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Abstract

Background Although there is no agreement on a defini-
tion of elderly, commonly an age cutoff of >65 or 75 years
is used. Nowadays most of malignancies requiring surgical
treatment are diagnosed in old population. Comorbidities
and frailty represent well-known problems during and after
surgery in elderly patients. Minimally invasive surgery
offers earlier postoperative mobilization, less blood loss,
lower morbidity as well as reduction in hospital stay and as
such represents an interesting and validated option for
elderly population. Robot-assisted surgery is a recent
improvement of conventional minimally invasive surgery.
Aims We provided a complete review of old and very old
patients undergoing robot-assisted surgery for oncologic
and general surgery interventions.

Patients and methods A retrospective review of all
patients undergoing robot-assisted surgery in our General
Surgery Unit from September 2012 to June 2016 was
conducted. Analysis was performed for the entire cohort
and in particular for three of the most performed surgeries
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(gastric resections, right colectomy, and liver resections)
classifying patients into three age groups: <64, 65-79, and
>80. Data from these three different age groups were
compared and examined in respect of different outcomes:
ASA score, comorbidities, oncologic outcomes, conversion
rate, estimated blood loss, hospital stay, geriatric events,
mortality, etc.

Results Using our in-patient robotic surgery database, we
retrospectively examined 363 patients, who underwent
robot-assisted surgery for different diseases (402 different
robotic procedures): colorectal surgery, upper GI, HPB,
etc.; the oncologic procedures were 81%. Male were 56%.
The mean age was 65.63 years (18-89). Patients aged
>65 years represented 61% and >80 years 13%. Overall
conversion rate was of 6%, most in the group 65-79 years
(59% of all conversions). The more frequent diseases
treated were colorectal surgery 43%, followed by hepato-
bilopancreatic surgery 23.4%, upper gastro-intestinal
23.2%, and others 10.4%.

Discussion Robot-assisted surgery is a safe and effective
technique in aging patient population too. There was no
increased risk of death or morbidity compared to younger
patients in the three groups examined. A higher conversion
rate was observed in our experience for patients aged
65-79. Prolonged operative time and in any cases steep
positions (Trendelenburg) have not represented a problem
for the majority of patients.

Conclusions In any case, considering the high direct costs,
minimally invasive robot-assisted surgery should be per-
formed on a case-by-case basis, tailored to each patient
with their specific histories and comorbidities.

Keywords Robotic surgery - Minimal invasive surgery -
Cancer - Elderly - Geriatric - Aging population
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Introduction

An aging population continues to rise with remarkable
implications for every national healthcare system, espe-
cially in Western countries, increasing the burden of
resources for care.

Elderly population and in particular octogenarians are
steeply increasing; in 2009, the percentage of the UK
population aged 65 years and over was 16%; it is expected
that by 2034, this population will rise to 23% [1, 2]. Over
the past 20 years, the population older than 85 years
quadrupled leading to a nearly 50% increase in the annual
cancer incidence.

With this trend, cancer will become a disease of the
elderly [2-5]; but in this aged population, cancer often
occurs as an advanced stage of the disease. Therefore, a
close collaboration between surgical associations and
geriatric societies is necessary to produce guidelines for the
perioperative assessment and management of postoperative
geriatric events [6-8].

Elderly patients compared to younger ones frequently
have one or more comorbidities and are often “frail”; they
are at greater risk of morbidity and mortality. Optimizing a
care pathway during the perioperative period, in particular
anesthesiologic best practice, promoting and improving
enhanced recovery programs, may be fundamental.

Frailty is a state of vulnerability that carries an increased
risk of poor outcomes in elderly people. Common signs and
symptoms are feeling of fatigue, weight loss, muscle loss
and weakness, slow walking speed, low levels of physical
activity, and progressive decline in body function. Frail
people are at higher risk of falls and have a much longer
time for recovering if they become ill or have undergone
surgery. Frail older people are less able to tolerate the
stress of medical illness, hospitalization, and immobility;
consequently, surgery may be a substantial problem in this
population. About 4% of men and 7% of women older than
65 were frail. However, it must be pointed out that some
old people do not get frail. Some medications may worsen
frailty with their side effects [9].

Recent data show the feasibility of surgical treatment in
elderly in several types of cancers, such as sarcomas [10, 11],
gynecologic cancer [12], urologic cancer [13], colorectal
cancer [14, 15], or pulmonary surgery [16]; otherwise,
complication rates, mortality, length of hospital stay, and
intensive care unit admissions increase with patient age [17].

A lot of cancers with or without genetic pathogenesis
and expressing several specific markers [18—22] can be also
useful treated using novel therapeutic approaches like cell-
based therapy or targeting therapies [23-32]. Nevertheless,
these new approaches can be still used in non-oncologic
diseases in aging patients [33, 34].
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In this sense, minimally invasive surgery (MIS) has been
shown to be better tolerated than open surgery, in selected
elderly population [35]. MIS is often associated with shorter
hospital stays, less postoperative pain, faster recovery, faster
mobilization, better respiratory function recovery, reduced
morbidity, and no difference in oncologic outcomes as
compared to open surgery [13, 14, 36, 37].

Robot-assisted surgery, representing a technological
evolution of laparoscopy and thoracoscopy, started only a
few years ago [38, 39]. It allows more patients to benefit
from MIS, overcoming many laparoscopic drawbacks and
limitations. It is used and widely accepted in general sur-
gery and in particular in oncologic surgery [40—45]. Some
concerns are recognized in the use of robotic in the elderly
population, especially when considering a longer operative
time as reported by several studies; furthermore, some
procedures require prolonged and steep Trendelenburg
position (e.g., rectal and prostatic surgery), with possible
consequences about pulmonary and cardiovascular impli-
cations [46, 47].

This is a retrospective analysis of our personal experi-
ence in robotic-assisted general surgery, focused on elec-
tive oncologic, colorectal, upper GI, and HPB surgery
integrated with a literature review. We attempt to better
define the use of this new technological approach in elderly
people, especially octogenarian, analyzing the potential
benefits, limits, and risks.

Patients and methods

A review of 363 consecutive patients undergoing robotic-
assisted surgery (RAS) from September 2012 to June 2016
was conducted. All patients regardless of age, gender, type
of surgical procedure, and conversion rate were included in
the study. We focused on the older population, comprising
ages of >65 and >80 years.

In particular, the patients of three different procedures
(right colectomy, gastric resection, and liver resections)
were divided into three groups based on age brackets,
namely: group 1, <65 years old; group 2, 50-79 years old,
and group 3, >80 years old. Outcomes of the three groups
were examined in respect of ASA score, comorbidities,
tumor characteristics, operative details, and postoperative
outcomes, then compared and analyzed.

The primary objective was to analyze the whole robotic
group in respect of gender, age, conversion rate, causes of
conversion, and type of surgical procedures performed.
Than for the three different surgical procedures, the median
operating time, estimated blood loss, length of hospital-
ization, Clavien—Dindo complication rate, and mortality
were compared respect age cohort.
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To assess the potential impact of geriatric events, we
examined several additional outcomes: inpatient comor-
bidities; length of stay; intraoperative estimated blood loss
(EBL); postoperative infection; pulmonary failure; sepsis;
venous thromboembolism; and wound complications.

Results

From September 2012 to June 2016, we treated 363
patients who underwent minimally invasive robot-assisted
surgery (RAS) for different diseases in our surgical unit
(402 different robotic procedures): colorectal surgery,
upper GI, HPB, etc. The oncologic procedures were 81%,
with male patients representing 56%. The mean age was
65.63 years (18-89). The youngest was an 18-year-old
female affected by a giant splenic hemangioma, who
underwent a robot-assisted hemi-splenectomy. The oldest
was an 89-year-old man affected by hepatocarcinoma of
the 6th segment of liver who had a robot-assisted hepatic
resection.

The patient group aged >65 years represented 61% and
that >80 years 13%. Overall conversion rate was of 6%,
most of them in the group 65-79 years old (59% of all
conversion rate); the most frequent causes for conversion
were: locally advanced tumors and intraoperative bleed-
ings. The more frequent diseases treated were colorectal
surgery 43%, followed by hepatobilopancreatic surgery
23.4% and upper gastro-intestinal surgery 23.2%, others
10.4% (Table 1; Fig. 1).

Table 1 Diseases treated using robot-assisted

September 2012 to June 2016

surgery (from

Right hemicolectomy 66
Left hemicolectomy + transverse 47
Rectal resection 56
Total colectomy 1
Reverse Hartmann 2
Gastric resection 60
Fundoplicatio 23
Heller myotomy 10
Liver resection 51
Pancreatic surgery 11
Cholecystectomy 32
Splenectomy 11
Adrenalectomy 10
Partial nephrectomy 3
Paraortic lymphnode harvesting 8
Others (hernia/incisiona h/hister, etc) 11
Total robotic procedures 402

Neoplasms were the predominant disease which affected
about 81% of the patients; others were functional and
benign diseases (e.g., gastroesophageal disease, achalasia,
diverticular diseases, benign splenic diseases).

The patients of the three major diseases were compared
between the three age groups with respect to ASA score,
comorbidities, disease stage, EBL, Clavien—Dindo com-
plications, operative time, recovery time, hospital stay
(Tables 2, 3, 4).

The rate of overall complication and conversion rate was
higher in the 65-79 and >80 groups. This may be easily
justified by the major incidence of high-stage disease,
higher ASA score, and higher comorbidities observed in
the two oldest groups.

In the gastric resection group, the mean hospital stay did
not differ among the younger <65 and older >80 (8.2 vs
8.9) groups, while a higher hospital stay in the 65—79 group
was due to a higher complication rate. Regarding the
oncologic outcomes referring to nodes harvesting, we
observe a reduction in mean rate from 28 in the <65 group
to 19 in >80 group (Table 2).

Observing the liver resection (Table 3), the three age
groups were inconsistent in sample size, but the disease
characteristics were similar (cirrhotic liver, percentage of
benign diseases treated, associated surgery performed), the
prevalence of posterior segments treated was higher in the
population of less than 80 years old. With respect to gastric
resection group, the conversion rate was without great
difference but complication rate Clavien—Dindo I-II was
higher in the group >80 years, with only a reoperation for
biliary leakage in the group 65-79 years. There was no
significative difference in positive margins at histologic
examination. In the right colectomy cohort (Table 4),
though the small sample of the >80-year-old patients,
despite an higher conversion rate in the older two groups
due to locally advanced disease, we observed similar mean
operative time and hospital stay. Only one 30-day read-
mission was observed in the youngest age group.

Discussion

The population of Western countries continues to grow
older. The cutoff for a definition of elderly patients vary
from 65 and 70 years of age [48-50]. Defining elderly
patients based on functional status is more accurate than
the actual age.

Aging, especially if associated with cancer, is com-
monly related with a functional decline, cognitive disor-
ders, frailty, comorbidities, malnutrition, falls, and
polypharmacy, resulting in a greater vulnerability and
institutionalization as well as rising in health system costs.
Oncologic patients often are not able to bear neoadjuvant
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Fig. 1 Groups of diseases
treated by robotic approach

Right hemicolectomy
* Left hemiclectomy + transverse

Rectal resection

Total colectomy
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Table 2 Robot-assisted gastric
resections cohort

Robot-assisted gastric resections (2012/1-6-2016)

<65 65-79 >80
N patients® 19 (30%) 33 (52%) 11 (17%)
ASA I-1I (%) 17 (89%) 16 (48%) 1 9%)
ASA M-IV (%) 2 (11%) 17 (52%) 10 (91%)
No comorbidity (%) 12 (63%) 7 (21%) 0%
1-2 comorbidities (%) 5 (26%) 16 (49% 4 (36%)
3 or >comorbid. (%) 2 (11%) 10 (30%) 7 (64%)
Wedge/subt gastrect 14 27 8
Total gastrectomy 5 6 3
Associated procedures 4 15 4
Lymphnode harvest.” 28.46 (18-55) 23.76 (12-45) 19.8 (828)
Lymphnodes+/M+ 4 13 2
T1-T2 14 22 6
T3-T4 5 11 5
Mean oral intake 43 4.8 4.9
Mean hospital stay 8.21 (5-17) 13.25 (5-90) 8.9 (5-13)
Clavien—Dindo I-II 4 9 6
Clavien-Dindo III-IV" 0 1 0
30-day deaths 0 0 0
Conversion rate (%) 2 (10.5%) 4 (12%) 2 (18%)
EBL < 50 13 18 5
EBL 50-100 5 8 4
EBL > 100 1 7 2

Mean operative time

262" (120-440)

284" (150-480)

259" (110-455)

# Only for adenoca
® Reoperation

or adjuvant chemotherapy due to cardiac diseases, renal
failure, toxicity, or intolerance/side effects during cancer
treatment [4, 51-53].

Age represents an independent risk factor for morbidity
and mortality, and when associated with surgical proce-
dures, it will lead to unacceptably high risks of postoper-
ative morbidity rate [54, 55]. Nowadays it is not justified

@ Springer

denying elderly patients surgical procedures only on the
basis of age. It was demonstrated that elderly patients who
survive the first year after surgery have the same cancer-
related survival as younger patients [56].

Frailty is defined by medical geriatrics as a syndrome of
decreased physiologic reserve that limits a patient’s ability
to respond to stress and predisposes patients to adverse
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gggl gn 5;’1?(‘)’1‘1"‘“5‘“6‘1 liver Robot-assisted liver resection (2012/1-6-2016)
<65 65-79 >80
N patients® 16 (33%) 24 (49%) 9 (18%)
Post-segments VII-VIII + II (%) 43% 50% 22%
Cirrhosis (1)° 4 3 1
Benign Dis. (%) 18% 29% 22%
Associated surgery (%) 50% 45% 44%
Mean oper. time 251" (65-310) 179" (65-245) 233’ (170-320)
Conversions rate (%) 2 (12.5%) 2 (8.3%) 1 (11%)
Mean diamet. lesion(mm) 3.2 (1.5-5.5) 2.2 (0.8-4.6) 4.2 (1.5-9)
Positive margins (%) 6% 4% 11%
Clavien—Dindo I-II 3 (19%) 2 (8%) 3 (33%)
Clavien-Dindo III-IV® 0 1 0
Mean hospital stay” 5.2 (3-7) 6.4 (3-11) 6.6 (5-9)
Mean lesions number 2 (1-6) 1.5 (1-3) 1.6 (1-3)
Synchronous lesions (%) 31% 33% 22%
# Excluding associated diseases
b Reoperation
CT;E:;O‘I'H yR(‘:’Eﬁ(‘)}i‘SSISted right Robot-assisted right colectomy (2013/1-6-2016)
<65 65-79 >80
N patients” 21 (35%) 34 (58%) 4 (7%)
ASA I-1I (%) 18 (85%) 23 (68%) 0%
ASA M-IV (%) 3 (15%) 11 (32%) 1 (25%)
No comorbidity (%) 12 (57%) 9 (26%) 0%
1-2 comorbidity (%) 7 (33%) 18 (53%) 1 (25%)
3 or >comorbid. (%) 2 (9.5%) 7 (21%) 3 (75%)
Associated procedures 3 10 1
Lymphnode harvest.* 20.7 (13-30) 16 (8-25) 16.5 (15-18)
Mean oral intake 3.6 35 3.8
Mean hospital stay/days 6.6 (4-16) 6.7 (4-10) 6.6 (6-8)
Clavien-Dindo I-II (%) 1 (4.7%) 2 (5.8%) 2 (50%)
Clavien-Dindo III-1V® (%) 1 (4.7%) 0 0
30-day readmission (%) 1 (4.7%) 0 0
Conversion rate (%) 0 4 (11.7%) 1 (25%)

Mean operative time

193’ (145-290)

194’ (75-285)

205’ (180-220)

# Only for adenoca

® Reoperation

outcomes, identifying adults that are at increased risk of
falls, hospitalizations, and other adverse outcomes, such as
physical, cognitive, social, and biochemical components
[51, 57, 58].

For this reason, the preoperative risk evaluation in the
elderly population may be better evaluated overcoming the
traditional risk assessments of the American Society of
Anesthesiologists (ASA) and identifying patients suscep-
tible to postoperative complications, institutionalization,

increased length of stay, and mortality after surgery, using
more appropriate geriatric scores [59-64].

A good model of approach for elderly care has to start as
soon as the general practitioner (GP) considers referring
the patient for surgery, thereby optimizing the health of the
patient, by reviewing medication, providing dietary rec-
ommendations and smoking break advice, managing frailty
if necessary. That requires multidisciplinary, preoperative,
comprehensive geriatric assessment. The patient has to be
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optimized in advance of surgery, about pain control and
fluid therapy, and the optimization of drug regimen is
otherwise useful. Elderly patients undergoing surgery are at
risk of a decline in physical and/or mental functioning,
which may not have been resolved at the time of discharge.
Using a perioperative multidisciplinary approach, the
length of stay may be reduced with fewer delayed dis-
charges, as well as readmission rate [65].

Emergency surgery, of course, leads to higher risks of
mortality and morbidity than elective surgery in elderly
patients. According to different studies, the postoperative
delirium in elderly patients ranges from 0 to 73%,
depending on the type of surgery, and it can last up to
7 days and about 25% of elderly patients developing
delirium postoperatively may continue to have symptoms
for up to 6 months after hospital discharge. Mortality is
about twice as high in emergency cases [66—69]. Geriatric
events occurred in 1.0-25.5% of surgical cases according
to cancer location, with the highest frequency noted for
cancers requiring major abdominal surgery [70].

As with every observational study, our findings remain
subject to potential bias, often the cohort age groups are not
homogeneous respect to ASA score, comorbidities, or
cancer stage. But the aim of this study was to evaluate the
feasibility and safety of robotic approach in elderly
population.

According to our data, we can assert that age is not a
contraindication for major surgery and for a minimally
invasive robotic-assisted approach. Anyhow, as major
abdominal surgery in the elderly and frail patients is related
to a higher risk of morbidity and mortality, they may
benefit from an integrated, team-based approach. This
should comprise geriatricians, anesthesiologists, oncolo-
gists, and surgeons working together to optimize drugs
management, physical conditioning, and social support
[71-74]. These models may reduce the overall morbidity
and acute geriatric events as well as other complications,
including total hospitalization length [75, 76].

Minimally invasive surgery (MIS) characterized by
small incisions has provided many benefits for different
kinds of surgeries and for oncologic diseases too, including
colorectal, urologic, gynecologic, and others
[46, 49, 77-80].

MIS advantages compared to open surgery include less
intraoperative blood loss, faster postoperative bowel
function, shorter length of hospital stay, less postoperative
pain, fewer wound infections, as well as lower incidence of
postoperative pneumonia and incidence of postoperative
cardiac complications. However, severe complications in
patients presenting high frailty remain similar [46, 81]. The
faster recovery observed is in several cases the result of
different strategies, in particular the enhanced recovery
(ERAS) programs [82].
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Robotic surgery has to be considered as the natural evo-
lution of conventional MIS laparoscopy/thoracoscopy,
consisting of a computer interface to facilitate intuitive
movements similar to conventional open surgery. At present,
there is no evidence that robotic surgery has to be considered
better than conventional minimally invasive surgery, with
only a few randomized clinical trials performed. Reports
comparing robotics to laparotomy give interesting outcomes
about reducing operative blood loss, complication rates,
shorter hospital stay [83—85]. In many cases, the overall
operative times and costs are increased [86].

Although the available data for comparing robotics to
laparoscopy are insufficient, some authors reported benefits
of robotics over standard laparoscopy in the treatment of
endometrial cancer, [84], nephrectomy [41], hepatic
resections [43], rectal resections [44], and in obese and
morbidly obese patients [87]. Robotic surgery gets an
increase MIS access to patients, reducing the overall con-
version rate and learning curve, compared to conventional
laparoscopy [88].

As robotic surgery in some cases may require steep
Trendelenburg position and more prolonged operative
time, there are concerns about respiratory and cardiovas-
cular systems, especially in the elderly. A case of cerebral
edema following robotic surgery was reported [89] and risk
of blindness in patients suffering from moderate or high-
pressure glaucoma [90]. Despite these reports, most data
support the safety of robotic surgery in the elderly [91].

Although elderly patients may particularly benefit from
MIS, the adoption of standard laparoscopy is not widely
diffused, as it requires highly skilled surgeons, especially
in high-risk patients, such as those with cancer, obesity,
and the elderly. Robotic surgery probably will decrease the
use of laparotomy in the future.

The oncologic safety of robotic surgery is demonstrated
to be the same of open surgery or laparoscopic surgery,
according to the results of Boggess’s study, with a five-year
follow-up of post-robotic surgery in endometrial cancer
context [92]. Nonetheless some data showed that elderly
patients who survive the first year after surgery have the
same cancer-related survival as younger patients [56].
After two years of follow-up, the data suggest that robotic
surgery in elderly patients is safe from an oncology point of
view in terms of comparable rates of progression-free
survival [46].

Other important considerations are costs evaluation
(direct and overall) and choice of resource allocation (high-
volume surgical department and multidisciplinary use
programs). Some authors have demonstrated that the
average cost for the surgical treatment of an endometrial
cancer (hysterectomy) was highest for laparotomy, fol-
lowed by robotic and standard laparoscopy, also in elder
people [83, 93, 94].
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Conclusions

The elderly and frail population, especially if affected by
oncologic diseases, continues to grow, presenting an
increased risk of major complications after surgical treat-
ment. Benefits of minimally invasive surgery (MIS) com-
pared to open surgery have demonstrated to improve the
short-term outcomes in selected patients, especially lower
perioperative complications and earlier recovery, resulting
in improving the quality of life. These benefits were
demonstrated in elderly population too. The high conver-
sion rate and long learning curve of laparoscopy may be
overcome by robotic surgery that represents the natural
evolution of minimal access surgery, with the addition of a
computer interface between the surgeon and the patient.

In our review, robot-assisted surgery is a safe and
effective technique for the aging patient population, espe-
cially for major abdominal cancer surgery. There was no
increased risk of death or morbidity compared to younger
patients in the three groups examined. An higher conver-
sion rate was observed in our experience for patients
65-79 years. Prolonged operative time and in any cases
steep positions (Trendelenburg) have not represented a
problem for the majority of patients. Nevertheless, con-
sidering the high direct costs, minimally invasive robot-
assisted surgery should be done on a case-by-case basis,
tailored to each patient with their specific histories and
comorbidities.

In clinical practice, the decision for surgical treatment in
elderly patients must also be made on a case-by-case basis.
A multidisciplinary approach is the best pathway of
managing; efforts reducing associated morbidity are
essential. In conclusion, one may never be too old to have a
minimally invasive robotic approach.
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