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Gastrointestinal sphincters play a vital role in gut function and motility by separating the gut into functional segments. Traditionally,
function of sphincters including the esophagogastric junction is studied using endoscopy and manometry. However, due to its
dynamic biomechanical properties, data on distensibility and compliance may provide a more accurate representation of the sphincter
function. The endolumenal functional lumen imaging probe (EndoFLIP) system uses a multi-detector impedance planimetry system to
provide data on tissue distensibility and geometric changes in the sphincter as measured through resistance to volumetric distention
with real-time images. With the advent of EndoFLIP studies, esophagogastric junction dysfunction and other disorders of the stomach
and bowels may be better evaluated. It may be utilized as a tool in predicting effectiveness of endoscopic and surgical treatments as

well as patient outcomes.
(J Neurogastroenterol Motil 2017;23:164-170)
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Introduction

Gastrointestinal (GI) sphincters play a vital role in gut function
and motility by separating the gut into functional segments." The
esophagogastric junction (EG]J) is a dynamic mechanical structure
separating the esophagus and stomach and it relies on extrinsic and
intrinsic mechanisms to perform its function.” Factors that con-
tribute to effective trans-EG]J flow include peristalsis, gravity, the
viscoelastic properties of the esophageal wall, and muscle tone of the

crural diaphragm.’
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High-resolution manometry is the current gold standard to
determine the EGJ sphincter function.” However, manometry
measures static pressure exerted over an area of surrounding tis-
sues and does not consider radial force. Additionally, manometry
is also unable to differentiate between relaxed and contracted states
of the EGJ.* In the 1960s, Harris and Pope found that a contract-
ing sphincter did not necessarily mean a competent EG]."* EG]
competence can be attributed to several other factors including tone,
viscoelasticity, mechanoreception, and bolus transport.” The mea-
surement of radial force through resistance to distention, ie, disten-

sibility, rather than pressure alone, should be a prime determinant
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of sphincteric strength.® The barostat, impedance planimetry (IP)
and more recently, the functional lumen imaging probe (FLIP) are
available techniques for measuring luminal distensibility.”

The barostat measures the pressure and volume in tubular seg-
ments in a direct fashion, but the muscle tone indirectly.*” The prin-
ciple of the barostat is to exert a constant pressure within a balloon
to check for distensibility and to demonstrate pain thresholds.””

On the other hand, IP is a technique designed to measure the
relationship of cross-sectional area (CSA) and pressure during con-
stant volume distention in the GI lumen."” Electrical impedance is
converted into an area measurement."’ The CSA is used to estimate
wall tension and strain inside the lumen.” Originally developed for
the study of the EG]J, Rao et al first described the IP technique as a
method to quantify esophageal wall distensibility.” By applying the
law of Laplace, the wall tension can be calculated from CSA and
pressure data.” Through IP, the viscoelastic properties of the esoph-
agus, which include circumferential wall tension, compliance, strain
and wall stiffness, can be calculated.” The threshold pressure for
sensation can also be ascertained. The esophageal wall is compliant
to stretch of up to a balloon distention of 40 cm FL,0.” The CSA-
pressure relationship at a constant volume is referred as the wall
distensibility."!

The newer FLIP adopts the same principle of IR'"*" The
endolumenal FLIP (EndoFLIP) EF-100 System (Crospon Ltd,
Galway, Ireland) uses a multi-detector IP system to produce a 3-di-
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Roles of EndoFLIP in Motility

mensional outline of a distensible organ (Fig. 1A).”"" The concept
of FLIP was first demonstrated by McMahon and Gregersen in
2007." Tissue distensibility and geometric changes in the EGJ are
measured through resistance to volumetric distention with real-time
images.**'"*"" EG] distensibility index is calculated as the narrowest
CSA divided by balloon distending pressure. In healthy volunteers,
Lin et al established a linear EG] CSA-pressure relationship us-
ing a balloon distending pressure below 8 mmHg and there was
regional distensibility differences with the greatest distensibility seen
3 cm above the EGJ

Test Equipment

The EndoFLIP EF-325N measurement probe consists of
a polyutherane balloon mounted on the distal 14 cm of a plastic
catheter which is 240 cm long, and 3 mm wide (Fig. 1B)."”" The
balloon assumes a cylindrical shape providing an image that is 8
cm long, with a diameter of 2.5 cm, and a maximal 50 mL. capac-
ity.""'* Within the balloon, there is a 16 cm IP segment with 17
ring electrodes spaced 5 mm apart and also a solid state pressure
transducer.”" " When inflated, the balloon may be distended to
a maximal diameter of 2.5 cm and a CSA of 490 mm”.” The bal-
loon can be filled with a specially formulated saline solution."” The
EndoFLIP EF-100 system is pre-calibrated but catheters require

a pre-use purge sequence to remove air from the inflation line and
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Figure 1. Components of the endolumenal functional lumen imaging probe (EndoFLIP; EF100) system. (A) There is a catheter connector that

connects the syringe which is held by a syringe door and lock to the catheter. There are several catheters but the most common is EF-325 (for de-

scription, see B). The recording unit has a touchscreen display with a primary user interface (for description, see C). (B) The catheter (EF-325N)

is a 240 c¢m long plastic catheter with a polyurethrane balloon at its distal end with a maximum diameter of 2.5 cm. Conductive medium fills the

balloon during inflation, and within the balloon there are 17 impedance electrodes within a 8 cm segment. Ref is midpoint of the balloon catheter. (C)

The display has a friendly touchscreen interface that includes injection volume controls, live images of the balloon inflation and a status window.
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balloon (Fig. 1A)." The catheter’s protective sheath is removed and
the balloon is placed inside the pre-use metallic tube.” Once turned
on, the system monitor has a touchscreen control function (Fig.
1C). Both the catheter probe and syringe are connected to the unit

to begin the automated purge sequence.’

Test Procedure

The distal end of probe is lubricated with gel if inserted nasally
or it can be inserted alongside the endoscope channel until the
balloon is oriented in the esophagus.” For upper GI evaluation,
the study subject is required to fast for at least 6 hours."” Topical
anesthesia is administered to the posterior pharyngeal wall and the
subject is then instructed to lie supine with the head tilted by ap-
proximately 30° for catheter insertion.” The catheter may be inserted
trans-orally until the 45 cm mark is at the level of the patient’s teeth
or trans-nasally until the 55 cm mark is at the level of the patient’s
nares for EG] studies.” The catheters are inserted alongside the
endoscope and positioned at the EGJ under direct vision." Once
the probe is placed straddling the EG]J, the balloon is inflated
typically to 30 mL or 40 mL." The monitor will display the EG]
shape which can then be saved for later analysis. Subjects are asked
to avoid swallowing during balloon inflation.” Measurement of
CSA and pressure can be performed up to a maximum volume of

50 mL. Once the procedure is completed, the balloon is deflated

fully and may be removed. The catheter can also be used to evalu-
ate other sphincters such as the pyloric sphincter and anal sphincter,

and similar procedural steps can be applied to these sphincters.

Analysis of Endolumenal Functional Lumen
Imaging Probe Data

The balloon distention volume, intra-balloon pressure, and
planimetry data are displayed in real-time.”* The system generates
FLIP images at a sampling rate of 10 Hz.>’ The bag assumes an
hourglass shape with the central constriction at the least distensible
locus.” Some researchers calculate the median of each CSA and
intra-balloon pressure for 30 seconds at each volume distention."®
The distensibility index (mm’/mmHg) is displayed on the unit.
Compliance (mm’/mmHg) is also displayed, it being the volume
between 1 cm above and 1 ¢cm below the narrowest point in the
EG] divided by intra-balloon pressure. Wall tension (mmHg-mm)
can be calculated according to the Laplace’s law, ie, tension = dis-

. P . 14
tention pressure X measured minimum radius.

Clinical Utility

The indications for clinical use in GI motility disorders of
EndoFLIP are expanding. Besides providing physiological data,

this technique can guide subsequent clinical management based

Table. The Rationale and Call to Action Using Functional Lumen Imaging Probe Parameters in Upper Gastrointestinal Conditions

Conditions Rationale

Call to action

Achalasia

during endoscopy.

Eosinophilic esophagitis
impaction.

Stricture

Provides the equivalence of barium height test but

Narrow caliber esophagus is highly predictive of food

Distensibility < 1 mm’/mmHg and diameter < § mm
may indicate the need for dilatation/POEM/Heller
myotomy.

Focal diameter < 17 mm indicates the need for dilata-
tion or drug intervention.

If diameter < 17 mm indicates the need for dilatation.

Gastroesophageal reflux disease

Gastroparesis

Determine stricture size and gauge if dilation is need-
ed.

Useful adjunct to Hill grading of the gastroesophageal
flap valve geometry during endoscopy.

Helps to select pylorus problem from antral problem
by measuring pylorus stiffness or laxity. More than
half of patients may not derive benefit from treatment
of pylorus because of incorrect patient selection, and
EndoFLIP can help to select the right patients who
may benefit from botox/dilatation.

Diameter > 9-10 mm suggests that fundoplication may
be beneficial.

May help to select optimal patients for minimally inva-
sive procedures.

Distensibility < 10 mm’/mmHg suggests the pylorus
will benefit from treatment

POEM, peroral endoscopic myotomy; EndoFLIP, endolumenal functional lumen imaging probe.
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on distensibility or diameter cut-offs (Table). Being a common
problem, dysphagia is an obvious indication for EndoFLIP that
can be performed at the time of endoscopy (Fig. 2). Findings from
EndoFLIP can determine if further manometry studies or subse-
quent therapy are needed, for instance in cases of narrow esophagus

lumen or of EGJ outflow obstruction.

Achalasia

In contrast to lower esophageal sphincter (LES) measure-
ment by manometry, EGJ distensibility in achalasia better predicts
esophageal emptying and clinical response to therapies.”” Pandol-
fino et al”® showed that EGJ distensibility was significantly greater
in a successfully treated achalasia group than an untreated achalasia
group. There was also a significant correlation between the Fckardt
symptom score severity and EGJ distensibility.* EndoFLIP also
detects esophageal contractility that is not observed with manometry
in achalasia'”’ and may in future be useful in subtyping of achala-
sia.”’ We propose that a distensibility of < 1 mm’/mmHg and a
diameter < § mm as cut-offs for the need of dilation or peroral en-
doscopic myotomy (POEM) or myotomy (Table). Distensibility of
the EGJ was found to increase following pneumatic dilation™ but a
successful outcome may require that the dilation achieves a higher
distensibility than that found in normal subjects due to incompetent
motility in this group of patients.”** Familiari et al” studied the util-
ity of EndoFLIP in patients who underwent POEM for achalasia
and found a substantial post-POEM increases in the diameter and
CSA of the EG]J. Subsequent studies of EndoFLIP in POEM
and Heller’s myotomy have proven the usefulness of distensibility

24,25
measurement.

Eosinophilic Esophagitis
Reduced esophageal distensibility in eosinophilic esophagitis

Vol. 23, No. 2 April,

(EoE) was significantly associated with increased risk of symptoms
and increased likelihood of eventual need for dilation.”** A focal
diameter < 17 mm indicates the need for dilation or drug interven-
tion in EoF (Table). The same criteria can be applied for esopha-
geal stricture. FLLIP topography is a new FLIP technique in de-
velopment that describes regional variation of CSA over time, and
it can provide a more global assessment of distensibility along the
axial plane and allows differentiation of endoscopic phenotypes.” A
more recent study suggests that endoscopic ring severity may serve
as a marker of remodelling with lower distensibility in higher ring
scores.” Eosinophil counts have poor correlation both with post-
treatment symptoms, and with distensibility, whereas the distensibil-

ity plateau has been shown to correlate with symptoms.*”””

Gastroesophageal Reflux Disease and Anti-reflux
Surgery

In gastroesophageal reflux disease (GERD), a primary abnor-
mality is an increased reflux volume from an abnormally compliant
or more distensible EGJ."" The Hill grade is used to assess the
gastroesophageal flap valve geometry,” and EndoFLIP can be an
useful adjunct. Kwiatek and colleagues showed an increase in EGJ
distensibility of up to 3-fold in GERD patients compared to con-
trols.” In addition, McMahon et al’ observed that GERD patients
had more distensible and shorter length hiatus than normal sub-
jects. Likewise, Lottrup et al’ has shown increases in distensibility
in patients with hiatal hernia. EndoFLIP may also be used to assess
GE] distensibility prior to antireflux surgery for surgical technique
planning and for assessing long-term outcomes. We propose that a
diameter > 9-10 mm in patients with GERD indicates that Nissen
fundoplication may be beneficial (Table). Kwiatek et al'* compared
EG]J compliance in patients who underwent fundoplication using
FLIP. Their findings showed that the least distensible locus was at
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the hiatus and that compared to controls, fundoplication patients
had significantly lower EG]J distensibility and EG]J compliance.
Furthermore, the FLLIP study demonstrated both an increased
length of the constricted segment after fundoplication and reduced

compliance.

Upper Esophageal Sphincter Evaluation

Besides the EGJ, FLIP has been utilized in the study of the
upper esophageal sphincter (UES). Regan et al studied its utility in
the measurement of UES distensibility among healthy volunteers."”
The authors have successfully measured the UES diameter and
pressure at rest, during swallowing and voluntary maneuvers. Fur-
ther study by the same group allowed measurement of UES disten-
sibility and opening patterns during swallowing.” Further research
is needed to establish clinical utility in UES related disorders.

Gastroparesis

EndoFLIP has been shown to be a feasible technique in the
measurement of pyloric distensibility, and in a study, early satiety
and postprandial fullness were found to be inversely correlated with
diameter and CSA of the pylorus.” In addition, fasting pyloric
compliance was found to decrease in a sub-group of gastroparetic
patients, and dilation in these patients improved the quality of life
scores.”* The basal pyloric pressure was also found to be elevated in
almost half of patients with nausea and vomiting and delayed gastric
emptying.” The above findings suggest that EndoFLIP can help
to identify the appropriate pylorus that may benefit from interven-
tion. Botox and dilation interventions only provide benefit in less
than half of gastroparetic patients and the reason may be incorrect
selection of patients. We propose a distensibility < 10 mm’/mmHg

as the cut-off criteria for pyloric intervention (Table).

Sphincter of Oddi Evaluation

By using a smaller probe, Kunwald et al* were able to dem-
onstrate the feasibility and reproducibility of FLIP technique in
sphincter of Oddi function studies. Its potential role in the man-
agement of sphincter of Oddi dysfunction, however, needs further

investigation.

Anal Sphincter Evaluation and Fecal Incontinence
Due to segmental dynamic properties of the anal muscles, ma-
nometry alone may be insufficient to determine the biomechanical
properties of the anal canal. Luft et al,'* studied the use of
FEndoFLIP in assessing anal canal properties in healthy individuals.
The authors concluded that the upper part of the anal canal is the

most compliant and that the least distensible part is the mid-anal ca-
nal region, which contributes the most to resting anal continence.'*
Similar results were reported by Alqudah et al.” In a study by
Gourcerol et al” comparing the use of EndoFLIP and 3-dimen-
sional high-resolution manometry, it was found that anal distensibil-
ity index was higher at rest and during voluntary contraction in fecal
incontinence than in healthy subjects, and that the discrimination
was better using the distensibility index as compared with the anal
pressure. EndoFLIP may be used intra-operatively to assess the
anal sphincter geometry and tightness during repair or augmenta-
tion. The anal canal length, anal canal diameter derived from the
EndoFLIP study and rectal pressure from manometry can be used
to calculate the flow which allows identification of incontinence phe-

notyping. Further studies are needed to confirm the above findings.

Safety and Future Development

The procedure is well-tolerated and there have been no adverse
events reported thus far. Despite being so, there must be caution
for potential perforation in post-operative and post-radiation condi-
tions, and especially when the insertion is blind without endoscopic
guidance.

As mentioned above, FLIP topography is a new technique and
future development of the system may incorporate this new method.
EndoFLIP has only been in clinical use since 2009, but despite
being a relatively young technology, there has been tremendous
interest in the technology within the scientific and medical commu-
nity. Other developments may include the use of EndoFLIP in a
management algorithm such as shown in Figure 2 to guide the use

of further investigation or interventions.

Conclusion

The EndoFLIP provides data on the biomechanical properties
of GI sphincters and walls. The measurement of EG]J distensibility
and compliance has been shown to be useful in disorders such as
GERD, EoE, and achalasia. It may also be used as a tool in pre-
dicting effectiveness of endoscopic and surgical treatments as well
as patient outcomes. With FLIPB, other sphincters in the GI tract
including the anal canal may also be studied.
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