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Abstract
Background The effect of laparoscopic surgery on short-term outcomes in colorectal cancer patients over 90 years 
old has remained unclear.

Methods We reviewed 87 colorectal cancer patients aged over 90 years who underwent surgery between 2016 and 
2022. Patients were divided into an open surgery group (n = 22) and a laparoscopic surgery group (n = 65). The aim of 
this study was to investigate the effect of laparoscopic surgery on postoperative outcome in elderly colorectal cancer 
patients, as compared to open surgery.

Results Seventy-eight patients (89.7%) had comorbidities. Frequency of advanced T stage was lower with 
laparoscopic surgery (p = 0.021). Operation time was longer (open surgery 146 min vs. laparoscopic surgery 203 min; 
p = 0.002) and blood loss was less (105 mL vs. 20 mL, respectively; p < 0.001) with laparoscopic surgery. Length of 
hospitalization was longer with open surgery (22 days vs. 18 days, respectively; p = 0.007). Frequency of infectious 
complications was lower with laparoscopic surgery (18.5%) than with open surgery (45.5%; p = 0.021). Multivariate 
analysis revealed open surgery (p = 0.026; odds ratio, 3.535; 95% confidence interval, 1.159–10.781) as an independent 
predictor of postoperative infectious complications.

Conclusions Laparoscopic colorectal resection for patients over 90 years old is a useful procedure that reduces 
postoperative infectious complications.
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Background
Opportunities to treat very elderly patients with colorec-
tal cancer are increasing, as colorectal cancer is the most 
frequent cancer in the elderly [1, 2]. In recent years, the 
Japanese and global populations have been aging, with 
5.2% of the population ≥85 years old and 2.1% ≥90 years 
old in Japan and 0.86% and 0.29%, respectively, world-
wide [3].

On the other hand, many elderly patients have prob-
lems with age-related organ dysfunction like cardio-
vascular or respiratory diseases [4, 5]. Given fears of 
mortality from operative invasion, elderly patients tend 
to be treated more conservatively than non-elderly 
patients.

Laparoscopic colorectal resection (LCR) has become 
popular in recent years as a minimally invasive approach. 
Various randomized controlled trials (RCTs) have shown 
that LCR provides better short-term surgical outcomes 
than open surgery, but all such RCTs have excluded 
patients ≥90 years old [6–11]. One retrospective study 
that examined reported surgical outcomes for colorectal 
cancer patients ≥90 years old included fewer cases using 
LCR compared to an open approach.

The aim of this multicenter study was to investigate 
the effect of LCR on postoperative outcome in elderly 
colorectal cancer patients, as compared to open surgery.

Methods
We reviewed data collected from consecutive patients 
≥90 years old who underwent surgery for colorectal 
cancer in Nagasaki University Hospital and five other 
participating hospitals (Sasebo City General Hospital, 
Nagasaki Medical Center, Isahaya General Hospital, Ure-
shino Medical Center, and Saiseikai Nagasaki Hospital) 
between April 2016 and February 2022.

Informed consent was obtained from these patients 
for the use of their data in this study. This study was per-
formed in line with the principles of the Declaration of 
Helsinki. Approval was granted by the clinical research 
review boards of all participating hospitals.

Patients were divided into two groups: the group that 
had undergone open colorectal resection (OP group) and 
the group that had undergone laparoscopic colorectal 
resection (LCR group). Indications for the surgical pro-
cedure were selected by the attending physician based 
on their personal judgment, taking into account the con-
dition of the patient and the progression of the tumor. 
Patient data were collected to compare clinical character-
istics: sex; age; body mass index (BMI); American Soci-
ety of Anesthesiologists (ASA) performance status (PS); 
comorbidities; and clinical T/N/M stage. Tumor loca-
tion was classified as either in the rectum or in the colon. 
Surgical and pathological data collected included: the 
type of procedure; operation time; volume of blood loss; 

use of open conversion; postoperative complications; 
and duration of hospitalization. We recorded the single 
complication that most affected the clinical course and 
its severity according to the Clavien–Dindo (CD) grade. 
Patients with CD grade 2 or higher complications were 
assigned to the complication group. Postoperative com-
plications were defined as those occurring within 30 days 
postoperatively.

Data are presented as median values with ranges. 
Differences in categorical variables were compared 
using Fisher’s exact test or the chi-squared test. Differ-
ences in continuous variables were analyzed using the 
Mann–Whitney U-test. In multivariate analysis, logistic 
regression analysis was used to identify risk factors for 
postoperative complications. Cut-off values for opera-
tive time and blood loss were established by receiver 
operating characteristic analysis. Variables with a value 
of P < 0.05 in univariate analyses were included in the 
multivariate analysis. All values of P < 0.05 were consid-
ered significant. Statistical analysis was performed using 
Bell Curve for Excel software (version 2.02; Social Survey 
Research Information Co., Tokyo, Japan).

Results
Patients who underwent emergency surgery or who had 
synchronous colon cancer or incomplete laboratory data 
or only bypass or stoma were excluded. A final total of 
87 patients were included for analysis, with 22 patients in 
the OP group and 65 patients in the LCR group.

Table 1 shows the clinical and surgical features of the 87 
patients (53 men, 34 women; median age, 92 years; range, 
90–98 years). Median BMI was 19.9 kg/m2 (range, 12.9–
30.0  kg/m2). Comorbidities were present in 78 patients 
(89.7%) and no patients had received preoperative treat-
ment. Most patients had ascending colon cancer or rectal 
cancer (n = 21 each, 24.1%). Median operation time was 
187 min (range, 60–560 min) and median blood loss was 
35 mL (range, 0–843 mL). In 1 case (1.1%), the laparo-
scopic approach was converted to open surgery. Postop-
erative complications (CD ≥2) occurred in 35 patients 
(40.2%). Median hospital stay was 19 days (range, 7–140 
days).

Table 2 shows clinical and surgical differences between 
the OP and LCR groups. Patients with advanced T stage 
were less frequent in the LCR group (p = 0.021). The LCR 
group showed a longer operation time (OP 146  min vs. 
LCR 203 min; p = 0.002) and lower volume of blood loss 
(OP 105 mL vs. LCR 20 mL; p < 0.001). Duration of hos-
pitalization was longer in the OP group (OP 22 days vs. 
LCR 18 days; p = 0.007). Other factors including sex, age, 
BMI, ASA-PS, comorbidities, tumor location, operative 
procedure, clinical N/M factor, and postoperative com-
plications were similar between groups.
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All patients (n = 87) (%)
Sex
 Male 34 (39.1)
 Female 53 (60.9)
Age, y (range) 92 (90–98)
Body mass index, kg/m2 (range) 19.9 (12.9–30.0)
ASA performance status
 1 9 (10.3)
 2 50 (57.5)
 3 27 (31.0)
 4 1 (1.1)
Comorbidities, present 78 (89.7)
 Hypertension 44 (50.5)
 Diabetes mellitus 14 (16.1)
 Heart failure 13 (14.9)
 Dementia 9 (10.3)
 Angina pectoris / myocardial infarction 7 (8.0)
 Valvular disease 7 (8.0)
 Other cancer 6 (6.9)
 Renal failure 6 (6.9)
 Arrhythmia 6 (6.9)
 Chronic obstructive pulmonary disease 4 (4.6)
 Collagen disease 1 (1.1)
Tumor location
 Cecum 12 (13.8)
 Ascending colon 21 (24.1)
 Transverse colon 15 (17.2)
 Descending colon 5 (5.7)
 Sigmoid colon 13 (14.9)
 Rectum 21 (24.1)
Operative procedure
 Ileocecal resection 20 (23.0)
 Hemicolectomy 21 (24.1)
 Partial resection 9 (10.3)
 Sigmoidectomy 9 (10.3)
 Anterior resection 9 (10.3)
 Hartmann 10 (11.5)
 Abdominoperineal resection 9 (10.3)
Clinical T factor
 1 7 (8.0)
 2 12 (13.8)
 3 45 (51.7)
 4 23 (26.4)
Clinical N factor
 0 47 (54.0)
 1 27 (31.0)
 2 12 (13.8)
Distant metastasis, present 7 (8.0)
Operation time, min (range) 187 (60–560)
Blood loss, mL (range) 35 (0–843)
Blood transfusion, yes 22 (25.3)
Open conversion 1 (1.1)
Postoperative complications, CD ≥ 2 35 (40.2)
Duration of urethral catheter removal, days (range) 3 (2–7)

Table 1 Patient characteristics
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Table  3 shows the details of postoperative complica-
tions. The overall complication rate was similar between 
groups (OP 50.0% vs. LCR 36.9%; p = 0.320). Infectious 
complications were less frequent in the LCR group (OP 
45.5% vs. LCR 18.5%; p = 0.021).

Table  4 shows the predictive ability of clinical factors 
for both postoperative overall complications and post-
operative infectious complications. Univariate analysis 
revealed that sex and blood loss were significantly associ-
ated with postoperative overall complications. However, 
multivariate analysis revealed no independent predictive 
factors for postoperative overall complications.

Univariate analysis revealed that surgical approach and 
operation time were significantly associated with post-
operative infectious complications. Multivariate analy-
sis revealed open surgery (P = 0.026; OR, 3.535; 95%CI, 
1.159–10.781) as an independent predictor of postopera-
tive infectious complications.

Discussion
In the present study, we examined the effect of LCR on 
postoperative complications in colorectal cancer patients 
≥90 years old. The proportion of comorbidities was 
extremely high (89.7%). The LCR group showed longer 
operation time, smaller volume of blood loss, lower fre-
quency of infectious complications, and shorter duration 
of hospitalization compared to the OP group. Multivari-
ate analysis revealed LCR as an independent negative 
predictor of infectious complications.

Elderly individuals are more likely to have comorbidi-
ties such as cardiovascular, pulmonary, and renal dis-
eases than younger people, and are considered at high 
risk for postoperative complications [12–14]. Ghanem et 
al. studied 71 patients over 90 years old with pertrochan-
teric fracture [12]. Cardiac disease (44.3%), renal disease 
(37.1%), and psychiatric disease (37.1%) were significantly 
more frequent among the elderly than among younger 
patients. Issa et al. studied patients over 90 years old with 
traumatic dentate fractures and found that they had a 
greater frequency of comorbidities involving vital organs, 
including heart failure (40%), diabetes mellitus (27%), 
peripheral vascular disease (27%), and myocardial infarc-
tion (20%) [13]. The present study examined patients 
≥90 years old, finding comorbidities in 89.7%. Impor-
tant organ complications in this cohort included heart 
disease (heart failure, 14.9%; angina pectoris/myocardial 
infarction, 8.0%; valvular disease, 8.0%; arrhythmia, 6.9%; 

hypertension, 50.5%), renal disease (6.9%), diabetes mel-
litus (16.1%), and chronic obstructive pulmonary disease 
(4.6%). These frequencies were slightly lower than those 
reported previously. One possible explanation is that this 
study did not consider patients who had not undergone 
surgery. Chen et al. reported that 29 of 100 colorectal 
cancer patients ≥90 years old opted for non-operative 
treatment [3]. The present cohort may have been selected 
from patients for whom critical organ comorbidity status 
was acceptable for general anesthesia.

Laparoscopic surgery has been more popular in recent 
years, and various RCTs have examined short- and long-
term outcomes [6–9]. RCTs for colon cancer have shown 
that LCR for colon cancer patients is feasible and safe 
compared with open surgery [1–6]. Despite the longer 
operation time, the LCR group in our study demon-
strated better short-term outcomes such as lower vol-
ume of blood loss, better recovery of bowel function and 
shorter duration of hospital stay. In Japan, the JCOG 0404 
study evaluated overall survival after LCR for clinical 
stage II/III colon cancer [6]. The conversion rate to open 
surgery was 5.4%, but the mortality rate was 0%. Opera-
tion time was longer for the LCR group (211 min) than 
for the OC group (159 min; p < 0.001), but LCR resulted 
in a lower volume of blood loss (LCR 30 mL vs. OC 85 
mL; p < 0.001), shorter time to first flatus (LCR 1.8 days 
vs. OC 2.4 days; p < 0.001), less use of analgesics (LCR 
175 times per 5 postoperative days vs. OC 241 times 
per 5 postoperative days; p < 0.001), and shorter dura-
tion of hospitalization (LCR 12.0 days vs. OC 13.7 days; 
p < 0.001). The frequency of surgical site infection was 
lower with LCR (2.1%) than with open surgery (7.4%). 
However, those studies excluded patients over 90 years 
old. In our study, the LCR group showed the same good 
short-term results seen in previous RCTs, suggesting that 
LCR is a useful approach for patients over 90 years old.

The frequency of postoperative complications among 
colorectal cancer patients over 80 years old has been 
reported to range from 21 to 46.4% [15–17]. The present 
study of patients ≥90 years old also showed a high value 
of 40.2%. In general, the tissues in elderly individuals are 
fragile and weak, and blood supply and tissue healing are 
known to worsen with age. Past reports have indicated 
older age as a risk factor for infectious complications in 
a variety of diseases [18–20]. Postoperative infectious 
complications lead to longer duration of hospitaliza-
tion, higher medical costs, and, in the elderly, reduced 

All patients (n = 87) (%)
Hospital stay, days (range) 19 (7–140)
Re-admission within 30 days, yes 4 (4.6)
Data are presented as the number of patients (%) or the median (range)

ASA, American Society of Anesthesiologists; CD, Clavien–Dindo

Table 1 (continued) 
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activities of daily living [21]. In this study, among very 
elderly patients at high risk of infectious complications, 
the LCR group showed a significantly lower frequency 
of infectious complications, particularly pneumonia 
and urinary tract infections. Prior reports have shown 

that laparoscopic surgery can reduce wound pain and 
the need for postoperative analgesia [11, 21]. The small 
wound from laparoscopic surgery, which reduces wound 
pain, may enable early weaning and early removal of 
urinary catheters and other devices, which may in turn 

Table 2 Comparison of clinical characteristics between the OP group and LCR group
OP (n = 22) (%) LCR (n = 65) (%) P-value

Sex 0.805
 Male 8 (36.4) 26 (40.0)
 Female 14 (63.6) 39 (60.0)
Age, y (range) 92 (90–98) 92 (90–98) 0.418
Body mass index, kg/m2 19.7 (12.9–28.8) 20.3 (14.1 − 30.0) 0.281
ASA performance status 0.269
 1 3 (13.6) 6 (9.2)
 2 13 (59.1) 37 (56.9)
 3 5 (22.7) 22 (33.8)
 4 1 (4.5)
Comorbidities 1.000
 No 3 (13.6) 6 (9.2)
 Yes 19 (86.4) 59 (90.8)
Tumor location 1.000
 Colon 17 (77.3) 49 (75.4)
 Rectum 5 (22.7) 16 (24.6)
Operative procedure 0.326
 Ileocecal resection 7 (31.8) 13 (20.0)
 Hemicolectomy 5 (22.7) 16 (24.6)
 Partial resection 4 (18.2) 5 (7.7)
 Sigmoidectomy 0 (0) 9 (13.8)
 Anterior resection 1 (4.5) 8 (12.3)
 Hartmann 3 (13.6) 7 (10.8)
 Abdominoperineal resection 2 (9.1) 7 (10.8)
Clinical T factor 0.021
 1 0 (0) 7 (10.8)
 2 2 (9.1) 10 (15.4)
 3 9 (40.9) 36 (55.4)
 4 11 (50.0) 12 (18.5)
Clinical N factor 0.969
 0 11 (50.0) 36 (55.4)
 1 7 (31.8) 20 (30.8)
 2 3 (13.6) 9 (13.8)
Distant metastasis 0.834
 No 20 (90.9) 60 (92.3)
 Yes 2 (9.1) 5 (7.7)
Operation time, min (range) 146 (60–284) 203 (77–560) 0.002
Blood loss, mL (range) 105 (5–843) 20 (0–641) 0.001
Blood transfusion, yes 7 (31.8) 9 (13.8) 0.107
Open conversion - 1 (1.5)
Postoperative complications, CD ≥2 11 (50.0) 24 (36.9) 0.320
Duration of urethral catheter removal, days (range) 4 (3–7) 3 (2–7) 0.052
Hospital stay, days (range) 22 (11–59) 18 (7–107) 0.007
Re-admission within 30-days, yes 2 (9.1) 2 (3.1) 0.264
Data are presented as the number of patients (%) or median (range)

OP, open surgery; LCR, laparoscopic colorectal resection; ASA, American Society of Anesthesiologists

Differences in categorical variables were compared using Fisher’s exact test or the chi-squared test, as appropriate. Differences in continuous variables were 
analyzed with the Mann–Whitney U-test
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Table 3 Details of postoperative complications (CD ≥2)
All cases (n = 87) (%) OP (n = 22) (%) LCR (n = 65) (%) P-value

Postoperative complications 35 (40.2) 11 (50.0) 24 (36.9) 0.320
Infectious complications 22 (25.3) 10 (45.5) 12 (18.5) 0.021
 Urinary tract infection 6 (6.9) 3 (13.6) 3 (4.6)
 Pneumonia 6 (6.9) 4 (18.1) 2 (3.1)
 Surgical site infection 5 (5.7) 2 (9.1) 3 (4.6)
 Anastomotic leakage 2 (2.3) 1 (4.5) 1 (1.5)
 Pseudomembranous colitis 2 (2.3) 0 (0) 2 (3.1)
 MRSA colitis 1 (1.1) 0 (0) 1 (1.5)
Non-infectious complications 13 (14.9) 1 (4.5) 12 (18.5) 0.170
 Ileus 9 (10.3) 0 (0) 9 (13.8)
 Arrhythmia 1 (1.1) 0 (0) 1 (1.5)
 Delirium 1 (1.1) 0 (0) 1 (1.5)
 Pneumothorax 1 (1.1) 0 (0) 1 (1.5)
 Stomal prolapse 1 (1.1) 1 (1.1) 0 (0)
Differences in categorical variables were compared using Fisher’s exact test or the chi-squared test, as appropriate. CD, Clavien–Dindo; OP, open surgery; LCR, 
laparoscopic colorectal resection; MRSA, methicillin-resistant Staphylococcus aureus

Table 4 Clinical factors predicting postoperative overall complications and infectious complications among colorectal cancer patients
Postoperative overall complication Infectious complication

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

P value Odds ratio 95%CI P value P value Odds ratio 95%CI P value
Sex 0.045 0.106 0.227
 Female 1
 Male 2.113 0.851–5.243
ASA performance status 0.202 0.966
 1–2
 3–4
BMI, kg/m2 0.365 0.984
 < 25
 ≥25
Location 0.259 0.254
 Colon
 Rectum
Blood transfusion 0.826 0.757
 No
 Yes
Surgical approach 0.176 0.005 0.026
 LCR 1
 OP 3.535 1.159–10.781
Clinical T factor 0.900 0.648
 1–3
 4
Clinical N factor 0.761 0.669
 Absence
 Presence
Operation time, min 0.901 0.042 0.270
 < 160 1
 ≥160 0.538 0.179–1.617
Estimated blood loss, mL 0.049 0.096 0.421
 < 35 1
 ≥35 2.141 0.872–5.256
HR, hazard ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; OP, open surgery; LCR, laparoscopic colorectal resection

Cox proportional hazards modeling was used to identify independent risk factors for postoperative complications
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contribute to reducing the frequency of pneumonia and 
urinary tract infections. In fact, duration of hospitaliza-
tion was significantly shorter in the group of patients who 
did not develop infectious complications in this study.

With regard to laparoscopic surgery for the elderly, 
some reports have described the effects of laparoscopic 
insufflation pressure on cardiopulmonary function and 
the risk of increased postoperative complications [22]. 
Mortality among elderly colorectal cancer patients has 
been reported as 1.1–15.6% [15, 16, 23, 24]. On the other 
hand, recent reports have shown that despite the fact that 
elderly patients have a higher frequency of cardiovascu-
lar disease as a comorbidity and higher risk of anesthesia, 
short-term outcomes and oncologic treatment efficacy 
have been reported as comparable to those of non-elderly 
patients [25, 26].

In the present study, no intraoperative problems or 
postoperative cardiopulmonary complications were 
encountered in the LCR group. No postoperative car-
diopulmonary complications or in-hospital deaths 
occurred. One possible explanation is that this study 
was performed on a relatively recent patient group, and 
improvements in modern anesthesia techniques and 
perioperative management now allow even very elderly 
patients to be treated relatively safely.

The strengths of this study were that it was a multi-
center study using real-world data based on actual clini-
cal practice and that the analysis was based on relatively 
recent data, from a time when LCR had become wide-
spread. Several limitations to the present study need 
to be kept in mind. First, this was a retrospective study 
of a small number of patients, so some selection biases 
could have still been present. Second, because of the 
small number of patients in this study, covariate adjust-
ment between the LCR and OP groups was insufficient, 
and patient backgrounds were not well matched. A larger 
study is needed in the future. Third, the indications for 
laparoscopic surgery depended on the choices of the sur-
geon according to the general condition of the patient or 
progression of cancer.

Conclusions
Despite the limitations of the study, LCR appears useful 
for patients ≥90 years old as a procedure that reduces the 
risk of postoperative infectious complications.
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