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ABSTRACT

Background and aim Accurate estimation of the distance
to the gastroesophageal junction (GE]) through a tunnel
during per oral endoscopic myotomy (POEM) is technically
challenging. The methods currently employed are often in-

sufficient, and resultant errors may lead to incomplete
myotomy and/or prolonged procedure times. Our hypoth-
esis states that the additional distance while traversing the
tunnel is directly proportional to the widest esophageal di-
ameter; and is calculated by the formula X=Y +CZ (X=dis-
tance to the GE| through the tunnel, Y =distance to the GE|
through the lumen, Z=widest esophageal diameter, C=ar-
ithmetic constant). This study evaluates the validity and ac-
curacy of this hypothesis.

Patients and methods This was a prospective single-cen-
ter study with 80 patients, 12 in the pilot group and 68 in
the study group.In the pilot group, Y was recorded during
esophagogastroduodenoscopy (EGD) before POEM, Z on
barium swallow/contrast enhanced computed tomography
(CECT), and X was measured during POEM. Using the for-
mula, mean C (SD) was calculated. In the study group, ‘C’
was substituted in the equation to predict the GEJ distance
through the tunnel (Xp) before POEM. The operator was
blinded to Xp and recorded the true Xt during POEM. The
correlation between Xp and Xt was calculated.

Results In the pilot group, the mean distances (cm, SD) for
X,Y,and Zwere 42.58 (3.33), 39.83 (3.08), and 4.39(1.16),
respectively. The calculated mean C was 0.63 (0.11). In the
study group, the mean distances (cm, SD) for Y, Z, Xp, and
Xt were 40.45 (2.58), 4.99 (1.43), 43.57 (2.68), and 43.54
(2.78), respectively. The Xp and Xt values demonstrated a
high correlation (r=0.97, P=0.000).

Conclusions Formula X=Y+CZ reliably predicts the GE|
distance through a tunnel during POEM. It is user friendly
and requires no additional resources.

Introduction

Per-oral endoscopic myotomy (POEM) is an accepted treatment
modality for achalasia cardia [1-3]. POEM has been shown to
have high long-term success rates up to 2 years and is also ef-
fective in patients with recurrent achalasia [4]. The modality is
gaining rapid acceptance globally and the number of centers
performing POEM has increased dramatically [2]. The proce-
dure is technically demanding and requires significant endo-
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scopic skills in addition to an understanding of the anatomy.
The learning curve for POEM is estimated to be 20 to 40 proce-
dures [5,6].

The technique for POEM involves making a mucosal incision
in the mid-esophagus approximately 8 to 10 cm proximal to the
gastroesophageal junction (GEJ). A submucosal (SM) tunnel is
created extending beyond the GEJ. Subsequent circular or full-
thickness myotomy is then performed starting 2 to 3 cm distal
to the mucosal incision and extending across the GEJ. The mu-
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cosal incision is finally closed using endoscopic clips. Both ante-
rior and posterior approaches have been described [1,7, 8].

Reliable identification of the GEJ is an important technical
step during POEM. Six landmarks have been reported to date
to aid its identification [1-3]: (1) endoscopic measurements
from the incisors; (2) initial narrowing of the submucosal space
at the level of the GEJ with increased resistance followed by
prompt expansion of the submucosal space beyond the gastric
cardia, along with increased vascularity and “spindle”-shaped
veins; (3) visualization of palisading vessels on the mucosal un-
dersurface; (4) large-caliber, perforating vessels in the cardia
representing branches of the left gastric artery; (5) visualiza-
tion of aberrant longitudinal muscle bundles at the GEJ; and/or
(6) visualization of a blue hue on intraluminal inspection of the
mucosa of the gastric cardia on retroflexion of the endoscope in
the stomach (caused by the blue dye in the injectate).

However, despite these landmarks, reliable identification of
the GEJ can often remain a challenge during POEM. In patients
with a history of prior interventions, especially prior balloon di-
lation, botulinum toxin injection or surgery, the abovemen-
tioned landmarks in the submucosal space may be obscured
due to fibrosis. Endoscopists are often required to withdraw
the endoscope into the esophageal lumen to observe the bluish
submucosal hue in the gastric fundus to confirm adequacy of
the tunnel. This step may need to be repeated more than once
when GE] identification during tunneling is in doubt. This signif-
icantly adds to overall procedure time. Inadequate length of the
tunnel may result in an incomplete myotomy thereby increas-
ing the risk of post-POEM recurrence; whereas overextension
of the tunnel on the gastric side may result in an excessive
myotomy resulting in a higher risk of perforation and bleeding
[9]; or although unproven in clinical trials, may hypothetically
predispose the patient to development of post-POEM gastro-
esophageal reflux disease (GERD).

Several additional techniques have been described to aid GE|
identification during POEM: injection of indocyanine green
(ICG) at the cardia on retroflexion [10], double endoscope
trans-illumination technique [9, 11, 12], and use of fluoroscopy
[13]. EndoFLIP has also been used to evaluate the GEJ during
and after POEM [14, 15]. Although promising, these techniques
either require special equipment or set-up, are expensive or
could prove logistically difficult to implement in the endoscopy
suite during POEM.

In this study, we report the concept and validation results of
a simple mathematical tool that can be used to predict the GE|
distance during tunneling for POEM.

Hypothesis

It has been observed that, during POEM, there is a difference
between the endoscopic distance to the GEJ when measured
through the esophageal lumen and through the tunnel; and
that the distance through the tunnel is longer than that
through the lumen. This discrepancy is pronounced in patients
with sigmoid achalasia where the esophagus is grossly dilated
[16], but is also seen to a variable degree in non-sigmoid pa-
tients. This difference occurs because the scope must traverse
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» Fig.1 Barium esophagogram showing a dilated esophagus in a
patient with achalasia cardia with measurements X (distance to
the gastroesophageal junction through the submucosal tunnel),
Y (distance to the gastroesophageal junction through the esoph-
ageal lumen), and Z (widest diameter of the esophagus).

a somewhat longer distance through the tunnel compared to
through the lumen as it takes a curved path to reach the same
end point (> Fig.1). Therefore, the wider the proximal dilata-
tion of the esophagus, the longer the distance that the endo-
scope must traverse to reach the GEJ (» Fig. 2).

To explain this in mathematical terms, let us assume that Y is
the distance traversed by the endoscope to the GE| through the
esophageal lumen; X is the distance traversed through the SM
tunnel; and Z is the transverse diameter of the esophagus at
its widest portion (» Fig.1). The additional distance traversed
through the tunnel is the difference between X and Y and can
be represented as dX. As Z increases, dX increases proportio-
nately (» Fig.2). Mathematically, this equation can be written
as:

dX/Z=C, where ‘C’ represents a mathematical constant.

Now since dX is the difference between X and Y, dX=(X-Y).

Therefore, substituting dX by (X-Y) in the equation, the
equation reads:

(X-Y)/Z=CorX=Y+CZ,

where X is the estimated distance to the GEJ through the SM
tunnel, Y is the distance to the GE| through the esophageal lu-
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» Fig.2 Schematic representation of X, Y, and Z showing the pro-
portionate increase in X with an increase in Z when Y is constant.

men, Z is the maximal esophageal diameter, and C is an arith-
metic constant.

Y can be easily calculated by esophagogastroduodenoscopy
(EGD) during POEM and Z by barium swallow or contrast en-
hanced computed tomography (CECT). If one can reliably cal-
culate the constant C for a dataset and prove that its value re-
mains stable over a wide dataset, one can reliably predict the
value of X from this equation. This prediction or estimation
can be of value to the endoscopist to judge the adequacy of
tunneling during POEM.

The aim of this study was to validate this equation and to pre-
operatively predict the value of X (distance to the GE| through
the submucosal tunnel) up to an accuracy of within 1cm of the
observed value.

Patients and methods

Consecutive patients with achalasia undergoing POEM were en-
rolled in the study. All patients underwent EGD, high resolution
manometry (HRM) and barium swallow or CECT as part of pre-
POEM evaluation.

Calculation of ‘Z’: Barium swallow or CECT films were re-
viewed and the widest diameter of the esophagus (Z) was re-
corded. While reviewing barium swallow images, the width of
the thoracic vertebra was taken as a reference measurement
to correct for potential magnification errors. The presence of
sigmoid achalasia was recorded separately.

Calculation of ‘Y’: The endoscopic distance to the GE] (Y) was
measured by the endoscopist during EGD under general anes-
thesia before commencing POEM. All POEM procedures were
performed by a single operator using the posterior approach.
After introducing the endoscope via the esophagus into the
stomach, the endoscope was withdrawn across the GE] into
the esophagus. Maintaining a straight endoscope, the endos-
copist recorded the GEJ distance (Y).

Calculation of ‘X’: POEM was performed using the standard
four-step technique: SM elevation and incision, SM tunneling,
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» Fig.3 Endoscopic image of the GEJ through the submucosal
tunnel. Note the palisading vessels on the mucosal aspect (yellow
arrow) and spindle-shaped vessels on the muscle layer (black
arrow). Also note the narrow submucosal space at the GEJ.

> Fig.4 Retroflexed endoscopic image of the gastric cardia after
completion of the submucosal tunnel on the gastric side. Note the
bluish discoloration of the gastric mucosa at the cardia.

myotomy, and mucosal closure [1,2]. After mucosal incision,
SM tunneling was continued in a direction perpendicular to
the circular muscle fibers up to the GE| until the standard land-
marks were identified: initial narrowing of the submucosal
space at the level of the GEJ with increased resistance followed
by its sudden expansion; and visualization of “spindle”-shaped
veins in the SM layer and palisading vessels on the mucosal un-
dersurface (> Fig.3). At this point, the operator measured the
endoscopic distance, again maintaining the endoscope in a
straight position. This distance X was recorded. The endoscope
was withdrawn from the tunnel and the GEJ was inspected on
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> Table1 Patient characteristics and specifics of procedure and adverse outcomes.

Pilot group (n=12)
Age, mean (range), years 40.41(17-75)
Male/female 4:8

Procedure time, mean (range), min 124 (60-180)

No. of clips for closure, n (range) 8.75 (6-20)
Technical success, % 100
Clinical success, % 100
Adverse events, n (%) 2(17)

= Mucosal injury 2

= Subcutaneous emphysema

= Tension capnoperitoneum

Post POEM GERD, n (%) 3(25)
Previous therapy, n (%) 4(33.3)
= Pneumatic dilatation 3

= Heller’'s myotomy 1
Achalasia type (I / 11/ II1) 2/9/1
Sigmoid esophagus, n 4

GERD, gastroesophageal reflux disease; POEM, peroral endoscopic myotomy.

the luminal side to confirm dissection beyond the GEJ. SM dis-
section was further performed for an additional 2 to 3cm to
complete the tunnel on the gastric side (> Fig.4). Subsequent
POEM was then completed - full-thickness myotomy was per-
formed in all patients and the mucosal incision was closed using
clips.

The study comprised two parts: part | (pilot group) - calcu-
lation of ‘C’ constant (initial 12 patients), and part Il (study
group) - prospective estimation and measurement of predic-
ted Xp and true Xt and validation of the hypothesis by compar-
ing Xp and Xt (68 patients).

Part |- Pilot group

During POEM, distance to the GE| through the tunnel was meas-
ured by the operator and was recorded. X, Y, and Z values for
each of the 12 patients were tabulated. These values were sub-
stituted in the equation X=Y +CZ and C was calculated for each
record (C=(X-Y)/Z). Mean C (£SD) was calculated from the da-
tabase.

Part Il - Study group

In these subsequent 68 patients, Z values were recorded during
screening investigations. Y was calculated during EGD under
general anesthesia. The value of X was predicted before POEM
using the formula Xp=Y +CZ, using the mean C value derived
from the pilot group.The endoscopist performing POEM was
blinded to this Xp value. During tunneling for POEM, the endos-
copist measured the true distance, Xt, and this was recorded.
Xp and Xt values were compared for each patient. An additional
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Study group (n=68) Total (n=80) P value
41(12-83) 40.7 (12-83) 0.46
35:33 39:41 0.35
96 (40-270) 110 (40-270) 0.67
6.5(5-11) 7.62 (5-20) 0.15
100 100 n.s.
100 100 n.s.
14(21) 16 (20) 1.000
3

8

3

10 (14.7) 13(16.3) 0.4
4(5.9) 8(10) 0.015
1

3

3/59/6 0.16
7 11 0.06

note was made if the difference between Xp and Xt exceeded 1
cm.

Statistical methods

The paired t test was used for continuous variables and Fi-
scher’s exact test was used for categorical variables. Pearson’s
correlation coefficient ‘r’ was used to determine the strength of
the association between Xp and Xt, and the paired t test was
employed to determine significance. Spearman’s correlation
coefficient and Wilcoxon signed-rank test were used for sub-
group analysis of patients with sigmoid achalasia. A P value
less than 0.05 was considered statistically significant. All statis-
tical analysis was performed using SPSS software Ver. 20 (IBM
Corp., Armonk, NY, USA).

Results

In total, 80 patients were enrolled in the study. Patient charac-
teristics and details of type of achalasia are included in » Ta-
ble 1. Patient characteristics and achalasia types were compar-
able in both groups (P>0.05), apart from history of prior ther-
apy, which was more frequent in the pilot group (33%, P=
0.015). Mean age was 40.7 years; 39 were male. Five patients
had type I, 68 had type I, and 7 had type Ill achalasia. Eleven
(13.7%) patients had sigmoid achalasia; 72 (90%) patients
were treatment naive, whereas 8 (10%) had a history of prior
therapy.

POEM was technically successful in all 80 patients (100 %).
According to the ASGE Lexicon [17], no severe adverse events
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> Table2 Pilotgroup (n=12)-distance measurements and calculation
of constant ‘C’.

Patient no. X, cm Y, cm Z,cm C
1 46 44 3.75 0.53
2 42 39 3.75 0.80
3 45 41 6.25 0.64
4 48 44 6.25 0.64
5 40 38 4.81 0.42
6 44 41 4.46 0.67
7 38 36 3.00 0.67
8 47 45 4.38 0.46
9 43 39 5.83 0.69
10 41 39 3.13 0.64
1 39 36 4.25 0.71
12 38 36 2.78 0.72
Mean 42.58 39.83 4.39 0.63
SD +0.11

GEJ, gastroesophageal junction; X, distance to the GEJ through the submu-
cosal tunnel; Y, distance to the GE] through the lumen; Z, widest esophageal
diameter.

were recorded. Minor adverse events occurred in 16 patients
(20%): self-resolving subcutaneous emphysema in 8, tension
capnoperitoneum in 3 and small inadvertent mucosotomy in 5
patients. No additional intervention was necessary for patients
with subcutaneous emphysema. Tension capnoperitoneum was
treated by abdominal paracentesis in all three patients. Muco-
sotomy was treated by application of one or two mucosal clips.
Asymptomatic capnoperitoneum and capnomediastinum were
not recorded as adverse events. No major adverse events were
encountered.

The pilot group consisted of the initial 12 patients (> Ta-
ble2). Sigmoid achalasia was encountered in 4 (33.3%) pa-
tients. Mean values (SD) for X, Y, and Z in the pilot group
were 42.58cm (3.33), 39.83cm (3.08), and 4.39cm (1.16),
respectively. Mean C (SD) calculated using the formula X=Y
+CZ was 0.63 (0.11) (» Fig.5).

The study group consisted of the subsequent 68 patients
(» Table 3). Sigmoid achalasia was encountered in 7 (10%) pa-
tients. Mean Y in the study group was 40.45cm (2.58), and
mean Z was 4.99cm (1.43). Mean C (calculated from the pilot
study data) was 0.63. Mean predicted Xp was 43.57cm (2.68)
and mean measured Xt was 43.54cm (2.78). Xp and Xt values
demonstrated an extremely high correlation (Pearson’s correla-
tion coefficient r=0.97, P=0.000). In 62/68 (91.2%) patients,
the difference between Xp and Xt was less than 1cm (> Fig. 6).
Of the six patients, wherein the difference between Xp and Xt
was greater than 1cm, no significant differences in the age
group, gender, and achalasia subtype were noted. Four patients
were female, ages ranging from 12 to 58 years; and five pa-
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» Fig.5 Scatter plot for constant ‘C’. The graph shows that the
majority of values are close to the mean.

tients had type Il achalasia whereas one had type I. Subgroup
analysis for sigmoid achalasia showed that the correlation was
maintained at the same level of significance (Spearman’s corre-
lation coefficient r=0.973, P=0.000) (» Table4).

Discussion

The POEM technique is challenging and a learning curve of
about 20 to 40 procedures has been proposed [5,6]. Several
steps in POEM require a clear and detailed understanding of
the submucosal and mediastinal anatomy, the layers of the
esophagus and stomach, and their appearance and vasculature.
A miscalculation or misjudgment during any of these procedur-
al steps may compromise the safety and/or efficacy of the pro-
cedure. Reliable identification of the GE| is an important step
during POEM, since the SM tunnel must cross the GE] into the
stomach for an optimal result.

Several anatomical landmarks for reliable GEJ identification
have been described [1-3]. However, being anatomical land-
marks, a change in anatomy can alter these landmarks and
they may no longer be appreciable during the procedure. SM
vascular patterns such as palisading and spindle-shaped vessels
are especially likely to get distorted in a postoperative, post-Bo-
tox injection or post-dilatation anatomy. In sigmoid achalasia,
the endoscopic GE| distance may be fallaciously farther away
due to looping of the endoscope. Additional objective meas-
ures — use of fluoroscopy, ICG injection, double endoscope
trans-illumination or EndoFLIP have therefore been introduced
to supplement anatomical findings; however, these additional
measures require specialized equipment or set-up, and may
therefore increase procedure cost or may have logistical diffi-
culties in implementation.

This study describes a mathematical method to predict the
GEJ during tunneling for POEM. The method is based upon the

E1375



& Thieme

> Table3 Correlation of mean (+SD) predicted Xp and mean true Xt in the study group (n=68).

Y, cm Z,cm Xp, cm Xt, cm Pearson correlation coefficient P value
Mean 40.45 4.99 43.57 43.54 0.97 0.000
SD +2.58 +1.43 +2.68 +2.78

GEJ, gastroesophageal junction; Xp, predicted distance to the GE| through the submucosal tunnel; Xp, true distance to the GEJ through the submucosal tunnel;

Y, distance to the GE] through the lumen; Z, widest esophageal diameter.

53

51

49

47

45

43

Distance (cm)

41

39

37

—e—Predicted value Xp

35

—e—Actual value Xt

1 35 7 9 111315171921 23252729 31333537 39414345474951 5355575961 636567
Patient no.

» Fig.6 Graph showing the correlation between Xp and Xt for the 68 patients in the study group. The graph clearly depicts the close overlap

of these two values for each patient.

» Table4 Correlation between predicted Xp and true Xt in the subgroup with sigmoid achalasia (n=7).

Y, cm Z,cm Xp, cm Xt, cm Spearman correlation coefficient P value
Mean 43.15 7.03 47.57 47.29 0.973 0.000
SD +2.04 +1.49 +2.45 +2.05

GEJ, gastroesophageal junction; Xp, predicted distance to the GE| through the submucosal tunnel; Xp, true distance to the GEJ through the submucosal tunnel;

Y, distance to the GE] through the lumen; Z, widest esophageal diameter.

fact that there is a discrepancy in the GE| distance when meas-
ured through the lumen and through the tunnel. This has been
reported by other authors [16]; however, the difference has
never been quantified or the discrepancy has never been ana-
lyzed. This study attempts to analyze this difference and uses
it to devise and validate an equation by which one can estimate
the correct distance.

The results of our study demonstrate a very strong, highly
significant linear relationship between predicted and actual val-
ues of X (r=0.97, P=0.000). The effect is sustained even in
cases of sigmoid achalasia (r=0.973, P=0.000). It must be no-
ted that the difference between Xp and Xt was less than 1cm in
91.2% patients. Since the measurements on the endoscope are
1cm apart, distance discrepancies under 1cm have limited sig-
nificance during endoscopic measurements.
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In any mathematical equation, a stable and reliable value of
the constant is considered important for successful application
of the equation. If the constant keeps changing, the equation
loses its value. In our study, values for constant C demonstrated
reliable stability in our pilot group.Also, when substituted in
the equation in the study group, Xp and Xt demonstrated a sig-
nificant and close correlation. Both of these factors demon-
strate that the value C=0.63 can be considered to be a reliable
constant.

The advantage of this method is its simplicity and the fact
that no special instrumentation is needed. EGD and barium
swallow are standard investigations for evaluation of most
achalasia patients. Therefore, the method can be implemented
in nearly every patient undergoing POEM without additional ef-
fort. In comparison, other described techniques use either
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fluoroscopy, ICG, EndoFLIP, or an additional transnasal endo-
scope to identify this landmark [9-11,13-15,18,19]. This
can result in additional procedure costs and can create logisti-
cal difficulties to schedule and perform POEM within endoscopy
or operating suites.

While performing POEM, the endoscopist has a choice of
several landmarks that can be used for estimation of the GEJ.
Not all landmarks are identifiable in every patient, and often
more than one landmark is required for reliable confirmation.
Most endoscopists would prefer to use more than one land-
mark. The current equation presents a simple mathematical
and therefore non-anatomical tool for GE| estimation. Given
the results of our study, we believe that this non-anatomical es-
timation could be used in conjunction with the standard anato-
mical markers to further add accuracy while calculating the GE|
during POEM. This may be especially useful in patients with re-
current achalasia after prior therapy, since in these patients,
standard anatomical markers may be obscured due to the ear-
lier intervention.

There are certain limitations to this study. The value of C has
been calculated based on the data obtained from 12 patients.
Increasing the size of the database may improve the accuracy
of C as a constant and produce more accurate estimates of the
GE] distance. The technique to measure the GEJ can be some-
what subjective amongst endoscopists. We recommend the
technique described in the study for optimum measurements
and results. It is noteworthy, however, that despite these limita-
tions, the hypothesis and equation in this study demonstrate an
accurate and reliable estimation of the GEJ through the tunnel.
This is possibly because the deviations in values due to calcula-
tion errors are small (less than 1cm) and therefore insignificant
in the context of measuring the GEJ using endoscopic markings.
Another potential factor for bias is the estimation and calcula-
tion of Xp and Xt; however, in this study, the operating endos-
copist was blinded to the value of Xp thereby eliminating this
bias.

There are several ways to implement this equation in clinical
practice. It can be used as a scouting method to identify the GE|
in situations when anatomical landmarks are obscured or when
the endoscopist is unsure about the adequacy of the SM tunnel.
It is obviously not designed to replace any of the prevalent ana-
tomical landmarks, which must also be identified by the endos-
copist before confirming the adequacy of the tunnel; however,
an endoscopist may choose to dissect in the SM tunnel until this
distance X has been reached before beginning to look around
for anatomical landmarks to confirm completion. This can
speed up the procedure considerably. Endoscopists often have
a natural tendency to dissect deep on the gastric side beyond
the GE| to safeguard against recurrence. This can increase the
risk of perforation or bleeding [9]. Also, although not validated
in a research protocol, there is a suggestion that a longer gas-
tric myotomy may predispose to development of post POEM
GERD. This equation may alert the endoscopist to the arrival of
the GEJ and may thus reduce the risk of an inadvertently long
gastric myotomy, thereby minimizing the risk of post POEM
GERD.
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In conclusion, this study demonstrates and validates a sim-
ple mathematical formula that can be used reliably to measure
the distance to the GEJ while creating a tunnel during POEM.
The formula displays a high correlation between predicted and
true measurements. The technique is easy to use and does not
require any additional equipment. Studies to further validate
the reliability of this hypothesis and to address any further lim-
itations are recommended.
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