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Abstract 

Background:  Laparoscopic (LSC) Heller myotomy (HM) is considered the standard procedure for the treatment of 
achalasia. Robotic platforms, established over the last years, provide important advantages to surgeons, such as bin‑
ocular 3-dimensional vision and improvement of fine motor control. However, whether perioperative outcomes and 
long-term results of robotic-assisted laparoscopic (RAL) HM are similar or even superior to LSC technique, especially 
concerning long-term follow-up, is still debated. Therefore, the aim of the present study was to evaluate intra- and 
postoperative results as well as long-term quality of life after RAL compared to LSC surgery for achalasia in a single 
high-volume visceral surgery center.

Methods:  Between August 2007 and April 2020, 43 patients undergoing minimally invasive HM for achalasia in a sin‑
gle high-volume Swiss visceral surgery center, were included in the present study. Intra- and postoperative outcome 
parameters were collected and evaluated, and a long-term follow-up was performed using the gastroesophageal-
reflux disease health-related quality of life (GERD-Hr-QuoL) questionnaire.

Results:  A total of 11 patients undergoing RAL and 32 undergoing LSC HM were analyzed. Baseline demographics 
and clinical characteristics were similar. A trend (p = 0.052) towards a higher number of patients with ASA III score 
treated with RAL was detectable. Operation time was marginally, but significantly, shorter in LSC (140 min, IQR: 
136–150) than in RAL (150 min, IQR: 150–187, p = 0.047). Postoperative complications graded Clavien-Dindo ≥ 3 
were only observed in one patient in each group. Length of hospital stay was similar in both groups (LSC: 11 days, 
IQR: 10–13 vs. RAL: 11 days, IQR: 10–14, p = 0.712). Long-term follow-up (LSC: median 89 months, vs. RAL: median 
28 months, p = 0.001) showed comparable results and patients from both groups expressed similar levels of satisfac‑
tion (p = 0.181).
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Background
Achalasia is a rare esophageal motility disorder of 
unclear origin characterized by dysphagia, regurgita-
tion and heartburn [1, 2]. A variety of treatments have 
been proposed. Oral administration of calcium-channel 
blockers or nitrates, and local injection of botulinum 
toxin A provide short term relief. Moreover, balloon 
dilation is also used, but with modest long-term results 
[3].

Section of muscle fibers of the esophageal sphinc-
ter, the so-called Heller myotomy (HM) currently rep-
resents the preferred surgical approach to achalasia 
treatment. In particular, laparoscopic HM is nowa-
days widely accepted as safe and effective [4]. How-
ever, recurrence rates up to 10–25% and intraoperative 
esophageal mucosa perforation rates ranging between 4 
and 20% are reported in literature [5–8].

Over the last years new techniques have emerged in 
the surgical endoscopy area with per-oral endoscopic 
myotomy (POEM) and robotic platforms. Recent 
reports suggest similar effectiveness of POEM com-
pared to conventional laparoscopic HM, albeit with 
higher gastroesophageal reflux rates [9, 10]. However, 
data on long-term outcomes is still missing.

With the introduction of robotic-assisted technol-
ogy, minimally invasive techniques have become more 
precise, accurate and safe, particularly for procedures 
in narrow and confined spaces, thanks to improve-
ments in comfort and maneuverability, high-defini-
tion 3-dimensional binocular vision with the option 
of magnification, and a stable platform with a surgeon 
operated camera [11]. Therefore, it could reasonably 
be assumed, that with the robotic systems’ attributed 
improvement in precision and accurateness, the rate of 
completely dissected muscle tissue without damage to 
the esophageal mucosa should be higher. Indeed, both 
conditions—incompletely dissected muscle layer as 
well as esophageal perforation—are surmised to result 
in scar tissue and recurrence of achalasia symptoms.

However, especially in well-established laparoscopic 
procedures in upper gastrointestinal surgery like fun-
doplication, bariatric surgery or HM, the lack of superior 
evidence and the higher costs of the new technique have 
limited the adoption of robotic-assisted systems [12, 13].

Retrospective studies and subsequent meta-analyses 
have generally shown at least non-inferiority of robotic-
assisted HM compared to laparoscopic techniques con-
cerning intra- and postoperative complications and 
outcome parameters [14, 15]. However, operation pro-
cedures are far from standardized and different tech-
nical approaches are utilized even in a single center. 
Moreover, treatments prior to surgery, body mass index 
(BMI), American Society of Anesthesiologists (ASA) 
classification, type of fundoplication and recurrence 
rates are frequently unreported.

Most worryingly, a majority of these studies have also 
failed to assess long-term postoperative quality of life 
representing a main outcome parameter after HM [16, 
17].

To address these issues, in this study, including a fol-
low-up of over 2 years, we analyzed postoperative qual-
ity of life as well as intra- and postoperative outcomes 
in a highly homogeneous group of patients undergoing 
standardized LSC or RAL HM in a single high-volume 
visceral surgery center.

Methods
Inclusion and exclusion criteria
All patients aged ≥ 18  years requiring HM for acha-
lasia with a minimally invasive approach at a high-vol-
ume visceral surgery unit in northwestern Switzerland 
between August 2007 and April 2020 were included in 
the study. Preoperatively, a gastroscopy, an upper gas-
trointestinal gastrografin swallow, and, in most cases, 
an esophageal manometry, were performed to verify 
and secure diagnosis, and to rule out other reasons for 
dysphagia.

Between August 2007 and December 2015 all pro-
cedures were performed laparoscopically. Following 
introduction of the da Vinci Xi® platform, the choice of 
LSC versus RAL depended on instrument availability 
and surgeons’ preference, with no specific selection cri-
teria. All patients were preoperatively informed about 
the surgical technique, and the study was approved 
by the local ethics committee (Ethikkommission 
Nordwest- und Zentralschweiz (EKNZ), Project-ID 
2020-01285).

Conclusions:  LSC and RAL HM show similar peri- and postoperative results and a high quality of life, even in long-
term (> 24 months) follow-up. Prospective, randomized, controlled multicenter trials are needed to overcome difficul‑
ties associated to small sample sizes in a rare condition and to confirm the equality or demonstrate the superiority 
of robotic-assisted procedures for achalasia. Meanwhile, the choice of the treatment technique could be left to the 
operating surgeon’s preferences.

Keywords:  Laparoscopic surgery, Robotic-assisted surgery, Heller myotomy
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Data collection
Prospectively collected data were obtained from writ-
ten hospital records, electronic databases as well as 
radiology reports. Demographic data, including age, sex 
and BMI, ASA scores, type of achalasia (I–III) based on 
high-resolution manometry, as well as outcome param-
eters were extracted. The latter included intraoperative 
complications, postoperative complications (30-day-
morbidity), evaluated according to Clavien-Dindo clas-
sification [18], operation time, postoperative length of 
hospital stay (LOS), and postoperative length of inten-
sive care unit (ICU) stay (LOI).

All patients were postoperatively contacted by tel-
ephone and asked to complete the gastroesoph-
ageal-reflux disease health-related quality of life 
(GERD-Hr-QuoL) questionnaire [19].

Surgical technique
Laparoscopic approach
Patients were positioned supine in a reverse Trendelen-
burg position. The camera port was placed in a semi-
open fashion according to Hasson, superior of the 
umbilicus and to the left, and pneumoperitoneum was 
established with 14 mmHg. Three assistant ports were 
placed in the left and right upper quadrant (12 mm left 
upper quadrant, 5 mm left below costal margin, 5 mm 
right upper quadrant) and a specifically designed sub-
xyphoidal liver retractor was inserted. After mobiliza-
tion of the lower esophagus and the gastric fundus, a 
cardiomyotomy of at least 10 cm was performed under 
endoscopic control. After thorough endoscopic exclu-
sion of damage to the esophageal mucosa a 180° par-
tial anterior fundoplication was performed according to 
Dor.

Robotic‑assisted approach
The patient cart of da Vinci Xi® robotic platform (Intui-
tive Surgical, Sunnyvale, CA, USA) was placed at the 
patient’s head. Creation of pneumoperitoneum was 
performed using Veress needle and the first port was 
placed under visual control. Port placement was per-
formed in a horizontal line above the umbilicus using 
four 8  mm da Vinci ports and 1 additional port. The 
surgical steps during the operation procedure were 
identical to LSC surgery (Figs. 1 and 2).

With the “Tile Pro Function” the laparoscopic as well 
as the endoscopic view are simultaneously visible for 
the surgeon, which seems a great advantage to exclude 
mucosal lesions in the robotic performed procedures.

In both patients’ groups the learning curve was 
included since data collection for laparoscopic proce-
dures started in 2007 when laparoscopic procedures for 

achalasia were rather new and standardized techniques 
were evolving.

Postoperative care
Following the implementation of robotic-assisted tech-
nology for HM, in general, almost every patient treated 
with RAL procedure was postoperatively precaution-
arily transferred to the intensive care unit (ICU) also 
including intermediate care unit and recovery room. 
An upper GI series with gastrographin was routinely 
performed in all patients usually at postoperative day 
one. Irrespective of surgical technique, all patients 
underwent a fasting period of variable duration prior to 
the initiation of enteral nutrition. A subsequent transi-
tion to a normal diet was performed starting with liq-
uids depending on tolerance of food intake.

Fig. 1  Heller myotomy

Fig. 2  Dor fundoplicatio
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Statistical analysis
Descriptive statistics were presented as absolute numbers 
and percentages for categorical variables, while continu-
ous variables were presented as median and interquar-
tile range (IQR). The comparison of categorical variables 
was performed with the chi-squared or Fisher exact 

test, while continuous variables were compared with the 
Mann–Whitney test. A p-value < 0.05 was considered sta-
tistically significant. Statistical analysis was performed on 
MedCalc® Statistical Software version 20.014 (MedCalc 
Software Ltd, Ostend, Belgium; https://​www.​medca​lc.​
org; 2021).

Results
Patients’ characteristics
Demographics and clinical characteristics of the 32 
patients treated with LSC and the 11 operated with 
RAL are reported in Table  1. Gender, median age and 
BMI were similar in the two groups. However, a trend 
(p = 0.052) towards a higher number of patients with 
ASA III score in the RAL-operated group was observed.

Number of smokers (p = 0.574) and types of achalasia 
(p = 0.180) were similarly distributed in both groups. In 
addition, preoperative symptoms, including dysphagia, 
weight loss and pneumonia, were also similarly detect-
able. Furthermore, six patients of the LSC group and one 
of the RAL group (p = 0.459) had undergone endoscopic 
dilation prior to surgery.

Surgical outcomes
No intraoperative complications occurred during LSC or 
RAL, and, in particular, no esophageal injuries occurred. 
Furthermore, no conversion to open surgery or conver-
sion from RAL to LSC was necessary. However, opera-
tion time was  significantly shorter in LSC than in RAL 
surgery (p = 0.047, Table 2).

Postoperative complication rate was significantly 
(p = 0.045) lower in the LSC than in the RAL-operated 
group. However, in either case, most complications were 
of Clavien-Dindo grade I or II, and included infections 
(e.g. pneumonia and urinary-tract infections) which were 
treated with antibiotics, constipation and subcutaneous 

Table 1  Patient demographics and clinical characteristics

Values are presented as median with interquartile range (IQR) or absolute 
number with percentage in parentheses

ASA American society of anesthesiology, BMI: body mass index

Groups characteristics RAL
N = 11

LSC
N = 32

P

Median age, years (IQR) 60.5 (48.3–68.9) 54.9 (47.1–66.3) 0.351

Female gender, n (%) 6 (54.5) 9 (28.1) 0.117

BMI, kg/m2 (IQR) 23.1 (21.0–25.5) 23.7 (21.0–27.1) 0.802

ASA score

 • I, n (%) 3 (27.3) 9 (28.1) 0.052

 • II, n (%) 3 (27.3) 19 (59.4)

 • III, n (%) 5 (45.5) 4 (12.5)

Smoking

 • Never, n (%) 9 (81.8) 21 (65.6) 0.574

 • Former, n (%) 1 (9.1) 7 (21.9)

 • Active, n (%) 1 (9.1) 4 (12.5)

Achalasia type

 • I, n (%) 2 (18.2) 10 (34.5) 0.180

 • II, n (%) 9 (81.8) 15 (51.7)

 • III, n (%) 0 4 (13.8)

Preoperative symptoms

 • Dysphagia, n (%) 11 (100.0) 31 (96.9) 0.898

 • Weight loss, n (%) 2 (18.2) 10 (34.5)

 • Pneumonia, n (%) 1 (9.1) 2 (6.2)

Endoscopic dilation 
before surgery, n (%)

1 (9.1) 6 (18.8) 0.459

Table 2  Peri- and postoperative outcomes

* p < 0.05, *** p < 0.001

Values are presented as median with interquartile range (IQR) or absolute number with percentage in parentheses

Groups characteristics RAL
N = 11

LSC
N = 32

p

Operation time, minutes, median (IQR) 150 (150–187) 140 (136–150) 0.047*

Fasting, days, median (IQR) 5.0 (4.2–6.0) 5.0 (5.0–6.0) 0.576

Hospital stay, days, median (IQR) 11 (10–14) 11 (10–13) 0.712

ICU admission, n (%) 8 (72.7) 3 (9.4) < 0.001***

Postoperative complications, Clavien-Dindo grade

 • 0, n (%) 4 (36.4) 22 (68.7) 0.045*

 • I, n (%) 2 (18.2) 0

 • II, n (%) 4 (36.4) 9 (28.1)

 • III, n (%) 1 (9.1) 1 (3.1)

Achalasia medications, n (%) 1 (9.1) 3 (9.4) 1.000

https://www.medcalc.org
https://www.medcalc.org
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emphysema. Grade III complications only occurred in 
one patient of the LSC group and one of the RAL group 
(Table  2). Both consisted of pleural effusions requiring 
surgical insertion of a chest tube. No reoperations were 
necessary in either group.

Postoperative ICU admission rate was lower in the 
LSC, as compared to the RAL group (p < 0.001, Table 2). 
However, median postoperative length of precaution-
ary ICU stay in the latter group (see above) was of 1 day. 
Instead, overall hospital stay was similar (p = 0.712) in 
the two groups.

No difference in the length of the postoperative fast-
ing period could be detected, (p = 0.576), with a median 
duration of 5  days in either group. Moreover, similar 
numbers of patients needed achalasia medications fol-
lowing surgery (p = 1).

Postoperative follow‑up and quality of life
Due to the earlier adoption of laparoscopic procedure, 
median follow up was significantly longer in the LSC 
than in the RAL group (89  months, IQR: 45–129, vs. 
28 months, IQR: 14.5–49.5, p = 0.0014). A total of 34 out 
of 43 patients (79%) returned the GERD-HRQL question-
naire (RAL 9/11, 82% and LSC 25/32, 78%), allowing a 
detailed analysis of quality-of-life.

Overall, no statistically significant differences between 
the LSC and RAL group could be observed (Table  3). 
In particular, median score was 4 in both LSC and RAL 
group. One patient (4.2%) in the LSC group felt “not sat-
isfied”, whereas all patients in the RAL group were “sat-
isfied” or “neutral” with the operation outcome. One 
patient in each group suffered from severe reflux, result-
ing in higher questionnaire scores. Notably, over one 
third of patients from either group needed proton pump 
inhibitors postoperatively (p = 0.561).

Discussion
Achalasia is a rare disease and a variety of pharmacologi-
cal and surgical therapies of debated effectiveness have 
been proposed. HM currently represents the most effec-
tive achalasia treatment. However, different procedures 
have frequently been adopted even in a single center. 
While LSC and RAL have repeatedly been shown to be 
highly effective, comparative evaluations are difficult. 
Particularly due to very heterogeneous groups of patients 
are involved. Features impacting on clinical outcome, 
such as patient BMI or ASA scores, and type of fundopli-
cation are frequently unreported [14, 20]. Most surpris-
ingly, long term quality of life, a key outcome parameter, 
is rarely evaluated. To address these issues, we compara-
tively analyzed intra- and postoperative complication 
rates, and patients’ long-term (> 2  years) quality of life 
and satisfaction in two highly homogeneous groups of 
patients treated with standardized LSC or RAL HM in a 
single high-volume visceral surgery Swiss center.

Demographics of patients from the two groups were 
similar. However, a trend towards a higher number of 
patients with a higher ASA score in the RAL group was 
evident, suggesting a propensity of surgeons to operate 
more difficult cases with robotic technology.

In our series, operation time was marginally shorter 
in LSC, as compared to RAL HM (140 vs. 150  min, 
p = 0.047), possibly due to an evolving learning curve in 
RAL. These data closely match earlier reports from previ-
ous studies and meta-analyses [14, 17, 21, 22], document-
ing minor, if at all significant, differences.

In no case a conversion from RAL to LSC or to open 
surgery was necessary, consistent with literature data [14, 
22]. Indeed, conversion has been shown to be more fre-
quently required in re-operations for recurrent achalasia 
[23].

The rate of complications requiring an intervention was 
not significantly different in the two groups. In particular, 
one Clavien-Dindo grade III pleural effusions requiring 
surgical insertion of a chest tube was observed in each. 
These results compare favorably with data from Kim 
et al. [21] who observed a total of 5 esophageal perfora-
tions, 4 in the laparoscopic and 1 in the robotic-assisted 
group, with no statistically significant difference between 
the groups in 72 patients undergoing HM between 2006 
and 2015 (LSC n = 35 and RAL n = 37). Although failing 
to achieve statistical significance, the lower number of 
intraoperative perforations in the RAL group was attrib-
uted to the technical advantages of robotic surgery, e.g. 
better vision and ameliorated motor control. In a more 
recent study [24], Ali et  al. compared three groups of 
patients undergoing robotic, endoscopic and laparo-
scopic myotomy. In this series the rate of full-thickness 
injuries was also significantly higher in the laparoscopic 

Table 3  GERD-health related quality of life questionnaire (GERD-
HRQL)

Values are presented as median with interquartile range (IQR) or absolute 
number with percentage in parentheses

Groups characteristics RAL
N = 9

LSC
N = 25

P

Total, points, median (IQR) 4 (2–9) 4 (2–10) 0.969

 • Reflux, points, median (IQR) 0 (0–3) 0 (0–6) 0.561

 • Medication, points, median (IQR) 0 (0–0) 0 (0–0) 0.284

 • Dysphagia, points, median (IQR) 2 (2–3) 1 (0–2) 0.130

 • Regurgitation, points, median (IQR) 0 (0–5) 0 (0–3) 0.672

Satisfaction

 • Satisfied, n (%) 6 (66.7) 21 (87.5) 0.181

 • Neutral, n (%) 3 (33.3) 2 (8.3)

 • Not satisfied, n (%) 0 1 (4.2)

Need of proton pump inhibitors, n (%) 4 (44.4) 8 (33.3) 0.561
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group compared to the robotic-assisted or endoscopic 
group. A recent meta-analysis [15] corroborates these 
reports. In keeping with a large majority of previous 
reports [12, 13], we did not observe any mortality among 
our patients. Although the clinical relevance of intraop-
eratively recognized mucosal perforations during HM is 
debatable, unrecognized perforations may lead to reop-
erations with high morbidity and should be avoided [25].

Hospital stay of patients treated with LSC or RAL 
in our center was similar (p = 0.712), with a median of 
11 days in either group. The rather long period without 
enteral nutrition (5 days) might explain, at least in part, 
this relatively prolonged stay. In this regard there is a 
wide heterogeneity in literature, probably also due to dif-
ferent health care systems [14, 15]. On the other hand, 
for safety reasons, after RAL HM, in general almost 
every patient was postoperatively transferred to the ICU, 
including intermediate care unit and recovery room, yet, 
on average, for 1 day only. This reflected a precautionary 
approach following the application of a new procedure 
rather than an actual clinical need.

The long follow-up period of our study has to be under-
lined because long-term data following HM is scarce and 
former studies suggest that initial favorable outcomes 
might worsen over time [26–28]. Median follow-up in 
our cohort was 89  months for the laparoscopic oper-
ated patients and 28 months for the robotically assisted 
operated patients (LSC 89  months IQR 45–129, RAL 
28 months IQR 14.5–49.5). Patients’ long-term follow-up 
and postoperative symptoms were evaluated with a tel-
ephone interview using the GERD-Health Related Qual-
ity of Life Questionnaire (GERD-HRQL) [19], specifically 
developed to assess symptomatic outcomes for the typi-
cal symptoms of gastro-esophageal reflux disease. This 
questionnaire is recommended by the European Asso-
ciation of Endoscopic Surgery and is one of the most fre-
quently used surveys for the documentation of symptom 
severity [29]. It consists of a total of 16 questions focusing 
on “heartburn”, “dysphagia”, “medication”, “regurgitation” 
and includes an important last question “How satis-
fied are you with your present situation”. By answering, 
a maximum of 75 points can be achieved and low scores 
indicate a better quality of life. In both LSC and RAL 
groups under investigation, the median number of points 
in the GERD-HRQL was 4 (LSC IQR: 2–10; RAL: IQR 
2–9, p = 0.969), consistent with a low frequency of reflux 
and regurgitation or dysphagia. Most importantly, almost 
all patients were “satisfied” or “neutral”, with no differ-
ence between the LSC and RAL group. In this respect 
our results closely match those from previous studies 
with shorter follow-up times [29].

Limitations of our study need to be acknowledged. In 
particular, its retrospective and non-randomized nature 

might have affected data quality. In the RAL group, more 
ASA 3 patients were present, which can be attributed to 
a selection bias or a to trend of operating more high-risk 
patients in recent years. Moreover, there might have been 
a selection bias between the RAL and the LSC group, 
because the robotic platform was not always available 
during the whole study period. Finally, the number of 
patients is relatively modest.

However, achalasia is a rare disorder and even in cent-
ers with an active esophageal surgery program [30] 
the number of patients is small. Most importantly, the 
cohorts of patients analyzed are highly homogeneous, 
and they were operated in a single center by surgeons 
highly experienced in laparoscopic and robotic-assisted 
procedures, with a minor learning-curve effect. There-
fore, our results reliably document a successful transition 
towards a surgical technology providing distinct advan-
tages to the operator, while warranting clinical results 
and quality of life comparable to those obtained by using 
standard LSC procedures.

Conclusions
Robotic-assisted laparoscopic HM for achalasia is 
safe and feasible. Intra- and postoperative outcome 
parameters and quality of life are comparable to those 
obtained following reference laparoscopic procedure. 
Many surgeons with high experience in both techniques 
now appear to prefer RAL over LSC for its higher pre-
cision, better and clearer vision, and, last but not least, 
improved ergonomic conditions for the operator. There-
fore, while prospective, randomized, controlled multi-
center trials are urgently required to provide high level 
evidence for the treatment of this rare condition and 
mitigate confounders, either approach can presently be 
recommended, depending on surgeons’ preference and 
experience.

Abbreviations
LSC: Laparoscopic; HM: Heller myotomy; RAL: Robotic-assisted laparoscopic; 
GERD-Hr-QuoL: Gastroesophageal-reflux disease health-related quality of life; 
POEM: Per-oral endoscopic myotomy; BMI: Body mass index; ASA: American 
Society of Anesthesiologists; EKNZ: Ethikkommission Nordwest- und Zentrals‑
chweiz; LOS: Length of hospital stay; ICU: Intensive care unit; LOI: Length of 
intensive care unit stay; IQR: Interquartile range.

Acknowledgements
We thank Dr. med. Andreas Scheiwiller, Lucerne for the intraoperative images.

Author contributions
JMG, LC, FVA, KN, MvF, DS and MB contributed to the study conception 
and design. Data collection and analysis were performed by LC, JT and FM. 
The first draft of the manuscript was written by JMG. and LC and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding
No grant support or other funds were received for this work.



Page 7 of 7Gass et al. BMC Surgery          (2022) 22:391 	

Availability of data and materials
All data used and analyzed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethikkommission Nordwest- und Zentralschweiz (EKNZ) (Swiss Ethics 
Committee) approved this study, Project-ID 2020-01285. All methods were 
carried out in accordance with relevant guidelines and regulations. Informed 
consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of General Surgery, Cantonal Hospital of Lucerne, Spitalstrasse, 
6000 Lucerne 16, Switzerland. 2 Department of Health Sciences and Medicine, 
University of Lucerne, 6002 Lucerne, Switzerland. 3 Department of Visceral 
Surgery, Clarunis, University Centre for Gastrointestinal and Liver Diseases, St. 
Clara Hospital and University Hospital Basel, Kleinriehenstrasse 30, 4058 Basel, 
Switzerland. 4 Department of Surgery, Regional Hospital of Lugano, Via 
Tesserete 46, 6900 Lugano, Switzerland. 

Received: 28 March 2022   Accepted: 17 October 2022

References
	1.	 Boeckxstaens GE, Zaninotto G, Richter JE. Achalasia. Lancet. 

2014;383(9911):83–93.
	2.	 Pandolfino JE, Gawron AJ. Achalasia: a systematic review. JAMA. 

2015;313(18):1841–52.
	3.	 Nickel F, Muller PC, de la Garza JR, Tapking C, Benner L, Fischer L, et al. Hel‑

ler myotomy versus endoscopic balloon dilatation for achalasia: a single 
center experience. Medicine (Baltimore). 2019;98(44): e17714.

	4.	 Schlottmann F, Herbella FAM, Patti MG. The evolution of the treatment of 
esophageal achalasia: from the open to the minimally invasive approach. 
World J Surg. 2022;46(7):1522–6.

	5.	 Milito P, Siboni S, Lovece A, Andreatta E, Asti E, Bonavina L. Revisional 
therapy for recurrent symptoms after Heller myotomy for achalasia. J 
Gastrointest Surg. 2022;26(1):64–9.

	6.	 Capovilla G, Salvador R, Provenzano L, Valmasoni M, Moletta L, Pierobon 
ES, et al. Laparoscopic revisional surgery after failed Heller myotomy for 
esophageal achalasia: long-term outcome at a single tertiary center. J 
Gastrointest Surg. 2021;25(9):2208–17.

	7.	 Bruenderman EH, Bhutiani N, Martin RCG, Fox MP, van Berkel VH, Block 
SB, et al. Intraoperative esophagogastroduodenoscopy during Heller 
myotomy: evaluating guidelines. World J Surg. 2021;45(3):808–14.

	8.	 Sediqi E, Tsoposidis A, Wallenius V, Axelsson H, Persson J, Johnsson E, 
et al. Laparoscopic Heller myotomy or pneumatic dilatation in achalasia: 
results of a prospective, randomized study with at least a decade of 
follow-up. Surg Endosc. 2021;35(4):1618–25.

	9.	 Werner YB, Hakanson B, Martinek J, Repici A, von Rahden BHA, Brede‑
noord AJ, et al. Endoscopic or surgical myotomy in patients with idi‑
opathic achalasia. N Engl J Med. 2019;381(23):2219–29.

	10.	 Podboy AJ, Hwang JH, Rivas H, Azagury D, Hawn M, Lau J, et al. Long-
term outcomes of per-oral endoscopic myotomy compared to laparo‑
scopic Heller myotomy for achalasia: a single-center experience. Surg 
Endosc. 2021;35(2):792–801.

	11.	 DeLong JC, Kelly KJ, Jacobsen GR, Sandler BJ, Horgan S, Bouvet M. The 
benefits and limitations of robotic assisted transhiatal esophagectomy for 
esophageal cancer. J Vis Surg. 2016;2:156.

	12.	 Falkenback D, Lehane CW, Lord RV. Robot-assisted oesophageal and 
gastric surgery for benign disease: antireflux operations and Heller’s 
myotomy. ANZ J Surg. 2015;85(3):113–20.

	13.	 Muller-Stich BP, Reiter MA, Wente MN, Bintintan VV, Koninger J, Buchler 
MW, et al. Robot-assisted versus conventional laparoscopic fundoplica‑
tion: short-term outcome of a pilot randomized controlled trial. Surg 
Endosc. 2007;21(10):1800–5.

	14.	 Milone M, Manigrasso M, Vertaldi S, Velotti N, Aprea G, Maione F, et al. 
Robotic versus laparoscopic approach to treat symptomatic achalasia: 
systematic review with meta-analysis. Dis Esophagus. 2019;32(10):1–8.

	15.	 Xie J, Vatsan MS, Gangemi A. Laparoscopic versus robotic-assisted Heller 
myotomy for the treatment of achalasia: a systematic review with meta-
analysis. Int J Med Robot. 2021;17(4): e2253.

	16.	 Huffmanm LC, Pandalai PK, Boulton BJ, James L, Starnes SL, Reed MF, et al. 
Robotic Heller myotomy: a safe operation with higher postoperative 
quality-of-life indices. Surgery. 2007;142(4):613–8 (discussion 8–20).

	17.	 Perry KA, Kanji A, Drosdeck JM, Linn JG, Chan A, Muscarella P, et al. 
Efficacy and durability of robotic Heller myotomy for achalasia: patient 
symptoms and satisfaction at long-term follow-up. Surg Endosc. 
2014;28(11):3162–7.

	18.	 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, 
et al. The Clavien-Dindo classification of surgical complications: five-year 
experience. Ann Surg. 2009;250(2):187–96.

	19.	 Velanovich V. The development of the GERD-HRQL symptom severity 
instrument. Dis Esophagus. 2007;20(2):130–4.

	20.	 Harrison JM, Rakestraw SL, Doane SM, Pucci MJ, Palazzo F, Chojnacki 
KA. Achalasia and obesity: patient outcomes and impressions following 
laparoscopic Heller myotomy and Dor fundoplication. Langenbecks Arch 
Surg. 2020;405(6):809–16.

	21.	 Kim SS, Guillen-Rodriguez J, Little AG. Optimal surgical interven‑
tion for achalasia: laparoscopic or robotic approach. J Robot Surg. 
2019;13(3):397–400.

	22.	 Horgan S, Galvani C, Gorodner MV, Omelanczuck P, Elli F, Moser F, et al. 
Robotic-assisted Heller myotomy versus laparoscopic Heller myotomy for 
the treatment of esophageal achalasia: multicenter study. J Gastrointest 
Surg. 2005;9(8):1020–9 (discussion 9–30).

	23.	 Veenstra BR, Goldberg RF, Bowers SP, Thomas M, Hinder RA, Smith CD. 
Revisional surgery after failed esophagogastric myotomy for achalasia: 
successful esophageal preservation. Surg Endosc. 2016;30(5):1754–61.

	24.	 Ali AB, Khan NA, Nguyen DT, Chihara R, Chan EY, Graviss EA, et al. 
Robotic and per-oral endoscopic myotomy have fewer technical 
complications compared to laparoscopic Heller myotomy. Surg Endosc. 
2020;34(7):3191–6.

	25.	 Salvador R, Savarino E, Pesenti E, Spadotto L, Capovilla G, Cavallin F, et al. 
The impact of Heller myotomy on integrated relaxation pressure in 
esophageal achalasia. J Gastrointest Surg. 2016;20(1):125–31 (discussion 
31).

	26.	 Bloomston M, Durkin A, Boyce HW, Johnson M, Rosemurgy AS. Early 
results of laparoscopic Heller myotomy do not necessarily predict long-
term outcome. Am J Surg. 2004;187(3):403–7.

	27.	 Zaninotto G, Costantini M, Rizzetto C, Zanatta L, Guirroli E, Portale G, et al. 
Four hundred laparoscopic myotomies for esophageal achalasia: a single 
centre experience. Ann Surg. 2008;248(6):986–93.

	28.	 Csendes A, Braghetto I, Burdiles P, Korn O, Csendes P, Henriquez A. Very 
late results of esophagomyotomy for patients with achalasia: clinical, 
endoscopic, histologic, manometric, and acid reflux studies in 67 patients 
for a mean follow-up of 190 months. Ann Surg. 2006;243(2):196–203.

	29.	 Korolija D, Sauerland S, Wood-Dauphinee S, Abbou CC, Eypasch E, Cabal‑
lero MG, et al. Evaluation of quality of life after laparoscopic surgery: 
evidence-based guidelines of the European association for endoscopic 
surgery. Surg Endosc. 2004;18(6):879–97.

	30.	 Angehrn FVNK, Fourie L, Wilhelm A, Däster S, Ackermann C, von Flüe 
M, Steinemann DC, Bolli M. From open Ivor Lewis esophagectomy to a 
hybrid robotic-assisted thoracoscopic approach: a single center experi‑
ence over two decades. Langenbecks Arch Surg. 2022. https://​doi.​org/​10.​
1007/​s00423-​022-​02497-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s00423-022-02497-6
https://doi.org/10.1007/s00423-022-02497-6

	From laparoscopic to robotic-assisted Heller myotomy for achalasia in a single high-volume visceral surgery center: postoperative outcomes and quality of life
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Inclusion and exclusion criteria
	Data collection
	Surgical technique
	Laparoscopic approach
	Robotic-assisted approach

	Postoperative care
	Statistical analysis

	Results
	Patients’ characteristics
	Surgical outcomes
	Postoperative follow-up and quality of life

	Discussion
	Conclusions
	Acknowledgements
	References


