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Introduction
Partial or total proctocolectomy represents a particular standard for surgical intervention in 

specific colorectal disease. In this article we attempt to explore the cost-benefit relationship of these 
types of procedures from the 3 available perspectives of open, laparoscopic and robotic surgery.

The Hungarian physicist von Neumann once remarked, "For progress there is no cure [1]." 
In the field of colorectal surgery, technological advances have guided an increasing number of 
surgeons to adopt laparoscopic techniques giving way to robotic surgery [2-5]. As robots begin to 
incorporate artificial intelligence, the role of the surgeon may shift even further from a hands-on 
operator to a robotic technician, with expertise in abdominal and pelvic anatomy focusing on the 
design of procedures that primarily integrate 3D reconstructions.

This evolution-revolution has the potential to result in a significant diminution in the future 
operative skills. Many may find themselves completely ill-equipped for hands-on practice.  Progress 
relies on technological innovation which demands a substantial financial investment and incentive. 
This reality has important implications for those burdening the healthcare system by imposing 
different demands on those countries with limited available resources [4-9].

In the United States, for example, the cost of open surgery ranges from between $6,500 to $20,000, 
whereas laparoscopic surgery may cost between $9,000 and $114,853. By contrast, robotic surgery 
generally escalates the overall costs depending on whether all charges such as the surgical fees, the 
location and specific characteristic features of the hospital, etc., are included in the estimates. The 
main factors influencing the costs of robotic surgery include the impact of the advanced technology 
itself along with the fees charged by hospitals and surgeons [4,5,7-9]. Excluding these fees, the 
average cost of uncomplicated open and laparoscopic colectomy in one of Spain's most prestigious 
private hospitals is around €17,450, with robotic surgery costing approximately €26,000 for the 
same procedure. This cost can vary considerably in the same country or even in the same region 
amongst the different hospital centers. In this regard, the pressing concern revolves around whether 
these expensive colorectal surgeries are justified and how best to balance the technological costs with 
the patient benefit, the expertise of the surgeon and the capacity of the particular healthcare system 
[6,10-13].

Currently, we lack comprehensive data from large-scale studies involving a single surgeon who 
performs a mix of open, laparoscopic and robotic surgeries for the same condition. Moreover, there 
is no documented experience of surgeries that have been conducted solely by robots. Consequently, 
we can only speculate as to the advantages of each technique over the others in colorectal resections.

In colectomy, the benefits of laparoscopic and robotic techniques primarily stem from their 
smaller incisions, which can decrease the risk of ventral hernias, reduce pain and minimize 
anastomotic leaks, which clearly result in a shorter hospital stay. The complication rates for both 
minimally invasive methods are generally comparable and the same for colon and rectum, with 
some reported evidence suggesting that a robotic colectomy has a slightly lower risk of anastomotic 
leak, when compared with either laparoscopic colectomy or open surgery [10-15]. That's probably 
because they are less invasive and surgeons have better technical skills. In turn, robotic colectomy 
has been shown to have certain advantages over conventional laparoscopy in terms of precision and 
control, with superior visualization making it easier to identify critical areas during surgery. But it's 
not a massive difference, and it would appear that the surgical expertise is paramount. Patients with 
pre-existing conditions, such as diabetes, bowel inflammation, or cancer, tend to experience more 
leaks irrespective of the method employed.
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When robots become fully integrated with artificial intelligence, 
the role of the surgeon may well evolve from a hands-on practitioner 
to one of a robotic technician. In the future, surgeons, although experts 
in abdominal and pelvic anatomy and in formulating the layouts of 
complex reconstructions, will not possess genuine operative skills 
since training in open and laparoscopic procedures could potentially 
be omitted from their standard education. This would lead to a critical 
decline in the number of colorectal surgeons capable of operating.

Progress in the field, evidently, stems from technological advances 
requiring complex and detailed financial backing incentives. This has 
profound implications that could overwhelm some countries, let 
alone regions and individual tertiary institutions. Concerning the 
regional variability in projected costs, the fundamental reason for 
higher expenses is the demand robotic surgery places upon high-tech 
resources.

If indeed we show that these additional economic outlays are 
worthwhile for individual healthcare systems, this will only be 
achieved by conducting formal cost-benefit analyses and more 
studies that assess individual surgical performance.  A prospective 
analysis will need to be made of the effectiveness of robots capable 
of completing procedures after an initial surgical set-up with these 
new applications using computer algorithms and sensor systems to 
independently construct anastomoses. The cost of these autonomous 
robotic systems may presently appear prohibitive, however, with time, 
costs will reduce combined with the potential of reduced hospital stay 
and complications that might make these sorts of advances feasible in 
selected environments [10, 15].  In the context of public healthcare, 
in the coming future, despite the high cost of robotic technology, 
some of the expense outlay could be potentially mitigated by running 
a fully operational 24/7 system which will have a spin-off impact on 
savings around staffing and derivative costs, which could be obviated 
by reductions in morbidity and repeat interventions and hospital 
readmissions.

When examining anal surgery there is presently no justification 
for the use of sophisticated costly techniques for the management 
of haemorrhoids or anal fistulae for example. With these types of 
procedures there is currently no available evidence demonstrating 
superior outcomes using advanced technologies when compared 
with traditional techniques and simple comparatively inexpensive 
instruments. Rubber band ligation of haemorrhoids alleviates 
symptoms in a large proportion of patients at low cost. For 
those who need more aggressive treatment, the submucosal laser 
haemorrhoidectomy remains an optimal ambulatory procedure that 
is effectively painless and which achieves excellent results. Similar 
considerations are applicable to the management of anal fistulas, 
which can be successfully treated with an endofistular laser [16-18] A 
recent study (19) showed healing of fistulae with anti-inflammatory 
treatment.

We could consider an exception to this view applies in the 
surgery for functional disorders like anal incontinence. In this case 
sacral neuromodulation has consistently been shown to provide 
significantly better results than sphincter plication in patients with 
denervated sphincters, whilst sphincteroplasty remains the first-line 
treatment for anatomically damaged sphincters, allowing at least 
half of the patients to regain continence at a very low cost and with 
few complications. When sacral neuromodulation is unaffordable or 
when it fails, anal encirclement can be accomplished by reinforcing 
the damaged or absent sphincters with a simple elastic band. This 

procedure is currently under clinical evaluation; however, it permits 
the re-establishment of a good or very good continence status in a 
significant proportion of patients at low cost [20].

With the introduction of any new technology, on the matter of 
cost, important linked aspects need to be taken into account. These 
include the national economy, the caregiving characteristics and 
standards of specialist facilities within any given hospital and the 
place of an institution. Such a future might contain 4 distinct types of 
colorectal specialist surgeons including traditionalists, laparoscopists, 
robotic specialists and colorectal robots.  Each of these will be aided 
by assistants who are trained in abdominopelvic anatomy and by 
others who could also engage in instrument and technological design 
geared to the operating room. Traditionalists will remain the fluent 
link to open surgery, with the laparoscopists mastering the gamut 
of laparoscopic techniques but who will also retain their ability to 
perform open surgery when necessary. Robotic surgeons will most 
likely perform the bulk of surgical coloproctology, conducting 
both laparoscopic and robotic procedures although they might 
on occasion need to defer to a traditionalist when indicated. The 
colorectal robot after initial set-up will function autonomously in the 
conduct of low anterior resections and anastomotic procedures. Even 
though they are surgically differentiated, each of these groups (apart 
from the robots themselves) maintains a common cause, to help 
patients in an holistic approach towards their care. This still remains 
in a sense Deus ex machina as something that robots are incapable of 
doing.  For our patients, a colorectal tumour is much more than its 
mass. It is a disease that initiates a cascade of homeostatic alterations 
in many systems, beginning with a dysregulation of the local and then 
the systemic inflammatory and immune responses and extending to 
the other end of the reactive spectrum to influence the psychological 
receptiveness towards the disease itself [21].

The best possible allocation of the technological and instrumental 
tools available to the right hospital environment combined with a 
rational allotment of the different types of colorectal surgeons could 
make seemingly immense health care investments for the future not 
only affordable but equitable. Neumann’s remarks on the lack of 
cure for progress still remain prescient. Only then will the colorectal 
surgery of the future become the art of the possible.
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