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Abstract

Background: An advantage of robotic surgery over laparoscopy is the lower rate of unplanned
conversion. One of the implicated reasons for conversion is adhesions from Previous Abdominal
Surgeries (PAS).

Methods: A comparative analysis of 98 patients with history of open PAS treated by laparoscopic or
robotic surgery was performed. Primary endpoint was the rate of conversion to open surgery related
to adhesiolysis. Secondary endpoints were short-term outcomes and complications.

Results: Conversion rate specifically related to adhesiolysis was significantly lower in robotic group
(13 for LG versus 2 for RG; p = 0.046). Conversions occurred during adhesiolysis were significantly
related to severity of adhesions expressed by PAI score (p < 0.001), number of abdominal areas
involved by adhesions (p < 0.001) and severity of PAI into the target area of surgical intervention (p =
0.021).

Conclusions: Benefits of robotic surgery are more noticeable in performing procedures with increasing
technical difficulties.

Keywords: robotic surgery; conversions; adhesions; adhesiolysis; previous abdominal surgery.
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Introduction

Since the introduction of Robotic Minimally Invasive Surgery in the early 2000s, several studies have
demonstrated its safety and feasibility of minimally invasive surgery in various complicated
procedures including esophageal 12, gastric 34, colorectal 58 and hepatobiliopancreatic surgery 911,
gynaecological 1213 and urological 14-16 procedures for both benign and malignant pathologies.

Evidence of benefits of robotic surgery over laparoscopic surgery have been implemented even if, to
our knowledge, there is no unequivocal consensus to declare superiority of robotic over laparoscopic
surgery 17-18, except in robot-assisted radical prostatectomy 19. So the best application of robotic
surgery is far to be identified.

Nevertheless, one of the major benefits of robotic abdominal surgery already demonstrated is the
lower rate of unplanned conversion to open surgery when compared to laparoscopic approach. 20-22

It is important to highlight that one of the implicated reasons for conversion is abdominal and pelvic
adhesions from Previous Abdominal Surgeries (PAS), due to the increased surgical difficulties in
performing adhesiolysis.

We hypothesized a lower rate of conversions related to adhesiolysis in robotic surgery over
laparoscopic approach and to demonstrate this advantage in performing adhesiolysis we designed a
comparative study between laparoscopic and robotic procedures performed in patients with open
PAS.

Materials and methods

Institutional Review Board approval was obtained before reviewing any patient material. Using a
prospective database, all patients with history of open Previous Abdominal Surgery treated for
different surgical pathologies were included in this study. Informed consent was obtained from all
patients prior to surgery.

Study population

We performed a comparative analysis of 98 patients with history of open Previous Abdominal Surgery
treated by laparoscopic or robotic surgery for different surgical pathologies in two high volume of
activity institutions between January 2017 and March 2020. Laparoscopic or robotic intervention was
performed according to the clinical advice of each surgeon. Concerning robotic procedures, in both
institutions the surgeons used the da Vinci ® Xi platform.

A propensity score matching was performed to exclude any bias related to the surgeons’ personal
choice of method. The predicted probability of undergoing one of the two procedures was estimated
for each patient using a multivariate logistic regression model in which the surgical procedure was the
dependent variable and patient’s characteristics (age, gender, BMI, ASA score, diagnosis, Previous
Abdominal Surgery, and timing from PAS) were the independent variables. The two groups were
matched for the analysed characteristics, thereby no propensity matching was needed for further
analysis.

Study outcomes

Primary endpoint was to investigate the rate of conversion to open surgery related to adhesiolysis in
particular, after laparoscopic or robotic surgery among patients with PAS.

According to literature 23-24, conversion from laparoscopic or robotic procedures to open surgery was
performed when there was lack of operative progress or technical difficulties or for prolonged
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operative time in high risk patients (ASA class 3 or 4) or for complications such as bleeding or organ
injury due to a poor visualization of anatomical structures.

Peritoneal adhesions are defined as pathological post-inflammatory or post-operative scar tissues
between the omentum, small and large bowels, abdominal wall and other intra-abdominal organs.

Peritoneal Adhesion Index (PAI) according to Coccolini et al. 25 has been used to classify adhesions.
Abdomen has been divided into 10 areas (A-L) and to each area has been ascribed an adhesion grade
score ranging from the absence to the presence of very strong and vascularized adhesion (0-3).
The sum of the scores from 0 to 30, results in the PAIL

To minimize any selection bias, only procedures performed by two expert surgeons that performed
more than 100 minimally invasive procedures of major surgery using a standardized surgical
technique were included in the study. Intervention in which laparoscopic adhesiolysis was performed
before a robotic procedure were excluded. Postoperative management was homogeneous in all
patients.

To further exclude other bias related to patients’ characteristics or disease-related characteristics ,
age, gender, Body Mass Index (BMI), American Society of Anaesthesiologists risk class (ASA score),
diagnosis, Previous Abdominal Surgery (PAS), timing from PAS, surgical procedure performed,
Peritoneal Adhesion Index (PAI) were evaluated.

Secondary endpoints evaluated were short-term outcomes including operative time, intraoperative
and postoperative complications according to Clavien-Dindo classification 2¢ after laparoscopic or
robotic surgery among patients with PAS.

All adverse events that occurred within 30 days after surgery were considered complications, such as
surgical wound infection, pneumonia, atrial fibrillation, respiratory failure, bowel obstruction.
Postoperative ileus was defined as a temporary delay in gastrointestinal motility > 4 days. Any
bleeding was considered if blood transfusion was required. The terms anastomotic leakage, jejunal or
pancreatic fistulae involved all conditions of clinical or radiological dehiscence, with or without the
need of surgical revision. Pain, nausea and vomiting were considered if rescue analgesia or antiemetics
were needed.

Recovery outcomes as mobilization, time to first flatus and Length Of hospital Stay (LOS) were also
analysed.

Statistical analysis

Statistical analysis was performed using the SPSS 23 System (SPSS Inc., Chicago, IL, USA). Continuous
data were expressed as the mean #* SD; categorical variables were expressed as %. To compare
continuous variables, an independent sample ¢ test was performed. The Wilcoxon test for paired
samples was employed as a nonparametric similar of the paired samples t test used for continuous
variables. The Chi-square test was employed to analyse categorical data. When the minimum expected
value was < 5, the Fisher’s extract test was used. All the results were presented as 2-tailed values with
statistical significance if p-values < 0.05.

Results

Ninety-eight patients who undergone at least one previous abdominal intervention from 3 to 876
months before surgery and received laparoscopic or robotic intervention for different surgical
conditions were analysed in this study.
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There were 50 males and 48 females, with a mean age of 66.71 + 13.10 years and a mean BMI of 25.98
+ 5.99 kg/mz2. Venous thromboembolism prophylaxis 27, perioperative management of antiplatelet and
anticoagulant therapy 28-29 and antibiotic prophylaxis 30 were set up according to literature.

Thirty-six patients (36.7%) were treated by robotic approach and sixty-two (63.3%) received a
laparoscopic intervention.

No statistically significative differences were identified for patients’ demographics and diseases
characteristics as reported in Table 1.

Concerning the type of surgical procedures performed, there were: 19 right hemicolectomies (14 in
Laparoscopic Group and 5 in Robotic Group), 16 left hemicolectomies (11 in LG and 5 in RG), 14 Total
Mesorectal Excisions (six of which robotics) and 1 laparoscopic Partial Mesorectal Excision, 10
subtotal gastrectomies (two of which robotics) and 2 total gastrectomies (one of which robotic), 9
reversal Hartmann procedures (6 in LG and 3 in RG), 8 cholecystectomies (5 in LG and 3 in RG), 6
abdominoperineal amputations (4 in LG and 2 in RG), 3 ventral rectopexies (2 in LG and 1 in RG), 3
liver resections (2 of which robotics), 2 right adrenalectomies (1 with robotic and 1 with laparoscopic
approach), 1 robotic left adrenalectomy associated with TME for simultaneous rectal cancer, 1 robotic
distal pancreatectomy with spleen preserving, 1 laparoscopic duodenal wedge resection, 1
laparoscopic hepatic and gastric wedge resection, 1 laparoscopic splenectomy.

Of interest, no significative differences were identified between laparoscopic and robotic group for
surgical procedure performed (p = 0.653), PAI score (p = 0.635), severity of PAI into the target area of
surgical intervention (p = 0.981) and number of abdominal areas involved by adhesions (p = 0.502).

a significative difference (p =0.046) in terms of conversions related to adhesiolysis was identified (13
for LG versus 2 for RG).

In details, conversions related to adhesiolysis were due to technical difficulties in performing safely
adhesiolysis in nine patients (14.52%) from laparoscopic group; bleeding in three patients (4.84%)
from LG and one (2.78%) from RG; bowel perforation in one patient (1.61%) treated by laparoscopic
approach; inability to tolerate pneumoperitoneum in a high-risk patient (2.78%) from robotic group.

There were other four additional procedures converted to open surgery due to intraoperative
complications occurred after complete adhesiolysis was successfully performed: two laparoscopic
procedures (3.23%) were converted for intraoperative bleeding (1.61%) and inability to tolerate
pneumoperitoneum in high risk patient (1.61%). The other two robotic procedures (5.55%) were
converted to open surgery for bleeding (2.78%) and bowel perforation (2.78%).

Furthermore, additionally evaluating associations between conversions related to adhesiolysis and
PAS no significant differences were found. In details, type of previous abdominal intervention (p =
0.112) and timing from PAS (275.53 + 229.36 months for LG versus 207.73 + 211.24 month for RG; p =
0.289) were analysed.

Among the thirteen laparoscopic procedures converted for technical difficulties during adhesiolysis
two patients had a previous history of open cholecystectomy, three of right and two of left
hemicolectomy, two of hysterectomy, one of appendectomy, one of sigmoidectomy, one of
hysteroannessiectomy, one of subtotal gastrectomy. Regarding the two robotic procedures converted
to open surgery for adhesiolysis-related difficulties, both patients have undergone a previous subtotal
gastrectomy.

Of interest, a statistically significant correlation between conversion and adhesions’ characteristics
was described: severity of adhesions expressed by PAI score (p < 0.001), number of abdominal areas
involved by adhesions (p < 0.001) and severity of PAI into the target area of surgical intervention (p =
0.021) were separately analysed. In details, all patients with adhesion-related conversion had a PAI =
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5 (one PAI = 5; one PAI = 6; three PAI = 8; one PAI = 9; one PAI = 11; two PAI = 12; two PAI = 13; two
PAI = 14; one PAI = 15; one PAI = 16); number of abdominal areas involved by adhesions = 3 (three
patients with 3 areas involved; three with 4 areas; five with 6 areas; three with 7 areas and one with 8
areas) and they all had a severity of PAI into the target area of surgical intervention of 3, except one
patient that had 2.

(Fig. 1); (Fig. 2); (Fig. 3)

Additionally, no differences in terms of complication and an advantage for recovery after surgery were
identified as shown in Table 2.

Finally, post-operative complications have been described classified according to the Clavien-Dindo
classification as shown in Table 3.

Two patients (1 for the LG and 1 for the RG) had surgical site infection without necessity of antibiotic
therapy. Two patients with postoperative ileus conservatively treated were described in the
laparoscopic group. Two patients with nausea and vomiting treated by antiemetics and one patient
who complained pain that required supplementary analgesia were described in the robotic group.
Two bleedings from the laparoscopic group required blood transfusion. One ileus in the LG, one
surgical site infection and one ileus associated with wound infection from RG were also described.
Antibiotic treatment was administered in all cases. One pancreatic fistula conservative managed with
the maintenance of the drain placed during the intervention and one pneumonia treated by antibiotics
was identified in the robotic group, while one atrial fibrillation treated with pharmacological therapy
was described in the laparoscopic group. Three anastomotic leakages (2 in LG versus 1 in RG) were
treated by reoperation. One bowel obstruction that required surgical intervention and one respiratory
failure that necessitated intensive care unit management were identified, both in the laparoscopic
group. There was one death in the laparoscopic group associated with a jejunal fistula.

Discussion

To the best of our knowledge, this is the first study investigating conversions related to adhesiolysis in
robotic versus laparoscopic surgery. We demonstrated that conversion rate specifically related to
adhesiolysis was significantly lower in the robotic group than in the laparoscopic one.

Peritoneal adhesions are pathological post-inflammatory or post-operative scar tissues between the
omentum, small and large bowels, abdominal wall and other intra-abdominal organs.

As we know from literature 31-33 one of the common sequelae of open prior abdominal operations is
abdominal and pelvic adhesions 34-35. Several studies demonstrated that pelvic adhesions occur after
70% to 90% of abdominal pelvic surgeries 36-37. An autopsy study found that abdominal adhesions
developed in 75% to 90% of patients with PAS, whereas they occurred only in 10% of patients without
prior surgery 35. The adhesions typically occurred at the operating site, but other areas could also be
involved. In a clinical study, 83% of patients with PAS had adhesions along abdominal openings while
only 7% of patients without PAS had adhesions 38.

According to Coccolini et al.25 adhesions can be classified by the Peritoneal Adhesion Index (PAI), a
score ranging from 0 to 30 based on the macroscopic appearance of adhesions and their extent to the
different regions of the abdomen.

Abdominal and pelvic adhesions may distort the normal anatomy and make visualization more
difficult, increasing surgical challenge. Adhesiolysis is potentially related to a higher risk of conversion
from laparoscopic or robotic to an open procedure affecting perioperative outcomes, precluding
potential benefits of MIS.
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As we know from literature several benefits of robotic approach over laparoscopic surgery have been
described, such as magnified 3D vision with a more stable operative field, preservation of natural eye-
hand-instrument alignment, precisely controlled EndoWrist instruments with better ergonomics and
reduced physiologic tremor. Over the past few years, new supplementary tools have been developed
as FireFly system that combines a special video camera and a fluorescent dye (indocyanine green)
injected intravenously during the intervention to give a detailed picture of the vessels and the biliary
tract; Til Pro system that allows a simultaneous visualization of two image sources in the monitor (for
example CT and intraoperative echography) for intraoperative studies on vascular anatomy 39.

Evidence of safety and feasibility of robotic surgery and its advantages over laparoscopy have been
described 4042 although, to our knowledge, there is no unequivocal consensus to identify best
application of robotic surgery or declare its superiority over laparoscopic surgery 2%, except in robot-
assisted radical prostatectomy 22.

One of the most validated advantages of robotic abdominal surgery already described in literature is

the lower rate of unplanned conversion to open surgery when compared to laparoscopic approach.
20,21,43

Several experiences on the effect of PAS on robotic surgery outcomes have been reported 27.44-46 but to
our knowledge, no one specifically compared the impact of intra-abdominal and pelvic adhesions on
conversion rates between robotic and laparoscopic surgery.

For this reason, an analysis to specifically investigate if robotic surgery could be a valid approach in
performing safer adhesiolysis with decreased conversion rates in patients with adhesions from
previous open abdominal surgery was conducted.

The results obtained from the analysis confirmed our hypothesis being demonstrated an advantage of
robotic surgery in performing adhesiolysis. In fact, conversion rate specifically related to adhesiolysis
was significantly lower in robotic group than in laparoscopic one

Additionally, it's important to underline that conversions occurred during adhesiolysis were
significantly strictly related to severity of intra-abdominal and pelvic adhesions Analysing conversions
data, severity of PAI into the target area of surgical intervention in converted procedures was similar
between robotic and laparoscopic group but there was a lower rate of conversion in robotic group.

This report additionally confirmed that benefits of robotic surgery were more noticeable in
performing procedures with increasing technical difficulties.

Furthermore, our findings also shown that robotic group was associated with better postoperative
outcomes in terms of time to first flatus (p = 0.043) and mobilization (p = 0.046) in performing
abdominal surgery complicated with adhesions while safety was similar between the two groups (1
intraoperative complication for LG versus 2 for RG; p = 0.552).

By our results we can conclude that robotic adhesiolysis seems to be superior to laparoscopy giving a
new possible target of selection criteria for robotic surgery. If an advantage in obtaining safer
adhesiolysis in patients with history of open previous abdominal surgery will be further confirmed,
these patients could be referred to a robotic approach.

However, some limitations must be addressed. The main limitation of this study lies in its design: the
retrospective evaluation of a prospective database can lead to potential patients’ selection bias,
making it difficult to draw firm conclusions. Our analysis has to be considered a proof of concept and it
provides the rationale for further ad hoc studies to confirm these results.

References

This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Murthy, R. A, Clarke, N. S., & Kernstine, K. H. (2018). Minimally Invasive and Robotic Esophagectomy: A Review.
Innovations (Philadelphia, Pa.), 13(6), 391-403. https://doi.org/10.1097/IM1.0000000000000572

Milone, M., Manigrasso, M., Vertaldi, S., Velotti, N., Aprea, G., Maione, F., Gennarelli, N., De Simone, G., De Conno, B.,
Pesce, M., Sarnellj, G., & De Palma, G. D. (2019). Robotic versus laparoscopic approach to treat symptomatic
achalasia: Systematic review with meta-analysis. Diseases of the Esophagus: Official Journal of the International
Society for Diseases of the Esophagus, 32(10), 1-8. https://doi.org/10.1093/dote/doz062

Chen, K, Pan, Y., Zhang, B., Maher, H., Wang, X.-F., & Cai, X.-]. (2017). Robotic versus laparoscopic Gastrectomy for
gastric cancer: A systematic review and updated meta-analysis. BMC Surgery, 17(1), 93.
https://doi.org/10.1186/s12893-017-0290-2

Musella, M., Milone, M., Gaudioso, D., Bianco, P., Palumbo, R, Galloro, G., Bellini, M., & Milone, F. (2014). A decade of
bariatric surgery. What have we learned? Outcome in 520 patients from a single institution. International Journal of
Surgery (London, England), 12 Suppl 1, S183-188. https://doi.org/10.1016/j.ijsu.2014.05.012

Papanikolaou, I. G. (2014). Robotic surgery for colorectal cancer: Systematic review of the literature. Surgical
Laparoscopy, Endoscopy & Percutaneous Techniques, 24(6), 478-483.

https://doi.org/10.1097 /SLE.0000000000000076

Gavriilidis, P., Wheeler, |, Spinelli, A., de ’Angelis, N., Simopoulos, C., & Di Saverio, S. (2020). Robotic versus
laparoscopic total mesorectal excision for rectal cancers; has a paradigm change occurred? A systematic review by
updated Meta-Analysis. Colorectal Disease: The Official Journal of the Association of Coloproctology of Great Britain
and Ireland. https://doi.org/10.1111/codi.15084

Solaini, L., Bazzocchi, F., Cavaliere, D., Avanzolini, A., Cucchetti, A., & Ercolani, G. (2018). Robotic versus laparoscopic
right colectomy: An updated systematic review and meta-analysis. Surgical Endoscopy, 32(3), 1104-1110.
https://doi.org/10.1007 /s00464-017-5980-4

Milone, Marco, Manigrasso, M., Velotti, N., Torino, S., Vozza, A, Sarnelli, G., Aprea, G., Maione, F., Gennarelli, N.,
Musella, M., & De Palma, G. D. (2019). Completeness of total mesorectum excision of laparoscopic versus robotic
surgery: A review with a meta-analysis. International Journal of Colorectal Disease, 34(6), 983-991.
https://doi.org/10.1007/s00384-019-03307-0

Zhao, W, Liy, C, Li, S., Geng, D., Feng, Y., & Sun, M. (2018). Safety and efficacy for robot-assisted versus open
pancreaticoduodenectomy and distal pancreatectomy: A systematic review and meta-analysis. Surgical Oncology,
27(3), 468-478. https://doi.org/10.1016/j.suronc.2018.06.001

Wong, D. ], Wong, M. ],, Choi, G. H.,, Wu, Y. M,, Lai, P. B, & Goh, B. K. P. (2019). Systematic review and meta-analysis of
robotic versus open hepatectomy. ANZ Journal of Surgery, 89(3), 165-170. https://doi.org/10.1111/ans.14690
Milone, M,, Vertaldi, S., Bracale, U., D’Ambra, M., Cassese, G., Manigrasso, M., & De Palma, G. D. (2019). Robotic
cholecystectomy for acute cholecystitis. Medicine, 98(30). https://doi.org/10.1097/MD.0000000000016010
Advincula, A. P, & Song, A. (2007). The role of robotic surgery in gynecology. Current Opinion in Obstetrics &
Gynecology, 19(4), 331-336. https://doi.org/10.1097/GC0.0b013e328216f90b

Milone, Marco, Vignali, A., Milone, F., Pignata, G., ElImore, U., Musella, M., De Placido, G., Mollo, A., Fernandez, L. M. S,,
Coretti, G., Bracale, U., & Rosati, R. (2015). Colorectal resection in deep pelvic endometriosis: Surgical technique and
post-operative complications. World Journal of Gastroenterology, 21(47), 13345-13351.

https://doi.org/10.3748 /wjg.v21.i47.13345

Boylu, U, Oommen, M., Raynor, M,, Lee, B. R., & Thomas, R. (2010). Robot-assisted laparoscopic radical
prostatectomy in patients with previous abdominal surgery: A novel laparoscopic adhesiolysis technique. Journal of
Endourology, 24(2), 229-232. https://doi.org/10.1089/end.2009.0237

Gargollo, P. C,, Granberg, C., Gong, E., Tu, D., Whittam, B., & Dajusta, D. (2019). Complex Robotic Lower Urinary Tract
Surgery in Patients with History of Open Surgery. The Journal of Urology, 201(1), 162-168.
https://doi.org/10.1016/j.juro.2018.06.017

Petros, F. G., Patel, M. N, Kheterpal, E., Siddiqui, S., Ross, ., Bhandari, A., Diaz, M., Menon, M., & Rogers, C. G. (2011).
Robotic partial nephrectomy in the setting of prior abdominal surgery. BJU International, 108(3), 413-419.
https://doi.org/10.1111/j.1464-410X.2010.09803.x

Jayne, D., Pigazzi, A., Marshall, H., Croft, ]., Corrigan, N., Copeland, ]., Quirke, P., West, N., Rautio, T., Thomassen, N.,
Tilney, H., Gudgeon, M., Bianchi, P. P., Edlin, R,, Hulme, C., & Brown, . (2017). Effect of Robotic-Assisted vs
Conventional Laparoscopic Surgery on Risk of Conversion to Open Laparotomy Among Patients Undergoing
Resection for Rectal Cancer: The ROLARR Randomized Clinical Trial. JAMA, 318(16), 1569-1580.
https://doi.org/10.1001/jama.2017.7219

Zimmerman, A. M., Roye, D. G., & Charpentier, K. P. (2018). A comparison of outcomes between open, laparoscopic
and robotic pancreaticoduodenectomy. HPB: The Official Journal of the International Hepato Pancreato Biliary
Association, 20(4), 364-369. https://doi.org/10.1016/j.hpb.2017.10.008

Ng, A. T. L., & Tam, P. C. (2014). Current status of robot-assisted surgery. Hong Kong Medical Journal = Xianggang Yi
Xue Za Zhi, 20(3), 241-250. https://doi.org/10.12809/hkmj134167

Huang, Y.-J., Kang, Y.-N., Huang, Y.-M., Wu, A. T., Wang, W., & Wei, P.-L. (2019). Effects of laparoscopic vs robotic-
assisted mesorectal excision for rectal cancer: An update systematic review and meta-analysis of randomized
controlled trials. Asian Journal of Surgery, 42(6), 657-666. https://doi.org/10.1016/j.asjsur.2018.11.007
Moghadamyeghaneh, Z., Hanna, M. H., Carmichael, J. C., Pigazzi, A.,, Stamos, M. ., & Mills, S. (2016). Comparison of
open, laparoscopic, and robotic approaches for total abdominal colectomy. Surgical Endoscopy, 30(7), 2792-2798.
https://doi.org/10.1007 /s00464-015-4552-8

Crippa, J., Grass, F., Achilli, P, Mathis, K. L., Kelley, S. R., Merchea, A., Colibaseanu, D. T., & Larson, D. W. (2020). Risk
factors for conversion in laparoscopic and robotic rectal cancer surgery. The British Journal of Surgery, 107(5), 560-
566. https://doi.org/10.1002/bjs.11435

This article is protected by copyright. All rights reserved.



23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Bhama, A. R, Wafa, A. M,, Ferraro, J., Collins, S. D., Mullard, A. ], Vandewarker, J. F., Krapohl, G., Byrn, ]. C,, & Cleary, R.
K. (2016). Comparison of Risk Factors for Unplanned Conversion from Laparoscopic and Robotic to Open Colorectal
Surgery Using the Michigan Surgical Quality Collaborative (MSQC) Database. Journal of Gastrointestinal Surgery:
Official Journal of the Society for Surgery of the Alimentary Tract, 20(6), 1223-1230.

https://doi.org/10.1007 /s11605-016-3090-6

Bastawrous, A. L., Landmann, R. G, Liu, Y., Liu, E., & Cleary, R. K. (2020). Incidence, associated risk factors, and
impact of conversion to laparotomy in elective minimally invasive sigmoidectomy for diverticular disease. Surgical
Endoscopy, 34(2), 598-6009. https://doi.org/10.1007 /s00464-019-06804-z

Coccolini, F., Ansaloni, L., Manfredi, R, Campanati, L., Poiasina, E., Bertoli, P., Capponi, M. G., Sartelli, M., Di Saverio, S.,
Cucchi, M., Lazzareschi, D., Pisano, M., & Catena, F. (2013). Peritoneal adhesion index (PAI): Proposal of a score for
the ‘ignored iceberg’ of medicine and surgery. World Journal of Emergency Surgery: WJES, 8(1), 6.
https://doi.org/10.1186/1749-7922-8-6

Clavien, P. A, Barkun, ., de Oliveira, M. L., Vauthey, ]. N., Dindo, D., Schulick, R. D., de Santibafies, E., Pekolj, J.,
Slankamenac, K., Bassi, C., Graf, R., Vonlanthen, R,, Padbury, R., Cameron, J. L., & Makuuchi, M. (2009). The Clavien-
Dindo classification of surgical complications: Five-year experience. Annals of Surgery, 250(2), 187-196.
https://doi.org/10.1097 /SLA.0b013e3181b13ca2

Kozek-Langenecker, S., Fenger-Eriksen, C., Thienpont, E., Barauskas, G., & ESA VTE Guidelines Task Force. (2018).
European guidelines on perioperative venous thromboembolism prophylaxis: Surgery in the elderly. European
Journal of Anaesthesiology, 35(2), 116-122. https://doi.org/10.1097/EJA.0000000000000705

Di Minno, M. N. D., Milone, M., Mastronardi, P., Ambrosino, P., Di Minno, A., Parolari, A., Tremoli, E., & Prisco, D.
(2013). Perioperative handling of antiplatelet drugs. A critical appraisal. Current Drug Targets, 14(8), 880-888.
https://doi.org/10.2174/1389450111314080008

Spyropoulos, A. C,, Brohi, K,, Caprini, ., Samama, C. M,, Siegal, D., Tafur, A., Verhamme, P., Douketis, ]. D., & SSC
Subcommittee on Perioperative and Critical Care Thrombosis and Haemostasis of the International Society on
Thrombosis and Haemostasis. (2019). Scientific and Standardization Committee Communication: Guidance
document on the periprocedural management of patients on chronic oral anticoagulant therapy: Recommendations
for standardized reporting of procedural/surgical bleed risk and patient-specific thromboembolic risk. Journal of
Thrombosis and Haemostasis: JTH, 17(11), 1966-1972. https://doi.org/10.1111/jth.14598

Bratzler, D. W., Houck, P. M., Richards, C., Steele, L., Dellinger, E. P,, Fry, D. E., Wright, C., Ma, A,, Carr, K., & Red, L.
(2005). Use of antimicrobial prophylaxis for major surgery: Baseline results from the National Surgical Infection
Prevention Project. Archives of Surgery (Chicago, 11l.: 1960), 140(2), 174-182.
https://doi.org/10.1001/archsurg.140.2.174

Kim, . Y., Kim, B. R,, & Kim, Y. W. (2015). Impact of Prior Abdominal Surgery on Rates of Conversion to Open Surgery
and Short-Term Outcomes after Laparoscopic Surgery for Colorectal Cancer. PloS One, 10(7), e0134058.
https://doi.org/10.1371/journal.pone.0134058

Park, S., Kang, |, Park, E. ], Baik, S. H., & Lee, K. Y. (2017). Laparoscopic and Robotic Surgeries for Patients With
Colorectal Cancer Who Have Had a Previous Abdominal Surgery. Annals of Coloproctology, 33(5), 184-191.
https://doi.org/10.3393/ac.2017.33.5.184

Lee, S. Y, Kim, C. H,, Kim, Y. ]., & Kim, H. R. (2016). Laparoscopic surgery for colorectal cancer patients who
underwent previous abdominal surgery. Surgical Endoscopy, 30(12), 5472-5480. https://doi.org/10.1007 /s00464-
016-4908-8

Beck, D. E., Opelka, F. G, Bailey, H. R, Rauh, S. M., & Pashos, C. L. (1999). Incidence of small-bowel obstruction and
adhesiolysis after open colorectal and general surgery. Diseases of the Colon & Rectum, 42(2), 241-248.
https://doi.org/10.1007/BF02237135

Weibel, M. A,, & Majno, G. (1973). Peritoneal adhesions and their relation to abdominal surgery. A postmortem
study. American Journal of Surgery, 126(3), 345-353. https://doi.org/10.1016/s0002-9610(73)80123-0

diZerega, G. S. (1994). Contemporary adhesion prevention. Fertility and Sterility, 61(2), 219-235.
https://doi.org/10.1016/s0015-0282(16)56507-8

Ellis, H. (1982). The causes and prevention of intestinal adhesions. The British Journal of Surgery, 69(5), 241-243.
https://doi.org/10.1002/bjs.1800690502

Beck, D. E.,, Ferguson, M. A, Opelka, F. G., Fleshman, ]J. W., Gervaz, P., & Wexner, S. D. (2000). Effect of previous
surgery on abdominal opening time. Diseases of the Colon & Rectum, 43(12), 1749-1753.

https://doi.org/10.1007 /BF02236862

Leal Ghezzi, T., & Campos Corleta, 0. (2016). 30 Years of Robotic Surgery. World Journal of Surgery, 40(10), 2550-
2557. https://doi.org/10.1007 /s00268-016-3543-9

Ceccarelli, G., Andolfi, E., Biancafarina, A., Rocca, A., Amato, M., Milone, M., Scricciolo, M., Frezza, B., Miranda, E., De
Prizio, M., & Fontani, A. (2017). Robot-assisted surgery in elderly and very elderly population: Our experience in
oncologic and general surgery with literature review. Aging Clinical and Experimental Research, 29(Suppl 1), 55-63.
https://doi.org/10.1007 /s40520-016-0676-5

Aloisi, A, Tseng, J. H,, Sandadi, S., Callery, R, Feinberg, J., Kuhn, T., Gardner, G. J., Sonoda, Y., Brown, C. L., Jewell, E. L,
Barakat, R. R, & Leitao, M. M. (2019). Is Robotic-Assisted Surgery Safe in the Elderly Population? An Analysis of
Gynecologic Procedures in Patients = 65 Years Old. Annals of Surgical Oncology, 26(1), 244-251.
https://doi.org/10.1245/s10434-018-6997-1

This article is protected by copyright. All rights reserved.



42.

43.

44,

45,

46.

de’Angelis, N., Abdalla, S., Bianchi, G., Memeo, R., Charpy, C., Petrucciani, N., Sobhani, [., & Brunetti, F. (2018). Robotic
Versus Laparoscopic Colorectal Cancer Surgery in Elderly Patients: A Propensity Score Match Analysis. Journal of
Laparoendoscopic & Advanced Surgical Techniques, 28(11), 1334-1345. https://doi.org/10.1089/1ap.2018.0115
Song, J., Kang, W. H,, Oh, S. ], Hyung, W.],, Choi, S. H.,, & Noh, S. H. (2009). Role of robotic gastrectomy using da Vinci
system compared with laparoscopic gastrectomy: Initial experience of 20 consecutive cases. Surgical Endoscopy,
23(6), 1204-1211. https://doi.org/10.1007 /s00464-009-0351-4

Alhossaini, R. M., Altamran, A. A,, Cho, M., Roh, C. K., Seo, W.],, Choi, S., Son, T., Kim, H.-1, & Hyung, W. ]. (2020).
Lower rate of conversion using robotic-assisted surgery compared to laparoscopy in completion total gastrectomy
for remnant gastric cancer. Surgical Endoscopy, 34(2), 847-852. https://doi.org/10.1007 /s00464-019-06838-3
Siddiqui, S. A, Krane, L. S, Bhandari, A, Patel, M. N,, Rogers, C. G., Stricker, H., Peabody, J. 0., & Menon, M. (2010). The
impact of previous inguinal or abdominal surgery on outcomes after robotic radical prostatectomy. Urology, 75(5),
1079-1082. https://doi.org/10.1016/j.urology.2009.09.004

Bj, van de W., Wa, D,, Es, S,, Ia, B, & Ec, C. (2010). Conventional and laparoscopic reversal of the Hartmann
procedure: A review of literature. Journal of Gastrointestinal Surgery : Official Journal of the Society for Surgery of the
Alimentary Tract, 14(4), 743-752. https://doi.org/10.1007/s11605-009-1084-3

Table 1. Demographics characteristics and PAS related data
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LAPAROSCOPIC GROUP ROBOTIC GROUP p value
(n=62) (n=36)
Age 67.69 +11.28 65.03+15.8 0.254
Gender (male) 36 14 0.067
BMI 25.51+59 26.77 £6.12 0.536
ASA score
I 5 (8.06%) 6 (16.67%)
Il 32 (51.61%) 18 (50%)
[I 25 (40.33%) 12 (33.33%)
I\Y% 0 (0%) 0 (0%)
Timing from PAS 266.66 + 247.32 234.28 £195.01 0.503
PAS 0.436
Open appendectomy 12 (19.35%) 11 (30.55%)
Open cholecystectomy 11 (17.74%) 5 (13.90%)
Open hysterectomy 13 (20.97%) 7 (19.44%)

Open prostatectomy

Open sigmoidectomy

Open hysteroannessiectomy
Open left hemicolectomy
Open right hemicolectomy
Open cystectomy

Open right ovariectomy
Open subtotal gastrectomy
Open splenectomy

Open right nephrectomy

Table 2. Short-term outcomes.
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2 (3.23%)
5 (8.06%)
5 (8.06%)
4 (6.45%)
3 (4.85%)
1(1.61%)
1(1.61%)
2 (3.23%)
2 (3.23%)
1(1.61%)

0 (0%)

5 (13.90%)
0 (0%)

0 (0%)

2 (5.55%)
0 (0%)

2 (5.55%)
3 (8.33%)
1(2.78%)
0 (0%)



LAPAROSCOPIC GROUP ROBOTIC GROUP p value
(n=62) (n=36)
Operative time 185 + 64.61 245.25 £ 95.71 0.001
Intraoperative complications 1 (1.61%) 2 (5.55%) 0.552
Postoperative complications 12 (19.35%) 9 (25%) 0.511
Clavien Dindo 0.646
0 50 (80.65%) 27 (75%)
1 3 (4.84%) 4 (11.11%)
2 4 (6.45%) 4 (11.11%)
3a 0 (0%) 1(2.78%)
3b 3 (4.84%) 0(0%)
4 1 (1.61%) 0 (0%)
5 1(1.61%) 0(0%)
Time to first flatus 47.95 +23.12 38.87 +17.19 0.043
Mobilization 28.73 +19.44 22.05 +4.65 0.046
Length of hospital stay 8.5+7.37 7.14 £4.77 0.323

Table 3. Post-operative complications according to the Clavien-Dindo classification.
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GRADE POSTOPERATIVE COMPLICATIONS LAPAROSCOPIC GROUP ROBOTIC GROUP

(N=12) (N=9)
1 Ileus 2 (16.67%) 0 (0%)
Wound infection 1 (8.33%) 1(11.1%)
Nausea and vomiting 0 (0%) 2 (22.2%)
Pain 0 (0%) 1(11.1%)
2 Bleeding 2 (16.67%) 0 (0%)
Wound infection 0 (0%) 1(11.1%)
Ileus 1 (8.33%) 0 (0%)
Ileus and wound infection 0 (0%) 1(11.1%)
Pneumonia 0 (0%) 1(11.1%)
Pancreatic fistula 0 (0%) 1(11.1%)
Atrial fibrillation 1 (8.33%) 0 (0%)
3 Anastomotic leakage 2 (16,67%) 1(11.1%)
Bowel obstruction 1 (8.33%) 0 (0%)
4 Respiratory failure 1 (8.33%) 0 (0%)
5 Jejunal fistula 1(8.33%) 0 (0%)
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Conversions related to number of areas involved by adhesions
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