocturnal choking 2

Fig. 13.1 Gastric ulcers
distal to hiatal hernia at the
points of diaphragmatic
impingement on the
stomach (—Cameron’s
ulcer) [20]

sputum discharge accompanied by with pyrexia, and sepsis should raise suspicion
of a colopleural fistula especially in the patients with history of mesh repair of an
hiatal hernia [22, 25]. Hemoptysis may add to these symptoms if the recurrence is
complicated with gastrobronchial fistula [26].The classic presentation for acute
gastric volvulus is severe epigastric pain, retching without vomiting and inability to
pass a nasogastric tube (Borchardt’s triad).

Symptom assessment should be standardized by using questionnaires both for
follow-up and the quality of life measurement purposes [27-29]. However, it should
be remembered that the positive predictive value of the symptoms is limited and the
preoperative assessment should be supported by other methods [30].

In addition to symptomology, patient’s past medical history should be questioned
for the presence of chronic immunosuppression, ongoing steroid treatment, diabetes,
morbid obesity and smoking as the other factors that may adversely influence the
wound healing and increase the probability of a re-recurrence. Obesity in particular
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is arisk factor for failed antireflux procedure [31]. Nicotine addiction should also be
questioned preoperatively. Tobacco usage has a well-known relation with hernia-
tions and wound healing similar to its detrimental effect on the lungs which may
appear as a systemic spillover reflected in the herniation sites namely metastatic
emphysema [32].

Evaluation of the former surgery is also essential. If available, previous operative
report should be reviewed—for information about the diameter of hiatal hernia,
management of the sac, preservation of the vagus nerves, post-operative length of
the abdominal esophagus, type of the fundoplication and use of a mesh—to get an
opinion on the anatomy prior to the initial operation.

13.4 Radiologic Studies

Plain chest radiographs may reveal a mediastinal mass with or without an air-fluid
level. In the latter case fundus air is absent. Although the mass is predominantly
retrocardiac and located to the left of the spine it may be large enough to even mimic
a cardiomegaly. In the absence of gas within the hernia sac plain chest radiograph
has a limited value in the differential diagnosis (Fig. 13.2). However in the presence
of these findings, particularly in elderly patients with multiple comorbidities which
may lead to diagnostic uncertainty, surgeon must maintain high index of suspicion
for the presence of recurrent hiatal hernia [21].

A barium swallow or videoesophageal study may be useful in demonstrating
the position of the hernia, location of the gastroesophageal junction, esophageal
motility and is the preferred examination for the investigation of hiatal hernia recur-
rence under elective conditions (Fig. 13.3). Radiologic diagnosis of a sliding hiatal
hernia can be made if more than four mucosal folds are recognizable 2 cm above the
diaphragm in an upper gastrointestinal barium swallow series in a prone oblique
position. Esophagus may appear tortuous and may become aperistaltic above the
hiatus suggesting supradiaphragmatically positioned esophagogastric junction.

Fig. 13.2 Recurrent hiatal hernia on the PA (a) and lateral plain (b) chest radiographs with air-
fluid levels (on the left), and with bowel gas in the mediastinum (on the right)
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Sliding Hernia Paraesophageal Hernia

Hernia

GE junction
(above diaphragm)

/ GE junction

(below diaphragm

Hernia a Diaphragm

‘Diaphragm \

Fig. 13.3 Hiatal hernia on barium swallow

Under subacute conditions barium swallow may reveal complications like gastric
volvulus (Fig. 13.4). On a dynamic study if the hernia is not reducible with the
patient in an erect position and persistent within the thorax then it is considered to
be an incarcerated diaphragmatic hernia [30].

Gastric emptying study should also be obtained in patients who had retained
barium in the stomach 2 h after the end of barium swallow and on those who had
food in the stomach during gastroscopy after overnight fasting [27].

Computerized tomography (CT) is not routinely used. But it may be useful in
the elective cases without an air-fluid level in direct radiographs or with a neoplasia
which requires staging and in urgent cases in which a barium swallow study is
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Fig. 13.4 Gastic volvulus.
Note the supradiaphragmatic
position of the stomach

contraindicated. Presence of an hernia sac in CT examination which is greater than
2 cm is radiologically accepted as a recurrent hiatal hernia (Fig. 13.5). In urgent
cases, CT should be preferred to determine the size of the hernia, width of the hiatal
defect, presence of the other intra-abdominal organs in the mediastinum and to rule
out complications such as gastric volvulus or hollow organ perforation. Pneumatosis
of the gastric wall, free gas and fluid outside the gastric wall within the hernia sac,
and lack of contrast enhancement of the gastric wall are the CT findings suggestive
of a gastric necrosis [30].

13.5 Upper Gastrointestinal Endoscopy

Endoscopy should be performed in all patients for evaluation of the esophageal and
gastric mucosa for inflammation, ulcers, Barrett’s esophagus, strictures and compli-
cations like mesh penetration. In addition endoscopy may play a therapeutic role in
the cases complicated with gastric volvulus. Though often it is not possible to pass
the endoscope into the duodenum the viability of the gastric mucosa can be assessed
with upper endoscopy. Insufflation of the stomach can at times lead to unfolding of
the volvulus and thus be therapeutic. A well-perfused stomach decompressed with
an nasogastric tube can enable consideration of operative intervention on a
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Fig. 13.5 CT appearance of a recurrent hiatal hernia

semi-urgent basis in daylight time. Intraoperative access to endoscopy during surgi-
cal treatment of recurrent hiatal hernia is highly advisable [10, 11, 18].

13.6 High Resolution Manometry

Manometric study indicated in the patients with an esophageal dysmotility during
radiologic examination. Esophageal dysmotility may be in the form of ineffective
esophageal motility, diffuse esophageal spasm, nutcracker esophagus, lower
esophageal sphincter hypotension, lower esophageal sphincter hypertension or
non-specific motor disorders and could account for the recurrent clinical picture
(Table 13.4) [18]. It should be noted however; in the patients with large recurrent
hernias catheter placement below the lower esophageal sphincter can be difficult.

13.7 Esophageal pH Monitoring

Determination of the esophageal pH changes using wireless Bravo capsule sensor is
indicated in patients with heartburn or regurgitation as the chief complaint and in those
with small recurrent hiatal hernia (<4 cm) to assess the functional integrity of the wrap.
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Table 13.4 Manometric findings in esophageal dysmotility (LES, = LES pressure)

Abnormality Manometric finding
LES hypotension LES, < 10 mmHg
LES hypertension LES, > 40 mmHg

Nutcracker esophagus Contractions of increased amplitude (>180 mmHg)

Contractions of increased duration (>8 s)

Diffuse esophageal Increased number of swallows resulting in simultaneous contractions
spasm (>20%)
Ineffective motility Contractions of decreased amplitude (<30 mmHg) in distal esophagus

with >30% of wet swallows

13.8 Assessment Under Urgent Conditions

Although rare, recurrent hiatal hernias may present with acute complications that
require urgent surgical management. These include acute gastric volvulus, organ
perforation or penetration of the hollow organs in the sac to adjacent organs result-
ing in fistula. These conditions are with a significant mortality likely to the fact that
they present in elderly patients with significant comorbidity and high perioperative
risk due to their limited physiological reserve and do not tolerate any delay in
diagnosis.

The key to the management is early recognition. Risk should be graded accord-
ing to the American Society of Anesthesiologists (ASA) classification. Fluid and
electrolyte deficiencies are assessed by determination of the serum levels. Blood
gases and lactate levels are checked to detect acid-base imbalances. Presence of
gastric necrosis, organ perforation, mediastinitis and other indications for preopera-
tive initiation of antibiotics has to be ruled out. Tissue oxygenation should be
assessed by pulse oximetry to initiate oxygen for the patients with low pO, levels.
Early CT of the chest and abdomen is performed while the patient is in the emer-
gency department. A decision is be made regarding the need for immediate opera-
tive intervention, endoscopy, or nasogastric tube (NGT) decompression.

Impossibility of passage of an NGT beyond the gastroesophageal junction should
raise suspicion of organo-axial gastric volvulus. The role of the endoscopy as an
assessment tool is described above.

Since large incarcerated paraesophageal hernias can cause cardiac compression,
compromising cardiac output or arrhythmias, early anesthetic and intensive care
involvement is critical in unwell patients. This may include arterial and central
venous access for invasive monitoring, targeted fluid resuscitation and inotropic
support [38].

Another urgent condition is the recurrent hernia that may be seen during preg-
nancy. Although it is a rare, intractable nausea, vomiting appearing as late onset
hyperemesis gravidarum—after 20th week of gestation—should raise suspicion of
a recurrent hiatal hernia, particularly in the presence of a mediastinal shift, dyspnea
and history of an hiatal hernia repair [33-35].



206 K. Ulualp et al.
13.9 Decision Making

Despite completion of a thorough preoperative workup of the patient in order to
justify a reoperative attempt, the decision for reoperation must still be highly scru-
tinized by both the patient and the surgeon. Initial data in the literature indicates to
an increased risk of complications for patients undergoing redo-laparoscopic opera-
tions emphasizing the possibility of blood loss, perforation of the esophagus, perfo-
ration of the stomach—occasionally requiring Roux-en-Y reconstruction—and
injury to adjacent organs [36, 37].

More recent data however, possibly due to the evolution of the laparoscopic tech-
nology and use of the robotic surgery, revealed similar outcomes in the redo-
laparoscopic surgery patients versus initial-surgery group with the exception of
increased operative time due to re-identifying the relevant operative planes and
blood loss which do not require transfusion [18, 28].

In this regard, a great amount of time and detail must be undertaken in educating
the patient with regard to the proposed reoperative strategy and its associated risks
emphasizing the importance of choosing a procedure with benefits outweighing the
associated risks. This becomes more important particularly in acute and/or compli-
cated cases in which exact management strategy may not be known until the pathol-
ogy is properly assessed and require consent of the patient for all possibilities to
repair the problem, including on-table endoscopy, laparoscopy, laparotomy, thora-
cotomy, feeding jejunostomy or gastrostomy.

Current Knowledge and Future Directions

* Recurrent hiatal hernia is recognized as the most common cause of the
failure of an antireflux procedure with an incidence of approximately 50%

» Failed fundoplication may be classified as slipped, malpositioned or loose
and may or may not be together with an hiatal hernia.

e A barium swallow or videoesophageal study may be useful in demonstrat-
ing the position of the hernia, location of the gastroesophageal junction,
esophageal motility and is the preferred examination for the investigation
of hiatal hernia recurrence under elective conditions

e Upper gastrointestinal endoscopy should be performed in all patients for
evaluation of the esophageal and gastric mucosa for inflammation, ulcers,
Barrett’s esophagus, strictures and complications like mesh penetration.

» For reoperative procedures, there is an increased risk of complications
including blood loss, perforation of the esophagus or stomach, and gastro-
intestinal leak necessitating repeat intervention.

* In the hands of experienced surgeons, outcomes of reoperative procedures
are excellent.
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Chapter 14
Recurrent GERD After a Fundoplication:
Failure or Wrong Procedure

S. Mittal

Anti-reflux surgery in form of fundoplication is the gold standard for definitive
treatment of gastro-esophageal reflux disease (GERD). Fundoplication is created by
wrapping the gastric fundus around the distal 2-3 cm of esophagus, which lies ten-
sion free below the hiatus. With advent of minimally invasive techniques, there was
greater patient and referring physician acceptability leading to an explosive increase
in laparoscopic fundoplications being performed. Fundoplication is a procedure
performed to improve quality of life and requires in-depth patient assessment and
precise technical expertise to achieve optimal results. Excellent long-term satisfac-
tion has been reported by several centers of expertise with greater than 95% patients
reporting excellent satisfaction up to 10-20 years [1, 2].

A subset of patients reports either recurrent or new onset undesirable symp-
toms—either can be termed a failure of outcome. With the dramatic increase in
number of procedures being performed, there has been a corresponding increase in
number of patients with failed fundoplication. Surgeon’s inexperience with tech-
nique or poor patient selection is likely to result in dissatisfied patients—resulting
in failed fundoplication. In our experience, these two go hand-in-hand and with
experience surgeons do a better job at patient selection.

Essentially a poor outcome or recurrent symptoms after a period of symptom
control can be a result of poor patient selection, improper surgical technique, inad-
equate patient counseling or fundoplication disruption over time. We have discussed
each of these in the following sections.
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14.1 What Is a Failed Fundoplication?

While experts may argue as to the definition and what comprises a failure; from a
patient’s perspective failure to provide durable symptom control and/or occurrence
of undesirable symptoms is a failure. While being of paramount importance, patient
symptoms alone are poor indicators of “recurrent GERD”. Not infrequently pro-
found esophageal dysmotility with or without tight fundoplication present with
“recurrent regurgitation” and may be mistaken for recurrent GERD while the prob-
lem is poor esophageal emptying rather than an incompetent EGJ complex.

14.2 How to Evaluate a Dissatisfied (‘Failed”)
Fundoplication Patient?

Evaluation for potential surgical intervention should be thorough and systematic in
a patient presenting with recurrent symptoms or undesirable symptoms after previ-
ous anti-reflux surgery.

14.2.1 Patient History

Often in our clinic the first patient visit is a long 45-60 min patient interview. The
reason is that not only does the surgeon needs to figure out how to best alleviate current
symptoms but also understand underlying pathophysiology prior to first procedure. In
our opinion the key elements of information which should be gathered includes:

(a) Symptoms prior to first surgery and response to medications

While the patient may be in a big rush and filled with anxiety to discuss present
symptoms, it is imperative that we carefully elucidate original symptoms. If patient
symptoms were of heartburn and regurgitation it is important to seek response (at
least initially) to acid suppression therapy. Complete lack of response to acid sup-
pression therapy is usually a red flag that the patient symptoms were probably not
likely due to GERD. Duration of symptoms and progression along with associated
symptoms such as dysphagia, cough etc. should also be sought after.

(b) Work up done prior to surgery and results

Efforts to get details of pre-operative work-up done and results of the tests
should be sought after. Usually one can elicit from the patient themselves which
tests were done and where (most patients are unlikely to forget having a manom-
etry or pH done). It is important to personally review these test results to con-
firm that the patient had reflux and make some degree of assessment of baseline
esophago-gastric motility. If the barium swallow reports poor clearance or a
dilated esophagus then it is safe to assume severe underlying esophageal dys-
motility. Similarly an EGD report with documented food in stomach would
indicate underlying gastroparesis. Absence of an elevated 24 h pH score and
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lack of classical symptoms with poor response to medications in all likelihood
indicates absence of GERD in the first place.

Symptoms immediately after surgery

After getting the information in regards to pre-operative symptoms and tests, we
like to enquire about the immediate postoperative period. Some degree of dyspha-
gia and gas-bloat is near universal. Almost all patients report a great degree of
improvement in heartburn and regurgitation regardless of how poorly the surgery
might have been done provided the initial diagnosis of GERD was correct. This is
because even transient reduction of HH and creation of any degree of fundoplica-
tion results in a greater competence of GEJ complex. Initial symptoms of dyspha-
gia are managed with assurance and continued liquid diet till symptoms improves
which is about 4-6 weeks. Only in cases with complete dysphagia i.e. unable to
tolerate even their own saliva and clear liquids do we recommend doing a barium
or endoscopy to rule out a slipped fundoplication or rarely a twisted fundoplica-
tion. While gentle dilation at this time may help symptoms transiently we prefer to
wait for 4-6 weeks before endoscopic dilation for dysphagia. Similarly early post-
operative bloating is self-limiting in severity and duration. However, severe and
persistent bloating should raise concern for either missed or (occasionally) devel-
oping gastroparesis. Persistence of cough and other extra-esophageal symptoms
could indicate that the symptoms were never associated with GERD even though
pathological GERD may have been objectively documented pre-operatively.

Occurrence of current symptoms and response to medications

After the above information we start discussing patient’s present symptoms and dura-
tion of symptoms. For obstructive symptoms i.e. dysphagia it is important to note
whether the problem persisted after the first surgery or did it develop de novo after a
dysphagia free interval. Similarly whether the heartburn and regurgitation symptoms
resolved and to what degree and if there was an inciting event such as severe gaging,
retching or vomiting which lead to recurrence. Additionally it is imperative to ask
whether the present symptoms are similar to those pre-operatively and how does the
response to medications compare to preoperative response. If predominant symp-
toms were extra-esophageal and persisted after surgery one must take in to consider-
ation that the symptoms are not related to GERD even though pathological GERD
was present pre-operatively and classical symptoms (if any) have resolved. On the
flip side if heartburn and regurgitation recurred after a bout of retching and respond
to an extent to acid suppression then it is most likely recurrent GERD.

14.2.2 Diagnostic Tests

(a)

Upper Gastrointestinal Endoscopy (EGD)

All patients should undergo upper gastrointestinal endoscopy by the operating
surgeon. Vast majority of gastroenterologists and for that matter most surgeons
are inherently unfamiliar with post-fundoplication anatomy and descriptive
terms [3]. Upper endoscopy is also used to look for mesh/foreign body erosion
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and Barrett’s esophagus (and degree of dysplasia). An intact symmetrical fun-
doplication on retroflex view goes a long way to argue against recurrent GERD.
Gastric bezoar point to delayed gastric emptying while phlegm/saliva in the
esophagus towards significant esophageal dysmotility. Endoscopic assessment
of failed fundoplication is shown in Fig. 14.1.

Fig. 14.1 Endoscopic
evaluation of
postfundoplicational
alterations. (a) Properly
positioned
infradiaphragmatic
fundoplication.

(b) Intrathoracic
fundoplication.

(c) Disrupted
infradiaphragmatic
fundoplication. (d) Twisted
infradiaphragmatic
fundoplication. (e) Slipped
fundoplication.

(f) Paraesophageal hernia
with a properly positioned
fundoplication [8]
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(b) Barium esophagram

A contrast esophagram is perhaps the most important dynamic test to assess
benign esophageal disease. We recommend obtaining a video esophagram that
can be reviewed in real time in case the surgeon cannot be present during the
study. Esophageal bolus transit and clearance is best assessed with this dynamic
study. Lateral views clearly delineate the location of the GEJ, fundoplication
and their relation to the hiatus.

(¢c) Manometry

High resolution manometry is routinely done to assess esophageal motility. It is
also useful to assess GEJ and fundoplication configuration and distinct patterns
have been described in literature. Masato et al. [4]. Figure 14.2.

Fig. 14.2 (a) The HRM pressure topography of a patient with intact fundoplication. Compared to a
healthy volunteer, the basal LES pressure is higher, but there is good LES relaxation during deglutition
as the IRP is within normal limits. LES lower esophageal sphincter, IRP integrated relaxation
pressure. Endoscopic picture reprinted from [4]. (b) Disrupted fundoplication. There is good
relaxation with deglutition; however, the basal LES pressure is lower than in an intact fundoplication.
LES lower esophageal sphincter. (¢) The HPZ pressure pattern of a patient with a twisted
fundoplication is shown in (¢). One can see the high contractions and pressures in distal esophagus
with high DCI and is indicative of outflow obstruction. These patients usually present with dysphagia
or chest pain rather than reflux symptoms. LES lower esophageal sphincter, IRP integrated relaxation
pressure, DCI distal contractile integral. (d) The HPZ pressure topography of an intact intra-thoracic
fundoplication. In this patient, the HPZ is split into two: the distal HPZ represents the crus as the
pattern indicates. The fundoplication is represented by the proximal HPZ. There is adequate pressure
in the fundoplication with good relaxation as measured by a normal IRP. Such patients usually
present with post-prandial chest/epigastric discomfort due to distention of herniated stomach. HPZ
high pressure zone, /RP integrated relaxation pressure. (¢) HRZ patterns in a patient with disrupted
intra-thoracic fundoplication. The distal HPZ represents the crus. The proximal HPZ represents the
area of the disrupted fundoplication. The basal LES pressure is low and there is a normal IRP. The
low LES pressure indicates a disrupted fundoplication. HPZ high pressure zone, /RP integrated
relaxation pressure, LES lower esophageal sphincter. Endoscopic picture reprinted from [4], with
permission from Springer. (f) The HRZ patterns in a patient with slipped fundoplication. The
proximal HPZ is the native LES and has low basal LES pressure with complete relaxation (normal
IRP). The fundoplication is at the level of the crus. The diaphragmatic HPZ overlaps the fundoplication.
HPZ high pressure zone, LES lower esophageal sphincter, /RP integrated relaxation pressure.
Endoscopic pictures reprinted from [5], with permission from Springer. (g) Secondary achalasia is
shown in g. These patients have aperistaltic esophageal body contractions. There is only a single HPZ
pressure topography, but the LES pressure and the IRP are high. HPZ high pressure zone, LES lower
esophageal sphincter, /RP integrated relaxation pressure. From Masato et al. [4]
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Disrupted fundoplication

Fig. 14.2 (continued)
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Slipped fundoplication
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Fig. 14.2 (continued)

(d) Prolonged pH monitoring

Either 24 h catheter based or 48 h Bravo pH monitoring off acid suppression
therapy is the gold standard to assess for extent of gastro-esophageal reflux. In
our experience impedance reflux testing on therapy has not been very useful.

(e) Gastric Emptying Study (GES)

Nuclear medicine GES is useful to assess presence and degree of delayed gas-
tric emptying and will help direct the need for gastric drainage procedure. A 4 h
study is preferable and moderate to severe delayed GE should be addressed
with either a pyloroplasty or anterectomy at the time of redo surgery.

14.3 How to Classify Failed Fundoplication?

Failed fundoplication have most commonly classified anatomically based on recur-
rence of hiatus hernia, relative location of the fundoplication to lower esophagus and
geometry of the fundoplication. Jobe et al. [6] described in detail endoscopic charac-
teristics of technically sound fundoplication and laid out the criteria for endoscopic
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assessment. However, majority of endoscopic assessment done in the community do
not describe the fundoplication adequately. An audit of reported endoscopic findings
by community gastroenterologists by Juhasz et al. [3] revealed a shockingly low con-
cordance with subsequent findings of an experienced foregut surgeon. Surprisingly
they found that nearly a 1/3rd of the endoscopic reports did not even mention a previ-
ous fundoplication while majority of the reports simply stated, “fundoplication changes
noted” without any specific description. Proper and uniform endoscopic assessment of
fundoplication is an import aspect in assessing causes of failure and devising a man-
agement strategy. Various terminologies have been used to describe failed fundoplica-
tion anatomy. Most commonly terms such as recurrent hiatus hernia, slipped,
intra-thoracic, disrupted, twisted and telescopic fundoplication have been used. They
have also been used interchangeably without accepted definitions. For example one
may classify an intra-thoracic fundoplication is “slipped into the chest” or “telescoping
in to the chest” while a fundoplication at the hiatus with GEJ above the hiatus may be
called “ slipped below the GJ” or recurrent HH” or “misplaced fundoplication”.
Horagan et al. [7] were the first to propose an anatomic classification for failed
fundoplication. They classified failed fundoplication into type IA (both EGJ and
Fundoplication above the hiatus), type 1B (GEJ above hiatus with fundoplication
below the hiatus, type II (only a portion of fundus/ greater curvature herniated above
the hiatus) and type III ( body of the stomach used to create the wrap rather than the
fundus) (Table 14.1). More recently a standardized system based on location of the
GElJ relative to the hiatus, the fundoplication relative to the GEJ and geometry of the
fundoplication has been proposed by Mittal et al. [8] (Table 14.2). Each of the com-
ponent E, S, F and P are given a ‘suffix’ and final description is given as E,SF,P;.
While not discussed in literature till now a failed fundoplication may be better clas-
sified based on the underlying physiological derangements. Normal gastrointestinal
function requires the ante-grade esophageal clearance thru the gastroesophageal junc-
tion (GEJ) and gastric clearance thru the pylorus along with a competent lower esoph-
ageal junction (LES) to prevent backflow. Furthermore, some degree of GEJ complex
incompetence (permissiveness) is desirable to allow for gastric venting i.e. belching.
Poor esophageal emptying due to either poor motility and/or non-compliant
lower esophageal sphincter- fundoplication (LES-F) complex will manifest with
dysphagia and bland regurgitation. Not infrequently, in patients with poor motility,
there may be aspiration associated cough or throat clearance. The patient or an inex-
perienced physician may confuse these symptoms as recurrent reflux, especially if
regurgitation and cough are more prominent. On the other hand a non-functioning
LES-F complex with poor competence allowing abnormal backflow of gastric con-
tents will present with true recurrent GERD. Underlying delayed gastric emptying
either pre-existing or due to vagal injury will present with bloating, nausea and

Table 14.1 Classification of failed fundoplication (by Horgan et al. [7])

Type of failure Description

Type la Both GEJ and fundoplication herniated above the hiatus

Type Ib GEJ above the hiatus and fundoplication at the hiatus

Type I Herniated stomach/greater curvature with GEJ and fundoplication
below the hiatus

Type 11 Wrong part (body) of the stomach used for fundoplication
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Table 14.2 Endoscopic classification of failed fundoplication (by Mittal et al. [8])

Classification of the endoscopic findings of fundoplication

Type of failure

Description

“E” component

Distance of GEJ to the level of crura component

E, GE] is located intra-abdominally, at or under the level of crura
E, GEJ is located less than 2 cm above the level of crura

E, GE]J is located more than 2 cm above the level of crura

“S” component Amount of gastric tissue above the fundoplication and below the GEJ
So Fundoplication is around the distal esophagus

S Less than 2 cm gastric tissue above the fundoplication

S, More than 2 cm gastric tissue above the fundoplication

“F” component Description of the fundoplication

F, Intact fundoplication (competent, symmetrical)

Fi, Partially disrupted fundoplication

Fu, Completely disrupted fundoplication

F,, Twisted fundoplication

Fy Two-compartment stomach

“P” component Present of paraesophageal hernia (verified by endoscopy
or esophagogram)
Py No PEH

P, Recurrent PEH

epigastric pain, which may again be interpreted as recurrent GERD by patients and
physicians alike. Not infrequently these symptoms become more prominent once
reflux symptoms are addressed specially in patients with underlying Irritable Bowel
Syndrome (IBS). There is a significant overlap in the clinical spectrum of GERD
and IBS. Careful assessment of each dissatisfied post-fundoplication patient is
essential to identify the underlying physiological derangement and one must be
aware that more than one derangement may co-exist.

In the dissatisfied post-fundoplication patient, the anatomical and physiological
findings should be concordant with symptomatology before surgical re-intervention
is attempted. In our experience, patients with functional complaints without
supportive objective findings may present with “failed fundoplication” and as
“dissatisfied patients” and are best addressed with reassurance and counseling rather
than surgical re-intervention.

14.4 Causes of Failed Fundoplication

14.4.1 Poor Patient Selection

Objective evidence of the presence of pathological reflux is important before a sur-
gical fundoplication. Campos et al. showed that a good response to acid-suppression
therapy, abnormal preoperative 24-h pH score and typical symptoms were good
predictors of success of fundoplication [9]. While logical, it is surprising that it is
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not uncommon for patients with failed fundoplication to not have had an adequate
documentation of disease prior to surgery. In these patients, it is hazardous to guess
whether the surgery has failed or the disease never existed.

In our opinion, ‘objective’ evidence of GERD are: a classical history of heart-
burn or regurgitation with a very good response to acid suppressive therapy or grade
B or greater reflux esophagitis noted on endoscopy. In absence of these, an elevated
24-h pH score as measured by prolonged monitoring off acid suppression is consid-
ered gold standard test.

In addition to above clinical scenario, esophago-gastric motility assessment
should be done prior to surgery. High-resolution manometry and video esophagram
are used to assess esophageal function and a gastric emptying study is used as indi-
cated by patient symptoms to assess gastric motility. Additionally we strongly advo-
cate that the operating surgeon performs an endoscopic assessment preferably
pre-operatively and if not possible in the operative room prior to surgery.

Common foregut symptoms of heartburn, regurgitation and dysphagia span the
gamut of underlying esophageal disorders from GERD to Achalasia and not infre-
quently are simply functional. Included in these are scleroderma patients who often
present with severe reflux. Precise diagnosis is needed to direct appropriate surgical
procedure. Patients with scleroderma and primary aperistalsis (non — Achalasia)
may be better managed with primary laparoscopic Roux-en-Y gastric bypass
(LRYGB) rather than a partial fundoplication.

14.4.2 Improper Surgical Technique

Multitude of fundoplication configurations both via thoracic and abdominal cavity
have been described ranging from partial anterior or posterior to a complete fundo-
plication. All types of fundoplications require obtaining an adequate intra-abdominal
length of the esophagus around which the fundus is wrapped such that the entire
complex lays tension free below a closed hiatus.

The surgical technique needs to sufficiently mobilize the mediastinal esophagus
to achieve adequate infra-diaphragmatic esophageal length. The crus pillars need to
be approximated to close the hiatus with or without mesh reinforcement. Finally, the
fundus (part of the stomach above an imaginary horizontal plane from the GEJ) is
wrapped and anchored around the distal esophagus. Inadequate esophageal length
will result in the positioning of fundoplication around the proximal stomach result-
ing in a “slipped wrap”. Inadequate integrity of crus closure will result in re-
herniation of the GEJ above the hiatus with (herniated) or without (slipped)
fundoplication. Using the body of the stomach rather than fundus to create the ‘fun-
doplication’ usually results in a twisted fundoplication. We routinely perform and
strongly recommend that an intra-operative endoscopy should be done to assess
fundoplication prior to finishing the procedure.

Inadequate attention to these essential surgical steps will increase the likelihood
of “failed fundoplication”.
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14.4.3 Inadequate Patient Counseling

A correctly created fundoplication increases barrier pressure and decreases the
compliance (i.e., permissiveness) of the GEJ compared to the non-operative state.
This requires patients to eat slowly and to chew the food bolus thoroughly, other-
wise they risk experiencing dysphagia. Additionally, given the inherent loss of tran-
sient lower esophageal sphincter relaxations (TLESRs) after the fundoplication,
patients may not be able to belch easily, and must avoid carbonated beverages espe-
cially in the immediate post-operative period. It is imperative that the patients be
counseled to be cautious and expect these symptoms in the early post-operative
period. These tend to resolve to a great extent in the first few weeks following
fundoplication.

Retching, gagging and vomiting increase the likelihood of wrap herniation or
disruption, resulting in recurrent GERD. This is a life-time caution that the patients
must be aware of and take precautions against and, have easy and ready access to
anti-emetics. We have also encountered some patients who gag themselves during
vigorous tongue cleansing and this increases failure. Simple counselling to avoid
this has helped tremendously [10].

Additionally, it has been proposed that heavy lifting should be avoided in the
early post-operative period to allow for healing of apposed tissues. Comprehensive
patient counseling should improve patient compliance with post-operative care and
help reduce failure rates.

14.4.4 Fundoplication/Hiatus Disruption

Crus closure and fundoplication are secured with sutures. Natural forces and tissue
characteristics may slowly or abruptly disrupt these anchoring sutures and the scar-
ring, resulting in recurrent hiatus hernia and or disrupted fundoplication. Use of
synthetic mesh has been shown to decrease recurrence of hiatus hernia but is also
associated with increased incidence of severe complications [11, 12]. On the other
hand, bio-prosthesis, though safer, have been shown to decrease only short term
recurrence without affecting long term recurrence rate [13]. Improved understand-
ing of factors leading to recurrent hiatus hernia and development of better surgical
techniques/tools including mesh is needed to decrease these causes of failure.

14.4.5 Patient Body Habitus

Obesity is a risk factor for GERD and prevalence of obesity has dramatically
increased in the Western world especially in the US. Perez et al. [14] were the first
to report that morbid obesity is associated with poor outcomes after primary
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anti-reflux surgery. However, others [5] have argued that obesity does not affect
outcomes. However, most surgeons agree that fundoplication may not be the best
procedure for reflux control in morbidly obese patients. Laparoscopic Roux en Y
Gastric Bypass (LRYGB) is an excellent anti-reflux operation that additionally pro-
vides for significant weight loss and it’s associated salutatory effects on health. Most
surgeons would steer morbidly obese patients (BMI > 35 kg/m?) towards a LRYGB
as primary intervention. While BMI > 35 kg/m? has been used as a cut of to direct
towards bariatric procedure a study by Akimoto et al. [15] showed that patients with
BMI > 30 kg/m? have similar patterns of failure after fundoplication as those with
BMI > 35 kg/m? and these are distinct from failure patterns in patients with
BMI < 30 kg/m? Performing a fundoplication in a morbidly obese patient can be
judged partly a wrong patient choice and partly a wrong procedure choice, but occa-
sionally it has to be considered in severely symptomatic patients (especially with
volume regurgitation and pulmonary disease) if insurance denies coverage for bar-
iatric procedure.

14.5 Conclusions

Recurrent GERD after fundoplication is a complex situation and requires exclusion
of other diagnoses which may mimic GERD symptoms (delayed gastric emptying
or post fundoplication achalasia) as well as separating the real symptoms from func-
tional ones. Not infrequently, an anatomically distorted fundoplication will not have
any associated symptoms and these should not undergo redo surgery. In cases with
objective recurrence of the disease, many underlying factors—both patient and
technical, may be responsible and must be explored to avoid failure of redo surgery.
In certain situations such as missed short esophagus or failure to create a symmetri-
cal fundoplication, there is technical inadequacy or surgical inexperience. However,
non-identification of severe dysmotility or even achalasia and delayed gastric emp-
tying, and proceeding with fundoplication should be diligently avoided.

What Is the Current Knowledge and What Future Direction

Is Required

» Laparoscopic anti-reflux surgery in form of hiatus hernia repair and fundo-
plication is the gold standard for definitive management of pathological
GERD. Excellent patient centered outcomes have been reported with
greater than 90% patient satisfaction at 10 years.

* A subset of patients require re-operative intervention for failed fundoplica-
tion which is technically more difficult and associated with increased
peri-operative morbidity along with lesser patient oriented outcomes
compared to primary fundoplication.
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* A uniformly accepted and widely endorsed definition of what constitutes a

failed fundoplication is needed which may help tailor the subsequent treat-
ment strategies.

* Understanding the causes of failure need to be elucidated and best strate-

gies to minimize these undertaken.

* Additionally, surgical outcomes of community centers (where majority of

the procedures are done) are less than stellar and have scared patients and
referring physicians alike resulting in significant decline in use of the
procedure.

* Future undertakings need to critically assess learning curve for laparo-

scopic anti-reflux surgery and incorporating appropriate curricula for train-
ing surgeons to work-up patients prior to surgical intervention.
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Chapter 15
Management of Recurrent
Paraesophageal Hernia

John H. Rodriguez and Jeffrey Ponsky

15.1 Introduction

Laparoscopy has become the standard approach for management of most benign
foregut disease including antireflux and hiatal hernia repair. Anatomic recurrence
after repair of paraesophageal hernias is high, however, the clinical significance of
such findings seems to be less relevant [1]. Reoperative foregut surgery has a sig-
nificantly higher morbidity and mortality than their primary counterparts.
Fortunately, recurrence leading to reintervention is far less common, with a 10 year
cumulative risk close to 7% [2].

The risk of recurrence is likely multifactorial, and many different factors have
been investigated. The best results are typically achieved during initial intervention.
Despite some controversies, complete mediastinal dissection and sac reduction,
adequate esophageal length, crural closure, and a well constructed fundoplication,
constitute some of the surgical principles to be followed at the time of paraesopha-
geal hernia repair [1]. Recently, the role of preoperative body mass index has been
taken into consideration as one of the most important factors that predict recurrence
after repair [3].

The goal of this chapter is to review the clinical presentation, preoperative eval-
uation, and surgical planning relevant to repair of recurrent paraesophageal
hernias.

J.H. Rodriguez, M.D. ¢ J. Ponsky, M.D. ()
Section of Surgical Endoscopy, Cleveland Clinic, Cleveland, OH, USA

Lerner College of Medicine, Cleveland Clinic, Cleveland, OH, USA
e-mail: JPonsky @yahoo.com

© Springer International Publishing AG 2018 223
M.A. Memon (ed.), Hiatal Hernia Surgery,
https://doi.org/10.1007/978-3-319-64003-7_15


mailto:JPonsky@yahoo.com

224 J.H. Rodriguez and J. Ponsky

15.2 Clinical Presentation

Primary paraesophageal hernias are typically found incidentally on imaging studies.
The same is true for recurrent hernias. Symptoms related to a recurrence may differ
from those present during initial presentation. Clinical features can be grouped into
reflux type or obstructive type symptoms. Proper history taking is crucial in under-
standing the correlation between symptoms and hernia recurrence. Patients present-
ing with gastroesophageal reflux disease should be evaluated and treated no different
than during initial presentation. Antireflux lifestyle modifications and antisecretory
medication should be the first steps in management, as these patient rarely require
additional surgical intervention.

Obstructive type symptoms such as dysphagia, epigastric pain, early satiety, nausea,
or vomiting, tend to be more bothersome and require additional investigation. The etiol-
ogy of such symptoms can be multifactorial so imaging and functional studies may be
needed to uncover the underlying precipitating factor. In most cases, every effort should
be made towards medical optimization of the patient before considering reintervention.

Vagal nerve injury is a feared complication after foregut surgery. This sequela
has been described in up to 10% of patients [4] following surgical foregut interven-
tion. Symptoms resulting from vagal nerve injury are typically related to alterations
in gut physiology and may include diarrhea, gas bloat syndrome, nausea, and vomit-
ing [5]. Resulting delayed gastric emptying can be extremely debilitating and may
have severe consequences such as malnutrition and adult failure to thrive.

15.3 Evaluation

Evaluation of patients presenting with a recurrent paraesophageal hernia is com-
monly triggered by symptoms. A combination of anatomic and functional studies
are needed to better understand the underlying mechanism responsible for symp-
toms. Anatomic recurrence in an otherwise asymptomatic patient requires no fur-
ther workup. Patients should be counseled on the importance of such finding and
warning signs that may develop in the future.

As previously mentioned, careful history taking can help distinguish the etiology
of symptoms and guide relevant workup. Physical examination can help assess
nutritional status both in cases of malnutrition and morbid obesity. An accurate
height and weight should be obtained in every patient to document body mass index.

A clear anatomic understanding can be achieved with a combination of imaging,
endoscopy, and review of operative reports. Upper gastrointestinal contrast study is
likely the most relevant radiologic exam in clinical practice and should be obtained
in every case. It requires careful interpretation, but will help the surgeon understand
the size of a recurrence, presence of a fundoplication, and location of the gastro-
esophageal junction. With careful review, the study can also provide hints into
functional disorders such as reflux, pseudoachalasia from a tight fundoplication or
hiatal closure, and poor esophageal peristalsis.
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Computed tomography can be helpful in evaluating large recurrences or in
patients presenting with acute complications. It is not a routine study in our practice,
but it is a common source for diagnosis of incidental anatomic recurrence.

Endoscopy is a very useful tool that can complement imaging studies. It should
be performed by a proceduralist that is familiar with post surgical anatomy. The
mucosa of the esophagus, stomach, and duodenum should be carefully inspected.
The gastroesophageal transition zone should be examined and measured using the
incisors as a reference point. It’s relation with the diaphragmatic pinch should be
documented as well, as it is a good estimator of the size of a recurrence. The endos-
copist should carefully examine the proximal stomach in retroflex position to try to
identify any evidence of a fundoplication, and its overall appearance. Resistance to
passing the scope can be seen in cases of tight fundoplication or hiatal closure. The
indentation of a fundoplication and it’s relationship to the gastroesophageal junction
should also be noticed and documented. Gastric folds should not be seen proximal
to a fundoplication, as it can be a sign of slippage or poor construction. The pres-
ence of food bezoars in the stomach should be a warning sign of post surgical gas-
troparesis and may require further evaluation.

Functional studies should be focused on expanding the knowledge of foregut
physiology. The authors strongly recommend a 4 h solid protocol gastric empty-
ing scintigraphy on every patient being considered for revisional foregut surgery.
The presence of delayed gastric emptying should be documented prior to any
intervention and may alter surgical planning. Post surgical gastroparesis may be
the underlying etiology for symptoms that can be wrongfully attributed to a hernia
recurrence.

High resolution esophageal manometry can be useful when the etiology of dys-
phagia is somewhat unclear. It can also help identify high pressure areas following
antireflux surgery. Poorly constructed fundoplication can also result in unwanted
pressurization of the gastroesophageal junction. Esophageal pH study should be
obtained in cases where reflux is a cardinal sign, but is not necessary during other
presentations.

15.4 Surgical Planning

Following proper surgical principles during initial repair of paraesophageal hernias
is the most important factor to prevent symptomatic recurrences [1]. The difficulty
of recurrent operations tends to increase with each additional operation due to adhe-
sion formation and loss of tissue planes. The risk of injury to intra abdominal organs
such as the stomach and esophagus has been described to be as high as 30% [6].
Therefore, surgeons attempting repair of recurrent hernia should be capable of con-
fronting every possible scenario.

The decision to re-intervene in cases of recurrent paraesophageal hernias needs
to be made with proper planning. Obtaining operative records is crucial in under-
standing and anticipating potential pitfalls. Relevant pieces of information can help
predict critical steps and prepare the surgeon. Description of complete mediastinal
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dissection with reduction of the sac during the initial operation is key in anticipating
the difficulty of this step. Normal anatomical planes are harder to find and risk of
injury to the pleura can be significantly higher. Use of mesh during the previous
operation to reinforce the hiatus tends to cause a more severe inflammatory reaction,
especially in cases where biologic mesh was used. Description of a fundoplication
should be carefully interpreted. Type of fundoplication, mobilization of the greater
curvature, and pexy of the wrap to the crus are important details to obtain.

There are special situations to consider when planning recurrent cases. Gastric motil-
ity along with interpretation of symptoms can point towards poor gastric emptying as
the possible etiology for recurrent foregut symptoms. Failure to address this will result
in lower satisfaction and poor outcomes, In cases of small recurrences with significant
symptoms secondary to poor gastric emptying (bloating, nausea, vomiting), the goal of
therapy should be directed towards this and not necessarily on the recurrence. When the
etiology is not completely clear, careful interpretation of preoperative imaging is neces-
sary. Endoscopy with injection of Botulinum toxin in the pylorus may help temporarily
alleviate symptoms in some patients. In these cases, improvement confirms the etiology
and will help direct definitive therapy. A gastric drainage procedure such as a laparo-
scopic pyloroplasty or endoscopic per-oral pyloromyotomy (POP) should be consid-
ered as initial therapy and may potentially avoid any need for more proximal dissection.
In more severe cases, near total gastrectomy with reconstruction may be necessary.

Morbid obesity is another major factor that should be taken into consideration at
the time of revision. Patients with BMI > 35 kg/m? should be strongly considered
for revision into bariatric anatomy [7]. Both roux en Y gastric bypass and sleeve
gastrectomy are reasonable options. However, the higher incidence of GERD after
sleeve gastrectomy should be considered. Gastric bypass is the best known surgical
alternative for management of GERD [8], and should be considered as the best
option in this patient population. Patients who are candidates for bariatric surgery
should be enrolled in a multidisciplinary clinic. Proper preoperative evaluation
including nutritional counseling, psychological evaluation, and medical optimiza-
tion are key components to ensure the best possible postoperative outcome. Sleeve
gastrectomy has also been evaluated as a combined operation during paraesopha-
geal hernia repair [9]. It is technically easier than gastric bypass and follows the
surgical principles of esophageal lengthening initially described by Collis [10].
Foregut anatomy after bariatric surgery has the potential benefit of reducing the risk
of symptoms in case of a recurrence. Transhiatal migration of a gastric pouch or
proximal sleeve does not commonly result in significant symptoms.

15.5 Technical Considerations

— Surgical approach: recurrent paraesophageal hernias can be operated through a
transabdominal or transthoracic approach. This decision is based mostly on sur-
geon’s preference and experience. Open vs. minimally invasive is another factor to
consider. Laparoscopy has gained a leading role in management of benign foregut
disease [11]. The authors prefer a transabdominal laparoscopic approach for all
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cases. Five laparoscopic trocars are placed in a gentle “U” configuration, and the
Nathanson liver retractor is used when needed through a separate epigastric incision.
The use of long laparoscopic instruments facilitates mediastinal dissection. This
approach is highly successful even in cases of previous laparotomy or thoracotomy.

— Management of the shortened esophagus: inadequate intraabdominal esophageal
length has been described as a predisposing factor for recurrence [12]. Adequate
mediastinal dissection during the initial operation will significantly increase the
difficulty of further mediastinal dissection during reoperation. Esophageal
lengthening should be considered in recurrent cases, specially when adequate
mobilization cannot be achieved. Laparoscopic Collis gastroplasty has been
described as the treatment of choice for management of this challenging situa-
tion [13]. Bariatric surgery is another alternative that can help address this prob-
lem. Construction of a small tubular proximal gastric pouch, or tubularization of
the stomach during sleeve gastrectomy, will achieve the same goal.

— Management of previous fundoplication: construction of a Nissen fundoplication
has been advocated as a routine practice during initial repair of paraesophageal
hernia repair [14]. The rationale for this practice is somewhat controversial.
Many experts believe that transhiatal migration of a wrap is responsible for
severe symptoms, and acute complications requiring emergent intervention [15].
In many cases, poor construction of a fundoplication is the main culprit for fail-
ure. Either wrap disruption, proximal migration of distal stomach (slippage), or
transhiatal migration of an intact wrap can be encountered. It is our practice to
completely undo a previous fundoplication during revisional surgery. In many
instances, the fundus may become ischemic requiring resection. Reconstruction
of fundoplication is feasible and can be done safely. Emphasis should be made
on proper construction. Using the fundus and not body of the stomach is crucial,
as well as positioning over the distal esophagus. When a bariatric operation is
considered, it is necessary to completely take down a previous fundoplication to
avoid “double stapling” of tissue when a pouch or sleeve is constructed.

— Management of the crural defect: many different techniques have been described
for closing large or challenging hiatal defects. Many recurrent defects can be
closed with either interrupted, figure-of-eight, or running non-absorbable suture.
Using self-locking barbed suture can help maintain the tension as the defect is
being approximated. Relaxing incisions on the diaphragm have been advocated
to reapproximate large crural defects [16]. Mesh reinforcement has been shown
to decrease the risk of recurrence in the early stages after repair [1] and should
be considered. Bio-absorbable or biologic mesh is preferred due to the decreased
risk of erosion into the esophagus. However, large series have been published
using synthetic mesh with adequate safety [17]. Some large defects show a pat-
tern characterized by elongation and bowing of the left crus with a relatively
vertical right crus. In these cases, left cruroplasty can be performed to shorten the
elongated muscle and facilitate symmetric closure.

— Intraoperative endoscopy: endoscopy during primary and revisional cases can be
aninvaluable tool in assisting the surgeon through challenging cases. Identification
of anatomic landmarks such as the gastroesophageal junction can be facilitated
by combined endoscopic and laparoscopic visualization. Endoscopy can also be
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useful to identify the presence of a fundoplication and assist the surgeon during
dissection. In cases where gastrectomy is performed, evaluation of anastomosis
for bleeding or integrity can be easily performed.

— Fluorescence imaging: the use of fluorescence imaging has gained significant
interest in modern day surgery. It may play a useful role during complex revi-
sions, especially those requiring reconstruction. Intraoperative immunofluores-
cence can help assess viability and adequate perfusion of tissues prior to
reconstruction. This may alter surgical conduct and help prevent potential com-
plications secondary to tissue ischemia [18].

15.6 Post Operative Care

Patients undergoing revisional foregut procedures are at increased risk of gastroin-
testinal, pulmonary, and systemic complications. There is controversy on the role of
post-operative imaging to routinely evaluate these patients with upper gastrointesti-
nal contrast studies. However, radiologic documentation of an intact repair postop-
eratively is valuable and has become routine in our practice. Early recurrence will
most likely need immediate reintervention and can be easily detected on imaging.
Upper GI should also be considered in patients undergoing complex revisions
requiring resection and anastomosis.

Diet can be started at the discretion of the surgeon and usually consists of a liquid
consistency diet for 2 weeks. This is then advanced as tolerated by the patient.
Patients undergoing fundoplication or reconstruction with gastrojejunal or esoph-
agojejunal anastomoses can experience dysphagia early in the postoperative period.
This needs to be taken into consideration during patient education so they can be
guided towards the right choices. Progressive dysphagia can be a warning sign and
should be investigated further with imaging or endoscopy.

Growing clinical experience with enhanced recovery pathways have proven ben-
eficial for patients undergoing GI surgery. Use of non narcotic medications, early
mobility, aggressive anti-nausea therapy, and early oral intake play a significant role
in post-operative recovery.

15.7 Conclusion

Surgical management of recurrent paraesophageal hernia present unique technical
challenges. Careful pre-operative evaluation and delineation of cardinal symptoms
should guide the recognition of common pitfalls encountered during revisional sur-
gery. As previously stated, surgical planning is crucial in optimizing results and
minimizing complications. Surgeons performing these operations need to be pre-
pared to manage technical barriers and should choose the best technical approach.
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What Is the Current Knowledge and What Future Direction

Is Required

¢ Radiologic recurrence rate after paraesophageal hernia repair is high, but
indications leading to revisional surgery remain low

¢ [Initial repair of paraesophageal hernia should focus on managing the tech-
nical aspects that help decrease the risk of a recurrence. These include
complete mediastinal dissection and sac reduction, adequate esophageal
length, crural closure, and a well constructed fundoplication

* Morbidly obese patients should be considered for combined bariatric sur-
gery at the time of paraesophageal hernia repair if indicated. This should
be done following bariatric principles to optimize results.

e Surgical management of paraesophageal hernia recurrence is technically
challenging. Patients should undergo adequate preoperative workup
including anatomic and functional studies.

* Use of preoperative and intraoperative endoscopy is an invaluable tool that
should be considered by every surgeon performing revisional foregut
surgery.

o Further studies are needed to clarify additional factors that lead to failure
after paraesophageal hernia repair. Doing right the first time can avoid the
need for reintervention.

Appendix

Fig. A.1 Endoscopic view
of recurrent PEH with
transhiatal wrap migration
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Fig. A.2 Gastric bezoar
during EGD demonstrating
post surgical gastroparesis
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Fig. A.3 Upper GI showing transhiatal wrap migrationand recurrent PEH
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Fig. A.4 Upper GI on
postoperative day one
demonstrating sub
diaphragmatic gastric
pouch and Roux en' Y
gastrojejunostomy

Fig. A.5 Endoscopic view
of pyloric sphincter during
per oral pyloromyotomy
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Chapter 16
Revision Strategies for Recurrent
Paraesophageal Hiatal Hernia

Jeffrey R. Watkins and Ralph W. Aye

16.1 Introduction

Laparoscopic re-operative paraesophageal hernia repair represents one of the most
challenging problems facing modern foregut surgery. The incidence of hiatal hernia
increases with advancing age and its overall estimated prevalence is as high as 50%),
with larger paraesophageal hernias comprising approximately 5% of that number
[1-3]. Thousands of primary laparoscopic paraesophageal hernia repairs are per-
formed annually and will likely increase as the aging population continues to grow
in number.

With the large number of primary repairs being performed, the number of revi-
sional operations is increasing as well. What is surprising, however, is the high rate
at which recurrence occurs. Regardless of the technique used, long-term data con-
sistently show a radiographic recurrence rate of over 50% after operative repair [4,
5]. While only 3—6% of these recurrences require operative intervention in the short
term, the high rate of anatomic failure is indeed worrisome [6, 7]. This underscores
the need for experienced foregut surgeons at high volume centers to undertake the
difficult endeavor of addressing the issue of recurrent paraesophageal hiatal
hernias.

In this chapter, the following points will be addressed

e Causes of failure after primary paraesophageal hernia repair
* Identifying recurrence and the indications for reoperation
e Surgical strategies for re-operative paraesophageal hernias
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Table 16.1 Factors Tension Radial
contributing to fundoplication Axial
failure - -

Technical Misplaced wrap

Incomplete hiatal dissection
Misidentified GEJ
Loose sutures

Improperly tied knots

Poor tissue bites

Surgeon experience
Asymmetric fundoplication

Tightness of fundoplication

Tightness of crural closure
Patient factors | BMI >35

Acid-suppression medication
unresponsiveness

Barrett’s esophagus

Atypical symptoms

Psychiatric illness

Short esophagus

Post-operative diaphragmatic stressors

16.2 Causes of Failure

While the reasons for such a high recurrence rate of paraesophageal hernia are mul-
tifactorial, there are several factors that are generally recognized (Table 16.1). These
likely not only caused the primary operation to fail, but will also lead to failure of
the re-operation if they are not recognized and addressed. These can be broken
down into physiologic factors and technical factors. The physiologic factors relate
to the intrinsic and extrinsic forces exerted on the esophagus and gastroesophageal
junction. Technical factors are related to intraoperative surgical decision-making
and execution as well as post-operative care. Most of these factors can be addressed
with careful planning and surgeon experience. It is important to identify causes of
failure and properly address them in order to avoid repeating the same mistake that
led to the initial recurrence.

16.2.1 Radial and Axial Tension

There are two major forces acting on the repair of the hiatal hernia that lead to dis-
ruption of the repair and ultimate failure: radial tension and axial tension (Fig. 16.1).
Radial tension at the hiatus acts upon the diaphragm in a plane perpendicular to the
esophagus. This tension results in the movement of crural fibers away from the
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Fig. 16.1 Diagram of
forces acting upon the
esophagus and GEJ. Axial
tension acts parallel to the
esophagus and causes
cephalad migration. Radial
tension acts perpendicular
to the esophagus but
parallel to the diaphragm
and results in widening of
the crura

midline and a widening of the diaphragmatic hiatus. It is opposed by the phreno-
esophageal ligament which helps keep the hiatus in place around the esophagus.
The dynamic nature of the diaphragm and its constant motion over time causes
stretching and even break down of a sutured crural repair with resultant failure and
recurrence of the hernia. When the radial forces overcome the forces keeping the
hiatus together, the hiatus loosens and allows herniation to occur. When repairing
hiatal hernias, increased radial tension is manifested as difficulty re-approximating
the left and right crural pillars.

Axial tension is related to the cephalad forces acting on the esophagus both
intrinsically and extrinsically and is manifest as the tendency for the gastroesopha-
geal junction (GEJ) to migrate upward into the mediastinum. There is a natural
physiologic movement of the GEJ of up to 2.5 cm in non-hernia patients, with the
phrenoesophageal membrane acting as an elastic recoil mechanism to return the
GE] to its proper anatomic configuration [8]. When the phrenoesophageal ligament
becomes attenuated, the amount of recoil decreases and results in herniation [9].
Additional forces include negative intra-thoracic pressure, positive intra-abdominal
pressure, contractile forces of the longitudinal esophageal musculature, and
increased intra-gastric pressure. In addition, chronic displacement of the GE
junction into the chest combined with fibrosis from recurrent esophagitis can make
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re-establishment of adequate intra-abdominal esophagus difficult (short esophagus),
with resultant axial tension on the repair. After primary repair of a paraesophageal
hernia, this axial tension acting on the esophagus continues unopposed and can
result in disruption of the hiatal closure or any fixation sutures resulting in intra-
thoracic migration of the GEJ and fundoplication.

16.2.2 Technical Issues

There are several technical factors at the time of the index operation over which the
surgeon has control and which can result in reduced likelihood of recurrence. A full
mobilization of the distal esophagus up to or above the inferior pulmonary veins
will improve intra-abdominal length and decrease axial tension on the short esopha-
gus. Intra-operative endoscopy with endoscopic confirmation of the squamo-
columnar junction will aid in correctly placing the wrap at and above the GE
junction rather than too low.

The actual shaping of the fundoplication by utilizing the correct portion of the
fundus and bringing it around the esophagus with the proper configuration is criti-
cal. If the gastric body rather than the fundus is used to construct the wrap, a type
III failure may occur (Fig. 16.2). In order to avoid an overly tight wrap, the fundo-
plication is most often constructed over a bougie. Data suggests a decrease in post-
operative dysphagia with the use of a bougie. There is however a real possibility of
dilator perforation during insertion, which is estimated at 1% [10, 11]. In addition,
standardization of crural closure has been elusive, and an overly tight cruroplasty
may lead to postoperative dysphagia and need for dilation or revision, whereas
overly loose closure can be a factor in recurrent herniation.

16.2.3 Patient Factors

There are several factors relating to the patients that can affect the rate of recurrence.
Paraesophageal hernias occur mainly in the aging population, which is likely related
to attenuation of the phrenoesophageal membrane (and perhaps other connective
tissue involving the repair) and subsequent recurrence [9]. Factors that put patients
at a higher risk of failure are pre-operative (body mass index) BMI >35, unrespon-
siveness to acid-reducing medications, atypical symptoms, and psychiatric illness
[12]. While there is no absolute BMI cutoff beyond which a repair should not be
performed, dietary counseling and referral to a bariatric surgeon should be consid-
ered for any patients with BMI >35. Post-operatively, tight nausea control should be
implemented in order to avoid retching, which can increase intra-abdominal pres-
sure and is a primary factor associated with recurrence. In addition, patients should
be counseled to avoid any inordinate heavy lifting, straining or strenuous exercise
which could lead to increased intra-abdominal pressure and resultant recurrence.
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Fig. 16.2 Classification of fundoplication failure. Type Ia—The entire wrap along with the GEJ
migrates cephalad. Type Ib—The wrap remains below the diaphragm but the stomach and the GEJ slip
cephalad. Type II—True paraesophageal hernia. Type III—Defective initial construction of the wrap
using the gastric body rather than the fundus (modified with permission from ref. [53])

16.2.4 Classification of Failures

Anatomic failure can be classified based on the type of failure and it is helpful to
identify the type of failure as an indicator of the underlying cause (Fig. 16.2). Increased
radial and axial tension can lead to a Type IA failure and is seen when the entire wrap
along with the gastroesophageal junction migrates cephalad resulting in an intra-tho-
racic fundoplication. This is the most common type of failure. A variation on this
problem is the so-called slipped Nissen, or Type IB failure in which the wrap remains
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below the diaphragm but the stomach and the gastroesophageal junction slip upward
through the wrap resulting in the GEJ residing within the mediastinum. This failure
may occur due to misjudging the location of the true GEJ with the wrap placed low
around the cardia instead of the fundus, from increased axial tension due to unrecog-
nized short esophagus, or as a result of chronic stress on the GEJ from intra-gastric
pressure. When in doubt, poor placement can be avoided by intraoperative endoscopy
and identification of the true junction. Type II failure is analogous to the true parae-
sophageal hernia. Breakdown of the crural repair sutures with an intact wrap and
normally located GEJ can result in intra-thoracic stomach with dysphagia, pain, or
potential gastric volvulus despite an appropriately placed wrap. Finally, a defective
initial construction of the wrap results in a Type III failure as described above, caused
by utilizing the mid-body of the stomach to fashion the wrap rather than the fundus.

16.3 Identifying Recurrence After Hiatal Hernia Repair

Identifying and defining symptoms is one of the most important steps in treating recur-
rent hernias. Many patients experience new symptoms after an otherwise satisfactory
primary hernia repair, such as gas-bloat, hyper-flatulence, or mild dysphagia even in
the absence of documented anatomical defects or technical errors. Without investiga-
tions it may be difficult to determine which symptoms are due to the physiologic effects
of the wrap versus the effects of a recurrence. It is imperative then to obtain a good
symptomatic history detailing exactly when the symptoms started, progression, and
temporal relation to oral intake. Symptomatic management is the first step in the early
postoperative period unless there is strong reason to suspect disorder of the repair. For
persistent, progressive, or atypical symptoms, objective studies will be needed to deter-
mine the presence and correlation of anatomic defects with symptoms.

The most common post-operative symptoms related to recurrence are heartburn,
regurgitation, dysphagia, and pain [13]. Any of these may be the result of the repair
itself. For example, the sensation of heartburn may be caused by esophageal disten-
sion or spasm secondary to the effect of the wrap rather than failure of the repair.
However, if any of these symptoms persist beyond the first 3 months, a focused
workup should be implemented in order to identify any possible recurrence and
assist therapeutic decision-making.

It is reasonable to start with two-phase esophagography. This test will help eluci-
date esophageal and gastric anatomy including an obstructing repair, anatomic recur-
rence and its classification, intra-thoracic wrap migration, and strictures or other
anatomic abnormalities and is the most sensitive test for recurrent herniation (Fig. 16.3)
[14]. It can also provide useful information on the basic function of the gastroesopha-
geal junction and valve, visualizing both transit and reflux, though it is less reliable
with regard to recurrent reflux. The pylorus can be examined as well in order better
identify vagal injury and resultant hypertonicity of the sphincter mechanism. Anatomic
recurrence is commonly defined as 2 or more cm of stomach and/or GEJ above the
diaphragmatic crura although several variations of the diagnostic criteria exist [15].
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Endoscopy is important in the workup in order to visualize any intra-luminal
abnormalities. Erosions, esophagitis, or gastritis can be identified and help reinforce
the diagnoses of reflux and recurrence. A recurrent hiatal hernia can be seen and the
configuration of the gastroesophageal flap valve based on the Hill system can be
graded (Fig. 16.4). The presence of a stricture or narrowing may prompt additional
manometric evaluation. Rarely, erosion of suture or mesh into the lumen will be
detected.

Fig. 16.3 Images from video contrast esophagograms demonstrating fundoplication failure. Type
Ia failure is shown on the /left, with both the intact wrap and GEJ herniated above the level of the
diaphragm. A type Ib failure is seen in the right image with only the GEJ herniating above the level
of the diaphragm while the majority of the fundus remains intra-abdominal

Fig. 16.4 Endoscopic view of Type II or true paraesophageal hernia failure. Note the GEJ is below
the diaphragm but the fundus has herniated cephalad creating a characteristic endoscopic view
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Manometry is not an essential part of the evaluation of recurrent PEH, but may
prove useful in certain circumstances. If pre-operative manometry is available and
the patient denies any new dysphagia, then repeat manometric evaluation is unlikely
to add any additional usefulness. However, if the patient has new-onset dysphagia
or there is uncertainty surrounding the patient’s esophageal motility, then manom-
etry should be performed to rule out any esophageal motility disorders of the esoph-
ageal body or the reconstructed GEJ, to help determine optimal reconstruction.

Objective evaluation of reflux in the form of 24-h pH monitoring is vital to iden-
tify the presence of acid reflux, especially if anatomic recurrence is subtle or absent
and the etiology of symptoms is unclear. In the case of large recurrent anatomic
defects clearly attributable to the patient’s symptoms, pH monitoring is less helpful
as re-operation is likely regardless of the pH study outcome. Any patients with
symptoms of reflux and a positive DeMeester score in the setting of anatomic recur-
rence should be considered for revisional surgery.

If there is concern for vagus nerve injury or impaired gastric motility, a gastric empty-
ing study is helpful in determining gastric function. The incidence of gastroparesis requir-
ing a gastric emptying procedure can be as high as 12% after re-operation and increases
with each subsequent recurrence [ 16]. A patient who gives a history of nausea or extended
bloating after meals should make the surgeon suspicious for gastric emptying issues. If a
gastric emptying test shows delayed gastric emptying, careful consideration must be
given to the management of abnormal gastric emptying in the setting of previous hernia
repair. If on endoscopy the pylorus is dysfunctional, a trial of endoscopic botulinum toxin
may improve emptying and signal a good chance of success for pylorplasty or pyloromy-
otomy at the time of reoperation [17]. If the sphincter mechanism is functional without
increased tone or obstruction, however, then pro-motility agents may be attempted.

16.3.1 When to Operate

The indications for re-operation are similar to those for primary operation: symp-
toms from herniation such as obstruction/risk of incarceration, dysphagia, anemia,
and dyspnea; or symptoms of inadequately controlled reflux. The operative risks
and the predictability of success are a bit more problematic and there should be a
higher threshold for recommending re-operation, particularly in the elderly. As with
primary surgery, it is vital to determine the goals of the operation relative to the
patient’s symptoms and objective findings and to weigh the risks against the realis-
tic expectation of benefit. In some cases continued medical management may be the
better alternative until the situation progresses.

16.4 Surgical Strategies

Although once the mainstay of re-operative hiatal hernia repair, the open approach
has been largely supplanted by laparoscopic paraesophageal hernia repair over the
last 20 years. Compared to the open trans-abdominal and trans-thoracic approaches,
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Table 16.2 Key operative steps in the management of recurrent paraesophageal hernia repair

Step Details

1. Anesthesia/preparation Pre-operative antibiotics, VTE prophylaxis, placement of
urinary catheter

2. Entry/insufflation Veress, direct optical, or open entry per surgeon
preference. Preliminary placement of liver retractor with
re-adjustment after adhesiolysis

3. Adhesiolysis Establish plane between caudate lobe and pre-aortic fascia
continuing on to right crus
4. Hiatal dissection Proceed from anterior rim freeing up left and right rim of
hiatus and stomach from retroperitoneum
5. Identification/preservation of Nerves are at risk due to displacement at hiatus, must take
vagus nerves care dissecting the 12 and 6-7 o’clock positions. Identify
nerves on proximal esophagus more easily and follow
distally
6. Takedown of previous Divide previous fundus, take down both anterior and
fundoplication posterior wings of fundus and remaining attachments
must be divided. Restore normal anatomy and investigate
for injury
7. Crural closure Determine amount of tension on crus and close primarily

with mesh overlay. May choose to perform diaphragmatic
relaxing incision with PTFE bridge

8. Intraoperative endoscopy Identify true GEJ by applying pressure with blunt grasper
and correlating with intra-luminal findings. Check for
injury using insufflation and leak test

9. Evaluation of esophageal Complete hiatal mobilization and retract GEJ anterior

length towards hiatus and measure intra-abdominal length.
Utilize lengthening procedure or Hill fixation sutures if
less than 2.5 cm

10. Fundoplication Perform full or partial fundoplication depending on
surgeon preference with or without gastropexy

laparoscopy has been shown to decrease hospital length of stay, postoperative pain,
and respiratory complications while offering similar outcomes [18, 19]. In experi-
enced hands, the laparoscopic approach is safe even in the setting of previous laparos-
copy or even laparotomy with low conversion rates of around 7% [20, 21]. It has been
shown that results with reoperation are superior in experienced centers, however, and
typically these operations should be performed only by surgeons experienced in re-
operative repair [22]. If there is concern for ischemia, perforation or gross spillage,
however, an open approach may be warranted [23]. Important key steps relating to
re-operative paraesophageal hernia repair will be discussed in this section (Table 16.2).

16.4.1 Preparation

It is important to communicate with anesthesia regarding the preparation of the patient
for the operating room, including the expected duration of the case and the potential
for higher than usual blood loss or the need to convert to open surgery. Pre-operative
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antibiotics are given, particularly given the higher risk of enterotomy, along with sub-
cutaneous heparin for venous thromboembolus prophylaxis [24]. A urinary catheter is
used routinely for urine output monitoring given the unknown expected length of re-
operations. If the patient has any other concerning comorbidities or invasive hemody-
namic monitoring is desired, a radial arterial line may be placed.

16.4.2 Exposure/Dissect3ion

Once the patient is positioned, the abdomen is entered and insufflated. If there are
concerns about extensive adhesions, an open entry approach can be performed.
There is little difference, however, between the safety of entry method even in the
setting of a re-operation. A veress needle or direct optical entry can be used for insuf-
flation without any difference in rate of complications [25]. We have found left sub-
costal veress needle insertion followed by optical entry to be highly reliable and safe
even following prior upper laparotomy for peritonitis. In the presence of extensive
adhesions, a second port is placed wherever access can be obtained following initial
entry and adhesions are progressively divided until further ports can be placed.
Once the abdomen is insufflated, a liver retractor is preliminarily put into place. It
will likely need to be adjusted once typical adhesions between stomach and liver are
divided. General adhesiolysis is performed to free the working space in the upper
abdomen, making sure to avoid any bowel or other intra-abdominal viscera. If bowel
is injured during the taking down of adhesions, a repair with interrupted 3-0 silk suture
or a two-layer closure with inner absorbable suture is appropriate. Once all gross
adhesions are divided, the dissection of the hiatus is started inferiorly between the
stomach and the left lobe of the liver. Care must be taken to avoid starting or extending
so inferiorly that the hepatic artery or bile duct structures are at risk. The initial goal
should be establishing a plane between the caudate lobe and the left aspect of the pre-
aortic fascia/left crus, as this plane will take one safely upward to the right aspect of
the hiatus and right lateral crus (Fig. 16.5). There are usually adhesions from the pre-
vious surgery around this area and it is important to free up the plane from medial to
the caudate lobe to the point that the inferior vena cava can be visualized and pro-

Fig. 16.5 Establishing the plane between the caudate lobe and the stomach and pre-aortic fascia.
The inferior vena cava must be visualized and protected, being careful not to injure the vessel.
Once this plane is freed, the right crus is identified and the hiatal dissection begun
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tected, being careful not to injure the vessel. Once this plane is freed, the right crus can
be identified and the hiatal dissection begun.

From this point the dissection is performed from the aspect which is most clear
and expedient, and this will continue to change throughout the dissection. Typically
we begin along the anterior rim of the hiatus defining the plane between the crus and
the edge of the stomach. The left anterior aspect of this dissection can be difficult and
it is often helpful at this point to move to the left posterior aspect of the dissection,
freeing the stomach from the retroperitoneum and working posteriorly and medially
as far as possible. This will gain access to the posterior-left aspect of the hiatus which
can then be followed anteriorly. The right posterior dissection can be particularly
challenging if the stomach is densely adherent to the pre-aortic fascia and the plane
of dissection is not clear. This may require bold dissection with the risk of
enterotomy.

One of the most important points in redo hiatal hernia surgery is identification
and preservation of the vagus nerves. Because of adhesions, the location of the
nerves often deviates from normal anatomy. Particular care must be taken when dis-
secting at the 12 o’clock and the 67 o’clock positions around the hiatus. The ante-
rior vagus nerve may be adhered anteriorly to the pericardium and can be
inadvertently damaged while taking down the hernia sac. It is also at risk in the
region of the GEJ. The posterior vagus nerve can be adhered posteriorly along the
aorta to the decussation of the left and right crura and can be easily injured while
dissecting the esophagus posteriorly. During re-do operations, scar tissue and adhe-
sions around the hiatus and prior fundoplication make vagal identification difficult,
and the nerves are best identified proximally along the esophagus in the mediasti-
num and followed distally towards the fundoplication.

Once the hiatus has been freed and vagus nerves are identified and preserved,
the previous fundoplication can be taken down. It is important to restore the stom-
ach and especially the fundus to its normal anatomic state in order to correctly
identify landmarks and fashion a new fundoplication. Failure to completely un-do
the prior fundoplication will likely result in another incorrectly performed fundo-
plication and high likelihood of failure. Once the hernia is reduced and the fundo-
plication can be visualized, it is helpful to slide a grasper into the inferior portion

Fig. 16.6 A previous fundoplication is identified anteriorly (left) where the anterior and posterior
portion of the fundus were previously sutured together. This is dissected and divided using an
energy device (right)
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of the fundoplication opening to develop a plane (Fig. 16.6). After this plane is
developed and enlarged, the fundus to fundus connection can be divided. If there is
a clear demarcation, an energy device can be used for the division. If there is dif-
ficulty identifying the fundo-fundal plane with high risk of a gastric injury, a linear
cutting stapler may be used. After division, the remaining fundal attachments are
taken down carefully to avoid the vagus nerves which will run deep to the fundal
wings anteriorly and posteriorly. The most difficult dissection is often in taking
down the attachments between posterior fundus and lesser curvature. There are
often additional subtle adhesions in the region of the angle of His which must be
divided.

Once all adhesions and bands have been divided, the greater curvature is stretched
outward to the left to assure restoration of normal anatomy and the stomach is inves-
tigated for any injury or remaining adhesions. If there is a remaining hernia sac, it
should be truncated and removed from the abdomen [26]. It may be advisable to
perform intraoperative endoscopy at this time to check for injury and to precisely
locate the GEJ, which can be quite difficult with these complex cases.

16.4.3 Crural Closure

Now the hiatus is ready for closure. There are several types of hiatal opening con-
figurations, including the slit, the oval, the teardrop and the “D”. The shape of the
configuration is a predictor of the degree of tension being applied to crural closure
and may hint at the necessity of further intervention. Although there are devices to
successfully assess crural tension intra-operatively, they are not yet commercially
available and the surgeon must rely on feel, as well as the predictability of greater
or lesser tension based on the configuration [27]. The tension on the crural pillars
can be tested by grasping each side and pulling towards each other (Fig. 16.7). If
they come together easily, then further intervention is unlikely to be needed. If there
is scar tissue, fibrosis, attenuated muscle or undue tension, then further maneuvers
must be used to decrease tension. Insufflation can be lowered from 15 mmHg to 10
or 12, and the liver retractor can be loosened. Meticulous adhesiolysis must be per-
formed around the hiatus, especially on the right side near the liver. Oftentimes
releasing these adhesions will free up the right crus enough to successfully com-
plete the closure. Left pleurotomy lowers the pressure gradient between the left
hemi-diaphragm and the abdomen and can also reduce tension during closure [28].

A relaxing incision may be employed if primary closure appears to be under
too much tension by making a full thickness incision in the right crus 3 cm parallel
to the vena cava. While the right side is preferable, if there is not enough space
between the inferior vena cava and the right crus or if there are too many adhe-
sions, a left-sided curvilinear incision may be made. In this case the incision starts
to the left of the hiatus and continues laterally following the course of the 7th rib
in order to avoid the phrenic nerve [28]. These full-thickness incisions must be
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Fig. 16.7 Different methods of assessing diaphragmatic tension. A tensiometer (fop) objectively
measures the force required to bring the crus together. A subjective method of measuring tension
is shown (bottom) by using graspers to feel the amount of tension on the crus after approximating
the two pillars

bridged with permanent mesh, usually with a 1 mm polytetrafluoroethylene
(PTFE) mesh sutured in place. Using absorbable mesh will result in difficult
paraesophageal herniation. The primary cruroplasty can then be achieved using
interrupted permanent braided suture.

For additional strength we typically utilize at least 1 or 2 pledgeted horizontal
mattress sutures for closure of the large or recurrent hernia in addition to simple
interrupted suture closure. The opening should be tight enough to not allow hernia-
tion to occur but not too tight so as to impinge on the esophagus. A grasper may be
placed in the hiatal opening and a “twang” can be felt upon opening and removing
the grasper against the rim of the anterior diaphragm.

The question of whether or not to use mesh to reinforce the crural closure remains
unanswered. There is even less data regarding its use in re-operative hernia repair
than for primary repair [29]. Short term results seem favorable towards mesh but
long-term results remain inconclusive, and there is a real risk of erosion of permanent
mesh into esophagus or stomach [4, 30]. In addition, there are many options when
using mesh for crural enhancement including the type of mesh (biologic or
permanent), the configuration of mesh (posterior U-shaped, circular, keyhole) and
the attachment method (suture or tacking). Given the paucity of data, no definitive
recommendations can be made. It is our practice to reinforce the hiatal closure with
biologic mesh and avoid permanent mesh in contact with the esophagus.
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16.4.4 Intra-operative Endoscopy

Intra-operative endoscopy is a valuable tool employed by the foregut surgeon dur-
ing re-operative hiatal hernia repair. The true GEJ is often difficult to assess lapa-
roscopically during re-operative repairs because of widening of the distal esophagus,
poor tissue planes, and a tendency for the slipped Nissen to result in a tubular
configuration of the cardia. If the GEJ is misidentified, the fundoplication will be
made either too high or too low, resulting in a poorly constructed wrap, poor clini-
cal outcomes and the need for additional interventions. Intra-operative endoscopy
can help identify the true squamocolumnar junction and help guide creation of an
appropriately placed fundoplication. The endoscopist identifies the squamocolum-
nar junction just proximal to the rugal folds while the surgeon uses a bunt grasper
to intermittently apply pressure to the anterior stomach while moving upward from
stomach onto presumed esophagus. In this manner, the endoscopist can correlate
external laparoscopic landmarks with intra-luminal findings. When the true GEJ is
identified, a clip or other mark can be placed to aid in later identification.

Endoscopy can also be helpful to identify gastric or esophageal injuries. A leak
test can be performed to rule out any suspicious injuries. The stomach and esopha-
gus are insufflated and the surgeon irrigates the GEJ and stomach to look for any
bubbles. Leaks can be repaired via a sutured or stapled technique and are rarely a
source of morbidity. After the fundoplication is completed, endoscopic evaluation
of the valve is helpful to ensure a proper configuration of the wrap. Findings such as
asymmetry, poor Hill grade, spiraling or a wrap placed too inferiorly should prompt
a re-inspection of the fundoplication and consideration of revision.

16.4.5 Short Esophagus

Short esophagus can be caused by any number of conditions including congenital or
acquired short esophagus. It is most commonly caused by long-term reflux disease
resulting in constant inflammation and fibrosis leading to contraction of the esopha-
geal smooth muscle and resultant shortening [31]. Other factors contributing to short
esophagus include the presence of Barrett’s esophagus, large type III paraecsophageal
hernias and esophageal strictures. Its frequency and the need for a lengthening pro-
cedure are hotly debated among surgeons but it is commonly defined as less than
2.5-3 cm of intra-abdominal esophagus between the anterior rim of the hiatus and
the GE junction following high mediastinal dissection and its presence leads to fail-
ure from axial tension [32]. The length of intra-abdominal esophagus is best mea-
sured by retracting the GEJ anterior towards the anterior diaphragmatic hiatus and
using a grasper or other measuring device to measure the distance between the ante-
rior diaphragm and the previously identified GEJ. If this distance is less than 2.5 cm,
then the surgeon must consider employing techniques to mitigate axial tension.
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Fig. 16.8 Laparoscopic Collis-Nissen gastroplasty being performed for short esophagus. A wedge
fundectomy is performed using a linear stapler over a 46 Fr bougie creating a segment of neo-
esophagus. A Nissen fundoplication is then constructed using the remaining fundus

The first maneuver is to complete the hiatal dissection. An extensive mediastinal
dissection to at least the inferior pulmonary vein must be undertaken to obtain the
maximal amount of esophageal length, and in our experience this will usually suf-
fice. Dividing the anterior vagus nerve in order to gain more esophageal length has
been reported and is an option if no further length can be obtained otherwise [33].
Another approach to short esophagus is intra-thoracic mobilization utilizing either
a thoracoscopic or open approach [34]. The esophagus can be mobilized upward
above the azygous vein in order to gain intra-abdominal length. If these maneuvers
are inadequate then a lengthening procedure should be considered.

The standard lengthening procedure for short esophagus is the Collis-Nissen
gastroplasty. The procedure involves fashioning a short length of neo-esophagus
from the proximal stomach and performing the fundoplication around the neo-
esophagus [35]. There are several different approaches including the right or left
chest, intra-abdominal circular stapler and the wedge fundectomy using a linear
cutting stapler (Fig. 16.8). A 4648 Fr bougie is inserted into the esophagus before
creating the Collis, and the fundoplication is performed over a 56-58 Fr dilator.
Care must be taken before performing this procedure in patients with esophageal
stricture, the elderly, or patients with poor tissue quality as these conditions can lead
to increased trauma and increased rate of post-operative leaks. Long-terms results
of the Collis-Nissen are satisfactory with no difference in recurrence rate from that
of the Nissen alone but there is an increased leak rate and risk of post-operative
dysphagia [36, 37]. In addition the mucosa of the neo-esophagus is acid-secreting
and may result in the need for chronic PPI’s [31].

Another option involves a recently described technique called the Nissen-Hill
Hybrid. Using the principles of the Hill repair, the GEJ is anchored to the pre-aortic
fascia and combined with a Nissen fundoplication (Fig. 16.9). This is not the same
as simply fixing the fundoplication to the diaphragm as it is the GEJ itself which is
anchored. In the setting of short esophagus, it has been shown to be at least equiva-
lent in recurrence to the Collis-Nissen gastroplasty without the need to create a
neo-esophagus [38].
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Fig. 16.9 The Nissen-Hill hybrid repair. The Hill sutures are placed through the anterior and pos-
terior collar sling musculature at the GEJ then through the pre-aortic fascia. These sutures keep the
GEJ anchored in place below the diaphragm and has shown long-term durability. A short floppy
anterior-posterior Nissen fundoplication is then constructed in the standard fashion

16.4.6 Fundoplication

Once proper anatomy has been restored and adequate intra-abdominal esophageal
length has been obtained, a fundoplication should be performed in order to reduce
reflux [39]. During the pre-operative workup, either before the index operation or
after recurrence, a manometric evaluation should be obtained. There are no clear
contra-indications guiding complete versus partial fundoplication and the decision
is best left to the surgeon’s experience and comfort with a particular repair [40]. If
a Nissen fundoplication is to be used, the short floppy variant measuring approxi-
mately 3 cm in length is appropriate [41]. The use of a bougie to create the fundo-
plication has been shown to reduce the rate of post-operative dysphagia [10, 42].

16.4.7 Gastropexy/Gastrostomy Tube

While it is not our common practice, the addition of an anterior gastropexy either in
the form of a gastrostomy tube or an anterior gastropexy suture has been advocated
to help reduce recurrence after large paraesophageal hernia repair. Some studies
have shown a benefit, while others have found no significant difference [43, 44]. In
high-risk patients undergoing urgent repair for incarceration, an anterior gastropexy
without fundoplication can be performed but carries with it an increased rate of
radiographic recurrence up to 22% at 3 months [45].
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16.4.8 Conversion to Roux-en-Y Bypass

The above approaches are generally successful for a first time re-operation and even
for most second time re-operations [46]. For second or third-time re-operations and
in several additional situations, however, conversion to Roux-en-Y gastric bypass
should be considered as the final and definitive operation for a failed GEJ. Though
seemingly drastic, repeated failure of paraesophageal hernia repair is discouraging
both for patient and physician and leaves few options. The decision to convert to
gastric bypass can be made pre-operatively or intra-operatively. There are several
different described variations of bypass to consider, including gastrojejunostomy
with or without concomitant gastrectomy, gastrojejunostomy with the fundoplica-
tion in place, or esophagojejunostomy [47]. If the patient has experienced multiple
operative failures, they are at high risk for subsequent failure and pre-operative
planning should favor a bypass operation [48]. If the patient has a BMI of over 35
and has recurrence of a hernia, a consultation with the bariatric surgeons should be
made, especially in the setting of comorbidities [49]. A two-stage procedure may
even be considered where the hernia is repaired first, then a weight loss procedure
is performed second in order to reduce the likelihood of intra-operative injury [50].
Another indication for bypass is very poor or absent esophageal motility in the set-
ting of recurrence. In addition, if there are extensive or multiple intraoperative inju-
ries with poor tissue quality and concern for the adequacy of repair, thought should
be given to a bypass procedure.

16.4.9 Conversion to Open

Though uncommon, open conversion is a safe option if the laparoscopic approach
proves too difficult [21]. Dense adhesions, bleeding, esophageal or bowel injury, or
failure to progress should prompt the surgeon to consider continuing the case via
open laparotomy. It is important for surgeons taking on a re-operative laparoscopic
repair to be comfortable with the open approach should the need arise.

16.4.10 Post-operative Considerations

It is important to optimize the patient in the early post-operative period as this is the
most critical time for early recurrence. Care must be taken to avoid any increase in
intra-abdominal pressure such as emesis, retching or straining with defecation. This
pressure puts undue tension on both the crural closure and the fundoplication and
can lead to early wrap migration. To this end, aggressive anti-nausea treatment strat-
egies are undertaken beginning with pre-operative anxiolytics, steroids and
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pre-hydration [51]. Post-operatively, scheduled anti-emetics are given and multi-
modal pain control such as acetaminophen, non-steroidal anti-inflammatory drugs
and gabapentin are administered to limit the usage of nausea-inducing opioids. In
addition, stool softeners and laxatives are given in order to avoid constipation and
resultant straining. Activity limitations during the first 6 weeks including the pro-
scription of heavy lifting and strenuous exercise are implemented in order to avoid
recurrence and port-site hernia.

The routine use of nasogastric tube placement is unproven, but in the presence of
injury, staple line or other concerns it can be useful for gastric drainage. It is our
practice to perform postoperative video esophagogram on the first or second postop
day for all re-operative repairs and Collis-Nissen gastroplasties. A clear liquid diet
is then started and advanced to a full-liquid diet as tolerated for a 2-week period.
Patients are instructed to avoid drinking liquids through a straw and to avoid carbon-
ated beverages or cold liquids as these can increase gastric distension and contribute
to recurrence [52]. In the early post-operative period, the patient should always take
liquids by mouth while sitting upright in a chair and remain upright for at least
30 min afterward to assist esophageal emptying and decrease the likelihood of
aspiration.

16.4.11 Long-Term Post-operative Care

As revisional GEJ surgery is complex and performed on patients who have already
experienced an undesirable outcome, we believe it is the surgeon’s responsibility to
assume primary care for all issues related to the operation for at least the first
6 months. As symptoms correlate very imperfectly with objective findings, we also
routinely recommend postoperative testing at 6—12 months to include video esopha-
gogram and endoscopy with pH testing. This provides a postoperative baseline
which can be quite helpful in the future care of the patient should new or recurrent
symptoms develop.

16.5 Summary

Failure of laparoscopic paraesophageal hernia repair is a complex and often frustrat-
ing entity. With its increasing prevalence and the ever-growing need for re-operative
intervention, it is important for the foregut surgeon to understand the guiding prin-
ciples behind revisional hiatal hernia surgery. Because of the complex nature of re-
operative paraesophageal hernia repair, it is advisable that these operations be
performed in experienced specialty centers. The surgeon must be aware of mecha-
nisms of recurrence and how to address these issues peri-operatively so as not to
repeat the same mistakes that led to recurrence after the index operation. In
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addition, the pre-operative workup must be carefully prepared in order to identify
recurrence and ensure the correct operative intervention is planned. Finally, correct
surgical strategies must be employed in order to optimize clinical outcomes and
avoid future recurrences.

What Is the Current Knowledge and What Future Direction

Is Required

* Results of re-operative paraesophageal hernia repair are superior in expe-
rienced centers, and these operations should be performed by surgeons
experienced in re-operative repair.

e Regardless of the technique used, over half of surgically repaired parae-
sophageal hiatal hernias will demonstrate long-term radiographic
recurrence.

» Radial and axial tension are two major forces acting on the repair of the
hiatal hernia that lead to disruption of the repair and ultimate failure.

* In cases of suspected recurrence, objective studies are needed to determine
the presence and correlation of anatomic defects with symptoms.

e Further studies must be undertaken to determine the best way to mitigate
factors leading to recurrence, including long-term effectiveness of mesh
placement at the hiatus and usage of esophageal lengthening procedures.

* Long-term outcomes of re-operative paraesophageal hiatal hernia surgery
must be more closely studied in order to better understand patient
outcomes.
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Chapter 17
Long-Term Results After Laparoscopic
Reoperation for Failed Antireflux Procedure

Giuspeppe Quero, Alfonso Lapergola, Ludovica Guerriero,
and Bernard Dallemagne

17.1 Introduction

Laparoscopic antireflux surgery [1] was first introduced in 1991. Since then, it has
rapidly shown significant benefits over the conventional approach, and it is now
well accepted as the gold standard treatment for severe gastroesophageal reflux [2].
Most of the published clinical series show excellent outcomes in terms of symptoms
in 85-90% of cases up to 10 years after surgery [3-6].

Both the number of procedures and the need for reinterventions due to failure
have increased. The rate of fundoplication failure after laparoscopic treatment
ranges from 3 to 30% [7]. This extensive range is mainly due to the lack of
standardized definition for failure, to the lack of methods of evaluation and to dif-
ferences in surgical techniques as well as patient selection [8]. Failures can be
defined as GERD recurrence and/or the development of new symptoms, frequently
associated with more or less substantial anatomical changes in the esophagogastric
anatomy. Although many patients with mild clinical symptoms can be successfully
managed nonoperatively, almost 3—6% of them require revisional surgery [9].

It is essential to consider that redo fundoplications are much more challenging
than primary surgery, regardless of the surgical access, especially in the presence of
adhesions, anatomical distortion and the frequent need to dismantle the previous
fundoplication. The success rate for reoperations usually ranges from 50 to 8§9%,
and has to be compared with the success rate after a primary surgery [10]. In addi-
tion, it has been shown that there is an approximate 20% decrease in the success rate
after reoperations at each subsequent operation [11].
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Fig. 17.1 Gastrographin
swallow demonstrating an
acute postoperative
paraesophageal herniation

Today, there is no standardized algorithm for surgical reoperation, even if the
laparoscopic approach has been shown to be safe and effective [12]. Good to
excellent results were reported after short-term postoperative follow-up.
However, the evaluation of long-term outcomes has shown that the selection and
the quality of the redo procedure is fundamental to provide sustainable results.

17.2 Pattern of Failure and Surgical Procedures

Fundoplication failures include the recurrence of GERD symptoms or the develop-
ment of new symptoms which did not exist preoperatively. Recurrent GERD (60%)
and dysphagia (30%) are the most frequent symptoms of failure [7]. Chest pain,
nausea, bloating, and shortness of breath can be associated with gross anatomical
abnormalities such as hiatal hernia.

Failures can be observed in the early postoperative period, with the most frequent
pattern being acute paraesophageal hernia or intrathoracic migration of the antire-
flux valve (Fig. 17.1) [13]. This type of failure is also the most frequently observed
at later stages, and is accountable for 45 to 74% of reoperations [12, 14]. Disrupted
(15%) and slipped/misplaced wraps (17%) come next regarding the frequency of
anatomical failure patterns, which also include tight fundoplication/crural repair
and loose wraps among the most common ones (Fig. 17.2). Additionally, it has been
shown that esophageal motility disorders or erroneous diagnosis at primary surgery
account for causes of failure in 1-2% of patients [12].

A correlation between the cause of recurrence and the interval between the pri-
mary procedure and the symptomatic failure has been reported. In the first three
years, recurrence is generally due to wrap slippage while wrap breakdown is usually
the most frequent cause beyond three years [15]. The probability of failure
significantly increases over time. After 20 years, the probability of failure requiring
remedial surgery is estimated at 30% [16].
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Fig. 17.2 Slipped
fundoplication

Although the laparoscopic approach in revisional surgery for failed antireflux
[16, 17] first met skepticism, results obtained after the initial learning curve have
established minimally invasive surgery as the first management option. From a tech-
nical standpoint, the key points for an adequate surgical revision include the identi-
fication of complex anatomy, the evaluation of failure mechanisms, and the choice
of the appropriate surgical procedure to correct the problems. Herniation and slip-
page are usually induced by an inadequate crural closure and/or excessive traction
on the gastroesophageal junction and an unrecognized short esophagus. Repair
under tension, which is axial on the esophagus and radial on the crura, is probably
the main cause of failure. Regarding crural closure, some groups advocate the use
of a mesh. However, mesh use is still a matter of debate, with heterogeneous results
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and complications rates [18-20]. The reality of shortened esophagus is still dis-
cussed [21].

In our series of laparoscopic reoperations, recurrent GERD (41.7%) and dyspha-
gia (16.6%) were the most frequent indications for redo, followed by a combination
of reflux and dysphagia (4%) and gas bloating. Most frequent anatomical patterns
of failure were herniation and slippage, followed by a valve or cruroplasty, which
was too tight, and a twisted or bilobed stomach [22].

17.3 Reoperation Techniques

The strategy in reoperations must be tailored to the patient’s symptoms, patterns of
failure, type and quality of the previous procedure, and number of previous opera-
tions. Recent reports on long-term outcomes provided additional information on the
sustainability of different types of redo procedures.

One fundamental requirement in redo surgery is to dismantle the first fundoplica-
tion and restore the esophagogastric anatomy [22] (Fig. 17.3). The second step is to
understand the mechanism of failure, which, besides surgical mistakes, is mostly
related to some mechanical tension on the elements of the repair, fundoplication
wrap, esophagus or crural muscles. The third and most important step is to select the
appropriate redo procedure.

Recurrent GERD caused by a disruption of the wrap is probably the easiest
symptom to treat. Indeed, it is usually associated with a poor surgical technique at
the primary operation, in terms of suturing capabilities and/or of the suture mate-
rial used. Tension on the fundoplication is usually associated with a wrap created
without gastric fundus mobilization. The redo procedure has to take into account
these elements and usually consists in a refundoplication using a Nissen or a par-
tial wrap, which provides good long-term results [22]. A valve under tension is
also frequently observed in the new onset of persisting dysphagia, and the treat-

Fig. 17.3 Dismantling of
fundoplication
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ment is also focused on a tension-free fundoplication, with excellent results. A
partial valve is usually recommended, as secondary esophageal motility disorders
(pseudo-achalasia) can develop in long-standing esophageal obstruction
(Fig. 17.4). Recurrent GERD, whether associated or not with dysphagia, due to
wrap slippage can be more challenging. In its simplest form, it is caused by a
wrong valve placement at the primary procedure and it requires a new, well-posi-
tioned fundoplication. In its more complex form, it can be related to a progressive
cephalad slippage of the esophagogastric junction (EGJ) through the wrap. The
main causing factor is most commonly the esophageal tension, which pulls the
EGJ upwards, or more rarely the fixation of the wrap on the EGJ. In the first case,

Fig. 17.4 Tight
fundoplication with
esophageal outlet
obstruction
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a high intramediastinal dissection or esophageal lengthening procedure may allow
for a tension-free repositioning of the EGJ in an infra-diaphragmatic position and
for the creation of a new fundoplication [22] (Fig. 17.5). A careful intraoperative
assessment of the anatomical position of the endoscopic EGJ is mandatory
(Fig. 17.6). Indeed, visual assessment is unreliable, due to tissue alterations. The
third most common failure pattern is the intrathoracic migration of the fundoplica-
tion, or recurrent hiatal hernia, which can be associated with slippage (Fig. 17.7).
Reoperation is complex as it has to take into account axial and radial tension on the
antireflux repair. Axial tension can be managed similarly to slippage. Radial ten-
sion is challenging since crural repair addresses crural muscles which have been
previously manipulated, sutured or reinforced with a mesh in the most difficult
cases.

Dealing with more than one prior surgery is even more challenging, and the qual-
ity of the last repair is fundamental. If it was performed following the standard
recommendations, one should consider alternative methods, such as Roux-en-Y
bypass, fundoplication dismantling, esophageal myotomy or esophagectomy in the
worst-case scenario [22].

Fig. 17.5 Collis lengthening procedure. The first staple line defines the appropriate level of tran-
section of the great curvature (a). The last staple line complete the partial fundectomy (b)

Fig. 17.6 Intraoperative control of the GEJ position
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Fig. 17.7 Intrathoracic
migration of the valve

In our experience [22], herniation was detected in 50 patients out of 129 laparo-
scopic redo surgeries. Early postoperative paraesophageal herniation required
immediate laparoscopic redo, with hernia reduction and a new crural repair. In case
of late presentation, one Collis-Nissen procedure was performed, while the remain-
ing procedures varied from redo Nissen (39 patients) to partial wrap in four cases.
Sutured crural repair was performed in 58% of patients, reinforced with pledgets or
a mesh in other patients. In case of slipped wrap (n = 45), the previous fundoplica-
tion was taken down along with esophageal mobilization. Crural repair and a new
fundoplication (32 Nissen, 8 Toupet, and 3 Collis-Nissen procedures) were
performed. In the remaining two patients, the fundoplication was completely
dismantled.

17.4 Intraoperative Complications
and Postoperative Outcomes

In one of the most comprehensive summary of outcomes after reoperative antire-
flux surgery including more than 1500 patients, perioperative mortality was nil, a
significant finding considering the complexity of these operations [7]. Intraoperative
complications occurred in approximately 19% of cases, with perforation of either
the esophagus or the stomach (14%) and accounting for 76% of total intraoperative
morbidity. Conversion was required in 1-20% of patients, and was mainly caused
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by a loss of anatomical landmarks, adhesions, and intraoperative complications [7,
23-25]. In our series of 129 patients undergoing laparoscopic reoperations, the
conversion rate due to excessive adhesions was 1.5%, the postoperative complica-
tion rate was 7%, and early reoperation was required in three patients due to cardia
and pyloromyotomy leaks and to early wrap migration [22]. Those findings com-
pare favorably with the results of one of the largest series of open redo surgeries,
with a 10% reoperation rate and a 25.4% postoperative complication rate [16].

17.5 Long-Term Outcomes

Good to excellent long-term outcomes after primary laparoscopic antireflux surgery
have been reported up to 90% of patients [26]. The success rate after reoperative anti-
reflux surgery depends on the indication for redo (dysphagia, recurrent GERD mostly),
on the anatomical failure pattern; which can make the redo procedure more or less
challenging, and on the type of procedure performed. The need for re-reoperation is a
good indicator of success. While the satisfaction rate after the first redo surgery for
failure remains valuable at short-term follow-up (>80%), this rate tends to drop with
the duration of follow-up and the number of previous operations [27-29].

At a short-term follow-up period (<2 years), good to excellent results were
obtained in 74-81% of patients [7, 27, 30]. Better results for the laparoscopic
approach were reported in the short run in a comparative study with the open
approach, 94 versus 74% respectively, while similar results (70% success rate) were
obtained in the long run with laparoscopy, laparotomy or thoracotomy [31].

Few studies in the literature report results with a long-term follow-up period
(>3 years) [32-34] and only one at more than 5 years [22]. Long-term results are
more disappointing than short-term ones, even if a group reported an excellent 90%
success rate [13, 21].

In a case series by Vignal et al. (median follow-up: 4.5 years, completed in 29
patients) [32], 2 out of 47 patients required further surgery after a first reoperation
at 3 and 7 months respectively, in the first case for wrap herniation and in the second
case for complicated recurrent reflux, requiring a total duodenal diversion with trun-
cal vagotomy. The authors also provided a comparison between the redo surgery
group and a group of patients who underwent a single antireflux procedure during
the same period. The GIQLI score was higher in patients after primary surgery
(103 £ 27 versus 82 + 23 in the redo surgery group). However, the satisfaction rate
and the need for proton pump inhibitors (PPIs) were equivalent.

Granderath et al. [33] reported a satisfaction rate of 93% in their cohort of 27
patients, up to 5 years after surgery. The GIQLI score was significantly higher than
the preoperative score, and increased significantly at interval reports at 3 years and
5 years, reaching values comparable to the score of healthy populations. In terms of
symptoms, heartburn recurrence was reported in two patients at 3 and 5 years of
follow-up, without any evidence of anatomical or morphological failure and suc-
cessfully treated with low-dose PPIs. Dysphagia persisted in seven cases of patients
who underwent a Nissen fundoplication as a redo surgery.
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In the extensive retrospective analysis by Awais et al. [34], a long-term evalua-
tion was performed with the GERD-HRQOL test and the SF36 test in a total of 186
patients available at a median follow-up of 3.3 years. The GERD-HRQOL was
excellent in 52.2%, satisfactory in 33.3%, and poor in 14.5% of patients.

Finally, in our long-term study (mean follow-up: 76 months) [22], resolution of
dysphagia was obtained in 68% of patients while recurrent GERD was treated in
73% of patients referred for index symptoms. After a redo procedure for herniation,
the probability of being free-from-failure at 5 years was 83 versus 93% in case of
slippage. After 10 years, the probabilities were 37 and 50% in case of herniation and
slippage respectively. Failure of the repair was found in 41% of patients who under-
went redo surgery for herniation, and four of them necessitated an additional opera-
tion. After reoperation for wrap slippage, failure was demonstrated in 27% of
patients, three of them requiring additional surgery.

Failure after a reoperative antireflux surgery is challenging. Almost 10% of
patients failed again and required another redo procedure [16, 34]. The best illustra-
tion of this problem was put forward by Smith et al. who reported a large series of
285 patients who underwent 307 reoperations for failed antireflux surgery [35]. Two
hundred and forty-one patients underwent 1 redo, 59 patients 2 redos, 6 patients 3
redos, and 1 patient 4 redos. Transdiaphragmatic wrap migration was the main indi-
cation for multiple redo surgeries. The mean interval between the first and second
redo was 24 =+ 33 months and 12 + 7 months between the second and the third redo.
The failure rate was 7.1% after the first redo and 17% after the third redo. The type
of procedure performed successively was iterative fundoplication. Based on this
experience, the authors did not consider redoing the primary operation after three
prior attempts, but instead, they planned to perform a different operation.

There is no consensus in the literature regarding the anatomical or symptomatic
failure pattern nor regarding the number of previous antireflux reoperations, which
could lead the surgeon to opt for an alternative procedure. It was previously reported
that morbid obesity, esophageal dysmotility, short esophagus, severe preoperative
dysphagia, and extraesophageal GERD symptoms were factors which contributed
to poor outcomes after refundoplication [31]. Among the different options, there has
been an increasing trend towards conversion to a Collis lengthening procedure with
fundoplication, Roux-en-Y (RNY) reconstruction with an esophagojejunostomy or
gastrojejunostomy [34, 36-38], esophageal myotomy or esophagectomy for end-
stage pseudo-achalasia [34, 38].

Roux-en-Y reconstruction is progressively expanding, and if it was initially con-
sidered for overweight patients, it is also gradually offered to patients with a normal
weight but with 1 or more previous operations. In a retrospective study comparing
refundoplication (RF) and RNY reconstruction after a mean follow-up of
53.5 months, results were favorable, even though operative morbidity and long-term
complications (anastomotic strictures) are higher than after a simple fundoplication
[39]. The reoperation rate was similar between the two groups (7.2 and 9.5% in case
of redo surgery and Roux-en-Y reconstruction respectively). However, long-term
anastomotic strictures occurred in 28% of patients, who were managed with endo-
scopic dilatation. All assessed symptoms, heartburn, chest pain, dysphagia, and
regurgitation significantly improved in both groups except for dysphagia, which
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was significantly improved only in the refundoplication group. Eighty patients
(65.6%) had a complete resolution of symptoms or had only minimal symptoms at
follow-up. There was no significant difference in symptom control among patients
who underwent RF or RNY reconstruction. In a subset analysis, patients with mor-
bid obesity, esophageal dysmotility, or additional risk factors have a better satisfac-
tion with RNY reconstruction as compared to RF (18.2 versus 66.7%, p = 0.031).
Among patients who had esophageal dysmotility, the incidence of postoperative
dysphagia in patients who underwent RF was higher than in those who had RNY
(58 versus 31%, p = 0.07).

The option of RNY reconstruction has to be appended to the armamentarium of
procedures put forward to patients with fundoplication failure. The selected tech-
nique must be individualized taking into account the risk factors of failure that were
identified. The refundoplication may remain the first choice for most patients, at
least for the first reoperation.

17.6 Conclusions

Our experience and the reports published in the literature clearly demonstrate that
antireflux failures should be managed laparoscopically, which provides substantial
benefits over an open approach with an acceptable complication rate, at the cost of
a higher conversion rate when compared to primary antireflux procedures. Good to
excellent short-term results are obtained in almost 80% of patients undergoing a
first reoperation. However, the long-term assessment of objective and subjective
outcomes has revealed a significant failure rate, which increases with follow-up
duration. Risk factors for failure have been identified, and multiple reoperations
have led to poor results. These findings call for a change in the operative procedures,
even if there is currently no formal algorithm for the management of failures.
Preliminary, yet substantial results have shown that incorporation of Collis gastro-
plasty and Roux-en-Y reconstruction in the surgical armamentarium may change
the long-term outcome after reoperation for failed antireflux surgery.

What Is the Current Knowledge and What Future Direction

Is Required

e The most common causes of failure after fundoplication are the intratho-
racic migration of the valve and slippage of the valve.

* Any repair performed in tension, axial on the esophagus and radial on the
diaphragm can lead to rupture of the architecture of the valve.

e The long-term results of reoperations for failure are difficult to interpret
given the paucity of detailed reports and the heterogeneity of the evalua-
tion methods.
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* The repetition of the reoperations leads to a significant reduction in the

chances of success.

* After two consecutive failures, it seems logical to change the type of surgi-

cal assembly to hope for a stable result.

* The reason for placing a prosthesis to avoid the risk of re-migration seems

simplistic and does not prevent a new recurrence while increasing the risk
of complication related to the prosthesis.

e Detailed studies of reoperation results based on the indication and failure

pattern would help establish a decisional algorithm.
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Chapter 18
Utility of the Robot in Revisional
Paraosophageal Hiatus Hernia

Maamoun Harmouch, Erik B. Wilson, Peter A. Walker, and Shinil K. Shah

18.1 Introduction

Diaphragmatic hernias are broadly divided into hiatal and parahiatal hernia. The
incidence and prevalence of hiatal hernias increase with age [1]. Hiatal hernias are
typically a “wear and tear”” phenomenon. They occur secondary to disruption and or
laxity of the ligamentous complex (phrenoesophageal, gastrocolic, and gastro-
splenic ligaments) that maintain the esophagus and stomach in their normal ana-
tomical locations [2, 3]. Disruption of this complex allow for varying degrees of
abdominal organs to shift into the mediastinum causing a wide spectrum of clinical
manifestations that range from mild reflux as seen with small type I hiatal hernias to
gastric necrosis secondary to gastric volvulus [4]. Parahiatal hernias most com-
monly occur secondary to traumatic injury to the diaphragm or a congenital anom-

aly such as Bochadlek and Morgagni hernias [1].
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18.2 Classification and Clinical Manifestations

Traditional classification of hiatal hernia include types I to IV. A more clinically
relevant distinction includes sliding hiatal hernia (Type I) and paraecsophageal her-
nias (Types II-I1V) (Fig. 18.1). Sliding hiatal hernias account for more than 95% of
all hiatal/paraesophageal hernias. Type III hernias are the most common type of
paraesophageal hernia (PEH). Clinically, about 50% of patients are asymptomatic
[5, 6]. When symptoms are present, they are typically a result of a dysfunctional
lower esophageal sphincter and or mechanical obstruction of the distal esophagus or
stomach.

Patients can experience a wide array of signs and symptoms such as heartburn,
regurgitation, epigastric pain, postprandial fullness, dysphagia, dyspnea, aspiration
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Fig. 18.1 Types of hiatal/paraesophgeal hernias. (a) Type 1 (sliding hernia) (b) Type 2 (normal
location of the gastroesophageal junction with herniation of the fundus (¢) Type 3 (combination of
Types 1 and 2) (d) Type 4 (herniation of additional intra abdominal organ). Figure reproduced with
permission [43]
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pneumonia, and iron deficiency anemia that occur secondary to Cameron ulcers
[5-7]. The majority of patients will have a chronic intermittent presentation and can
be managed electively. Rarely gastric necrosis, perforation, and bleeding occur sec-
ondary to acute gastric obstruction. This devastating complication has an operative
mortality of 17-56% and is considered a surgical emergency [4, 8].

Indications for operative repair, surgical approach, and surgical technique are all
areas of current debate. In general, older patients with multiple co-morbidities and
high peri-operative risk and patients with mild symptoms can be managed non-
operatively. On the other hand, symptomatic patients at reasonable surgical risk
should be offered surgical repair. With current technology, the minimally invasive
approach has become the standard of care [7, 9]. Irrespective of the approach, keys
to successful repair include adequate mobilization of the esophagus to achieve ten-
sion free intra-abdominal esophageal length of at least 2-3 cm, excision of hernia
sac, tension free closure of hiatus defect, and an antireflux procedure (fundoplica-
tion) [5, 6, 10].

18.3 Evolution of Operative Treatment

Gastrointestinal surgery entered a new era with the introduction of laparoscopic
surgery in the late 1980s and robotic surgery in the early 1990s [11, 12]. These
minimally invasive techniques have revolutionized operative medicine in the
majority of surgical specialties. Compared to open surgery, conventional lapa-
roscopy (CL) offer multiple advantages including decreased postoperative pain
and post operative morbidity, improved cosmesis, faster recovery, and decreased
length of hospital stay [13]. Despite these advantages, CL carries with it multi-
ple disadvantages and limitations such as reduced surgical dexterity, poor surgi-
cal ergonomics, translation of natural tremors, 2-dimensional visualization, and
a steep learning curve to master most complex gastrointestinal operations [14—
16]. These limitations along with advancement in computer technology and
robotics led to the birth of surgical robotic systems. This novel technology
started in 1985 with the Puma 560 platform that was used in the field of neuro-
surgery. Over the next decade, multiple other platforms were introduced into the
market to assist in different specialties such as orthopedics and urology. The
automated endoscopic system of optimal positioning (AESOP) was the first
robotic platform used in abdominal surgery in the 1990s. Over the next few
years, this technology underwent multiple phases of refinement to give rise to da
Vinci surgical system (Intuitive Surgical, Inc., Sunnyvale, CA). This new plat-
form was FDA approved in July of 2000 for use in general surgery procedures.
While maintaining most of the advantages offered by CL, surgical robots were
designed to provide promising solutions for most of the limitations and draw-
backs encountered with CL [15].
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18.4 Da Vinci Surgical System

Currently, the most widely used robotic system in gastrointestinal surgery is the da
Vinci surgical system. There are several other platforms either in development or
soon to enter the market, including systems developed by Titan Medical (Toronto,
Ontario, Canada), Verb Surgical (Mountain View, CA), Medtronic (Minneapolis,
MN), and Transenterix (Morrisville, NC).

The da Vinci system consists of a surgeon console, patient side-cart, and a vision
system. The console consists of a stereoscopic viewer, controllers, and pedals that
allow the surgeon to be comfortably seated and engrossed in the surgical field in
order to minimize fatigue and distraction. The side cart consists of three or four
robot arms that translate the surgeon’s movements at the console. Multiple endow-
rist instruments that carry different functions have been designed. These instru-
ments are designed with seven degrees of motion, a range of motion similar to
human wrist. The vision system consists of a high definition 3D endoscope and a
large vision cart that provide enhanced visualization for the operating surgeon, as
well as the rest of the OR team. In addition, the surgeon’s movements are digitalized
which allow exclusion of surgical tremors and improve motion scaling up to five
times, which may result in increased operative precision [17-19].

18.5 Surgical Repair of Paraesophagael Hernias

Historically, PEH repair was done through an open transthoracic or transabdominal
approach. However, with the development of laparoscopic techniques, large accep-
tance and adoption of minimally invasive techniques have been seen by most sur-
geons. This enthusiasm was further boosted by multiple early reports demonstrating
the ability to perform large PEH repairs using laparoscopic techniques safely and
with good symptomatic results [9, 10]. Although CL offered its inherent set of
advantages that is seen in the perioperative course, most initial series reported
higher recurrence rates. The recurrence rate ranged from 16 to 57% with the laparo-
scopic approach compared to 2 to 15% with the open approach. Despite this higher
recurrence rates, multiple studies showed that this recurrence is often a radiographic
finding that lacks any clinical implications. In addition, the majority of these patients
with a documented radiographic recurrence had excellent clinical outcomes and
improved quality of life with very few that required reoperation [20, 21]. The intro-
duction of robotic surgical system into foregut surgery was believed to improve
upon CL and potentially yield better operative outcomes.

The first robotic assisted laparoscopic (RAL) Nissan fundoplication was done by
Cadiere and colleagues (1999, France). Cadiere went on to conduct a prospective
randomized trial comparing the outcome of robotic versus laparoscopic Nissan fundo-
plication in 21 patients. Both approaches had similar outcomes although operative
time was significantly longer in the robotic group (72 vs. 52 min, p < 0.01) [22].
Multiple other studies were then carried out comparing robotics to CL. These studies
demonstrated an average of a 30 min longer operative time and a total of 2000 US
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dollar higher cost with the robotic platform [19]. On the other hand, robotic surgery
was proven to be a safe alternative with comparable clinical outcomes to CL. Despite
the thoughts that robotic surgery would yield better patient outcomes in antireflux and
hiatal hernia surgery, this was not seen in clinical studies when it was compared to CL
[23-25]. Of note, most of the studies were performed on patients with symptomatic
GERD and/or small type I hiatal hernia. Perhaps, if CL was compared to robotic plat-
forms with large and more complex PEH that require more dissection and precision of
movements in the narrow hiatus, then significant clinical advantages may be seen. The
role of robotics continues to represent an area ripe for research and prospective trials.

18.6 Failure of Primary Repair

The operative management for GERD and treatment of PEHs increased dramati-
cally in the past decade. This increase occurred with the introduction and advance-
ment in the minimally invasive techniques which was demonstrated to be safe,
effective, and with a low risk of operative morbidity and mortality [26]. This led to
more patients with failed primary surgical repair being encountered in the clinical
setting. Most studies report recurrence rates of around 28% after primary repair. The
pathogenesis of PEH recurrence is multi-factorial and includes patient characteris-
tics, physiologic factors such as repetitive movement of the diaphragm, and techni-
cal factors. Patient related factors include obesity, presence of atypical symptoms,
poor response to medications, pulmonary disease, smoking, prior abdominal surger-
ies, and size of the PEH [27]. Technical factors that have been associated with
increased rates of recurrence include inadequate dissection of hiatus, failure to rec-
ognize short esophagus or inadequate dissection of the esophagus, false identifica-
tion of GE junction, sub-optimally constructed wrap, and vagal nerve injury. Upon
reoperation, transdiaphragmatic migration of wrap and disruption of wrap were the
two most common causes for failure [28—30]. Despite the relatively high recurrence
rate of laparoscopic PEH, only a minority of patients are symptomatic and require
reoperation. The most common indication for reoperation includes reflux, dyspha-
sia, and bloating along with a documented radiographic abnormality [31].

18.7 Redo Paraesophageal Hernia Repair

Patients with failed PEH repair embody a complicated clinical picture and a techni-
cal challenge for surgeons. Reoperations are often more complex due to dense adhe-
sions, scarred surgical planes, and altered anatomy [32]. Not surprisingly, these
challenges are greater if the primary repair was done via an open approach. Compared
to primary repair, redo surgery has higher mortality, higher intraoperative and post-
operative complication rate, and lower satisfactory symptomatic outcomes [27, 31—
37]. Further, clinical outcomes become less satisfactory if more than one reoperation
is needed [27, 34-37]. The satisfaction rate drops to 42% with patients requiring
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three or more operations [34]. Therefore, studies suggest that patients have best out-
comes with their primary surgical repair followed by the first reoperation.

Patients being considered for reoperation should have a thorough evaluation. One
must obtain a detailed history regarding their initial preoperative symptoms, response
to the operation, and whether these symptoms persisted after the primary repair or new
symptoms arise. A complete workup for esophageal and gastric disorders should be
undertaken, with comprehensive testing with radiographs, barium esophagogram, pH
study, endoscopy, esophageal manometry, and gastric emptying studies [27, 35-37].

These tests may reveal an undiagnosed underlying problem such as abnormal
esophageal motility, abnormal stomach emptying, and/or a short esophagus. With
this preoperative information, surgeons can often tailor their operative plans to the
individual patients. As an example, patients with dysphasia might need a partial
fundoplication during their reoperation, those having true shortened esophagus
might benefit from an esophageal lengthening procedure and/or more aggressive
mediastinal dissection, and patients that are obese or have major esophageal dys-
motility might benefit from roux-en-y (RNY) gastrojejunostomy or esophagojeju-
nostomy. In carefully selected patients, an even more aggressive operation such as
esophagectomy may be required [27, 31-37].

Traditionally, patients being evaluated for redo PEH repair are referred to tho-
racic and or gastrointestinal surgeons and a majority of the redo operations are done
via an open approach. Around 66% of patients are done via transabdominal approach
and 25% are done via transthoracic approach. However, up to one third of patients
are currently being done via laparoscopy due to the increased experience and skills
in minimally invasive techniques.

Outcomes after the first reoperation for a failed antireflux surgery are satisfactory
with long term satisfaction rates of about 80% as compared to 95% seen after a pri-
mary repair [33]. Intraoperative and postoperative complication rates are far more
common after redo surgery (21.4% and 15.6%, respectively) [31]. Postoperative
complications and mortality are higher with an open approach. On the other hand,
intraoperative complications were much higher in the laparoscopic group and rate for
conversion to open surgery was around 8.7% [31]. Reasons for conversion include
dense adhesions, intraoperative bleeding, and poor visualization. In addition, current
literature demonstrates that failure of laparoscopic redo operation is as high as 11%
and these patients required additional revisional operations [32, 33, 35].

These factors along with the known advantages of the robotic surgical system
have led many investigators to revisit the role of robotic surgery in redo antireflux
and hiatal hernia surgery. Currently there is paucity of studies looking at the role of
robotic surgical system in redo antireflux and hiatal hernia repair. Tolboom et al., in
a single cohort study, included 75 patients who underwent either CL or RAL redo
surgery. He found that median hospital stay was reduced by 1 day in the robotic
group. In addition there was less conversion to open surgery in the RAL group.
There was no difference in mortality rates, complications, and outcomes between
the two groups [38]. There is some data that can be gleaned from robotic revisional
bariatric surgery that may point to a role for robotics in re-do antireflux surgery and
the basis for additional future trials. Although small, series of robotic revisional
bariatric surgery demonstrate decreased conversion rates to open surgery,
complication rates, hospital length of stay, as well as major complication rates
approaching that of primary bariatric surgical options [39-42].
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18.8 Description of Redo Robot Assisted Laparoscopic
Paraesophageal Herina Repair

The set up for RAL primary and/or revisional PEH repair is similar to that of other
foregut operations. The set-up used by the authors is similar, with minor modifica-
tions, to techniques described by others. Patients are positioned in steep reverse
Trendelenburg with care taken to pad all pressure points. Using either the SI or XI
system, four robotic arms are utilized with or without an accessory port. Port con-
figuration is noted in Fig. 18.2. A parallel side dock technique is utilized for posi-
tioning of the patient side cart (Figs. 18.3 and 18.4).

Typically, two bowel graspers, two needle drivers, as well as monopolar shears and
an energy device (Harmonic scalpel) are utilized for the case (Fig. 18.5). An accessory
port may be utilized to introduce sutures/and or mesh, as well as aid in retraction,
exposure, and suctioning. An internal (Freehold Surgical, New Hope, PA) or external
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Fig. 18.2 Port placement for robotic assisted laparoscopic redo paraesophageal hernia repair.
Utilizing the SI system, typically a 5 mm robotic port (Instrument arm 2), 8 mm robotic port
(Instrument arm 1), 5 mm robotic port (Instrument arm 4), 10/30 robotic camera, and a 8—12 mm
accessory port are utilized. The position of the port corresponding to Instrument arm 1 may need
to be placed higher for very large paraesophageal hernias for high mediastinal dissection. A subxi-
phoid 5 mm incision is utilized for external liver retractor insertion; if an internal liver retractor is
utilized this port can be eliminated. Port placement for the XI system is similar. All ports are § mm
ports aside from the accessory port and ports are placed in a more horizontal fashion. Docking can
be performed from any position due to the differences in the patient side cart
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Fig. 18.3 Robotic patient side cart. Demonstrated is an intra operative photograph demonstrating
the da Vinci SI system. Note the parallel side dock technique which allows for easy access to the
head of the patient for anesthesia as well as for intra operative endoscopy. Figure reproduced from:
Shah SK, Walker PA, Snyder BE, Wilson EB. Chapter 6: Essentials and future directions of bar-
iatric surgery. In: Kroh M, Chalikonda S (eds) Essentials of Robotic Surgery, Springer Science +

Business Media, New York. 2015
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Fig. 18.4 Operating room set-up. Demonstrated is a representation of the operating room set up
for robotic foregut surgery



18  Utility of the Robot in Revisional Paraosophageal Hiatus Hernia 277

Fig. 18.5 Robotic repair of a type 4 paraesophageal hernia. Demonstrated are intra operative
photographs from a robotic assisted laparoscopic repair of a type 4 paraesophageal hernia contain-
ing stomach, colon, and omentum. (a) Initial appearance. Typically, dissection is initiated with two
robotic bowel graspers and an energy device. (b) Appearance after reduction of colon and omen-
tum. Atraumatic bowel graspers are utilized for handling of intra abdominal viscera. (¢) Appearance
during final esophageal mobilization. A penrose drain is placed around the esophagus to assist with
retraction. (d) Appearance during posterior crural repair. Two robotic needle drivers are utilized.
(e) Appearance during completion of the Nissen fundoplication

(laparoscopic Nathanson liver retractor, introduced through a 5 mm subxiphoid inci-
sion) liver retractor is utilized to facilitate anterior retraction of the left lobe.

Key operative steps in redo-PEH repair include takedown of adhesions, identifi-
cation of the left and right crus, takedown of short gastric vessels (if not done previ-
ously), complete dissection and excision of the hernia sac, identification and
preservation of vagus nerves (can be very difficult in redo operations), adequate
mediastinal dissection to achieve at least 2-3 cm of tension free intra abdominal
esophagus, primary crural repair, mesh placement (surgeon preference), and take-
down and re-do fundoplication (if necessary).

Choice of partial or complete fundoplication is typically based on history and pre
operative workup and any evidence of possible esophageal dysfunction. Gastropexy
and/or gastrostomy tube placement may be performed. In very large re-do PEHs,
gastrostomy tube may help prevent retching/nausea caused by immediate post oper-
ative gas bloat. All dissection of the esophagus is done around a bougie to ade-
quately size the crural closure, fundoplication, as well as to aid in identification of
the esophagus during dissection. At the conclusion of the case, intra operative
endoscopy may be useful.
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18.9 Conclusion

Patients with failed primary antireflux surgery and hiatal hernia repair present a
major challenge to the surgical community. These patients should have a thorough
preoperative evaluation in conjunction with a gastroenterologist to obtain critical
information that can tailor the redo operation to the individual patient. Currently,
CL is considered the gold standard even in redo cases. However, many studies dem-
onstrated higher intra-operative complications and higher conversion rates, which
are believed to occur secondary to dense adhesions, scarred surgical planes, poor
visualization, and obscured anatomy. These challenges seemed to be better over-
come with the robotic surgical system due to the aforementioned advantages.
Currently, there is a single study comparing RAL to CL in redo antireflux surgery
and hiatal hernia repair which showed decreased hospital stay and less conversion
to open surgery in the RAL group. Further study is needed to clarify the role of
robotics in redo PEH repair.

Summary: What Is the Current Knowledge and What Future Direction

Is Required

* Minimally invasive surgical approaches currently represent the gold stan-
dard for repair of paraesophageal hernia in both primary and revisional
cases.

* Patients undergoing revisional paraesophageal hernia repair should
undergo a complete pre operative workup to exclude co-existing esopha-
geal and or gastric pathology.

* Most studies demonstrate higher intra-operative complications and higher
conversion rates in laparoscopic redo paraesophageal hernia secondary to
dense adhesions, scarred surgical planes, poor visualization, and obscured
anatomy.

* Robotic assisted laparoscopy may offer promise in decreasing complica-
tion and conversion rates in re-do paraesophageal hernia repair

e There is limited data comparing robotic to conventional laparoscopy in
re-do paraesophageal hernia and further studies comparing the two modal-
ities are needed.
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Chapter 19

Quality of Life Following Laparoscopic
Antireflux Surgery for Primary and
Recurrent Gastroesophageal Reflux Disease

Ilmo Kellokumpu and Eero Sihvo

19.1 Introduction

GERD is prevalent worldwide, and the disease burden seems to be increasing. The
range of GERD prevalence estimates are 18.1-27.8% in North America, 8.8-25.9%
in Europe, 2.5-7.8% in East Asia, 8.7-33.1% in the Middle East, 11.6% in Australia
and 23.0% in South America [1, 2]. Prior use of non-steroidal anti-inflammatory
drugs, smoking, excess body weight and gastrointestinal and cardiac conditions are
associated with an increased risk of gastro-oesophageal reflux disease [3].

Patients suffering from gastro-oesophageal reflux disease (GERD) seek relief for
heartburn, regurgitation and dysphagia. Patients with frequent and severe symptoms
require targeted therapy with the most effective treatment strategies. The efficacy of
proton pump inhibitors (PPI)s in the control of acid reflux has been proven [4].
However, these medications do not stop reflux or cure GERD, while fundoplication
restores competence to the gastroesophageal junction.

Surgical treatment of GERD in properly selected patients has demonstrated its
efficacy in reducing symptoms and the need for proton-pump inhibitor therapy. The
introduction of laparoscopic techniques has reduced perioperative complications and
facilitated postoperative recovery, without compromising the level of GERD control
[5-14]. Good short-term cure of GERD symptoms is reported in 90-97% [5-14], and
mid-term cure (up to 5 years) in 85-90% of patients [15—18] who have laparoscopic
fundoplication. Partial fundoplication is associated with a lower rate of postoperative
side effects but may have a higher rate of reoperation for recurrence of GERD. Side
effects of Nissen fundoplication such as dysphagia, increased bloating and flatulence,
and inability to belch or vomit may limit the success of antireflux surgery.
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Long term follow-up studies suggest that antireflux surgery can cause failures
and side-effects, and therefore is not a durable solution for all patients. A Swedish
nationwide survey reported long-term treatment failure in 25.4% and 29.0% of
patients operated on 1995-96 and 2000, respectively , demonstrating that approxi-
mately a quarter of patients experience some sort of treatment failure [19]. The level
of impairment and types of problems experienced by GERD patients relate to symp-
tom severity, the type and effectiveness of the treatment, side-effects of surgery, and
non-disease related factors such as the presence of other medical conditions, sex, or
anxiety. Some patients may revert to the use of long-term medical therapy, or need
revision surgery to improve symptom control following recurrent symptoms.

19.2 Measuring the Effectiveness of Antireflux Surgery

Evaluating the impact of antireflux surgery has usually relied on scales assessing
reflux symptom severity, such as heartburn, regurgitation, or pain, together with the
endoscopic appearance of the oesophageal mucosa and patient’s perception of over-
all success. Twenty-four hour pH monitoring, although useful in selected subjects is
generally not used to assess therapeutic response. However, these assessment meth-
ods, even when used collectively, still fail to reflect the functional status of patients.
Moreover, no standard, universally accepted definition of what constitutes failure of
antireflux surgery exists.

In the contemporary health care environment outcome and quality of life con-
structs are seen as relevant end points for the evaluating the success of treatment and
justifying continued intervention. Pope first discussed the relevance of quality of
life in the assessment of antireflux surgery in 1992 [20]. Health related quality of
life (HRQoL) can be defined as the functional effect of an illness and its therapy on
an individual, as perceived by the individual himself or herself [21]. It is determined
by both disease and non-disease related factors. The domains that determine HRQoL
include physical and occupational function, emotional state, social interactions, and
somatic sensation. These determinants can also be further classified as disease
related, including symptom severity, treatment efficacy, and adverse effects of treat-
ment, or disease independent factors, such as sex or age, education and knowledge,
personality and coping skills, culture, and beliefs. Several QoL instruments have
been developed to assess QoL in upper gastrointestinal disease. The two most exten-
sively examined are the GSRS and the QOLRAD scale (Table 19.1).

19.3 The Impact of Gastroesophageal Reflux Disease
on Patients Health Related Quality of Life (HRQoL)

A number of studies [22-24] have demonstrated that HRQoL in patients presenting
with reflux disease is significantly impaired in comparison to the general popula-
tion, and patients perceive themselves to be as affected by their condition as patients
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Table 19.1 Instruments to assess QoL in gastroesophageal reflux disease

VAS (visual analog scale) of patient satisfaction with symptom control score range from 0
(no relief) to 100 (complete symptom relief), more than 70 equals symptom control

De Mester symptom score to evaluate GERD symptoms (heartburn, regurgitation, and
dysphagia) total range from 0 (no GERD symptoms) to 9 (maximum symptoms)

EQ-5D (EuroQol-5-dimension) score of five dimensions (mobility, self-care, pain, usual
activities, psychological status), range from O (equivalent to being dead) to 1

(best health state imaginable)

GERSS (gastroesophageal reflux symptom score) product of severity and frequency of five
symptoms (heartburn, regurgitation, bloating, dysphagia and epigastric/retrosternal pain)
scale range from 0 to 60, less than 18 equals symptom control

GRACI (gastrooesophageal reflux disease activity index) score of certain GERD symptoms
ranging from 74 (no symptoms) to 172 (worst symptoms)

GSRS (gastrointestinal symptom rating scale) 15 symptoms producing five subscales

(reflux, diarrhea, constipation, abdominal pain, indigestion), mean subscale scores range from 1
(no discomfort) to 7 (very severe discomfort)

QOLRAD (quality-of-life in reflux and dyspepsia) 25 questions comprising five dimensions
(emotional stress, sleep disturbance, food and drink, physical and social functionality, vitality)
the higher the score, the higher the quality-of-life

REFLUX quality-of-life score assessment of gastrointestinal symptoms, side effects, and
complications of both treatments; score range from 0 to 100; the higher the score,

the better the patients feel

SF-36 (36-item short form general health and well-being survey) score of eight dimensions
(limitations in physical and social activity, physical and emotional role limitations, bodily pain,
vitality, general health, general mental health); score range from 0 to 100

PGWBI (psychological general well-being index) 22 items combining into six dimensions
(anxiety, depressed mood, sense of positive well-being, self-control, general health, vitality)
the higher the score, the better the well-being

GIQLI (36 items, including 5 subitems: gastrointestinal symptoms, emotional status, physical
functions, social functions, and stress by medical treatment); score range from 0 to 144

with other serious chronic conditions [24]. Disease severity correlates strongly with
HRQoL. Increasing symptom frequency and symptom severity in patients with
GERD both lead to lower physical and mental health, and higher levels of work
absenteeism. Nocturnal symptoms have an additional negative impact on HRQoL
leading to further worsening of physical health [24]. From the patient’s standpoint
the QoL will be improved to the extent that reflux symptoms are relieved and
surgery-related major side-effects are not acquired.

19.4 The Impact of Laparoscopic Antireflux Surgery
on Quality of Life in the Short and Medium Term

In the last two decades laparoscopic antireflux surgery has been shown to improve
QoL in patients with GERD. Several randomized trials comparing PPI therapy with
laparoscopic antireflux surgery have been conducted, particularly over short-
medium terms [6—18]. Some of these trials [6-11, 14, 17] showed an advantage for
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surgical therapy in outcome and cost-effectiveness after a few years, whereas The
LOTUS-trial showed an advantage for PPI therapy after 5 years [12, 13, 15, 16].

Mahon et al. [6] randomized 217 patients, 109 to LNF and 108 to PPI therapy.
The two groups were well matched for age, sex, weight and severity of reflux.
Twenty-four-hour pH monitoring and manometry were performed 3 months after
treatment, and quality of life was assessed in both groups using the Psychological
General Well-being Index (PGWBI) and the Gastrointestinal Symptom Rating
Scale (GSRS) at 3 and 12 months after treatment. The mean gastrointestinal symp-
tom and general well-being scores improved from 31.7 and 95.4 respectively before
treatment to 37.0 and 106.2 at 12 months after laparoscopic Nissen fundoplication
(LNF), compared with changes from 34.3 and 98.5 to 35.0 and 100.4 respectively in
the PPI group. The differences in both of these scores were significant between the
two groups at 12 months (P = 0.003). This study showed that LNF leads to signifi-
cantly less acid exposure of the lower oesophagus at 3 months and significantly
greater improvements in both gastrointestinal and general well-being after 12
months compared with PPI treatment.

In a randomized trial conducted by Anvari et al. [10, 11, 14], the patients ran-
domized to medical therapy received optimized treatment with proton pump inhibi-
tors (PPIs) using a standardized management protocol based on best evidence and
published guidelines. The surgical patients underwent LNF. Symptom evaluation
was done using the GERD symptom scale (GERSS) and the global visual analog
scale (VAS) for overall symptom control. At 3 years, surgery was associated with
more heartburn-free days, and a significantly lower VAS score than medical man-
agement. Surgical patients also reported improved quality of life on the general
health subscore of the Medical Outcomes Survey Short Form 36 (SF-36) at 3 years.
The groups did not differ significantly in terms of GERSS or acid exposure on 24-h
esophageal pH monitoring at 3 years. The authors concluded that for patients whose
GERD symptoms are stable and controlled with PPI, continuing medical therapy
and laparoscopic antireflux surgery are equally effective, although surgery may
result in better symptom control and quality of life.

The LOTUS trial [12, 13, 15, 16] demonstrated that with modern forms of anti-
reflux therapy, either by PPI-induced acid suppression or after laparoscopic Nissen
fundoplication, the estimated remission rates at 5 years were higher in the esome-
prazole group (92%) than in the LARS group (85%), log-rank P = 0.048. There was
more regurgitation with esomeprazole than with LARS. In contrast, dysphagia,
bloating, and flatulence were more common after LARS than with esomeprazole.
Both treatments were well tolerated, with no surgery-related mortality. With regard
to HRQoL, quality-of-life in reflux and dyspepsia (QOLRAD) scores on the food
and drink and vitality dimensions as well as scores on the Gastrointestinal Symptom
Rating Scale (GSRS) reflux dimension were the most abnormal at entry and the
most sensitive to improve with treatment. The mean scores for all dimensions
improved in both groups and remained close to values observed in a healthy
population.

In the REFLUX trial [8, 9, 17, 18], a high proportion of patients (53%) had a
partial fundoplication in contrast to a standardised, protocol specified total Nissen
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fundoplication in the LOTUS trial. The main outcome in the REFLUX trial was the
score from the REFLUX questionnaire, a validated measure of HRQoL incorporat-
ing assessment of reflux related and other gastrointestinal symptoms and side effects
and complications of both treatment modalities. Other measures were the overall
health status (SF-36 and EuroQoL EQ-5D). Among responders differences in reflux
scores at 5 years significantly favored the surgery group. SF-36 scores favored the
surgical group in all domains at all time points. However, differences decreased over
time, and at 5 years only the norm-based general health and role emotional domains
were significantly better in the surgical arm. Mean EQ-5D scores showed a similar
pattern—differences all favoring the surgical group within 2-3 years after surgery
but at later time points scores were not significantly different. Long term rates of
dysphagia, flatulence, and inability to vomit were similar in the medical and surgi-
cal groups.

All these trials are consistent in showing small numbers of operations needing to
be converted to an open procedure, visceral injuries associated with the procedure,
postoperative problems, and a small number of patients requiring dilatation of the
wrap. However, quality has varied across these studies, with all trials having limita-
tions in terms of design, duration of follow-up and reporting [25]. Due to these limi-
tations the most recent Cochrane review [25] including four controlled trials
concluded that the difference between laparoscopic fundoplication and medical
treatment was imprecise for overall short- and medium-term HRQOL, medium-term
GERD-specific QoL, percentage of people with adverse events, long-term dyspha-
gia (difficulty in swallowing), and long-term acid regurgitation. The short-term
GERD-specific quality of life, however, was better in the laparoscopic fundoplica-
tion group than in the medical treatment group.

19.5 The Impact of Laparoscopic Fundoplication on Quality
of Life in Partial Responders to PPI-Therapy

Most studies in the surgical literature have included only patients who respond ade-
quately to PPIs. Patients who do not respond adequately to PPI treatment, however,
are often referred to surgery. The available evidence for efficacy of laparoscopic
fundoplication in patients who do not respond adequately to PPI treatment was
reviewed by Lundell et al. [26]. Across the included studies, LF offered a substantial
and clinically relevant improvement in GERD symptoms, physiological measures
of GERD and QoL parameters in partial responders beyond that provided by PPI
treatment alone [26]. Particularly, four trials compared QoL before LF while patients
were taking a PPI with that after LF. Of these, three found that GERD-HRQL scores
improved 1 year after LF, two reported improvements in VAS scores, including a
substantial increase at 1 year and at 10 years after LF. Only one study used the
GIQLI scores and reported improved values at 1 year after LF. Symptoms recurred,
however, in around 30-35% of patients a decade after LF in those studies reporting
long-term follow-up data.
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19.6 Impact of Antireflux Surgery on QoL in Patients
with Non-erosive Reflux Disease (NERD)

GERD can be subdivided into erosive (ERD) and non-erosive reflux disease (NERD)
depending upon endoscopy findings. Decreased QoL and symptom severity are
similar in both ERD and NERD. Less is known about the long-term surgical out-
come in NERD patients.

The study by Kamolz et al. [27] evaluated the surgical outcome in a well-selected
group of EGD-negative patients compared to that of EGD-positive patients. Of
more than 500 patients who underwent LARS, 89 EGD-negative patients were
treated surgically because of persistent reflux-related symptoms despite medical
therapy. In all cases, preoperative 24-h pH monitoring showed pathological values.
To perform a comparative analysis, a matched sample of EGD-positive patients was
selected from the database. Surgical outcome included objective data (e.g., manom-
etry and pH data and endoscopy), quality of life evaluation with GIQLI), as well as
patients’ satisfaction with surgery.

Based on the data of a complete 5-year follow-up there were no significant dif-
ferences in symptomatic improvement, percentage of persistent surgical side-
effects, or objective parameters. In general, patients’ satisfaction with surgery was
comparable in both groups: 95% rated long-term outcome as excellent or good and
would undergo surgical treatment again if necessary. Quality of life improvement
was significantly better (p < 0.05) in the EGD-negative group because of the fact
that GIQLI was more impaired before surgery. Five years after surgery, GIQLI in
both groups showed comparable values to healthy controls. The authors concluded
that LARS is an excellent treatment option for well-selected patients with persistent
GERD-related symptoms who have no endoscopic evidence of esophagitis.

In a similar study by Broeders et al. [28] the relief of reflux symptoms at 5 years
was similar (EGD negative 89% versus EGD positive 96%). PPI uses showed a
similar reduction (82% to 21% versus 81% to 15% respectively; both P < 0.001).
QoL score measured by Visual analogue scale (VAS) improved equally 50.3 to 65.2
(P < 0.001) versus 52.0 to 60.7 (P = 0.016). Five patients with NERD developed
erosions after surgery; oesophagitis healed in 87% of patients with ERD. Reduction
in total acid exposure time and increase in LOS pressure were similar. The reinter-
vention rate was comparable (EGD negative15% versus EGD positive 12.8%).

19.7 The Impact of Laparoscopic Antireflux Surgery
on Quality of Life in the Long Term (10 Years)

Up until now, there have only been a few studies comparing postoperative early and
late (10 years) results after antireflux surgery, and reporting long-term control of
reflux in some 74-90% of patients [29—-36]. None of the randomized trials comparing
laparoscopic fundoplication with PPI therapy has reported long-term (more than 5
years) health-related quality of life (HRQoL) or GERD-specific quality of life QoL.
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In a randomized trial by Mardani et al. [29] 99 patients with chronic gastro-
oesophageal reflux disease were referred for antireflux surgery and enrolled in the
trial. Short gastric vessels were divided completely in 52 patients (group 1) and left
intact in 47 (group 2). Quality of life was assessed before surgery and at 1 and 6
months, and 1 and 10 years after operation, using the Psychological General Well-
Being (PGWB) index and the Gastrointestinal Symptom Rating Scale (GSRS).

No statistically significant differences were found between the two study groups
for symptoms of heartburn, acid regurgitation, postfundoplication complaints such
as gas bloat, and ability to belch or vomit. Scores for dysphagia were identical in the
two groups. Health-related quality of life, as assessed by the generic PGWB index,
was normal and similar in the two groups, with a mean (s.e.m.) total score of
100.0(17.2) in group 1 and 92.7(21.4) in group 2. The disease-specific GSRS scores
also showed the same normal profile in the two study groups. The authors conclusion
was that with total fundoplication it makes no difference whether the fundus is
mobilized or not. Both types of repair provide lasting control of reflux.

Broeders et al. [30] reported 10 years outcome of a multicenter randomized con-
trolled trial on laparoscopic (LNF) and conventional Nissen fundoplication (CNF),
with focus on effectiveness and reoperation rate. A total of 148 patients (79 LNF, 69
CNF) participated in this 10-year follow-up study. GERD symptoms were relieved
in 92.4% and 90.7% (NS) after LNF and CNF, respectively. The effect of surgery on
self-rated change in general health was measured on a 3-point scale that ranges from
“improved,” to “unchanged,” to “worsened.” A visual analogue scale (VAS), vali-
dated for QoL assessment after esophageal surgery, was used to measure the impact
on quality of life. The scale ranged from 0 to 100, where zero represented worst
possible health and 100 represented perfect health. General health (74.7% vs. 72.7%;
NS) and quality of life (visual analogue scale score: 65.3 vs. 61.4; NS) improved
similarly in both groups. The percentage of patients who would have opted for sur-
gery again was similar as well (78.5% vs. 72.7%; NS). The authors concluded that
the 10-year effectiveness of LNF and CNF is comparable in terms of improvement
of GERD symptoms, PPI use, quality of life, and objective reflux control.

Long-term HRQoL and GERD-specific quality of life QoL have been reported
also in some observational studies. Dallemagne et al. [31] performed a laparoscopic
Nissen fundoplication for 68 patients by tailoring a floppy 360° wrap with routine
division of the short gastric vessels and crural repair. A laparoscopic partial poste-
rior fundoplication (Toupet fundoplication) was performed for other 32 patients by
tailoring a posterior wrap with routine division of the short gastric vessels and crural
repair. At 10 years after antireflux surgery, 89.5% of the patients still were free of
significantreflux (93.3% after Nissen, 81.8% after Toupet). Using the Gastrointestinal
quality of life index (GIQLI) the authors demonstrated that GIQLI scores at 10
years were significantly better than the preoperative scores of the patients under PPI
therapy. The global score, however, remained inferior to the score for a control
group of healthy patients. The major difference was found in the “gastrointestinal
symptoms” subdivision of the index.

Another observational study by Fein et al. [32] reported 120 patients who had
primary laparoscopic fundoplication with a “tailored approach” (type of wrap
chosen according to esophageal peristalsis): 88 received a Nissen, 22 an anterior,
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and 10 a Toupet fundoplication. Follow-up examinations were completed by 99 of
114 patients (87%) at 10 years after surgery, and included disease-related questions
and the gastrointestinal quality-of-life index (GIQLI). Of these, 89% would select
surgery again. Heartburn was reported by 30% of the patients. Regurgitations were
noted from 15% of patients after a Nissen, 44% after anterior fundoplication, and
10% after a Toupet (P = 0.04). Twenty-eight percent of patients were on acid-
suppressive drugs again. Following Nissen fundoplication, proton pump inhibitors
were less frequently used (P = 0.01) and pH-metry was less likely to be abnormal.
The GIQLI was 110 + 24 without significant differences between the type of fundo-
plication. Ten years after laparoscopic fundoplication, overall outcome was good. A
quarter of the patients were on acid suppressive drugs. Nissen fundoplication
appeared to control reflux better than a partial fundoplication.

In the study by Gee et al. [33], a validated survey instrument, the Gastroesophageal
Reflux Disease—Health-Related Quality-of- Life Scale (GERD-HRQL) was mailed
to all patients who underwent laparoscopic fundoplications from 1997 to 2006.
Additional information was obtained regarding reintervention, satisfaction, and med-
ication use. Median follow-up was 60 months (range, 4—75 months). In patients who
underwent primary LF, the mean (SD) GERD-HRQL score was 5.71 (7.99) (range,
0-45, with 0 representing no symptoms). Seventy-one percent of patients were satis-
fied with long-term results. Forty-three percent of patients took antireflux medica-
tions at some point following surgery; half of these patients had no diagnostic testing
to document GERD recurrence. Only three patients (1.2%) required reoperation.
These results demonstrate that patients undergoing primary LF by an experienced
surgical team have near-normal GERD-HRQL scores at long-term follow-up.

In the study by Sgromo et al. [34] the long-term outcome of total (Nissen) and par-
tial (Toupet) fundoplication, performed in a single institution was examined. The
QOLRAD questionnaire was used as the quality-of-life measurement. Completed
questionnaires were received from 161 patients (61%) of whom 99 had a laparoscopic
Nissen fundoplication and 62 laparoscopic Toupet fundoplication. Both procedures
were equivalent in improving reflux symptom scores in the long term, 79 of 99 (80%)
and 56 of 62 (90%) patients were either symptom free or had obtained significant
symptomatic relief. Both groups had equivalent QoL scores on the QOLRAD ques-
tionnaire. An equivalent number of patients (86% and 83.9% after Nissen and Toupet,
respectively, were sufficiently satisfied to recommend antireflux surgery to a friend or
relative complaining of reflux symptoms. The authors conclusion was that long-term
satisfaction, general symptom scores, and quality of life are equivalent after laparo-
scopic Nissen (complete) or Toupet (partial) fundoplication. There is, however, an
increased prevalence of persistent heartburn after laparoscopic Toupet fundoplication.

Kellokumpu et al. [35] performed laparoscopic Nissen fundoplication for 249
patients. Short- and long-term (at 10 years) outcomes were examined by several
domains affected by the operation. Antireflux surgery was considered a failure
based on the following criteria: moderate to severe heartburn or regurgitation; mod-
erate to severe dysphagia reported in combination with heartburn or regurgitation;
regular proton pump inhibitor medication use; endoscopic evidence of erosive
esophagitis Savary-Miller grade 1-4; pathological 24-h pH monitoring; or necessity
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to undergo an additional surgery. Gastroesophageal reflux disease was cured in
98.4% of patients in the short-term. Cumulative long-term cure rates were 87.7%
(81.0-92.2%) at 5 years and 72.9% (64.0-79.9%) at 10 years. Of the 139 patients
available for 10-year follow-up, 83% rated their operation a success, and 85% were
willing to undergo surgery again under similar preoperative conditions.
Gastrointestinal symptom rating scores and SF-36 quality of life scores of patients
with treatment success were similar to those of the general population but signifi-
cantly lower in those with failed antireflux surgery (Figs. 19.1). In this study, the
GSRS reflected well the long-term success of antireflux surgery as well as the side
effects of antireflux surgery; it differentiated patients experiencing treatment failure
from those being cured and from healthy controls [35]. Certain side effects, includ-
ing increased bloating and rectal flatulence, manifest as indigestion syndrome and
seem to be inevitable for most patients following fundoplication. This study demon-
strated that failed antireflux surgery and symptom recurrence significantly wors-
ened quality of life in most dimensions.
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19.8 The Impact of Redo Surgery for Failed Antireflux
Operation on Quality of Life

Redo fundoplications are generally carried out for failure of improvement of exist-
ing symptoms or new symptoms of GERD [36-39]. Both patient and technical fac-
tors may contribute to failed antireflux surgery. Common technical reasons at the
time of initial operation include inadequate crural closure or a too loose or too tight
or misplaced fundoplication wrap [36—42]. Patient-related factors are morbid obe-
sity, preoperative poor esophageal peristalsis, large hiatal hernia, old age, retching
and coughing.

Options for redo surgery include reversal of fundoplication, redo fundoplica-
tion with hiatal hernia repair if needed, conversion to Roux-en-Y anatomy, or, as
alast resort, esophagectomy. A review of a US database including 13,050 patients
who had undergone laparoscopic fundoplication reported a reoperation rate of
approximately 5% at 5 years and 7% at 10 years [43]. The majority of these reop-
erations were ‘redo’ fundoplications (87%) while the remaining 13% of reopera-
tions were reversals of fundoplication [44]. Reversal of fundoplication is usually
performed because of symptoms such as bloating and dysphagia caused by
overly tight wrap or excessive, overly tight crural repair [44]. Dysphagia can also
be due to initially unrecognized esophageal motility disorders such as
achalasia.

Overall, surgery for failed antireflux procedures is technically more demanding
than primary fundoplication, and the success rate does not equal that of the primary
procedures [41, 42]. In a single-institution series of 275 redo operations by Awais
et al. [45], the most common pattern of failure of the initial operation was transme-
diastinal migration-recurrent hernia in 177 patients (64%). Other identified causes
included short esophagus (43%), misplaced wrap (16%), wrap too loose or too
tight (14%), and a disrupted wrap (4%). Redo surgery included Nissen fundoplica-
tion in 200 (73%), Collis gastroplasty in 119 (43%), and partial fundoplication in
41 (15%). Laparoscopic surgery was attempted in 266 of these patients, with a rate
of conversion to open surgery of 3%. With a median follow-up of 3.3 years, 11%
of patients had failure of the redo operation, necessitating another surgical inter-
vention. From the GERD-HRQL questionnaire, 85% of patients were satisfied
with their results. The authors concluded that minimally invasive redo antireflux
procedures can be safely performed in an experienced center. Overall, results fol-
lowing redo LF are not as good as after primary fundoplication, highlighting the
importance of proper patient selection and surgical technique when performing
primary LF.

Wilshire et al. [46] retrospectively reviewed patients who underwent revision
after failed antireflux operations from 2004 to 2014. Patients were divided into two
groups: first reoperation (Reop 1) and more than one reoperation (Reop >1). For
comparison, a control group of patients who underwent primary antireflux operations
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was included. Patients underwent quality of life assessment preoperatively and post-
operatively. The primary reason for failure was combined fundoplication herniation
and slippage. Morbidity, mortality, and readmission rates were similar in all groups.
Postoperative outcomes were improved in all groups but to a lesser degree in subse-
quent reoperations. Gastroesophageal Reflux Disease Health-Related Quality of
Life was as following: controls, 20.0 to 2.0; Reop(1), 26.5 to 4.0; and Reop(>1),
13.0 to 2.0. Quality of Life in Reflux and Dyspepsia: controls, 4.5 to 7.0; Reop(1),
3.7 to 6.7; and Reop(>1), 3.5 to 5.8. Dysphagia Severity Score: controls, 44.0 to
45.0; Reop(1), 36.0 to 45.0; and Reop(>1), 30.8 to 45.0. Patients undergoing redo
antireflux surgery had improved quality of life, relatively normal swallowing, and
primary symptom resolution at a median of 20 months postoperatively. However,
patients who underwent more than one reoperation had lower quality of life scores
and less improvement in dysphagia, suggesting that other procedures such as Roux-
en-Y or short colon interposition, should be considered after a failed initial
reoperation.

The results of Roux-en-Y esophagojejunostomy for recurrent GERD after anti-
reflux operations were analyzed in the study by Awais et al. [47]. Perioperative
outcomes, dysphagia , and HRQoL were examined. Over a 12-year period, 105
patients with body mass index (BMI) greater than 25 underwent Roux-en-Y esoph-
agojejunostomy for failed antireflux operations. Most were obese [BMI > 30; 82
patients (78%)]; esophageal dysmotility was demonstrated in more than one-third
of patients. Forty-eight (46%) patients had multiple antireflux operations before
Roux-en-Y esophagojejunostomy, and 27 patients had undergone a previous Collis
gastroplasty. During mean follow-up of 23 months, median BMI decreased from
35 to 27.6 (p < 0.0001), and the mean dysphagia score decreased from 2.9 to 1.5
(p < 0.0001). The median GERD HRQOL score, assessed in a subset of patients,
was classified as excellent. This study demonstrated that Roux-en-Y esophagojeju-
nostomy for persistent GERD after antireflux operations in appropriately selected
patients can be performed safely with good results in experienced centers. Roux-
en-Y esophagojejunostomy should be considered an important option for the
treatment of intractable recurrent symptoms after antireflux operations, particu-
larly in obese patients.

19.9 Conclusion

Overall, it is the symptom response experienced by the patients that determines the
success or failure of laparoscopic Nissen fundoplication. Quality of life response
closely follows the clinical outcome of surgical treatment reflecting its side-effects
as well. Based on available studies, it can be concluded that in the short-medium
term, laparoscopic antireflux surgery effectively alleviates symptoms of
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gastroesophageal reflux disease, cures erosive esophagitis and improves quality of
life. Postoperative adverse effects are usually mild and patient satisfaction good. For
the long-term (10 years), limited data indicate decreasing effectiveness of laparo-
scopic antireflux surgery. HRQoL of patients with long term treatment success
seems to be similar to that of general population. On the other hand, failed antireflux
surgery and symptom recurrence significantly worsens the QoL in most dimensions.
Disease-specific QoL instruments may differentiate patients experiencing treatment
failure from those being cured and from healthy controls. The presence of several
QoL instruments used in different studies, however, limits the interpretation and
comparison of results. Moreover, an accurate and universally accepted definition of
treatment failure to evaluate the clinical outcome after antireflux surgery is a critical
issue. Given the scarcity of long-term data, longer follow-up of randomized trials is
needed to determine whether antireflux surgery is an equivalent alternative to life-
long medication.

What Is the Current Knowledge and What Future Direction

Is Required

e In the short-medium term (<5 years), laparoscopic antireflux surgery
effectively alleviates symptoms of gastroesophageal reflux disease, cures
erosive esophagitis and improves quality of life. Longer follow-up of ran-
domized trials is needed to determine whether antireflux surgery is an
equivalent alternative to lifelong medication.

* For the long-term (10 years), limited data indicate decreasing effectiveness
of laparoscopic antireflux surgery. HRQoL of patients with long term treat-
ment success, however, seems to be similar to that of general population.
Failed antireflux surgery and symptom recurrence significantly worsens
the QoL in most dimensions.

* Disease-specific QoL instruments may differentiate patients experiencing
treatment failure from those being cured and from healthy controls. The
presence of several QoL instruments used in different studies, however,
limits the interpretation and comparison of results.

* There is a need for an accurate and universally accepted definition of treat-
ment failure to evaluate the clinical outcome after antireflux surgery.
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Appendix

| GERD-Health Related QualityofLife Questionnaire(GERD-HRQL) |
Institution; PatientID: Date _ /[

oOn PPIs o Off PPIs  If off, forhow long?

Scale:

0 = No symptom

1 = Symptoms noticeable but not bother some

2 = Symptoms noticeable and bother some but not every day
3 = Symptoms bother some every day

4 = Symptoms affect daily activity

5 = Symptoms are in capacitatingto do daily activities

days/ months

Please check the box to the right of each question which best describes your experience
over the past 2 weeks

© N oo b~

11.
12.
13.
14.
15.
16.

How bad is the heartburn?

Heartburn when lying down?

Heartburn when standing up?

Heartburn after meals?

Does heartburn change your diet?

Does heartburn wakeyou from sleep?

Do you have difficulty swallowing?

Do you have pain with swallowing?

If you take medication, does this affect your daily life?
How bad is there gurgitation?
Regurgitation when lying down?
Regurgitation when standing up?
Regurgitation after meals?

Does regurgitation change your diet?
Does regurgitation wake you from sleep?

How satisfied are you with your present condition?
o Satisfied o Neutral o Dissatisfied

Administered by

o0
[m[0]
o0
o0
o0
o0
o0
o0
o0
o0
o0
o0
o0
o0
o0

ol
o1
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol
ol

ol

0203 o4 o5
0203 04 o5
0203 04 o5
0203 04 o5
0203 o4 ob
0203 o4 o5
0203 04 o5
0203 o4 o5
0203 04 o5
0203 o4 ob
0203 o4 o5
0203 o4 o5
0203 04 o5
0203 04 o5
0203 04 o5

Date (mm/dd/yy)

Monitored by

Date (mm/dd/yy)

GERD-HRQLQuestionnaire

Page 1of 2
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GERD-HRQL Questionnaire-Instructions

The GERD-HRQL questionnaire was developed and validated to measure changes of
typical GERD symptoms such as heartburn and regurgitationin response to surgical or
medical treatment.’

When comparing GERD-HRQL scores post-TIFto scores pre-TIF, it is important to

take medication use into consideration.It is recommended to request patients take

this questionnaire twice at screening (once off PPIs and the other time on PPIs) for
fair comparison at follow-upspost-TIF

Total Score: Calculated by summing the individual scores to questions 1-15.
e Greatest possible score (worst symptoms) = 75
e Lowest possible score (no symptoms) =0

HeartburnScore: Calculated by summing the individual scores to questions 1-6 .

e Worst heartburn symptoms = 30

e No heartburn symptoms =0

e Scores of < 12 with each individual question not exceeding 2 indicate heartburn
elimination.?

RegurgitationScore: Calculated by summing the individual scores to questions10-15.

e Worst regurgitation symptoms = 30

¢ No regurgitation symptoms = 0

e Scores of < 12 with each individual question not exceeding 2 indicate regurgitation
elimination.?
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SF-36 QUESTIONNAIRE

Name: Ref. Dr: Date:
ID#: Age: Gender: M/ F

Please answer the 36 questions of the Health Survey completely, honestly, and without interruptions.

GENERAL HEALTH:
In general, would you say your health is: _ _
Excellent . Very Good . Good . Fair

Compared to one year ago, how would you rate your health in general now?
. Much better now than one year ago

. Somewhat better now than one year ago

. About the same

. Somewhat worse now than one year ago

_ Much worse than one year ago

LIMITATIONS OF ACTIVITIES:
The following items are about activities you might do during a typical day. Does your health now limit you
in these activities? If so, how much?

Vigorous activities, such as running, lifting heavy objects, participating in strenuous sports.
_ Yes, Limited a lot _ Yes, Limited a Little _ No, Not Limited at all

Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or playing golf
_ Yes, Limited a Lot — Yes, Limited a Little . No, Not Limited at all

Lifting or carrying groceries
_ Yes, Limited a Lot Yes, Limited a Little . No, Not Limited at all
Climbing several flights of stairs
_ Yes, Limited a Lot . Yes, Limited a Little . No, Not Limited at all
Climbing one flight of stairs

_ Yes, Limited a Lot ) Yes, Limited a Little . No, Not Limited at all

Bending, kneeling, or stooping
_ Yes, Limited a Lot . Yes, Limited a Little .~ No, Not Limited at all
Walking more than a mile

_ Yes, Limited a Lot . Yes, Limited a Little _ No, Not Limited at all

Walking several blocks

. Yes, Limited a Lot . Yes, Limited a Little ~ No, Not Limited at all

Walking one block

. Yes, Limited a Lot ~ Yes, Limited a Little ~ No, Not Limited at all

_ Poor

295
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Bathing or dressing yourself _ _
_ Yes, Limited a Lot . Yes, Limited a Little . No, Not Limited at all

PHYSICAL HEALTH PROBLEMS:
During the past 4 weeks, have you had any of the following problems with your work or other regular daily
activities as a result of your physical health?

Cut down the amount of time you spent on work or other activities
_ Yes . No
Accomplished less than you would like
Yes . No

Were limited in the kind of work or other activities
— Yes — No

Had difficulty performing the work or other activities (for example, it took extra effort)
_ Yes . No

EMOTIONAL HEALTH PROBLEMS:
During the past 4 weeks, have you had any of the following problems with your work or other regular daily
activities as a result of any emotional problems (such as feeling depressed or anxious)?

Cut down the amount of time you spent on work or other activities
./ Yes . No

Accomplished less than you would like
- Yes . No

Didn't do work or other activities as carefully as usual
_ Yes .. No

SOCIAL ACTIVITIES:

Emotional problems interfered with your normal social activities with family, friends, neighbors, or groups?

~ Notatall "~ Slightly " Moderately "~ Severe " Very Severe

PAIN:
How much bodily pain have you had during the past 4 weeks?

~ None _ Very Mild . Mild _ Moderate "~ Severe " Very Severe

During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the
home and housework)?

: Extremely

Not at all 0 Alittle bit " Moderately ~ Quite a bit
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ENERGY AND EMOTIONS:
These questions are about how you feel and how things have been with you during the last 4 weeks. For each
question, please give the answer that comes closest to the way you have been feeling.

Did you feel full of pep?

All of the time

Most of the time

A good Bit of the Time
. Some of the time

. Alittle bit of the time

. None of the Time

Have you been a very nervous person?
All of the time
Most of the time
. A good Bit of the Time
Some of the time
. Alittle bit of the time
. None of the Time

WOH(

3

Have you felt so down in the dumps that nothing could cheer you up?
. All of the time
Most of the time
.. A good Bit of the Time
Some of the time
. Alittle bit of the time
None of the Time

Have you felt calm and peaceful?
. All of the time

" Most of the time

A good Bit of the Time

~ Some of the time

" Alittle bit of the time

_ None of the Time

Did you have a lot of energy?
_ All of the time
;', Most of the time
A good Bit of the Time
; Some of the time

_ Alittle bit of the time
None of the Time
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Have you felt downhearted and blue?
All of the time

Most of the time

A good Bit of the Time

Some of the time

A little bit of the time

. None of the Time

Did you feel worn out?
All of the time

Most of the time

A good Bit of the Time
Some of the time

A little bit of the time
None of the Time

WOH(

3

Have you been a happy person?
. All of the time
Most of the time
.. A good Bit of the Time
Some of the time
. Alittle bit of the time
None of the Time

Did you feel tired?
All of the time
_ Most of the time
: A good Bit of the Time
— Some of the time
A little bit of the time
None of the Time

SOCIAL ACTIVITIES:
During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with
your social activities (like visiting with friends, relatives, etc.)?

All of the time

.. Most of the time
Some of the time

. Alittle bit of the time
None of the Time

GENERAL HEALTH:
How true or false is each of the following statements for you?

| seem to get sick a little easier than other people
Definitely true . Mostly true . Don't know ~ Mostly false Definitely false
| am as healthy as anybody | know ) )
. Definitely true . Mostly true . Don't know . Mostly false . Definitely false
| expect my health to get worse .
Definitely true . Mostly true . Don't know . Mostly false Definitely false
My health is excellent
Definitely true

. Mostly true " Don'tknow " Mostly false "~ Definitely false
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