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Abstract
Purpose Increased physiological stress from laparoscopic
surgery and the lower physiological reserves in the elderly
are causes for concern. This study aims to compare the out-
comes between laparoscopic and open colorectal surgery in
octogenarians.
Methods Octogenarians who underwent elective colorectal
resections from 2000 to 2011 were reviewed. Patients who
underwent laparoscopic surgery were matched for comorbid-
ities, T-staging and type of resection performed to patients
with open surgery.
Results Each group had 36 patients. Both groups were compa-
rable for median age (85 vs 83, p=0.43), gender (21 vs 18
males, p=0.64) and the American Society of Anaesthesiologists
(ASA) score (p=0.486).

Both groups had comparable median maximal tumour di-
mensions (4.75 vs 4.25 cm, p=0.38) and median number of
lymph nodes harvested (15 vs 14, p=0.94). The laparoscopic
group had, however, a longer median operative time (167.5 vs
124.5 min, p<0.001).

Both groups had comparable median length of
hospitalisation (8 vs 7, p=0.83), number of complications
with a grade of complication (GOC) of ≥3 (5 vs 7, p=0.75)
and 30-day mortality rates (8.3 vs 5.6 %, p=1.00). One-year
survival rate for the open group was lower (75.0 vs 94.4 %,
p=0.09).

Conclusions Despite a longer operating time, laparoscopic
surgery had comparable short-term outcomes and might have
a long-term survival benefit.
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Introduction

The elderly population in Singapore and the world is increas-
ing, and with it, the incidence of colorectal cancer in this age
group [1, 2].

Since the emergence of minimally invasive surgery,
laparoscopic procedures have gained popularity in colo-
rectal surgery. Benefits include less post-operative pain
and shorter hospital stay, with comparable complication
rates and oncological outcomes when compared to open
surgery.

There has been concern over the safety of laparoscopic
surgery for older patients, given their lower physiological re-
serves compared to younger patients and the increased stresses
laparoscopic surgery places on the elderly [3, 4]. It is postu-
lated that older patients have a higher risk of complications
due to their frailty and higher number of comorbid conditions,
which could result in poorer overall and disease-free survival
[1]. There are few studies that analyse the mortality and mor-
bidity of laparoscopic surgery specifically in the older
population.

In view of the above, our study aims to compare the short-
term outcomes of octogenarian patients who underwent lapa-
roscopic to those who had open colorectal resections for co-
lorectal cancers.
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Methodology

A retrospective review of all consecutive octogenarian pa-
tients, who underwent laparoscopic colorectal resections from
2000 to 2011, was performed. Octogenarian patients were
assigned to undergo open surgery by default; however, suit-
ability for laparoscopic surgery was decided upon by the at-
tending consultant surgeons, all of whom attained colorectal
fellowship training and had performed more than 50 elective
laparoscopic colonic resections during their training and prior
to attaining consultant grade.

Patients were included if they were above 80 years of age
and had primary colorectal cancer, elective surgical resection
of their cancer with curative intent and histological evidence
of malignancy, as confirmed by biopsy via colonoscopy
pre-operatively.

Patients were excluded if their tumour was benign or had
distant metastases as evident from pre-operative staging com-
puted tomography (CT) of the abdomen and pelvis. All can-
cers were staged according to the American Joint Commission
for Cancer (AJCC). Curative resection was defined as the
complete excision of the primary tumour and its locoregional
lymph nodes withmicroscopically negativemargins for stages
I to III disease. Conversion was defined as the termination of
the laparoscopic procedure at any point of surgery, at the sur-
geon’s discretion.

Data collected included patient’s demographics and
premorbid status, including the American Society of
Anaesthesiologists score and the Charlson’s comorbidity in-
dex [5]. Pre-operative investigations, intra-operative details
and post-operative details were collected. Post-operative mor-
bidity was classified using the Clavien classification [6]. All
patients who had open resections for colorectal malignancies
within the time period were also reviewed. Open cases select-
ed for the study were chosen after matching them for
Charlson’s comorbidity index, T-stage of the tumour and the
type of operation performed with the patients who underwent
laparoscopic surgery.

Statistical tests were performed using SPSS 17 (Chicago,
IL). Categorical variables were analysed using Fisher’s exact
two-sided test whilst continuous variables were analysed
using Mann-Whitney U test. p value <0.05 was considered
to be significant. Patients were analysed on an intention-to-
treat basis. Institutional Review Board approval for the study
was obtained.

Results

Thirty-six patients satisfied the recruitment criteria for the lap-
aroscopic group (laparoscopic colorectal resection octogenar-
ian patients, LCROP) during the study period. The patients
had a median age of 83 (80–94), including 18 males (50.0 %),

and 94.4 % (n=34) of them had an American Society of
Anaesthesiologists (ASA) score of II–III. Twenty-six
(72.2 %) patients had a Charlson’s comorbidity index of ≤3
(Table 1).

The most common procedures these patients underwent
were anterior resections (n = 12, 33 %) and right
hemicolectomies (n=18, 50 %). Median operative time for
the laparoscopic group of patients was 167.5 min (96–
397 min). There were three (8.3 %) conversions to open pro-
cedures. Seven (19.4 %) patients had a stoma created
(Table 2).

Thirty-two (88.9 %) of the tumours had a T-stage ≥3, with a
median maximal tumour dimension of 4.25 cm (1.0–16.0 cm).
Median number of lymph nodes harvested was 14 (11–31).
One patient who had undergone an ultralow anterior resection
(ULAR) had distal resectionmargins involved by tumour after
microscopic examination by the histopathologist. The patient
subsequently underwent a course of adjuvant chemoradiotherapy
(Table 3).

Median length of hospitalisation was 7 days (3–23). Seven
patients (19.4 %) had complications with a grade of compli-
cation (GOC) of ≥3. We encountered one anastomotic leak
and one post-operative bleeding, both of which required a
re-operation (Table 4).

Thirty-day mortality rate was 5.6 % (n=2). One of the
mortalities was attributed to a cardiovascular collapse post-
operatively. This patient had a strong history of ischemic heart

Table 1 Patient demographics

Open,
n=36 (%)

Laparoscopic,
n=36 (%)

p value

Gender

Male 21 (58.3) 18 (50.0) 0.64
Female 15 (41.7) 18 (50.0)

Race

Chinese 33 (91.7) 29 (80.6) 0.15
Malay 1 (2.8) 0 (0)

Others 2 (5.6) 7 (19.4)

Age

Median age in years
(range)

85 (80–94) 83 (80–94) 0.43

ASA score

I 4 (11.1) 2 (5.6) 0.49
II 15 (41.7) 18 (50.0)

III 14 (38.9) 16 (44.4)

IV 2 (5.6) 0 (0)

Missing data 1 (2.8) 0 (0)

Charlson’s comorbidity index

≤3 25 (69.4) 26 (72.2) 1.00
>3 10 (27.8) 10 (27.8)

Missing data 1 (2.8) 0 (0)
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disease. The second mortality occurred on the second post-
operative day and after a coroner’s examination; cause of
death was likely due to severe aspiration pneumonia. There
were no further mortalities at 1-year follow-up for the laparo-
scopic group of patients (Table 4).

Fifty-seven octogenarian patients had an open procedure
during the study period, with data available for matching.
After matching for T-stage and type of resection performed,

Table 2 Operative details

Open,
n=36 (%)

Laparoscopic,
n=36 (%)

p value

Type of surgery

AR 13 (36.1) 12 (33.3) 1.00
Left hemicolectomy 3 (8.3) 3 (8.3)

Right hemicolectomy 17 (47.2) 18 (50.0)

APR 1 (2.8) 1 (2.8)

Sigmoid colectomy 1 (2.8) 1 (2.8)

Hartmann’s 0 (0) 1 (2.8)

Subtotal colectomy 1 (2.8) 0 (0)

Length of operation (min)

Median (range) 124.5 (55–293) 167.5 (96–397) <0.001

Conversion NA 3 (8.3) NA

Reason for conversion

Dense adhesions 1 (2.8)

Pre-sacral bleeding 1 (2.8)

Narrow pelvis 1 (2.8)

Table 3 Histopathological details

Open,
n=36 (%)

Laparoscopic,
n=36 (%)

p value

Margin involvement 0 (0) 1 (2.8) 1.00

Radial margin involved 0 (0) 0 (0) 1.00

Distal margin involved 0 (0) 1 (2.8) 1.00

ULAR 0 (0) 1 (2.8)

T-staging

1 1 (2.8) 1 (2.8) 1.00
2 3 (8.3) 3 (8.3)

3 24 (66.7) 24 (66.7)

4 8 (22.2) 8 (22.2)

Cancer staging

I 4 (11.1) 4 (11.1) 0.30
II 16 (44.4) 22 (61.1)

III 16 (44.4) 10 (27.8)

Median maximal tumour

Dimension, cm (range) 4.75 (2.0–16.0) 4.25 (1.0–16.0) 0.38

Median number of lymph

Node harvested (range) 15 (6–46) 14 (11–31) 0.94

Table 4 Post-operative outcomes

Open,
n=36 (%)

Laparoscopic,
n=36 (%)

p value

Median length of stay,
days (range)

8 (4–81) 7 (3–23) 0.83

Stoma formation 7 (19.4) 7 (19.4) 1.00

Grade of complication

0 16 (44.4) 12 (33.3) 0.80
I 4 (11.1) 6 (16.7)

II 10 (27.8) 11 (30.6)

III 1 (2.8) 2 (5.6)

IV 1 (2.8) 3 (8.3)

V 3 (8.5) 2 (5.6)

≥III 5 (13.9) 7 (19.4) 0.75

Reason for mortality

Cardiopulmonary
collapse

1 (2.8) 1 (2.8) 1.00

Coroner’s case 1 (2.8) 1 (2.8) 1.00

Brainstem stroke with
NSTEMI

1 (2.8) 0 (0) 0.49

Missing data 1 (2.8) 0 (0)

Types of complications

Anastomotic leak 1 (2.8) 1 (2.8) 1.00

Wound dehiscence 1 (2.8) 0 (0) 0.49

Relook laparotomy 2 (5.6) 2 (5.6) 1.00

Post-op bleeding 3 (8.3) 2 (5.6) 0.67

Wound infection 1 (2.8) 0 (0) 0.49

IHD/AMI 4 (11.1) 5 (13.9) 1.00

CVA 1 (2.8) 0 (0) 0.49

Pneumonia 4 (11.1) 0 (0) 0.05

Missing data 1 (2.8) 0 (0)

ICU stay required 5 (13.9) 6 (16.7) 1.00

Mortality within 1 year 8 (25.0) 2 (5.6) 0.09

Pneumonia 2 (5.6) 0 (0) 0.49

Cardiopulmonary collapse 3 (8.3) 1 (2.8) 0.61

Coroner’s case 1 (2.8) 1 (2.8) 1.00

Brainstem stroke with
NSTEMI

1 (2.8) 0 (0) 1.00

Acute myocardial
infarction

1 (2.8) 0 (0) 1.00

Re-operation 5 (13.9) 3 (8.3) 0.71

Within 30 days 2 (5.6) 2 (5.6) 1.00

After 30 days 3 (8.3) 1 (2.8) 0.61

1 re-operation 4 (11.1) 3 (8.3) 1.00

2 re-operations 1 (2.8) 0 (0) 1.00

Indications for re-operation

Anastomotic leak 1 (2.8) 1 (2.8) 1.00

Peritonitis 1 (2.8) 0 (0) 1.00

Post-op bleeding 1 (2.8) 1 (2.8) 1.00

Metastasis/local recurrence 3 (8.3) 1 (2.8) 0.61

Within 30 days

Anastomotic leak 1 (2.8) 1 (2.8) 1.00

Post-op bleeding 1 (2.8) 1 (2.8) 1.00
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the open patient group (open colorectal resection octogenarian
patients, OCROP) were comparable to LCROP in terms of
median age (85 vs 83, p=0.43), gender distribution (21 vs
18 males, p=0.64), ASA score (p=0.49) and Charlson’s co-
morbidity index (p=1.00) (Table 1).

Both groups of patients had comparable median maximal
tumour dimensions (4.75 vs 4.25 cm, p=0.38) and median
lymph nodes harvested (15 vs 14, p=0.94). None of the pa-
tients who underwent an open procedure had margin involve-
ment (Table 3). The OCROP had a shorter median operative
duration compared to LCROP (124.5 vs 167.5 min, p<0.001)
(Table 2).

Both groups, however, had comparable median length of
stay (8 vs 7, p=0.83), stoma formation rate (19.4 vs 19.4 %,
p=1.00) and number of complications with GOC ≥3 (5 vs 7,
p=0.75) (Table 4). OCROP had one (2.8 %) case of anasto-
motic leak, requiring a re-operation, and three patients (8.3 %)
developed post-operative bleeding, of whom one required re-
operation (Table 4). Both groups had comparable 30-day mor-
tality rates (8.3 vs 5.6 %, p=1.00).

Interestingly, 1-year survival rate for OCROP was lower
than for LCROP (75.0 vs 94.4 %, p=0.090), and these addi-
tional mortalities after 30 post-operative days (n=5, 13.9 %)
were not related to the surgery or cancer. There were no further
mortalities encountered in LCROP in the first year after the
initial 30 post-operative days.

Discussion

With an increasing life expectancy of the world’s population,
there is also an increased incidence of colorectal cancer world-
wide, especially so in the older age group. The management of
these older patients poses a challenge, as their lower physio-
logical reserves and poorer premorbid status translates to an
increased incidence of morbidity and mortality following sur-
gery [7, 8]. However, several studies have shown that the
long-term outcomes following colorectal resections are still
favourable in octogenarians [7]. Survival of this group of pa-
tients has also been shown to be similar to the age-matched
Bnormal^ population [9]. Studies have shown that surgical
intervention for malignancy is beneficial, in terms of symptom

control and quality of life, in the older population group com-
pared to conservative, non-surgical management [10].

Recent studies have not shown a significant difference in
oncological outcomes between laparoscopic and open surgical
colorectal cancer resections [11–15]. Large multicenter
randomised trials have also supported the use of laparoscopic
surgery. The Barcelona trial [15] showed that laparoscopic
surgery had a better 5-year survival rate in stage III patients
and comparable survival rates for the other stages, whilst the
CLASICC [15] and COST [16] trials showed comparable 3-
year survival and recurrence rates. A Singapore case series
showed favourable oncological outcomes in an octogenarian
population following resection of their tumour, with an overall
survival for stage I, II, III and IV diseases of 62.3, 60.4, 51.6
and 19.3 months, respectively [1]. Furthermore, other studies
suggest that the disease-specific survival rate between the el-
derly and younger patients is similar, and curative intent
should be considered regardless of age [17, 18].

Despite the numerous advantages in surgical and oncolog-
ical outcomes, the disadvantages of the laparoscopic approach
include a longer operating time and being technically more
challenging to master, both of which could affect its efficacy
in patients who are older [13]. The necessity to establish and
maintain pneumoperitoneum adds to the physiological stress
experienced by the patient during laparoscopic surgery, espe-
cially in individuals with a suboptimal pulmonary function [4,
10, 19], and there have been cases of cardiopulmonary com-
plications because of this [19]. With the increasing number of
elderly patients undergoing resection of colorectal cancer, it
was therefore necessary to examine the surgical outcomes
specifically for the older population [9].

Laparoscopic surgery has been shown to have comparable
if not superior short-term surgical outcomes when compared
to open surgery. The benefits include less blood loss, less post-
operative pain, faster recovery of function, less post-operative
complications and shorter duration of hospitalisation [8, 9, 12,
16, 18, 20–24]. In our series, we demonstrated no significant
differences in short- and long-term surgical outcomes between
the laparoscopic and open surgery groups other than the op-
erative duration. Duration of hospitalisation was shorter for
LCROP compared to OCROP, although not statistically
significant.

The conversion rate in our series compares favourably to
those published in the literature (8.3 % vs 0–33 %) [2, 8–10,
16, 21–23]. All patients who had conversions from laparo-
scopic to open surgery in our series recovered from the hos-
pital stay and were discharged well. This suggests that the
employment of laparoscopic surgery still has a role in cases
which are technically more challenging.

Whilst evidence for long-term survival for octogenarian
patients has not been abundant in the literature, it is not unex-
pected that the limited evidence shows that the long-term sur-
vival for octogenarians who have undergone cancer resection

Table 4 (continued)

Open,
n=36 (%)

Laparoscopic,
n=36 (%)

p value

After 30 days

Peritonitis 1 (2.8) 0 (0) 1.00

Metastasis/local
recurrence

3 (8.3) 1 (2.8) 0.61
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surgery is poor [25, 26]. Therefore, any small improvement
that laparoscopic surgery is associated with in terms of long-
term survival should be regarded as noteworthy. Our series
shows that patients who have undergone laparoscopic surgery
are associated with a better 1-year survival rate compared to
those who have undergone open surgery. This is an interesting
point as many believe that laparoscopic surgery places more
physiological stress onto the patient during surgery. These
stressors may however be short lived, thus leading to better
survival in the long term. The deaths in the open group were
due to causes unrelated to surgery, which poses the question
whether open surgery has a longer lasting effect on the phys-
iological reserve in these patients, leading to their demise.

We acknowledge that there are limitations to our study.
This is a retrospective review, and the allocation of cases
was not randomly assigned, which may result in a selection
bias. An attempt to reduce this bias was made by matching
cases from both groups over the same time period and for
characteristics which were considered potential confounders,
such as comorbidities, tumour stage and the type of resection
performed. We acknowledge that due to the retrospective na-
ture of the study, we were unable to match for a more exten-
sive list of factors, such as number of cycles and chemother-
apy agents used during adjuvant chemotherapy.

In addition, even though the study population is small, we
have found that the percentage and number of octogenarians
requiring surgery for colorectal malignancies have been
steadily increasing annually during the study period, which
emphasises the need to better understand the outcomes of
surgery in this patient group.

Conclusion

In conclusion, the short-term surgical and oncological out-
comes between laparoscopic and open surgery for octogenar-
ian patients with colorectal cancer are comparable. In addition,
although it takes longer to perform, there is a suggestion that
laparoscopic surgery may be associated with a better 1-year
survival rate in this group of patients. Thus, laparoscopic sur-
gery is safe and should be considered in octogenarians.
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