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Purpose: The aim of this study is to assess the effects of age on the short-term outcomes of a laparoscopic resection of 
colorectal cancer in elderly (≥75 years old), as compared with younger (<75 years old), patients. 
Methods: A retrospective analysis of patients who underwent laparoscopic surgery for colorectal cancer between January 
2007 and December 2009 was performed. There were two groups: age <75 years old (group A) and age ≥75 years old 
(group B). The perioperative outcomes between group A and group B were compared. 
Results: The study included 824 patients in group A and 92 patients in group B. The body mass index (BMI) and the Amer-
ican Society of Anesthesiologists (ASA) score were significantly different between group B and group A (BMI: 22.5 vs. 23.5, 
P = 0.002; ASA score: 1.88 vs. 1.48, P = 0.001). Mean operating times were similar between the groups (325.4 minutes vs. 
351.6 minutes, P = 0.07). We observed a higher overall complication rate in group B than in group A (12.0% vs. 6.2%, P = 
0.047), but the number of severe complications of Accordion Severity Classification ≥3 (those that required an invasive 
procedure) was not significantly different between the two groups (6.5% vs. 3.4%, P = 0.142). There was no significant dif-
ference in the length of hospital stay (13.0 days vs. 12.0 days, P = 0.053). 
Conclusion: Although the elderly patients had a significantly higher overall postoperative complication rate, no significant 
difference was seen in either the number of severe complications of Accordion Severity Classification ≥3 or in the length 
of hospital stay. A laparoscopic colorectal cancer resection in elderly patients, especially those aged 75 years or older, is 
safe and feasible.
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In general, open colorectal surgery in the elderly, in comparison 
with younger patients, is known to be associated with increased 
morbidity and mortality and with a longer length of hospital stay 
[2-4]. However, due to the development of minimally invasive 
techniques, most colorectal procedures can be performed using a 
laparoscopic approach. Many randomized controlled studies, in-
cluding the MRC CLASICC trial, the COST trial, and the COLOR 
trial, have reported that laparoscopic colorectal surgery had better 
features, including early recovery, shorter hospital stay, smaller in-
cision and less pain, than open colorectal surgery [5-11]. These 
advantages are particularly important in elderly patients as they 
can help improve short-term outcomes and reduce morbidity and 
mortality. However, not many studies have addressed the issue of 
laparoscopic colorectal surgery in elderly patients. Thus, the aim 
of this study was to evaluate the effects of age on the short-term 
outcomes of laparoscopic resection of colorectal cancer in elderly 
(≥75 years old), as compared to younger (<75 years old), patients.

INTRODUCTION

Recently, the Korean Statistical Information Service has reported 
that by the year 2026, approximately 20.8 percent of the popula-
tion in Korea will be more than 65 years old [1]. This increasing 
population is associated with a high incidence of surgically-re-
sectable colorectal cancer. Eventually, every colorectal surgeon 
will have to face the dilemma of how best to perform colorectal 
resections in elderly patients. 
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METHODS

All patients who underwent an elective laparoscopic colorectal can-
cer resection between January 2007 and December 2009 at our 
department were retrospectively reviewed. Data from our pro-
spectively-collected computer database were extracted, and fur-
ther clinical information was extracted from reviews of medical 
charts. Patients with recurrent colorectal cancer, those who re-
quired an emergency operation, or those who underwent surgery 
without resection were excluded. After exclusion, a total of 916 
patients were analyzed. Patients were divided into two groups by 
their age: those younger than 75 years of age (group A, 824 pa-
tients) and those 75 years of age or older (group B, 92 patients).

Analyzed parameters included demographics, American Society 
of Anesthesiology (ASA) score, body mass index (BMI), comor-
bid conditions, preoperative carcinoembryonic antigen level, op-
erative time, procedure performed, pathologic stage, length of 
hospital stay, postoperative complications, and mortality. 

Operative time was defined as the time from the initial incision 
until the end of the operation with the dressing in place. Opera-
tive mortality was defined as death within 30 days of surgery. Post-
operative morbidity was defined as complications that required 
additional treatment or that prolonged the hospital stay, and these 
complications were stratified by using the Accordion Severity Grad-
ing System as recommended by Strasberg et al. [12]. Only signifi-
cant severe surgical complications (grade ≥3) requiring endoscopic 
or interventional procedures or surgical reoperation under general 
anesthesia were considered.

The IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used 
for statistical analysis. Descriptive data are reported as mean (± 
standard deviation) or the number of patients and percentage. The 
Student’s t-test was used to compare normally-distributed variables. 
Comparisons between groups of discrete variables were made by 
using the chi-squared test or the Fisher’s exact test when appropri-
ate. Multivariate logistic regression models were generated to esti-
mate the risk of postoperative surgical complications based on pre-
operative patient characteristics, comorbid conditions, and surgi-
cal approach. Comparisons between the groups with regard to re-
currence and survival were done by using the log-rank test and 
were demonstrated by using Kaplan-Meier curves. The predictive 
values of different variables for overall survival (OS) rates were as-
sessed using the univariate and multivariate Cox proportional-haz-
ards regression models. All P-values < 0.05 were considered statis-
tically significant. 

RESULTS

Demographics and clinical characteristics
The demographics and the clinical characteristics of the patients 

in the two groups are summarized in Table 1. The median age was 
61 years old in group A (range, 14 to 74 years) and 78 years old in 
group B (range, 75 to 93 years) (P < 0.001). As expected, group B 

presented with a significantly lower average BMI (22.5 vs. 23.5, P = 
0.002), a higher average ASA score (1.88 vs. 1.48, P = 0.001) and 
more comorbid conditions. In particular, a higher proportion of 
Hypertension (65.2% vs. 35.7%), pulmonary disease (7.6% vs. 
2.7%), and ASA scores II and III (80.4% vs. 46.1%) were observed 
in group B. 

The operative details are shown in Table 2. The difference in the 
mean operative times between the both groups was not statistically 
significant (group A, 351.6 minutes vs. group B, 324.4 minutes; P = 
0.07). The numbers of lymph nodes harvested were 19.9 ± 14.0 in 
group A and 20.0 ± 13.6 in group B (P = 0.931). The proximal and 
the distal resection margins of the specimen were 10.8 cm and 7.0 
cm in group A and 12.8 cm and 7.9 cm in group B. The proximal 
resection margin was significantly longer in group B than in group 
A (P = 0.04), and the distal margins were similar in both groups 
(P = 0.274). The performed procedures (P = 0.202) and the patho-
logic tumor-node-metastasis stage distributions (P = 0.152) were 
similar in both groups of patients. 

Morbidity and mortality
Patients had similar postoperative courses in terms of time to am-
bulation, advancement of diet, and discharge. Details of the post-

Table 1. Demographics and clinical characteristics

Characteristic
Group A 

(<75 yr old,  
n = 824)

Group B
(≥75 yr old,  

n = 92)
P-value

Gender (M/F) 486/338 50/42 0.435

Age (yr)         61 (14–74)          78 (75–93)

Body mass index (kg/m2) 23.5 ± 3.1 22.5 ± 3.0 0.002

ASA score     1.48 ± 0.537     1.88 ± 0.510 0.001

   1 444 (53.9)    18 (19.6)

   2 364 (44.2)    67 (72.8)

   3 16 (1.9)    7 (7.6)

Comorbid conditions

   Diabetes mellitus 130 (15.8)    22 (23.9) 0.054

   Hypertension 294 (35.7)    60 (65.2) <0.001

   Cardiovascular disease 23 (2.8)    5 (5.4) 0.190

   Pulmonary disease 22 (2.7)    7 (7.6) 0.010

   Renal impairment   5 (0.6) 0 (0) 1.000

   Hepatic impairment 23 (2.8)    1 (1.1) 0.501

   Othersa 16 (1.9)    9 (9.8) 0.001

Preoperative CEA level     6.1 ± 28.2   15.2 ± 87.9 0.327

Values are presented as median (range), mean±standard deviation, or number (%).
ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; BPH, 
benign prostatic hyperplasia.
aGroup A: hyperlipidemia (4), BPH (8), hyperthyroidism (1), tuberculous spondylitis 
(1), and stroke (2); group B: stroke (2), iron deficiency anemia (1), hyperthyroidism 
(1), Parkinson’s disease (2), and BPH (3).
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operative outcomes are summarized in Table 3. The median lengths 
of hospital stay were 12 days (interquartile range [IQR], 5 to 79) 
for group A and 13 days (IQR, 7 to 53) for group B, but this differ-

ence was not statistically significant (P = 0.053). Regarding the 
overall postoperative complications, there were more complica-
tions in group B (12.0%) than in group A (6.2%), and there was a 

Table 2. Operative details

Variable
Group A 

(<75 yr old,  
n = 824)

Group B
(≥75 yr old,  

n = 92)
P-value

Operative time (min)   351.6 ± 132.3   325.4 ± 121.4 0.07

Procedure performed

   Right hemicolectomy 201 (24.4)    25 (27.2)

   Left hemicolectomy 57 (6.9)    8 (8.7)

   Anterior resection 255 (30.9)    21 (22.8)

   Low anterior resection 295 (35.8)    35 (38.0)

   Abdominoperineal resection   4 (0.5) 0 (0)

   Subtotal colectomy   4 (0.5)    1 (1.1)

   Hartmann   2 (0.2)    1 (1.1)

   Segmental resection   6 (0.7)    1 (1.1)

Lymph nodes removed   19.9 ± 14.0   20.0 ± 13.6 0.931

Resection margins (cm)

   Proximal 10.8 ± 8.7 12.8 ± 9.0 0.040

   Distal   7.0 ± 7.5   7.9 ± 8.7 0.274

Tumor stage 0.152

   I 271 (32.9)    21 (22.8)

   II 262 (31.8)    36 (39.1)

   III 269 (32.6)    34 (37.0)

   IV 22 (2.7)    1 (1.1)

Values are presented as mean±standard deviation or number (%).

Table 3. Postoperative outcomes

Variable
Group A 

(<75 yr old,  
n = 824)

Group B
(≥75 yr old,  

n = 92)
P-value

Complications  51 (6.2)    11 (12.0) 0.047

   Anastomotic leakage  20 (2.4)    2 (2.2)

   Intra-abdominal abscess    2 (0.2) 0 (0)

   Rectovaginal fistula    1 (0.1) 0 (0)

   Colonic ischemia 0 (0)    2 (2.2)

   Bleeding    2 (0.2) 0 (0)

   Ileus    8 (1.0)    3 (3.3)

   Wound infection    2 (0,2) 0 (0)

   Trocar site hernia    1 (0.1) 0 (0)

   Pneumonia    6 (0.7)    1 (1.1)

   Urinary dysfunction    5 (0.6)    1 (1.1) 

   Wound dehiscence 0 (0)    1 (1.1)

   Othersa    4 (0.4)    1 (1.1)

Accordion classification ≥ 3b  28 (3.4)    6 (6.5) 0.142

30-Day mortality 0 (0) 0 (0)

Hospital stay (day)  12.0 (5–79)  13.0 (7–53) 0.053

Values are presented as number (%) or median (interquartile range).
aOne small bowel injury, one uncontrolled blood pressure, two chyle drainage, one 
gastric ulcer bleeding. bAccordion classification ≥3 mean severe complication, re-
quires an invasive procedure. 

Table 4. Multivariate logistic regression analysis for overall complications and severe complications

Variable
Overall complications Severe complications

OR (95% CI) P-value OR (95% CI) P-value

Age ≥ 75 yr 2.71 (1.32–5.54) 0.006 2.65 (0.97–7.27) 0.058

Female 0.84 (0.48–1.45) 0.520 0.75 (0.36–1.59) 0.453

Body mass index ≥ 25 kg/m2 1.36 (0.78–2.37) 0.272 2.05 (0.98–4.25) 0.055

Preoperative CRT 2.81(0.81–9.72) 0.102 1.97 (0.48–8.00) 0.341

Operation time ≥ 360 min 2.47 (1.44–4.24) 0.001 3.51 (1.67–7.38) 0.001

ASA score ≥ 3 0.85 (0.10–7.12) 0.883 0.99 (0.43–2.29) 0.992

Pathologic stage ≥ III 1.35 (0.69–2.61) 0.370 1.67 (0.71–3.92) 0.726

Comorbid conditions

   Diabetes mellitus 1.53 (0.80–2.90) 0.195 2.97 (1.32–6.68) 0.025

   Hypertension 0.76 (0.42–1.38) 0.366 0.75 (0.33–1.68) 0.481

   Pulmonary disease 1.76 (0.48–6.38) 0.393 1.48 (0.18–12.19) 0.716

   Hepatic impairment 2.11 (0.58–7.34) 0.254 2.39 (0.48–11.85) 0.289

OR, odds ratio; CI, confidence interval; CRT, chemoradiotherapy; ASA, American Society of Anesthesiologists. 
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statistically significant difference in the percentage of complica-
tions (P = 0.047). However, when the severity of the surgical com-
plications was considered, for severe complications with an Accor-
dion Severity Classification grade of more than 3, i.e., those requir-
ing an endoscopic or interventional procedure without general 
anesthesia (grade 3), those requiring surgical reoperation under 
general anesthesia (grade 4), and those involving organ system 
failure (grade 5), there was no statistically significant difference 
between the two groups (6.5% vs. 3.4%, P = 0.142). 

Results from the multivariate logistic regression revealed that age 
more than 75 years (odds ratio [OR], 2.71; P = 0.006) and an op-
eration time longer than 360 minutes (OR, 2.47; P = 0.001) were 
associated with a significant increased risk of overall complications 

and that an operation time longer than 360 minutes (OR, 3.51; P = 
0.001) and diabetes mellitus (OR, 2.97; P = 0.025) were associated 
with a significant increased risk of severe complications with an 
Accordion Severity Classification grade of more than 3. Age was 
not found to be associated with an increased risk of severe com-
plications (Table 4).

Oncological outcomes
The median follow-up time from surgery was 33 months (range, 
1 to 65 months). At three years, overall local recurrence was 4.7% 
(group A, 4.3% vs. group B, 8.0%; P = 0.084), distant metastasis 
was noted in 12.5% (group A, 12.6% vs. group B, 16.0%; P = 0.264) 
of the patients, disease-free survival (DFS) was 85.5% (group A, 
85.8% vs. group B, 79.4%; P = 0.11), and OS was 90.3% (group A, 
91.2% vs. group B, 82.4%; P < 0.001). The local recurrence, distant 
metastasis and DFS rates, but not the OS rate, were not significantly 
different between the groups (Table 5).

Variables identified as significant predictors of overall mortality 
are listed in Table 6. In the final multivariate Cox proportional haz-
ard analysis, age (P = 0.002; hazard ratio [HR], 2.29), ASA score 
more than 3 (P = 0.004; HR, 3.89), pathologic stage more than III, 
i.e., Hypertension (P = 0.019; HR, 1.67), and hepatic impairment  
(P = 0.002; HR, 3.74) remained significant unfavorable prognostic 
factors of overall mortality in our study group. 

Table 5. Kaplan-Meier estimates for oncologic outcomes

Three-year oncologic 
   outcomes

Group A 
(<75 yr old, 

n = 824)

Group B
(≥75 yr old, 

n = 92)
P-value

Local recurrence, %   4.3   8.0 0.125

Systemic recurrence, % 12.1 16.0 0.264

Disease-free survival, % (SE) 85.8 (1.2) 79.4 (5.1) 0.110

Overall survival, % (SE)  91.2 (1.1) 82.4 (3.9) <0.001

SE, standard error.

Table 6. Univariate and multivariate Cox proportional hazard analysis for overall mortality in colorectal cancer patients

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Age ≥ 75 yr 2.45 (1.46–4.11) 0.001 2.29 (1.35–3.88) 0.002

Female 0.85 (0.55–1.31) 0.456

Body mass index ≥ 25 kg/m2 1.02 (0.65–1.57) 0.935

ASA score

   II 1.61 (1.01–2.58) 0.047 1.58 (0.97–2.56) 0.061

   III   4.57 (1.89–11.01) 0.001 3.89 (1.55–9.79) 0.004

Operation time ≥ 360 min 1.15 (0.73–1.82) 0.542

Pathologic stage

   II 3.25 (1.29–8.13) 0.012 3.04 (1.21–7.63) 0.18

   III   7.29 (3.11–17.11) <0.001   6.78 (2.88–15.95) <0.001

   IV   37.04 (14.78–92.77) <0.001 42.93 (17.04–108.13) <0.001

Comorbid conditions

   Diabetes mellitus 1.39 (0.83–2.31) 0.202

   Hypertension 1.57 (1.03–2.39) 0.034 1.67 (1.08–2.57) 0.019

   Cardiovascular disease 1.180.37–3.75 0.772

   Pulmonary disease 2.401.05–5.51 0.038

   Renal impairment   1.650.23–11.86 0.618

   Hepatic impairment 3.051.33–6.99 0.002 3.74 (1.59–8.75) 0.002

Accordion grade ≥ 3 0.970.31–3.08 0.965

HR, hazard ratio; CI, confidence interval; ASA, American Society of Anesthesiologists.
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DISCUSSION

Until now, elderly patients have been shown to have worse clinical 
outcomes compared to younger patients. In particular, elderly pa-
tients with comorbid conditions often have difficulty with anes-
thesia and recovery. For this reason, patients and their physicians 
are reluctant to treat colorectal cancer surgically and tend to choose 
conservative or palliative management. However, minimally inva-
sive surgery has become more prevalent in the field of colorectal 
surgery because of the advent of laparoscopic surgery and other 
advances in surgical techniques. Patients treated with these tech-
niques have faster recovery because of smaller incisions, decreased 
pain, and less blood loss [13-15]. Especially, at Seoul St. Mary’s 
Hospital, Korea, a 102-year-old elderly patient recently underwent 
laparoscopic colorectal cancer surgery successfully.  

Several investigators [14,16-25] have reported in the literature that 
laparoscopic surgery in elderly patients is less morbid than previ-
ous techniques and should be considered more readily for the treat-
ment of colorectal cancer. Yamamoto et al. [26] compared their 
results in 17 octogenarian patients who underwent laparoscopic 
colonic surgery for a carcinoma with the results in 34 matched 
patients, aged 60 or less. Although the ASA status was significantly 
higher in the octogenarian group (P = 0.001), the authors did not 
observe any significant difference in terms of the incidence of com-
plications or the length of hospitalization. 

Schwandner et al. [27] divided all patients into age-related groups: 
patients 50 years of age or younger (n = 65), patients ranging from 
51 to 70 years of age (n = 138), and patients older than 70 years (n = 
95). There were no statistically significant differences among the 
three groups relative to major complications, minor complications, 
or total laparotomy rate. However, the duration of operation and 
the postoperative hospitalization were significantly prolonged in 
patients older than 70 years. 

Nevertheless, controversy as continued because other authors 
have reported a somewhat higher rate of complications in elderly 
patients [28-31]. Part of this uncertainty is due to the use of differ-
ent cutoff definitions for the elderly. Furthermore, with increasing 
age, whether differences in terms of feasibility, operative time, and 
postoperative stay really exist between young and elderly patients 
undergoing a laparoscopic resection for colorectal cancer seems 
less clear. In the present study, by considering the normal life ex-
pectancy, we defined 75 years of age as the threshold between 
young and elderly patients [1]. 

Although many methods can be used to classify postoperative 
complications, we classified complications according to the Accor-
dion Severity Classification of postoperative complications [12], 
paying particular attention to those classified as grade 3 or higher 
requiring invasive treatment. As a result, overall complications 
were more frequent in elderly patients (12.0% vs. 6.2%, P = 0.047). 
However, when we compared severe complications, there was no 
significant differences between the two groups (6.5% vs. 3.4%, P = 
0.142). These differences are thought to be intrinsic to the nature 

of the patient, including high comorbidity and ASA score, rather 
than to be a feature of the laparoscopic procedure itself. 

The total operation time in elderly patients tended to be shorter 
(325.4 minutes vs. 351.6 minutes; P = 0.07). We can postulate that 
laparoscopic surgery in elderly patients is performed more easily 
because of their lower average BMI. In addition, in this study, al-
though more overall complications occurred in elderly patients, 
there were no significant differences either in the numbers of se-
vere complications that required intervention or reoperation or in 
the lengths of hospital stay between the two groups. 

The present study was subject to several limitations. Firsh, this is 
not a randomized controlled study; a prospective randomized 
controlled study is needed to demonstrate that laparoscopic sur-
gery in elderly patients is truly a feasible procedure for colorectal 
cancer. Also, as this study was a single center study, generalizing 
the results to other patients is potentially limited. In conclusion, 
laparoscopic surgery for colorectal cancer can be performed as 
safely in elderly patients as in younger patients and should be 
considered as the first option in elderly patients undergoing a 
colorectal resection. 
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