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Abstract

Purpose To investigate the risk factors and outcomes of mucosal perforation (MP) during laparoscopic Heller myotomy
(LHM) in patients with achalasia.

Methods We conducted a retrospective analysis of patients who underwent LHM for achalasia at a single facility.

Results Among 412 patients who underwent LHM for achalasia, MP was identified in 52 (12.6%). Old age, long disease
duration, low albumin level, an esophageal transverse diameter > 6 cm, and a sigmoid-shaped esophagus were found to be
independent predictors of MP. These factors were assigned a pre-operative score to predict the perforation risk. MP had a
significant impact on intra and post-operative outcomes. Gastric side perforation was associated with a higher incidence of
reflux symptoms, whereas esophageal-side perforation had a higher incidence of residual dysphagia.

Conclusions Many risk factors for MP have been identified. Correctable parameters like low serum albumin should be
resolved prior to surgery, while uncorrectable parameters like old age and a sigmoid-shaped esophagus should be managed
by experienced surgeons in high-volume centers. Implementing these recommendations will help decrease the incidence
and consequences of this serious complication.

Keywords Laparoscopic heller cardiomytomy - Mucosal injury - Outcomes - Risk factors - Pre-operative score for mucosal
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Introduction

Achalasia is a term used to describe a primary esophageal
motility disorder, which usually manifests as dysphagia,
chest pain, regurgitation, and weight loss [1]. Its etiology
is still unclear, and it has a low annual incidence, ranging
from one to three cases per 100,000 population [2]. The
evaluation of a patient with achalasia patient entails clinical,
radiographic, and endoscopic workup. However, a definite
diagnosis is established only after manometric findings,
which usually reveal absent esophageal peristalsis along
with improper relaxation of the lower esophageal sphincter
(LES) [3, 4].
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The multiple treatment modalities for this disorder
include medications (calcium channel blockers), endoscopic
interventions (balloon dilatation, botulinum toxin injection,
or peroral endoscopic myotomy POEM), and surgery (the
Heller cardiomyotomy procedure) [4]. Heller described his
initial experience of performing myotomy in 1913, in which
he divided the anterior and posterior esophageal muscle fib-
ers [5]. The surgical technique has been modified to include
only division of the anterior muscle fibers, and it is now the
standard myotomy procedure [6]. The main aim of surgi-
cal intervention is to divide the muscular fibers of the LES
completely, on both the esophageal and gastric sides [7].
Delicate manipulation is required to preserve the mucosal
membrane [8, 9]. As the mucosa is a thin layer that can be
easily damaged, mucosal perforation could be encountered
during this operation [10].

Since its establishment in 2002, Heller cardiomyotomy
has been performed in our tertiary care center via open
or laparoscopic approaches, and we have encountered
cases of mucosal injury over these 18 years. The benefits,
complications, and outcomes of this procedure have been
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documented; however, few trials have studied the predictors
of accidental mucosal injury during this procedure or its
impact on post-operative outcomes [11-13]. Thus, we con-
ducted the current study to evaluate the risk factors for intra-
operative mucosal injury after the Heller cardiomyotomy
procedure performed for achalasia. We also assessed the
impact of this complication on the intra- and post-operative
outcomes of these patients.

Patients and methods

This retrospective analysis was carried out at Mansoura Uni-
versity Gastrointestinal Surgical Center after approval from
the Institutional Review Board of our medical school (IRB
code: R.22.03.1642). The study was designed for patients
with diagnosed esophageal achalasia, who underwent a lapa-
roscopic Heller myotomy procedure between January, 2002
and December, 2020. After the exclusion of patients who
underwent an open Heller myotomy procedure and those
who had undergone a previous myotomy procedure and were
scheduled for re-myotomy, 412 patients were the subjects of
this analysis.

Pre-operative assessment

All patients were asked about the four main symptoms of
achalasia: dysphagia, regurgitation, chest pain, and weight
loss. These symptoms were assessed via the Eckardt scor-
ing system [14] and graded from O to 3, after which the total
score was calculated and recorded. The severity of these
symptoms was graded from 0 to 5 as follows: 0, absent; 1,
mild; 2, moderate; 3, severe; and 5, very severe. The dura-
tion of symptoms was also recorded. Data on pre-existing
medical co-morbidity or previous interventions for achalasia
such as endoscopic balloon dilatation were collected. The
patients’ condition was classified according to the American
Society of Anesthesiologists (ASA physical classification)
[15].

Clinical examination focused on appearance, body type,
and body mass index (BMI). Routine pre-operative labora-
tory investigations, including serum albumin levels, were
done for all patients. A barium meal was ordered for all
patients to assess the esophageal shape and transverse diam-
eter. The esophageal shape was classified as either straight
or of the sigmoid type, whereas the degree of dilatation,
according to the transverse diameter of the maximally
dilated area, was graded from 1 to 3 as follows: Grade
1,<3.5 cm; Grade 11, 3.5-6 cm; and Grade III, > 6 cm [16].
The esophageal shape was considered sigmoid if there was
tortuosity or angulation in the lower esophageal segment;
otherwise, it was considered straight [17]. Endoscopy was
always performed to rule out malignant disease. Manometry
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was also done to assess the LES pressure, %LES relaxation,
residual pressure, and the LES total and abdominal length.

Laparoscopic Heller-Dor procedure

The laparoscopic Heller-Dor procedure was performed
under general anesthesia with the patient in the French
position. The camera port was inserted in the peri-umbilical
region after abdominal insufflation. This was followed by
the insertion of two working and two assistant ports. The
lower abdominal esophagus was dissected from the phren-
ico-esophageal membrane and the two crura. After adequate
exposure, a long myotomy of about 6 cm was performed on
the esophageal side and 2-3 cm on the gastric side (Fig. 1).
The myotomy was done via diathermy, with a harmonic scal-
pel (Ethicon Endo-Surgery, USA) or with a ligasure (Covi-
dien, USA). Esophageal muscle thickness was classified as
thin or thick based on the subjective evaluation of the sur-
geon. Then, the upper short gastric vessels were divided to
prepare the fundus for Dor fundoplication, which was done
using 2/0 silk sutures. A surgical drain was inserted under
the left lobe, followed by a closure of the abdominal ports.

Mucosal injury was diagnosed when a full-thickness
injury at the esophageal, gastric, or gastroesophageal junc-
tion was detected. It was repaired using interrupted 4/0 Vic-
ryl sutures as in Figs. 2 and 3. Intra-operative blood loss and
total operative time were recorded. The surgeon’s operative
experience was graded from 1 to 4 as follows: <5 cases,
5-10 cases, 10-15 cases, and more than 15 cases [11]. The
rate of conversion to open surgery was also recorded.

Fig.1 Completed myotomy
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Fig.2 Esophageal mucosal
perforation during laparoscopic
Heller myotomy

Fig. 3 Gastric mucosal perfora-
tion during laparoscopic Heller
myotomy

Post-operative evaluation and outcome

After the operation, patients were transferred to the recov-
ery room and then to the ward for close monitoring. Most
patients were allowed oral fluids on post-operative day 1
unless there were signs of complications. Any complica-
tions like fluid collection, delayed leakage, or the need for
re-operation were recorded. Post-operative symptoms were
assessed using the same Eckardt score. The total symptom
score was calculated and a score of more than three was
considered failure. Patient satisfaction with the surgical pro-
cedure was graded as very satisfied, satisfied, or unsatisfied.

Follow up

Regular follow-up visits were scheduled for all patients.
Patients were also asked about residual dysphagia and the
need for its management by endoscopic balloon dilatation
or by redo-heller myotomy. The development of GERD
symptoms or reflux esophagitis according to the Los Ange-
les Classification was recorded. Patients were assigned to
one of two groups according to the incidence of mucosal
perforation: Group (A), patients with mucosal perforation;
and Group (B), patients without perforation.

Statistical analysis

The collected data were tabulated and analyzed using SPSS
software for macOS. Normally distributed data are expressed
as means and the standard deviation, whereas non-paramet-
ric data are expressed as median and the range. The inde-
pendent samples t-test was used to compare the former data,
whereas the Mann—Whitney U test was used for the latter.
Categorical data are expressed as numbers and percentages.
Groups were compared using chi-square or Fischer's exact
tests. Multivariate regression analysis was used to assess the
independent predictors of mucosal perforation. A p-value
less than 0.05 was considered significant for all tests.

A scoring system was developed by correspondingly
assigning weights to the risk factors based on the b coef-
ficients from the final model, in which the points were esti-
mated by taking the ratio of each risk factor’s p coefficient.
Risk factors for mucosal injury were calculated using the
Framingham study risk score functions. To classify the three
risk groups, we used the estimated risk percentage of 10%
and 50% as round cut-off values. The Brier score and the
receiver operating characteristic curve were used for internal
validation of the generated risk-scoring system.
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Results
Patient characteristics

Based on our records, accidental mucosal injury was identi-
fied in 52 (12.6%) of the 412 patients who underwent lapa-
roscopic Heller myotomy for achalasia. Group A comprised
the 52 patients with mucosal perforation and group B com-
prised the remaining 360 patients who did not suffer this
complication.

Older age was significantly associated with mucosal
perforation, as the mean ages of the patients in Groups A
and B were 49.1 years old and 41.1 years old, respectively
(p <0.001). However, gender did not have a significant
impact on this complication. BMI showed a significant
decline in association with mucosal perforation (21.38 kg/m?
vs. 24.32 kg/m? in Groups A and B, respectively). The prev-
alence of smoking and other systemic co-morbidities did not
differ significantly between the two groups (p >0.05). The
ASA scores were also similar. However, long disease dura-
tion was significantly associated with perforation (64 months
vs. 24 months in Groups A and B, respectively). A history
of endoscopic balloon dilatation was also more prevalent in
Group A than in Group B (36.5% vs. 20.3%, respectively).

Analysis of the pre-operative symptoms revealed that
the score and severity of dysphagia and chest pain were
comparable in the two groups. However, the prevalence
and score of weight loss were more prominent in Group A.
Group A also had significantly higher scores and severity of
regurgitation. The total pre-operative symptom score was
significantly higher in Group A than in Group B (7 vs. 4,
respectively; p <0.001). (Table 1).

Pre-operative serum albumin was significantly lower in
Group A than in Group B (3.89 gm/dl vs. 4.03 gm/dl, respec-
tively; p <0.001). A sigmoid-shaped esophagus as shown
in Fig. 4 was more common in Group A than in Group B
(67.3% vs. 20.3%, respectively; p<0.001). The degree of
esophageal dilatation and its transverse diameter were also
significantly greater in Group A.

Pre-operative manometric findings showed a significantly
higher LES pressure but a significantly smaller LES total
and abdominal length in Group A than in Group B. The
residual pressure and % of LES relaxation were comparable
between the two study groups. (Table 2).

Surgical outcomes of the patients with vs. those
without mucosal injury

Both blood loss and operative time were significantly higher
in Group A than in Group B (p <0.001). The degree of mus-
cle thickness as shown in Fig. 5 (thin or thick) was compara-
ble in the two groups. Limited operative experience carried
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some risk for mucosal perforation, as surgeons who had
performed less than five LHM procedures in their career
performed 26.9% and 7.5% of the procedures in Groups A
and B, respectively. The harmonic scalpel was the most com-
mon method of dissection used, in 59.6% and 60% of the
procedures in Groups A and B, respectively.

The occurrence of perforation was associated with a sig-
nificant risk of conversion to open surgery (11.5% vs. 0.3%
in Groups A and B, respectively). The reason for conversion
was the inability to perform sufficient repair laparoscopically
in six (11.5%) of the Group A patients, whereas only one
patient (0.3%) in Group B required conversion to open sur-
gery for chest problems associated with anesthesia (Table 3).

Time of detection of mucosal perforation

Most cases of mucosal perforation were detected intraop-
eratively during LHM (94.2%), although three cases (5.8%)
were detected 14—18 days postoperatively (5.8%). We attrib-
ute these three cases of delayed detection of mucosal injury
to a missed thermal injury during the primary procedure.
Most of the perforations in Group A were on the gastric side
(63.5%), with the remaining perforations on the esophageal
side. The cause of these perforations was either mechani-
cal (71.2%) or thermal (28.8%). The mucosal perforations
ranged from 0.5 to 2 cm in length. All the mucosal perfora-
tion were repaired by laparoscopic suturing, apart from those
in the six patients who needed conversion to open surgery.
The three patients with mucosal perforation discovered late
underwent surgical repair late postoperatively.

Post-operative outcomes

Group A showed a significant delay in oral intake and had a
longer duration of hospitalization than Group B (p <0.001).
A post-operative subphrenic collection occurred in one
patient from Group A (1.9%) but none from Group B. This
patient was managed by tube drainage and antibiotics. Three
patients (5.8%) from Group A required re-operation for late
perforation.

Improvement of symptoms and patient satisfaction

There were no significant differences in any post-operative
symptom scores between the two study groups. Treatment
failed in 19.2% and 13.3% of the patients in Groups A and B,
respectively (p =0.253). Mucosal perforation was associated
with a marked decline in post-operative patient satisfaction
(p=0.038).
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Table 1 Patient. demographics Group A (n=52) Group B (n=360) P value
and symptoms in the two groups
Age (years) 49.06 +15.78 41.11+£12.96 <0.001*
Gender
Male 24 (46.2%) 160 (44.4%) 0.817
Female 28 (53.8%) 200 (55.6%)
BMI (kg/m?) 21.38+3.75 24.32+3.73 <0.001*
Smoking 7 (13.5%) 45 (12.5%) 0.845
Neurological disease 0 (0%) 4(1.1%) 0.445
Chest diseases 8 (15.4%) 33 (9.2%) 0.161
CVS diseases 5(9.6%) 29 (8.1%) 0.702
DM 3(5.8%) 11 (3.1%) 0.313
Metabolic diseases 3(5.8%) 20 (5.6%) 0.950
ASA class
I 38 (73.1%) 270 (75%) 0.744
I 13 (25%) 87 (24.2%)
11 1(1.9%) 3(0.8%)
Disease duration (months) 64 (12-120) 24 (2-120) <0.001*
Previous balloon dilatation 19 (36.5%) 73 (20.3%) 0.008*
Dysphagia score 3(2-3) 3(2-3) 0.079
Dysphagia severity
Mild 1(1.9%) 8(2.2%) 0.084
Moderate 25 (48.1%) 229 (63.6%)
Severe 26 (50%) 123 (34.2%)
Chest pain score 0(0-3) 0(0-3) 0.667
Chest pain severity
Absent 40 (76.9%) 286 (79.4%) 0.655
Mild 1(1.9%) 9 (2.5%)
Moderate 7 (13.5%) 51 (14.2%)
Severe 4. (7.7%) 14 (3.9%)
Regurgitation score 2 (0-3) 1(0-3) 0.004*
Regurgitation severity
Absent 16 (30.8%) 177 (49.2%) 0.008*
Mild 13 (25%) 100 (27.8%)
Moderate 22 (42.3%) 81 (22.5%)
Severe 1(1.9%) 2 (0.6%)
Weight loss 43 (82.7%) 106 (29.7%) <0.001%*
Weight loss score
<5 1(1.9%) 42 (11.7%) <0.001*
5-10 7 (13.5%) 36 (10%)
>10 35 (67.3%) 28 (7.8%)
Total pre-operative symptoms score 7 (3-11) 4(2-11) <0.001*

Follow up

The median duration of follow-up was 57 months for
Group A and 49 months for Group B. The incidences of

post-operative heartburn, residual dysphagia, and reflux
esophagitis were also comparable between the groups.
Residual dysphagia was managed initially by endoscopic
balloon dilatation, but surgical redo-myotomy was needed in
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Fig.4 Redundant esophageal
mucosa during laparoscopic
Heller myotomy in a patient
with sigmoid esophagus

Table 2 Pre-operative

. . Group A (n=52) Group B (n=360) P value
laboratory, radiological, and
manometric data in the study Serum albumin (gm/dl) 3.89+0.29 4.03£0.15 <0.001%*
groups Barium achalasia
Straight type 17 (32.7%) 287 (79.7%) <0.001*
Sigmoid type 35 (67.3%) 73 (20.3%)
Barium (degree of dilatation)
<3.5cm 17 (32.7%) 227 (63.1%) <0.001*
3.5-6 cm 0 (0%) 62 (17.2%)
>6cm 35 (67.3%) 71 (19.7%)
Maximum transverse diameter (cm) 6 (2-8) 2 (2-8) <0.001*
Manometry LESP 48.17+13.73 42.05+12.53 0.002*
Residual pressure 11.85 (1-37.7) 4.5 (0-35.3) 0.813
Abdominal LES length 2.47+0.51 3+046 <0.001%*
Total LES length 3.59+0.61 3.86+0.50 0.001*
% LES relaxation 63.28+14.16 63.21+13.91 0.973

Fig.5 Thick muscle layer (deep plan of dissection)

7.7% and 3.3% of the Group A and B patients, respectively
(Table 4). Patients with post-operative GERD symptoms or
reflux esophagitis were managed conservatively. Surgical
interventions such as redo fundoplication and repair of hiatal
hernia were not required in either group.

Thirty of the 52 patients with mucosal injury had perfo-
ration on the gastric side and the remaining had esophageal
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perforation. On assessing the impact of the perforation site
on post-operative outcomes, the incidences of heartburn and
reflux esophagitis were significantly higher in the patients with
gastric perforations (p=0.04), whereas the incidence of resid-
ual dysphagia was more commonly associated with esophageal
perforation (p=0.001) (Table 5).

Development of a pre-operative risk-scoring system
for predicting mucosal injury

The significant risk factors in multivariate analysis were
used to form a pre-operative score to assess the risk of
perforation before the procedure. The six risk factors were
assigned points as follows: age, 1point; BMI <22 kg/m?,
1 point; duration > 48 months, 1 point; albumin < 3.4 gm/
dl, 3 points; esophageal diameter >6 cm, 5 points; and sig-
moid esophagus, 5 points. By adding the previous values,
this yielded a total score ranging from O to 16 (Table 6).
The risk of perforation was classified into three categories
according to the total score: low risk (score 0-2), interme-
diate risk (score 3 -10), and high risk (score 11-16) risk
(Table 7).The scoring system showed a satisfactory discrimi-
natory performance (area under the ROC curve, 0.864; 95%
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Table 3 Intra-operative findings Group (A) (n1=52) Group (B) (n=360) P value
in the study groups
Blood loss 200 (100-250) 50 (20-100) <0.001*
Operative time 211.92+44.02 111.89+18.86 <0.001*
Muscle thickness
Thick 22 (42.3%) 174 (48.3%) 0416
Thin 30 (57.7%) 186 (51.7%)
Operative experience
<5 cases 14 (26.9%) 27 (7.5%) <0.001*
5-10 cases 11 (21.2%) 70 (19.4%)
10-15 cases 8 (15.4%) 112 (31.1%)
> 15 cases 19 (36.5%) 151 (41.9%)
Dissection method
Harmonic scalpel 31 (59.6%) 216 (60%) 0.692
Harmonic and diathermy 5(9.6%) 25 (6.9%)
Ligasure 14 (26.9%) 216 (31.1%)
Ligasure and diathermy 2 (3.8%) 25 (1.9%)
Conversion to open 6 (11.5%) 1(0.3%) <0.001*
Table 4 Post—operatiye and Group A (n=52) Group B (n=360) P value
follow-up outcomes in the two
groups Abdominal Collection 1(1.9%) 0 (0%) 0.008*
Re-operation 3(5.8%) 0 (0%) <0.001*
Hospital stay 8 (6-20) 2(2-2) <0.001°*
First day oral 5 (4-10) 1(1-1) <0.001°*
Follow up period 57 (12-192) 49 (12-190) 0.966
Post dysphagia score 1(0-2) 0(0-2) 0.321
Post-chest pain score 0(0-2) 0(0-2) 0.549
Post regurgitation score 0(0-1) 0 (0-1) 0.252
Total post-operative symptoms score 1(0-3) 1(0-3) 0.194
Treatment failure 10 (19.2%) 48 (13.3%) 0.253
Heartburn 12 (23%) 56 (15.5%) 0.172
Reflux esophagitis 12 (23%) 52 (14.4%) 0.108
Reflux esophagitis grade
Grade (A) (6) (50%) (34) (65.3%) 0.216
Grade (B) (6) (50%) (18) (34.7%)
Residual dysphagia
6 months 0 (0%) 0 (0%) 1
12 months 5(9.6%) 31 (8.6%) 0.811
24 months 0 (0%) 7 (1.9%) 0.310
36 months 1(1.9%) 2 (0.6%) 0.278
48 months 4(7.7%) 9 (2.5%) 0.055
Overall residual dysphagia 10 (19.2%) 48 (13.3%) 0.253
Management by balloon dilatation 10 (19.2%) 48 (13.3%) 0.253
Redo myotomy 4(7.7%) 12 3.3%) 0.128
Patient satisfaction
Very satisfied 31 (59.6%) 274 (76.1%) 0.038%*
Satisfied 19 (36.5%) 76 (21.1%)
Unsatisfied 2 (3.8%) 10 (2.8%)
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Table 5 Impact of the site of mucosal injury on outcomes

Esophageal  Gastric side (n=30) P value
side (n=22)
Heart burn 2 (9%) 10 (33.3%) 0.04*
Reflux esophagitis 2 (9%) 10 (33.3%) 0.04*
Reflux esophagitis
Grade (A) 0 (0%) 6 (60%) 0.154
Grade (B) 2 (100%) 4 (40%)
Residual dysphagia 9 (40.9%) 1(3.3%) 0.001*

CI 0.827-0.895). At score > 1, the sensitivity was 88.5%,
the specificity was 70, and the Brier score was 0.084 (95%
CI0.0650-0.102).

Discussion

This study was performed to assess the incidence, risk fac-
tors, and outcomes of mucosal perforation during lapa-
roscopic Heller myotomy procedures. This complication
occurred in 52 of the 412 patients, representing an incidence
of 12.6%. This lies within the reported incidence of mucosal
injury in the literature, which ranges from 5 to 33% [18-21].

Both univariate and multivariate analyses in this study
identified that old age was a significant risk factor for per-
foration. This could be explained by the increased tissue
fragility with advancing age making it more susceptible to
injury, even with subtle trauma. This was reported by Met-
man et al., who stated that tissue frailty is the main cause of
perforation in the elderly population [22]. We also found that
the perforation group (Group A) had a significantly lower
BMI than the other group (Group B). This low BMI could
reflect a state of malnutrition secondary to prolonged dys-
phagia and inadequate oral intake, which was confirmed by
the serum albumin findings, which decreased significantly in

Table 6 Pre-operative
predictors of mucosal injury

Multivariate analysis Points
assigned
OR 95% CI for OR p B
Old age > 45 years 1.03 1.01-1.07 0.020* 0.520 1
BMI <22 kg/m? 0.778 0.709-0.988 0.004* -0.778 1
Disease duration >48 m 1.267 1.010-1.436 0.011%* 0.820 1
Serum albumin <3.4 gm/dl 0.866 0.781-0.917 0.013* -2.885 3
Esophagus diameter >6 cm 1.393 1.018-1.765 0.005%* 5.188 5
Sigmoid shaped type 1.465 1.005-1.802 0.001* 4.640 5

Table 7 Estimated risk of
mucosal perforation

Total no. of risk ~ Estimated risk  Observed no. of

factors (%) mucosal perfora-
tions
% n %
Low risk (estimated risk < 10%) 0 5.3 3 5.8
1 6.6 3 5.8
2 8.3 7 13.5
Intermediate risk (estimated risk 10%-50%) 3 10.4 2 3.8
4 12.9 1 1.9
5 16.1 1 1.9
6 19.9 0 0.0
10 43.0 0 0.0
High risk (estimated risk > 50%) 11 50.9 1 1.9
12 59.5 5 9.6
13 68.6 19 36.5
14 78.1 2 38
15 87.6 3 5.8
16 96.9 5 9.6
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association with mucosal perforation. As albumin is crucial
for tissue healing and integrity, we recommend adjustment
of that parameter in patients with hypoalbuminemia prior
to surgery, through IV infusion of albumin, as the enteral
route is already compromised by the achalasia. Contrarily,
another previous study noted no significant difference in
BMI between their perforation and non-perforation groups,
with mean values of 20.1 kg/m? and 20.7 kg/m?, respectively
(»p=0.179) [11].

We found that long disease duration was a strong pre-
dictor of perforation on multivariate analysis. Of course,
the increased duration will be associated with a worse
nutritional state and wider esophagus, which are risks for
the same complication. In the same context, other authors
reported that a disease duration of more than 10 years was
associated with an increased risk of mucosal perforation
(p=0.021) [11].

In our study, the score and severity of dysphagia and
chest pain were comparable in the two groups, but both the
regurgitation score and severity increased in association with
perforation. The total pre-operative symptom score was sig-
nificantly higher in Group A, which could be explained by
the increased prevalence of sigmoid esophagus in the perfo-
ration group, which is strongly associated with regurgitation.

Our findings showed that pre-operative endoscopic bal-
loon dilatation was a significant risk factor for mucosal per-
foration on univariate analysis. Previous balloon dilatation
induces submucosal microhemorrhagic areas that heal by
fibrosis, which may hinder the correct surgical plane leading
to perforation [23]. Likewise, Smith et al. noted a significant
increase in the incidence of mucosal perforation in patients
who had undergone previous endoscopic intervention (9.7%
in Group A vs. 3.6% in Group B; p<0.05) [21].

In the current study, a sigmoid-shaped esophagus and
an esophageal transverse diameter of more than 6 cm were
strong predictors of mucosal perforation. We think that tor-
tuosity of the esophagus makes the operation more difficult,
as separating the longitudinal muscle layer would be more
problematic if the tube was not straight. This would also
make separation of the muscle from the underlying mucosa
more difficult. In a previous similar study, the esophageal
shape had a significant impact on operative outcomes, as
a sigmoid-shaped esophagus was strongly associated with
perforation (0.048). However, the same study failed to show
any significant impact of dilatation grade on operative out-
comes (p=0.336) [11].

The manometric findings in the current study identified
that increased LES pressure and decreased intraabdominal
esophageal length were risk factors for perforation. The
reason for these findings is still a matter of debate; how-
ever, the incidence of fibrosis with long-standing achalasia
could explain both the increased LES pressure and its short-
ening, as any fibrous tissue can be associated with tissue

contracture. Surgical experience of fewer than five cases
was also identified as a risk factor for mucosal perforation
on univariate analysis. This confirms the role of surgical
expertise in the prevention of complications and highlights
the importance of the learning curve in these operations,
which seems to be complete after 16 cases [24]. Similarly,
limited surgical experience was associated with an increased
risk of mucosal perforation in the study conducted by Tsuboi
and colleagues, especially among surgeons with experience
of fewer than five cases [11].

We used the significant predictors of mucosal injury iden-
tified on the multivariate analysis to create a score to help
surgeons predict this serious complication pre-operatively.
There is deficiency in the current literature to create a tool
to predict mucosal perforation during the Heller procedure,
but having such a tool would help us decrease risk by chang-
ing the modifiable risk factors, such as surgeon experience.
More studies should be conducted to create a universal pre-
dictive score for mucosal perforation.

We noted a significant prolongation of the operative time
in association with perforation, in accordance with the find-
ings of other studies [11, 13].The increased operative time
could be a cause and a result of mucosal perforation at the
same time. Of course, perforation takes time to repair and
can reflect the degree of operative difficulty, again highlight-
ing that limited surgical experience increases the mucosal
perforation risk.

The same concept of operative time could also be applied
to blood loss. Mucosal perforation may occur secondary
to increased intra-operative bleeding, which obscures the
operative field. At the same time, the perforation will need
extra surgical manipulation and operative time, which will
in turn increase blood loss.

It is noteworthy that not all mucosal perforations were
diagnosed and managed in the same setting of the primary
procedure. There were three cases of delayed presentation,
which required open-approach management. We think that
these cases were caused by either a thermal injury that
resulted in necrosis and subsequent delayed perforation,
or by microscopic tears, which expanded during the post-
operative period. We recommend that patients are allowed
clear fluids in the first 2 days postoperatively, with semi-
solid or blended food introduced 1 month after the operation.
We asked these patients with delayed perforation about the
ingestion of solid or sharp food, and they denied its intake
which supports our theory regarding thermal or microscopic
injuries. Another study confirmed our findings, as one out
of the six cases of mucosal perforation was not recognized
during the first surgical procedure [12]. Conversely, other
authors reported that all perforations were identified imme-
diately and repaired during the same primary surgical setting
[25]. Our findings showed a significant delay in oral intake
in the mucosal perforation group, but we allowed time for
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the mucosal tear to heal before oral intake was reintroduced.
Patti et al. also noted a significant delay in oral intake after
mucosal perforation [26].

The post-operative symptoms and total scores did not
differ between our two groups. In a previous similar study,
the severity and frequency of achalasia symptoms subsided
after the operation, irrespective of mucosal perforation, with
no significant difference between the two groups [11], in
accordance with our findings. In the current study, the inci-
dence of post-operative failure was statistically comparable
in the two groups. In line with our findings, Salvador et al.
also reported that the incidence of mucosal perforation was
not associated with an increased post-operative failure rate
(p=0.34), as it was encountered in 16% and 10.8% of cases
in their perforation and non-perforation groups, respectively
[13]. Post-operative heartburn was experienced by 15.4%
and 10.6% of patients in Groups A and B, respectively,
which was comparable. This is in accordance with a previ-
ous report of reflux in 12% and 8% of patients in the perfora-
tion and non-perforation groups (p =0.163) [11].

Regarding the location of mucosal perforation, we noted a
higher incidence of perforation on the gastric side. Based on
our experience, we think that the hypertrophied muscle layer
of the esophagus makes dissection and identification of the
mucosa easier than on the gastric side. We noted an increase
in the incidence of reflux manifestations in patients with
gastric perforations, whereas patients with esophageal per-
foration had higher incidence of residual dysphagia. There is
a reasonable explanation for this. We usually start myotomy
on the esophageal side, continuing toward the gastric side.
We think that the esophageal perforation might distract the
focus of the surgeon, who will be paying attention to repair
of the perforation before continuing the myotomy. This, in
turn, would increase the risk of incomplete myotomy and
subsequent residual dysphagia. Conversely, the incidence of
perforation on the gastric side may be an indicator for com-
plete or near complete myotomy as the surgeon has already
completed the gastric side. The complete myotomy, in turn,
will increase the risk of post-operative reflux symptoms.

Our investigation has some limitations, as it was a retro-
spective study conducted at a single surgical center. Further
studies covering the previous drawbacks are needed.

Conclusion

Many risk factors for mucosal perforation have been iden-
tified based on previous data. Correctable parameters like
albumin should be corrected prior to surgery, while uncor-
rectable parameters such as age and a sigmoid esophagus
should be managed by experienced surgeons. Following
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these recommendations will decrease the incidence and
negative consequences of this serious complication.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data Availability The data that support the findings of this study are
available from the corresponding author, upon reasonable request.

Declarations

Conflict of interests We have no conflicts of interest or financial ties
to disclose.

Human rights statement and informed consent All procedures were
conducted in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and
with the Helsinki Declaration of 1964 and later versions. Informed
consent or a substitute for inclusion in this study was obtained from
all patients.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Schlottmann F, Patti MG. Esophageal achalasia: current
diagnosis and treatment. Expert Rev Gastroenterol Hepatol.
2018;12(7):711-21. https://doi.org/10.1080/17474124.2018.
1481748.

2. Gockel I, Sgourakis G, Drescher DG, Lang H. Impact of mini-
mally invasive surgery in the spectrum of current achalasia treat-
ment options. Scand J Surg. 2011;100(2):72-7. https://doi.org/10.
1177/145749691110000202.

3. Vaezi MF, Pandolfino JE, Vela MF. ACG clinical guideline:
diagnosis and management of achalasia. Am J Gastroenterol.
2013;108(8):1238-49. https://doi.org/10.1038/ajg.2013.196.

4. Vaezi MF, Pandolfino JE, Yadlapati RH, Greer KB, Kavitt RT.
ACG clinical guidelines: diagnosis and management of acha-
lasia. Am J Gastroenterol. 2020;115(9):1393—-411. https://doi.
org/10.14309/ajg.0000000000000731.

5. von Rahden BHA. Current treatment of achalasia 2019.
Zentralbl Chir. 2019;144(2):163-70. https://doi.org/10.
1055/a-0863-4917.

6. Williams VA, Peters JH. Achalasia of the esophagus: a surgical
disease. ] Am Coll Surg. 2009;208(1):151-62. https://doi.org/10.
1016/j.jamcollsurg.2008.08.027.

7. Francis DL, Katzka DA. Achalasia: update on the disease and its
treatment. Gastroenterology. 2010;139(2):369-74. https://doi.org/
10.1053/j.gastro.2010.06.024.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/17474124.2018.1481748
https://doi.org/10.1080/17474124.2018.1481748
https://doi.org/10.1177/145749691110000202
https://doi.org/10.1177/145749691110000202
https://doi.org/10.1038/ajg.2013.196
https://doi.org/10.14309/ajg.0000000000000731
https://doi.org/10.14309/ajg.0000000000000731
https://doi.org/10.1055/a-0863-4917
https://doi.org/10.1055/a-0863-4917
https://doi.org/10.1016/j.jamcollsurg.2008.08.027
https://doi.org/10.1016/j.jamcollsurg.2008.08.027
https://doi.org/10.1053/j.gastro.2010.06.024
https://doi.org/10.1053/j.gastro.2010.06.024

Surgery Today (2023) 53:1225-1235

1235

10.

11.

12.

13.

14.

15.

16.

17.

18.

Valverde A, Cahais J, Lupinacci R, Goasguen N, Oberlin O. Lapa-
roscopic Heller myotomy. J Visc Surg. 2018;155(1):59-64. https://
doi.org/10.1016/j.jviscsurg.2018.01.006.

Werner YB, Hakanson B, Martinek J, Repici A, von Rahden BHA,
Bredenoord AlJ, et al. Endoscopic or surgical myotomy in patients
with idiopathic achalasia. N Engl J Med. 2019;381(23):2219-29.
https://doi.org/10.1056/NEJMoa1905380.

Lynch KL, Pandolfino JE, Howden CW, Kahrilas PJ. Major com-
plications of pneumatic dilation and Heller myotomy for acha-
lasia: single-center experience and systematic review of the lit-
erature. Am J Gastroenterol. 2012;107(12):1817-25. https://doi.
org/10.1038/ajg.2012.332.

Tsuboi K, Omura N, Yano F, Hoshino M, Yamamoto SR, Aki-
moto S, et al. Identification of risk factors for mucosal injury
during laparoscopic Heller myotomy for achalasia. Surg Endosc.
2016;30(2):706-14. https://doi.org/10.1007/s00464-015-4264-0.
Pereira-Graterol F, Moreno-Portillo M. Distal esophageal perfo-
ration repair during laparoscopic esophagomyotomy: evaluation
of outcomes and review of surgical technique. J Laparoendosc
Adv Surg Tech A. 2006;16(6):587-92. https://doi.org/10.1089/
1ap.2006.16.587.

Salvador R, Spadotto L, Capovilla G, Voltarel G, Pesenti E,
Longo C, et al. Mucosal perforation during laparoscopic Heller
myotomy has no influence on final treatment outcome. J Gas-
trointest Surg. 2016;20(12):1923-30. https://doi.org/10.1007/
s11605-016-3276-y.

Shemmeri E, Aye RW, Farivar AS, Bograd AJ, Louie BE. Use of
a report card to evaluate outcomes of achalasia surgery: beyond
the Eckardt score. Surg Endosc. 2020;34(4):1856—62. https://doi.
org/10.1007/s00464-019-06952-2.

Knuf KM, Maani CV, Cummings AK. Clinical agreement in the
American Society of Anesthesiologists physical status classifica-
tion. Perioper Med (Lond). 2018;7:14. https://doi.org/10.1186/
s13741-018-0094-7.

Omura N, Kashiwagi H, Ishibashi Y, Yano F, Tsuboi K, Kawasaki
N, et al. Laparoscopic Heller myotomy and Dor fundoplication for
the treatment of achalasia. Assessment in relation to morphologic
type. Surg Endosc. 2006;20(2):210-3. https://doi.org/10.1007/
$00464-005-0365-5.

Roll GR, Rabl C, Ciovica R, Peeva S, Campos GM. A controversy
that has been tough to swallow: is the treatment of achalasia now
digested? J Gastrointest Surg. 2010;14:S33-45. https://doi.org/10.
1007/s11605-009-1013-5.

Deb S, Deschamps C, Allen MS, Nichols FC 3rd, Cassivi SD,
Crownhart BS, et al. Laparoscopic esophageal myotomy for

19.

20.

21.

22.

23.

24.

25.

26.

achalasia: factors affecting functional results. Ann Thorac Surg.
2005;80(4):1191-4. https://doi.org/10.1016/j.athoracsur.2005.04.
008.

Patti MG, Molena D, Fisichella PM, Whang K, Yamada H, Per-
retta S, et al. Laparoscopic Heller myotomy and Dor fundoplica-
tion for achalasia: analysis of successes and failures. Arch Surg.
2001;136(8):870-7. https://doi.org/10.1001/archsurg.136.8.870.
Igbal A, Haider M, Desai K, Garg N, Kavan J, Mittal S, et al.
Technique and follow-up of minimally invasive Heller myotomy
for achalasia. Surg Endosc. 2006;20(3):394—401. https://doi.org/
10.1007/s00464-005-0069-x.

Smith CD, Stival A, Howell DL, Swafford V. Endoscopic therapy
for achalasia before Heller myotomy results in worse outcomes
than Heller myotomy alone. Ann Surg. 2006;243(5):579-84.
https://doi.org/10.1097/01.51a.0000217524.75529.2d.

Metman EH, Lagasse JP, d’Alteroche L, Picon L, Scotto B, Bar-
bieux JP. Risk factors for immediate complications after pro-
gressive pneumatic dilation for achalasia. Am J Gastroenterol.
1999;94(5):1179-85. https://doi.org/10.1111/j.1572-0241.1999.
01062.x.

Morino M, Rebecchi F, Festa V, Garrone C. Preoperative pneu-
matic dilatation represents a risk factor for laparoscopic Heller
myotomy. Surg Endosc. 1997;11(4):359-61. https://doi.org/10.
1007/5004649900363.

Yano F, Omura N, Tsuboi K, Hoshino M, Yamamoto S, Akimoto
S, et al. Learning curve for laparoscopic Heller myotomy and Dor
fundoplication for achalasia. PLoS ONE. 2017;12(7):e0180515.
https://doi.org/10.1371/journal.pone.0180515.

Finan KR, Renton D, Vick CC, Hawn MT. Prevention of post-
operative leak following laparoscopic Heller myotomy. J Gas-
trointest Surg. 2009;13(2):200-5. https://doi.org/10.1007/
$11605-008-0687-4.

Patti MG, Feo CV, Arcerito M, De Pinto M, Tamburini A, Diener
U, et al. Effects of previous treatment on results of laparoscopic
Heller myotomy for achalasia. Dig Dis Sci. 1999;44(11):2270-6.
https://doi.org/10.1023/a:1026660921776.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.jviscsurg.2018.01.006
https://doi.org/10.1016/j.jviscsurg.2018.01.006
https://doi.org/10.1056/NEJMoa1905380
https://doi.org/10.1038/ajg.2012.332
https://doi.org/10.1038/ajg.2012.332
https://doi.org/10.1007/s00464-015-4264-0
https://doi.org/10.1089/lap.2006.16.587
https://doi.org/10.1089/lap.2006.16.587
https://doi.org/10.1007/s11605-016-3276-y
https://doi.org/10.1007/s11605-016-3276-y
https://doi.org/10.1007/s00464-019-06952-2
https://doi.org/10.1007/s00464-019-06952-2
https://doi.org/10.1186/s13741-018-0094-7
https://doi.org/10.1186/s13741-018-0094-7
https://doi.org/10.1007/s00464-005-0365-5
https://doi.org/10.1007/s00464-005-0365-5
https://doi.org/10.1007/s11605-009-1013-5
https://doi.org/10.1007/s11605-009-1013-5
https://doi.org/10.1016/j.athoracsur.2005.04.008
https://doi.org/10.1016/j.athoracsur.2005.04.008
https://doi.org/10.1001/archsurg.136.8.870
https://doi.org/10.1007/s00464-005-0069-x
https://doi.org/10.1007/s00464-005-0069-x
https://doi.org/10.1097/01.sla.0000217524.75529.2d
https://doi.org/10.1111/j.1572-0241.1999.01062.x
https://doi.org/10.1111/j.1572-0241.1999.01062.x
https://doi.org/10.1007/s004649900363
https://doi.org/10.1007/s004649900363
https://doi.org/10.1371/journal.pone.0180515
https://doi.org/10.1007/s11605-008-0687-4
https://doi.org/10.1007/s11605-008-0687-4
https://doi.org/10.1023/a:1026660921776

	Mucosal injury during laparoscopic Heller cardiomyotomy: risk factors and impact on surgical outcomes
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Pre-operative assessment
	Laparoscopic Heller–Dor procedure
	Post-operative evaluation and outcome
	Follow up
	Statistical analysis

	Results
	Patient characteristics
	Surgical outcomes of the patients with vs. those without mucosal injury
	Time of detection of mucosal perforation
	Post-operative outcomes
	Improvement of symptoms and patient satisfaction
	Follow up
	Development of a pre-operative risk-scoring system for predicting mucosal injury

	Discussion
	Conclusion
	References




