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Abstract

Background—The functional lumen imaging probe (FLIP) is a novel diagnostic tool that can be
used to measure esophagogastric junction (EGJ) distensibility. In this study we performed
intraoperative FLIP measurements during laparoscopic Heller myotomy (LHM) and peroral
esophageal myotomy (POEM) for treatment of achalasia and evaluated the relationship between
EGJ distensibility and postoperative symptoms.

Methods—Distensibility index (DI) (defined as the minimum cross-sectional area at the EGJ
divided by distensive pressure) was measured with FLIP at two time points during LHM and
POEM: 1) at baseline after induction of anesthesia, and 2) after operation completion.

Results—Measurements were performed in 20 patients undergoing LHM and 36 undergoing
POEM. Both operations resulted in an increase in DI, although this increase was larger with
POEM (743.1 vs. 5.1+3.4mm2/mmHg, p<.05). The two patients (both LHM) with the smallest
increases in DI (1 and 1.6mm2/mmHg) both had persistent symptoms postoperatively and, overall,
LHM patients with larger increases in DI had lower postoperative Eckardt scores. In the POEM
group, there was no correlation between change in DI and symptoms; however, all POEM patients
experienced an increase in DI of >3mm2/mmHg. When all patients were divided into thirds based
on final DI, none in the lowest DI group (<6mm2/mmHg) had symptoms suggestive of reflux (i.e.,
GerdQ score >7), as compared with 20% in the middle third (6-9mm2/mmHg) and 36% in the
highest third (>9mm?%/mmHg). Patients within an “ideal” final DI range (4.5-8.5 mm2/mmHg) had
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optimal symptomatic outcomes (i.e. Eckardt<1 and GerdQ<7) in 88% of cases, compared with
47% in those with a final DI above or below that range (p<.05).

Conclusions—Intraoperative EGJ distensibility measurements with FLIP were predictive of
postoperative symptomatic outcomes. These results provide initial evidence that FLIP has the
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potential to act as a useful calibration tool during operations for achalasia.
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Introduction

Achalasia is an immune-mediated disease of esophageal dysmotility that is characterized by
a failure of esophagogastric junction (EGJ) relaxation and aperistalsis of the esophageal
body in response to swallowing. These pathologies result in a functional outflow obstruction
at the EGJ and ineffective food bolus transit, which cause symptoms of dysphagia and
regurgitationl. Treatment modalities seek to disrupt the EGJ complex in order to facilitate
passive bolus transit into the stomach and thus palliate symptoms. Current standard of care
consists of either endoscopic pneumatic dilation or surgical myotomy (laparoscopic Heller
myotomy (LHM)). While a recent randomized trial suggested similar outcomes between
these two modalities?, there is substantial evidence that LHM provides more durable
symptomatic relief34, while also resulting in less iatrogenic gastroesophageal reflux (GER)
post-intervention®. Peroral esophageal myotomy (POEM) is a novel operation for the
treatment of achalasia that combines the advantages of a completely endoscopic (i.e.
incisionless) approach with the durability of a controlled surgical myotomy across the EGJE.
Thus far, POEM series with short to medium-term outcomes have reported excellent results
in terms of both symptomatic relief and improvement in esophageal physiology8-8.

While high-resolution manometry (HRM) has been established as the gold-standard for
confirming the diagnosis of achalasia, less is known regarding the physiologic evaluation of
patients post-intervention. This is because a sizable subgroup of patients will have persistent
achalasia symptoms after dilation or surgery, despite experiencing significant decreases in
EGJ pressures, as measured by HRM®. A novel catheter-based tool, the functional lumen
imaging probe (FLIP), uses impedance-planimetry to assess EGJ geometry and pressure in
response to volume-controlled distension. These data are used to calculate EGJ
distensibility, a metric that has recently been shown to better correlate with post-intervention
symptoms than manometric pressure measurements®-19. We have additionally shown that
FLIP can be used intraoperatively to measure distensibility in real-time and monitor the
stepwise physiologic changes that occur at the EGJ during both LHM and POEM!L. Thus if
intraoperative distensibility measurements are shown to correlate with postoperative
outcomes, FLIP could serve as an ideal tool for ensuring an adequate myotomy during
operations for achalasia.

With this in mind, in this study we sought to further investigate the utility of intraoperative
FLIP distensibility measurements during both LHM and POEM for treatment of achalasia.
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We had three primary aims: 1) to evaluate the relationship between baseline (i.e.
preoperative) EGJ distensibility and other markers of esophageal physiology, patient
demographics and disease characteristics; 2) to evaluate and compare changes in EGJ
distensibility that occur as a result of LHM and POEM; and 3) to assess the correlation
between final intraoperative EGJ distensibility and eventual postoperative symptomatic
outcomes, in order to evaluate the use of FLIP for intraoperative calibration and
prognostication.

Patient selection

During the study period, patients presenting to a single institution for treatment of achalasia
were counseled regarding the available options (pneumatic dilation, LHM, or POEM) and
chose among them in consultation with their physicians. Patients undergoing LHM or
POEM were approached regarding additionally having intraoperative FLIP measurements.
Additional FLIP study eligibility criteria included age >18 years and a diagnosis of achalasia
confirmed by esophageal manometry. All patients signed an informed consent for
intraoperative FLIP measurements prior to their procedure and measurements were
conducted according to a study protocol approved by the Northwestern Institutional Review
Board.

Preoperative demographics and physiologic assessment

Demographic and disease-specific information including age, sex, duration of symptoms,
Eckardt symptom scorel2, prior endoscopic treatment for achalasia, and body mass index
was collected prospectively. Patients underwent preoperative high-resolution manometry to
confirm the diagnosis of achalasia. Manometry data were evaluated using esophageal
pressure topography13 and interpreted according to the Chicago Classification of esophageal
motility disorders4. Patients also underwent a preoperative timed barium esophagram
(TBE) using 200 ml of diluted contrast.

LHM operative technique

LHM operations were performed by one of two surgeons (E.H. and N.S.). Our operative
technique for LHM has been previously described in detail®. Briefly, after creation of a
pneumoperitoneum, the crura were opened widely and the esophagus was dissected high
into the mediastinum. A myotomy of both the longitudinal and circular muscle layers was
then performed from 6 cm proximal to the EGJ, to 3 cm distal to it onto the stomach. A
sterile ruler or the distance between the open jaws of a laparoscopic grasper (2.5 cm) was
used to measure myotomy length. A partial fundoplication was then performed. We prefer a
posterior Toupet fundoplication, unless this configuration results in excessive anterior
angulation of the EGJ, in which case an anterior Dor fundoplication was created.

POEM operative technique

POEM procedures were performed by one of the same two surgeons who performed LHM,
or by both of these surgeons conjointly. Our operative technique closely follows that of
Inoue and colleagues®, and has been previously described in detail”. A standard high-
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definition gastroscope with a transparent dissecting cap and CO, insufflation was used. A
saline solution was first injected into the anterior esophageal wall 12 cm proximal to the
EGJ, in order to create a submucosal fluid bleb. A mucosotomy was then made overlying the
fluid bleb and the scope maneuvered into the submucosal space. A submucosal tunnel was
then dissected to at least 3 cm beyond the EGJ. A selective myotomy of the inner, circular
muscle layer was then performed from 6 cm proximal to the EGJ to 3 cm distal to it. The
endoscope shaft markings were used to measure myotomy distances in relation to the EGJ.
After myotomy completion, the mucosotomy was closed with endoscopic clips.

Intraoperative measurements were taken using a commercially available FLIP system
(EndoFLIP; Crospon Ltd., Galway, Ireland) and probes (EF-325N; Crospon) that have
previously been described in detaill®17. FLIP is a catheter-based probe that contains 17
ring-electrodes at 5 mm intervals, housed within a bag that can be variably inflated with
saline solution. Impedance planimetry measurements are used to calculate bag cross-
sectional areas (CSA\) at the level of each electrode pair. Therefore, when the catheter is
placed across the EGJ, these measurements represent the 16 CSAs at 5 mm intervals along
an 8 cm segment of esophagus, EGJ, and stomach, giving a representation of luminal
geometry. The probe also contains a solid-state pressure transducer that measures intra-bag
pressure.

The EGJ distensibility index (D1) is defined as the minimum CSA (i.e. narrowest portion of
the EGJ) divided by intra-bag pressure. The median value of minimum CSA and intra-bag
pressure measurements were calculated using MATLAB software (MathWorks; Natick,
MA), and used for subsequent analysis when determining the DI.

Intraoperative FLIP protocol

Prior to probe insertion, an automated purge sequence was used to evacuate air from the
FLIP probe and the pressure transducer was zeroed to atmospheric pressure. During both
LHM and POEM, after induction of anesthesia, paralysis, and endotracheal intubation, an
upper endoscopy was performed and the FLIP probe was advanced down the esophagus
under direct endoscopic visualization. Probe position across the EGJ was confirmed
endoscopically and by seeing an “hour glass” anatomic configuration on the FLIP monitor.

FLIP measurements were taken during LHM and POEM using a bag distension volume of
40 ml at two time points: 1) after induction of anesthesia, paralysis, and endotracheal
intubation (subsequently referred to as the “baseline” measurement) and 2) after completion
of the operation (subsequently referred to as the “final” measurement). During LHM, the
final FLIP measurement was taken after deinsufflation of pneumoperitoneum.

Assessment of postoperative symptoms

Patients who were more than six months post-procedure were contacted via telephone in
order to assess their current symptoms. The Eckardt symptom score, the elements of which
are displayed in Table 1, was used to assess for persistence of achalasia symptoms. The
GerdQ score was used to assess for symptoms suggestive of GER. A total GerdQ score > 7

Surg Endosc. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Teitelbaum et al.

Page 5

was considered indicative of significant GER symptoms, in line with prior usage of the
questionnaire!8.

Statistical analysis

Results

Data analysis was performed using SPSS software (version 22; IBM, Armonk, NY). For
continuous variables, comparisons between baseline and final DI measurements within the
same procedure were performed using a paired t-test. Comparisons between procedure types
were performed using an independent t-test. Categorical variables were compared using a
Fisher exact test. Relationships between variables were assessed with a Spearman’s rank
correlation coefficient. A two-tailed p-value of < .05 was used to determine statistical
significance in all cases. Values throughout are presented as mean + standard deviation.

Intraoperative FLIP measurements were performed in 20 patients undergoing LHM and 36
undergoing POEM. Table 2 displays the patients’ preoperative demographics, disease
characteristics, and HRM and TBE measures, all of which were similar between the LHM
and POEM groups. Likewise, baseline DI was similar between groups. Of the LHM patients,
10 had a Toupet fundoplication and 10 a Dor.

Relationships between patient characteristics and baseline DI

There were no significant relationships between baseline DI and patient sex, age, or BMI.
Table 3 displays the preoperative characteristics that were found to correlate with baseline
DI. Patients who had undergone prior endoscopic treatment for achalasia and those with
longer-standing symptoms had a higher baseline DI, but both only at a trend level (rs = .27,
p =.07 and rg = .24, p = .07, respectively). Patients with higher preoperative Eckardt scores
(i.e. more severe symptoms) had a lower baseline DI (rs = —.32, p <.05). On preoperative
HRM, patients with higher EGJ resting pressures and EGJ relaxation pressures were found
to have a lower baseline DI (rg = —.52, p <.001 and rg = —.47, p = .001, respectively).
Patients with type | achalasia had a higher baseline DI than those with type 11 (2.1 £ 2 vs.
1.1 + 0.6 mm2/mmHg, p = .01). Patients with type 111 achalasia and EGJ outflow obstruction
had a lower baseline DI (0.5 + 0.1 and 1.0 + 0.3 mm%/mmHg respectively) but there were
too few of these patients to warrant a statistical comparison with the other subtypes. Patients
with higher contrast columns on preoperative TBE were also found to have a lower baseline
DlI.

Operative changes in DI

Figure 1 displays baseline and final DI according to procedure type. Both LHM and POEM
resulted in a significant increase in DI. All 56 patients experienced an increase in DI,
although the range of DI change was fairly large (total range 1 to 17.2 mm%/mmHg,
interquartile range 4.3 to 8 mm%/mmHg). The mean increase in DI was larger in patients
undergoing POEM, as compared to those undergoing LHM (mean DI increase 7 + 3.1 vs.
5.1 + 3.4 mm2/mmHg, p < .05).
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Relationships between intraoperative DI and postoperative symptoms

Eleven LHM patients and 21 POEM patients were more than 6 months post-procedure and
were contacted to obtain current symptom scores. The mean postoperative follow-up
interval was similar between groups (LHM: 12 months, POEM: 11 months, p = ns). Both
procedure groups experienced a significant and similar decrease in mean Eckardt symptom
scores after surgery (LHM: pre 5.7 vs. post 1, p < .05, POEM: pre 7.2 vs. post 0.7, p <.001).

In the LHM group, 2 (18%) patients had a postoperative Eckardt score > 1, signifying daily
dysphagia or occasion dysphagia in addition to regurgitation or chest pain. These two
patients also had the smallest increases in intraoperative DI of the entire cohort (1 and 1.6
mm2/mmHg). Following from this, Figure 2 shows that overall, LHM patients with larger
operative increases in DI had lower postoperative Eckardt scores (rs = —.63, p < .05). In the
POEM group, there was no correlation between change in DI and postoperative Eckardt
score; however, all POEM patients experienced an increase in DI of at least 3 mm%/mmHg
as a result of surgery.

To examine the effect of final DI on postoperative iatrogenic GER, patients (both LHM and
POEM) were divided into thirds based on their final DI, shown in Table 4. No patients in the
group with the lowest final DI (< 6 mm2/mmHg) had symptoms suggestive of GER (i.e. a
GerdQ score > 7), whereas two (20%) patients in the middle third (DI: 6 — 9 mm2/mmHg)
and 4 (36%) patients in the highest third (DI > 9 mm2/mmHg) had GER symptoms.

Based on the above findings that too low a DI appeared to result in persistent achalasia
symptoms, whereas a high final value predisposed towards postoperative GER, a sensitivity
analysis was performed to determine the ideal range for final intraoperative DI. Patients with
Eckardt scores < 1 and GerdQ scores < 7 (i.e. both minimal achalasia and GER symptoms)
were classified as having “optimal” outcomes. Table 5 shows the results of this analysis.
Patients who had a final DI between 4.5 and 8.5 mm2/mmHg had optimal symptomatic
outcomes in 88% of cases, whereas those with a final DI < 4.5 or > 8.5 mm%/mmHg had
optimal outcomes in only 47% of cases (p < .05). Therefore, an ideal DI range of 4.5 - 8.5
mm2/mmHg had a sensitivity of 68% and a specificity of 80% in predicting optimal
symptomatic results.

Discussion

This study demonstrates that EGJ distensibility, as measured by intraoperative FLIP, is
predictive of postoperative symptomatic outcomes in achalasia. This appeared to apply to
both patients in whom the EGJ was too tight, resulting in postoperative dysphagia, and those
with the highest final distensibilities, who were predisposed towards developing iatrogenic
GER. Patients within a “sweet spot” of final EGJ distensibility (4.5 — 8.5 mm2/mmHg) were
almost twice as likely (88% vs. 47%) to have optimal symptomatic outcomes as those
outside that window. The validity of this ideal range is supported by two studies that showed
healthy controls to have a mean distensibility ranging from 5 to 8 mm2/mmHg®-10,
Achalasia patients with a post-intervention distensibility values of less than 2.9 mm2/mmHg
measured during follow-up endoscopy have been shown to have worse dysphagia
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symptoms10. Additionally, patients with primary gastroesophageal reflux disease have been
shown to have elevated baseline distensibility when compared with healthy controls?®.

The findings of the current study provide initial evidence to support the use of intraoperative
FLIP as a “quality control” tool to ensure an adequate myotomy during operations for
achalasia. During LHM and POEM, surgeons typically rely on intraoperative upper
endoscopy to qualitatively assess resistance to endoscope passage through the EGJ, as a
surrogate for myotomy efficacy. However, there is little objective evidence to suggest that
this common practice is effective in assessing myotomy completeness. Along these lines,
FLIP could be used as a quantitative adjunct measure to ensure a minimum distensibility
threshold had been met. Additionally, FLIP could be used during LHM to calibrate the
partial fundoplication, to avoid overly constricting the EGJ while at the same time creating
an effective anti-reflux barrier. A small number of prior studies have suggested that
intraoperative manometry can be used to evaluate myotomy adequacy during LHM20-22;
however, performing and interpreting such studies in real-time is cumbersome. More
importantly, distensibility is likely a better marker of EGJ pathophysiology under conditions
of general anesthesia, as achalasia patients typically have elevated EGJ relaxation pressures
after swallowing, but most often have normal resting pressures.

In addition to evaluating the prognostic capabilities of intraoperative measurements with
FLIP, we sought to assess and compare the impact of LHM and POEM on EGJ
distensibility. While both procedures resulted in a dramatic increase in distensibility, this
increase was significantly larger in patients undergoing POEM. We have previously shown
that performing a partial fundoplication during LHM results in a decrease in distensibility!;
however, this decrease (1.3 mm2/mmHg) may not be large enough to account for the
difference in overall distensibility change between POEM and LHM (7 vs. 5.1 mm2/mmHg)
seen in the current study. In the prior study we did not observe such a difference between the
two procedures, and the increase in distensibility change during POEM seen in the current
cohort may be the result of improved technique as our experience with the procedure has
increased. While POEM patients experienced a larger increase in distensibility, they ended
with a mean final value (8.4 mm2/mmHg) at the upper limit of our “ideal” range (4.5 — 8.5
mm2/mmHg). This could mean that while POEM results in an effective myotomy, patients
may be at higher risk for the development of iatrogenic GER. Thus far, only a single non-
randomized study has compared the results of pH-monitoring studies between LHM and
POEM patients postoperatively, finding similar rates of pathologic reflux in both groups
(32% vs. 39%, respectively)8. Certainly, further studies are needed to define the incidence of
pathologic GER after POEM, and in relation to LHM.

We also examined the relationship between baseline EGJ distensibility and other markers of
achalasia disease state and esophageal physiology. Patients with higher EGJ pressures were
found to have lower distensibility, as were those with more severe symptoms preoperatively.
These findings add the validity evidence regarding the use of distensibility as a marker of
EGJ dysfunction in patients with achalasia. In the future, baseline FLIP measurements may
serve as an important prognostic factor, as patients with higher EGJ pressures preoperatively
have been shown to experience superior outcomes?2.
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The current study is limited by the fact that patients were not randomized to treatment group
and, although baseline characteristics and distensibility were similar, there may have been
unmeasured differences between the patients undergoing LHM and POEM. Additionally, in
assessing the prognostic capability of intraoperative FLIP measurements, we relied solely on
patient symptoms in a relatively small cohort. These results will need to be augmented with
other markers of postoperative esophageal physiology, such as HRM, TBE, and 24-hour pH
monitoring studies. While we currently recommend that both LHM and POEM patients
return for each of these studies as part of routine follow-up at one year postoperatively, the
number available in this cohort is currently insufficient to meaningfully compare their
results with intraoperative distensibility measurements.

In conclusion, in patients who underwent LHM and POEM for treatment of achalasia,
intraoperative EGJ distensibility measurements with FLIP were predictive of postoperative
symptomatic outcomes. Patients within an ideal final distensibility range were almost twice
as likely to have optimal outcomes in terms of achalasia and GER symptoms as those with
either lower or higher final values. While both operations resulted in a large improvement in
distensibility, this increase was larger in patients undergoing POEM. These results provide
initial evidence that FLIP has the potential to act as a useful tool for myotomy calibration
during operations for achalasia.
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Figure 1.
EGJ distensibility is shown before and after surgery for patients undergoing laparoscopic

Heller myotomy (LMH) and POEM. Both operations resulted in an increase in distensibility,
but this increase was larger in the POEM group.

Surg Endosc. Author manuscript; available in PMC 2016 March 01.

% : p<.05




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Teitelbaum et al.

Eckardt

Score

Page 11

" ry =-.63, p<.05

o

N

o

- e o o

o ®e o o
3 5 8 10 13
LHM change in distensibility (mm»mmHg)

Figure 2.

In patients undergoing laparoscopic Heller myotomy, change in EGJ distensibility was
inversely correlated with postoperative Eckardt score. That is, patients with the least change
had the most severe symptoms after surgery. In the POEM group, there was no correlation
between change in DI and postoperative Eckardt score; however, all POEM patients
experienced an increase in DI of at least 3 mm2/mmHg as a result of surgery.
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Determination of the Eckardt symptom score for achalasia. The final score is the sum of the four component
scores, ranging from 0 to 12.

Symptom Score

0 1 2 3
Dysphagia None | Occasional | Daily With every meal
Regurgitation None | Occasional | Daily With every meal
Chest pain None | Occasional | Daily | Several times a day
Weight loss (kg) | 0 <5 5-10 > 10
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Baseline patient demographics, disease characteristics, and measures of esophageal physiology.

Table 2

Demographics LHM POEM p-value
Number 20 36
Female 11 (55%) | 11 (31%) .09
Age 53+ 14 50 £ 15 .38
Body mass index (kg/m?) 28+5 26+7 49
Disease characteristics
Symptom duration (years) 67 4+5 .29
Eckardt score (scale 0-12) 7+3 7+2 40
Prior endoscopic treatment 8 (40%) 7 (19%) a2
High-resolution manometry
EGJ expiratory pressure (mmHg) 21+16 23+12 .79
EGJ integrated relaxation pressure (mmHg) 24+ 14 28+ 11 27
Achalasia subtype .95

| 33% 31%

] 53% 58%

11 7% 3%

EGJ outflow obstruction % 8%
Time barium esophagram
Contrast column height at 5 min (cm) 7+3 7+2 .85
Functional lumen imaging probe (FLIP)
Baseline EGJ distensibility (nm%mmHg) 15+12 | 1.3+14 .58
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Correlations between preoperative patient variables and baseline EGJ distensibility as measured by FLIP.

Variable rs p-value
Duration of symptoms .24 .07
Prior endoscopic treatment 27 .07
Eckardt symptom score -.32 <.05
EGJ expiratory pressure -.52 <.001
EGJ integrated relaxation Pressure -47 .001
Esophagram contrast column height | -.37 <.05
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Table 4

The 32 patients with symptomatic follow-up were divided into thirds based on their final intraoperative EGJ
distensibility. No patients in the third with the lowest distensibility had symptoms suggestive of
gastroesophageal reflux (i.e., a GerdQ score > 7), as compared with 20% of patients in the middle third and
36% in the highest third.

Number (%) with reflux symptoms
Final EGJ distensibility (i.e. GerdQ score >7)
< 6 mm#mmHg (n = 11) 0
6 — 9 mm%mmHg (n = 10) 2 (20%)
>9 mm2/mmHg (n = 11) 4 (36%)
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Table 5

An “ideal” range for final EGJ distensibility was determined to be 4.5 — 8.5 mm2/mmHg. 88% of patients
within this range had optimal symptomatic outcomes at greater than 6 months follow-up, as compared with
47% of patients with a final distensibility either above or below the range.
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Symptomatic outcome
Final EGJ Optimal Suboptimal Percent
distensibility (Eckardt <1 and GerdQ <7) | (Eckardt>1or GerdQ >7) | optimal
4.5 - 8.5 mm2/mmHg 15 2 88%
< 4.5 or > 8.5 mm¥mmHg 7 8 47%
p<.05
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