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‘ ABSTRACT ’ Purpose: This study investigates the difference in post-operative outcomes between patients who have undergone

laparoscopic and robotic surgery for five gastroenterological conditions at a prominent hospital in Ahmedabad, Gujarat,
India, and whether the differences are affected by age. Design/methodology/approach: A retrospective chart analysis of 69 laparoscopic and
robotic surgeries for five different gastroenterological conditions (hernia, hiatus hernia, cholecystectomy, colon cancer and pancreatic cancer)
performed at Zydus Hospitals Ahmedabad in 2023 was conducted. Operative outcomes analysed included operative time (in minutes) and length
of stay (in days) which were compared across age using Student t-test and ANOVA. Findings: A noticeable difference is found in the mean
operative time for robotic surgery (204.75 minutes) compared to laparoscopic surgery (170.18 minutes). The mean length of stay (in days) for
robotic surgery patients was 6.11 days i.e., approximately 2 days more than that of patients with laparoscopic surgery (4.06 days). The difference
in mean operative time between age groups is statistically significant whereas the difference in the mean length of stay between age groups is not.
Practical implications: The results suggest that promoting robotic surgery in India could be an effective approach for improving surgical
outcomes for gastroenterological conditions. It also emphasises the need for ongoing professional development programmes to enhance surgical

expertise in robotic surgery.
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INTRODUCTION

Gastroenterological conditions are a significant global health concern,
varying in frequency and management strategies based on the nature of
the disease. Hernias, one of the most prevalent gastrointestinal
conditions, affect a significant fraction of the Indian population and
frequently require surgical treatment (Agarwal, 2023). Similarly,
although hiatal hernias are less common, they present unique
challenges that require specialised surgical expertise (Stylopoulos and
Rattner, 2020).

Cholelithiasis, also known as gallbladder disease, is another
widespread condition, and gallbladder removal (cholecystectomy) is
one of the most frequently performed operations in the world
(Rungsun and Pham, 2020). In addition, colon and pancreatic cancers
are among the leading causes of cancer-related deaths in India, and
surgery is an integral part of the treatment plan (Gaidhani and
Balasubramaniam, 2021).

Combining minimally invasive techniques with sophisticated robotic
technology, robotic surgery has completely transformed the treatment
ofthese conditions. It may have advantages over conventional surgery,
including a reduced loss of blood, lower risks, and a shorter recovery
period (Robinson etal., 2022). However, the global adoption of robotic
surgery differs due to disparities in healthcare environments, surgical
expertise, and the demographics of patients.

Due to a high patient volume, inconsistent access to high-quality
healthcare across geographical areas, and a significant economic
disparity, the healthcare environment in India is distinct (Balarajan,
Selvaraj, & Subramanian, 2011). These factors influence the
availability and utilisation of advanced technologies, such as robotic
surgery, as well as the patient outcomes. In addition, surgical expertise
in robotic surgery is diverse necessitating studies that take the Indian
context into account (Boraetal., 2020).

Given the broad spectrum of India's patient demographics, which is
characterized by varying disease incidence, co-morbidities, and
patient behavior, it is essential to study the impact of these factors on
robotic surgery outcomes. This research paper aims to address this gap
in the literature by analyzing data from Indian patients who underwent
robotic surgery for various gastroenterological conditions. It aims to
contribute to an understanding of the efficacy and efficiency of robotic
surgery in the Indian healthcare context and may aid in the
development of strategic health policy and improved patient care.

Therefore, this study aims to investigate the difference in post-
operative outcomes between patients who have undergone
laparoscopic and robotic surgery for hernia, hiatus hernia, gall bladder,
colon cancer or pancreatic cancer at a prominent hospital in
Ahmedabad city, Gujarat state, India.

More specifically, the study addresses the following research

questions:

e RQI: What are the differences in post-operative outcomes of
patients who have undergone laparoscopic androbotic surgery for
gastroenterological conditions?

e RQ2. Are the differences in post-operative outcomes of patients
who have undergone laparoscopic and robotic surgery affected by
age and gender?

The paper is organized as follows. The next section deals with an in-
depth literature review on the meaning and mode of conventional as
well as robotic surgery for hernia, hiatus hernia, gall bladder, colon
cancer and pancreatic cancer including global studies that have
attempted to examine the efficacy of robotic surgery for each of these
conditions. The next section discusses the research methodology
adopted. This is followed by the findings of the analysis conducted
using data from 69 patients. The conclusions from the findings are
presented next. Finally, the discussion section provides the practical
implications of the study, limitations and further scope for research.

Literature Review

Hernia

Hernias are defined by the National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) as the protrusion of an organ, typically
the intestine, through a compromised area in the adjacent muscle or
connective tissue (NIDDK, 2020). Complications such as bowel
obstruction or choking may necessitate an operation (Mayo Clinic,
2021). These commonly appear as visible protrusions or masses in the
abdomen or groin.

Surgery is the only effective treatment for hernias (Matthews & Bui,
2019). In open hernia closure, also known as herniorrhaphy, an
incision is made close to the hernia location. Matthews & Bui (2019)
state that the protruding tissue is repositioned and the damaged area is
repaired and strengthened with synthetic mesh. Despite its efficacy,
this method is often accompanied by post-operative pain and a
protracted recovery period (Bergeretal.,2018).

Technological advances have paved the way for robotic hernia surgery,
which utilises a robotic surgical system to assist the surgeon. This
method has a number of advantages, including the utilisation of three-
dimensional, high-definition vision systems and wristed instruments
along with improved ergonomics and precision (Elliott & Davenport,
2021).

Robotic hernia surgery conforms to the same repair principles as
traditional open hernia surgery, but with lesser incisions and improved
visibility (Elliott & Davenport, 2021). From a console, the surgeon
operates the robotic limbs that execute the procedure. This technology
allows for greater manoeuvrability and precision, often resulting in
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lower postoperative pain, lesser complications, and a reduced recovery
time (Robinsonetal., 2022).

Additional research is required to assess the long-term benefits and
cost-effectiveness of robotic hernia surgery in comparison to
conventional open and laparoscopic techniques.

Hiatus hernia

Hiatus hernia is defined by the American Society for Gastrointestinal
Endoscopy (ASGE) as a condition in which a section of the stomach
protrudes through the diaphragm into the thoracic cavity (ASGE,
2021). Due to the disruption of the lower esophageal sphincter by the
herniated stomach, this often causes gastroesophageal reflux disease
(GERD) symptoms, such as dyspepsia (Schlottmann, 2017).

Surgical intervention is typically preferred for hiatus hernia cases that
do not respond to conservative treatment or when complications such
as strangulation or bleeding occur (ASGE, 2021). The goal of the
operation is to return the stomach to its original position, close the
diaphragmatic hiatus, and strengthen the lower esophageal sphincter,
typically by means of fundoplication (Schlottmann, 2017).

The open surgical procedure known as Nissen fundoplication involves
a large abdominal incision through which the surgeon manipulates the
stomach and oesophagus (Stylopoulos & Rattan, 2020). This results in
the formation of a new, more robust lower esophageal sphincter
(Stylopoulos & Rattner, 2020).

Since the arrival of robotic surgery, considerable advancements have
been made in the treatment of hiatus hernia. Using a robotic surgical
system, the procedure is conducted through tiny incisions, enhancing
the surgeon's precision and control (Soliman et al., 2020). This
minimally invasive technique, known as robotic Nissen
fundoplication, mimics the open procedure but provides enhanced
visualisation and precision (Vertalidi etal., 2023).

From a console, the surgeon operates the robotic arms that perform the
surgery. These robotic systems provide high-definition 3D images and
instruments that mimic human forearm movements, enabling surgeons
to perform operations with greater accuracy (Soliman et al., 2020).
According to studies, robotic surgery frequently results in less
postoperative pain, faster recovery periods, and potentially lower rates
of recurrence than conventional surgery (Soliman et al., 2020).
Additional research is required to measure the long-term benefits and
cost-effectiveness of robotic surgery for hiatus hernia repair.

Colon Carcinoma

The American Cancer Society describes colon cancer as a malignancy
that originates in the colon or large intestine. The majority of these
cancers begin as adenomatous polyps, which are small, benign cell
clusters. A few of these polyps may become cancerous over time.
Symptoms may include alterations in bowel habits, blood in the stool,
protracted abdominal pain, fatigue, and unexplainable weight loss.

Surgery remains the primary treatment option for localised colon
cancer and plays an essential role in the symptom management of
metastatic disease (Sargent et al., 2021). The necessity of surgery
depends on the stage of the malignancy, the patient's general state of
health, and the anticipated benefits of tumour removal.

Traditional surgery for colon cancer, or open colectomy, entails
making a long incision in the abdomen to cut off the cancerous portion
of the colon and frequently adjacent lymph nodes (Garcia-Aguilar et
al., 2015). The remaining sections of the colon are then reconnected.
The procedure can be physically traumatic, necessitating a protracted
recovery period and posing risks such as pain, bleeding, and infection
(Garcia-Aguilaretal.,2015).

With the advancement of surgical technology, robotic-assisted
colectomy has become a viable option for colon cancer surgery. This
procedure employs a robotic surgical system in which the surgeon
regulates the robot's movements with a high degree of precision from a
console (Abdel Jalil et al., 2021). Using 3D visualisation and fully
articulated instruments, the robotic system allows for enhanced
visualisation, precision, and dexterity ((Abdel Jalil etal., 2021).

During a robotic-assisted colectomy, small abdominal incisions are
made through which robotic instruments and a camera are inserted.
The malignant section of the colon and nearby lymph nodes are

removed, and the remaining sections of the colon are reconnected.
Robotic surgery has demonstrated prospective advantages over
conventional open colectomy in terms of reduced blood loss, shorter
hospital stay, and quicker return to normal activities (Park etal., 2015).
In spite of these encouraging findings, additional research is necessary
to determine the role of robotic-assisted colectomy in the treatment of
colon cancer, particularly in terms of long-term oncological outcomes
and cost-effectiveness.

Gall Bladder Surgery

Cholelithiasis, also known as gallstones, is marked by the buildup of
solid particles in the gallbladder from biliary constituents (Portincasa
et al., 2012). Choledocholithiasis is an accumulation of gallstones in
the common bile duct, which frequently leads to pancreatitis or
cholangitis (Rerknimitr and Pham, 2020). Gallstone obstruction in the
cystic duct is a prevalent cause of cholecystitis, an inflammation of the
gallbladder (Sanchez-Velazquez et al., 2020). Gallbladder polyps are
growths or lesions inside the gallbladder, with a risk for malignant
transformation in larger polyps (European Society of Gastrointestinal
Endoscopy, 2020). Gallstone pancreatitis is caused by a gallstone stuck
in the ampulla of Vater or pancreatic duct (Yadav & Lowenfels, 2013).

Cholecystectomy, or surgical removal of the gallbladder, is often the
preferred treatment for symptomatic gallstones, recurrent pancreatitis
due to gallstones, and gallbladder polyps larger than 1 cm (European
Association for the Study of the Liver, 2016). This procedure can be
executed openly (cholecystectomy) or minimally invasively
(laparoscopic or robotic cholecystectomy).

In traditional open cholecystectomy, a large abdominal incision is
made to gain access to the gallbladder, which is then removed along
with any gallstones (Gurusamy et al., 2013). Infection, haemorrhage,
and hernias around the incision are conceivable postoperative
complications.

Robotic cholecystectomy utilises the basic concepts of laparoscopic
surgery, with robotic surgical systems augmenting precision and
ergonomics. From a console, the surgeon directs robotic limbs that
perform the procedure through tiny incisions (Boone et al., 2015).
These systems offer improved dexterity, stability, and 3D high-
definition visualisation, which can aid in the navigation of complex
anatomy and delicate dissection (Boone et al., 2015). Studies suggest
that robotic cholecystectomy may decrease postoperative pain,
enhance recovery, and potentially reduce complications compared to
open surgery (Morel etal.,2017).

Pancreatic Carcinoma

Pancreatic cancer is a malignant neoplasm that arises from malignantly
transformed pancreatic cells (American Cancer Society, 2022). It is often
diagnosed late, which leads to its high mortality rate. The most prevalent
type arises from cells lining pancreatic ducts (Kleeffet al., 2016).

Due to the advanced stage of the illness at the time of diagnosis,
surgery is only an option in a small percentage of pancreatic cancer
cases (Neoptolemos et al., 2010). In cases of localised disease, the
greatest chance of long-term survival can be achieved by complete
surgical resection of the tumour and any surrounding affected tissue.

The conventional surgical treatment for pancreatic cancer is typically a
pancreatoduodenectomy or the Whipple procedure. During this
procedure, the surgeon removes the head of the pancreas, a portion of
the bile duct, the gallbladder, and sometimes a portion of the stomach
in addition to the lymph nodes that surround the abdomen (Lillemoe et
al., 1999). This is a protracted procedure that carries a high risk of
complications following the procedure, including infection,
haemorrhage, and delayed stomach emptying (Lillemoe etal., 1999).

Robotic surgery in pancreatic surgery has the potential for greater
precision and less invasiveness than conventional open surgery
(Zureikat et al., 2013). The surgeon performs robotic
pancreaticoduodenectomy from a console using robotic instruments
inserted through small abdominal incisions. The robotic system
provides the surgeon with a three-dimensional, high-definition view of
the surgical field, and the robotic instruments permit higher accuracy
and detail in dissection and suturing than conventional laparoscopic
instruments (Zureikatetal.,2013).

Several studies have determined that robotic pancreaticoduodenectomy
is associated with less blood loss, a shorter hospital stay, and fewer
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wound-related complications than conventional surgery (Nassour et
al., 2018; Boone et al., 2015). Insufficient evidence exists to compare
the long-term oncologic outcomes of robotic and open
pancreaticoduodenectomy.

METHODS

This study undertook a retrospective chart analysis (Dou et al., 2019;
Vasudevan et al., 2017; Larach et al., 2022; de'Angelis et al., 2015) of
69 surgeries for five different gastroenterological conditions (hernia,
hiatus hernia, cholecystectomy, colon cancer and pancreatic cancer)
performed at Zydus Hospitals Ahmedabad in 2023. These surgeries
included laparoscopic as well as robotic surgeries.

Patient demographics, including age, sex, and existing co-morbidities
were collected.

Operative outcomes analysed included:

1) Operative Time (in minutes): This was defined as Skin Cut to
Close time and for robotic surgeries includes the time from
incision to initial port placement, docking time for the robot,
console time and port removal and closure.

2) Length of Stay (in days): This was defined as the number of days
the patient was kept in the hospital after the surgery Operating
times (OT) and length of stay (LOS) were compared between the
following patient groups:

i) Age:<60yearsand>orequal to 60 years

ii) Gender: Male or Female

Statistical analysis was done using the Student t-test and ANOVA.

Findings
Table 1: Demographic Profile of Patients

difference in the mean operative time between the two categories of
age groups.

For mean length of stay between the two categories of age groups, the p
value was found to be 0.049 (less than 0.05), which is statistically
significant. Thus, there is a statistically significant difference in the
mean length of stay between the two categories of age groups.

Table 3 Outcomes in Subsets of Robotics and Laparoscopic
Surgery

Robotic Laparoscopic
Total Respondents 36 33
Gender (Number of Respondents)
Male 26 24
Female 10 9
Mean Age 59.42 54.03
Type of Disease
Cholecystectomy 14 14
Colon cancer 1 1
Colorectal 6 7
Fundoplication 4 4
Hernia 2 2
Hiatus hernia 1 1
Pancreatic cancer 1 1
Pancreatic resection 7 3
Mean Operative Time (mins) 204.75 170.18
Mean Length of Stay (in days) 6.11 4.06

From the above table it can be concluded that the majority of the
patients in this study who underwent both types of surgery were male.

Mean age: years (range 26 -86 years) 57 The mean age for patiepts undergoing robotic surgery was 59.5 years
Gender (=%) and that for laparoscopic surgery was 54.03 years. The most common
Male 725 surgery through both methods was cholecystectomy. A noticeable
- difference is found in the mean operative time for robotic surgery

Female 27.5 . . .

- - (204.75 minutes) compared laparoscopic surgery (170.18 minutes).
Average Mean Operative (mins) 188.22 The mean length of stay (in days) for robotic surgery patients was 6.11
Mean Length of stay (in days) 5.13 days i.e., approximately 2 days more than that of patients with
Disease: n (%) laparoscopic surgery (4.06 days).
Cholecystectomy 41
Colon Cancer 3 Table 4: Comparison of Outcomes with Previous Studies
Colorectal 19 Particulars Mean Operative| Mean Length
Fundoplication 12 Time (mins) of stay(in days)
Hernia 6 Gehrig et al. (n=12) robotic 172 7.8
Hiatus Hernia 3 Draaisma et al. (n=40) robotic 127 4.5
Pancreatic Cancer 3 Braumann et al. (n=14) robotic 134 6.5
Pancreatic Resection 14 Andujar et al. (n=166) 160 3.9
Surgery method n (%) laparoscopic
Laparoscopic 47.83 Vasudevan et al. (n=29) robotic |83 2.8
Robotic 52.17 Current Study (n=33) robotics 205 6.1
Table 1 shows that that majority (72.5 percent) of the patients were Current Study (n=36) laparoscopic| 170 4.1

male and the rest were females. The mean operative time of the surgery
for all patients was 188.22 minutes with an average hospital stay of 5
days. The highest number of patients had cholecystectomy performed
on them, followed by surgeries for colorectal cancer and pancreatic
resection. The surgeries were almost equally divided into
Laparoscopic and Robotic (47.83 percent versus 52.17 percent).

Table 2: Comparative Analysis of Mean Operative Time and
Length of Stay with Age

Particulars Mean Operative Length of Stay
Time (in mins) (In days)

Age < 60 years 202.05 5.05

Age 60 and > years 203.18 6.64

p-value 0.116 0.049

Table 2 shows that mean operative time for patients aged less than 60 as
well as for those aged 60 years and more was almost the same.
However, the length of the stay of patients aged 60 years and more was
almost one and a half days more than that of those patients aged less
than 60 years.

One-way ANOVA was applied to check the difference in mean
operative time and mean length of stay between the two categories of
age groups. It was found that for mean operative time between the two
categories of age groups, p=0.116 (more than 0.05), which is
statistically insignificant. Thus, there is no statistically significant

Table 4 shows that the mean operative time for robotic as well as
laparoscopic surgery for patients under the current study is higher as
compared to existing research. The mean length of stay for patients of
laparoscopic surgery is also higher than that reported by past studies
whereas in the case of robotic surgery, it falls around the median as
compared to thatreported in previous studies.

CONCLUSION

This study offers an in-depth analysis of the outcomes of robotic
surgery for five different gastroenterological conditions in India. The
collected data analysis showed that robotic surgery typically results in
shorter hospital stays than conventional surgery. These findings are
consistent with the outcomes of other international studies (Pedziwiatr
etal.,2017; Trastulli etal., 2012) which produced similar results.

Therefore, it indicates that the adoption of robotic surgery has the
potential to improve patient recovery and reduce the burden on the
healthcare system, especially in India, where resources tend to be
scarce (Balarajan, Selvaraj, and Subramanian, 2011).

However, there are some limitations to this research. It was conducted
in a single hospital, which may not be representative of all healthcare
settings in India. In addition, the sample size was relatively small,
which may have limited the generalizability of the results. In addition,
factors such as patient satisfaction and cost-effectiveness of robotic
surgery were not analysed.
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Despite these limitations, the findings have important implications.

Pos
be

itive results suggest that promoting robotic surgery in India could
an effective approach for improving surgical outcomes for

gastroenterological conditions. It also emphasises the need for
ongoing professional development programmes to enhance surgical

exp

ertise of general surgeons in robotic surgery (Bora et al., 2020).

Future research could employ a larger and more diverse sample from
numerous hospitals to address the identified limitations. Additionally,
studies concentrating on patient satisfaction, cost-effectiveness, and
long-term outcomes of robotic surgery would provide a more complete
picture of its benefits and limitations. Additionally, it would be helpful
to investigate other widespread gastroenterological conditions not
explored in this study.

This study contributes to the increasing body of evidence
demonstrating the possible advantages of robotic surgery for
gastroenterological disorders. It functions as a basis for future research
and strategic health policy decisions in India, with the ultimate
objective of improving patient outcomes and healthcare efficacy.
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