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Abstract

Background Approximately, 22.6% of colorectal cancer surgeries were performed on patients aged 80 or over. The present
study aimed to evaluate the use of laparoscopic resection and its short-term surgical outcomes in patients who were aged 80
and older and diagnosed with colon cancer or rectal cancer in parallel.

Methods In this retrospective population-based study, colon and rectal cancer patients > 80 years undergoing laparoscopic
resection or open resection were identified from the United States National Inpatient Sample (2005-2014). Primary outcomes
were postoperative complication and in-hospital mortality. Logistic regression analyses were performed to assess the short-
term effectiveness of laparoscopic and open resection.

Results In this study, 40,451 colon cancer patients and 1117 rectal cancer patients were included. Multivariate analysis
revealed that laparoscopic resection was significantly associated with lower risks for developing postoperative complications
(aOR=0.67; 95%, CI 0.64-0.71) and in-hospital mortality (aOR =0.37; 95% CI 0.32-0.43) compared to open resection in
colon cancer patients. For rectal cancer patients, multivariate analysis indicated that laparoscopic resection was significantly
associated with a lower risk of developing postoperative complications (aOR =0.41; 95% CI 0.32-0.52) but was not associ-
ated with in-hospital mortality.

Conclusion Compared to open resection, laparoscopic resection has better or similar short-term surgical outcomes in colon
and rectal cancer patients > 80 years.
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Improvement in life expectancy has increased the number of
elderly individuals, resulting in aging of the world popula-
tion. According to the World Health Organization, people
over 60 accounted for around 12% of world population in
2015, which was expected to increase to 22% in 2050 [1].
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Particularly, people aged 80 years and older are the most
rapidly growing age group worldwide [2]. On the other hand,
colorectal cancer (CRC) is one of the most common causes
of cancer-related deaths worldwide [3-5], and the global
burden of CRC is except to rise in the near future [6]. An
analysis of the United States (US) National Inpatient Sample
(NIS) found that 63.8% of CRC surgeries were performed
on patients aged 65 or over, and 22.6% on patients aged 80
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or over [3]. In addition, it was estimated that CRC caused
187,140 deaths in the US in 2014, and more than one-third
deaths from CRC occurred in patients aged 80 and older
[7]. Elderly patients aged 80 and older are often regarded as
high-risk surgical candidates and are potentially associated
with higher rates of severe postoperative complications and
direct operative mortality [8, 9]; therefore, selecting appro-
priate surgical treatment strategies for elderly patients with
CRC is critical in clinical practice.

Laparoscopic resection and open resection are the two
most commonly used surgical treatments of CRC. Two ran-
domized trials found that laparoscopic and open surgeries
achieve similar short-term outcomes in CRC patients, although
laparoscopic resection is associated with prolonged operating
time [10, 11]. As a minimally invasive surgery, laparoscopic
surgery is associated with lower blood loss during surgery,
less wound complications, and short hospital stay in CRC
patients, as compared to open surgery [8, 12]. As a result, the
utilization of laparoscopic surgery for CRC is increasing [13].
Although laparoscopic resection was assumed to be prefer-
able for elderly patients with CRC [9], controversial results on
the utilization of laparoscopic resection in CRC patients aged
80 or over have been reported. No significant differences in
postoperative complications between laparoscopic and open
surgeries were observed in Japanese CRC patients aged 80 and
older [14], while Korean CRC patients aged 80 and older have
an elevated risk of postoperative morbidity after laparoscopic
resection [15]. Several lines of evidence demonstrated benefi-
cial effects of laparoscopic resection in elderly patients with
CRC [16-18], but most studies did not exclusively investigate
CRC patients aged 80 or over.

CRC develops from the colon or rectum. However, since
colon cancer and rectal cancer have different molecular
developmental mechanisms and metastatic patterns [19, 20],
they are indeed two separate tumor entities requiring dis-
tinct treatment approaches [21, 22]. Colon cancer and rectal
cancer should therefore be considered independently while
evaluating effectiveness of laparoscopic resection. Hence,
the purposes of the present population-based study were to
gain an overview about the use of laparoscopic resection in
patients aged 80 and older diagnosed with colon cancer or
rectal cancer in parallel, and to evaluate short-term surgical
outcomes (postoperative complications and in-hospital mor-
tality) of laparoscopic resection, compared to open resection,
in elderly colon and rectal cancer patients.

Materials and methods
Data source

The present population-based analysis was performed using
data from the NIS between 2005 and 2014. The NIS, part of

the Healthcare Cost and Utilization Project (HCUP) under
the Agency for Healthcare Research and Quality (AHRQ), is
the largest inpatient health care database in the US. The NIS
contains clinical and non-clinical information on all partici-
pating hospitalized patients, including patient demographics,
primary and secondary diagnoses, primary and secondary
procedures, admission and discharge status, length of stay,
and hospital characteristics.

To conduct this data analysis, we had obtained certifi-
cate (number HCUP-5VW28M94I) from the Healthcare
Cost and Utilization Project and conformed to the Data Use
Agreement for the NIS from HCUP. Due to deidentification
of the NIS, our study was exempt from hospital/university
review board approval and the need for informed consent
was waived.

Study population

We used diagnostic and procedural codes specified by the
International Classification of Diseases, 9™ Revision, Clini-
cal Modification (ICD-9-CM) to identify all patients aged 80
or over who underwent laparoscopic resection or open resec-
tion for the treatment of colon cancer or rectal cancer from
the NIS between 2005 and 2014. Elderly patients admit-
ted with the diagnosis of colon cancer (codes 153.0-153.9,
209.12-209.16, and 230.3) were sampled. Subsequently,
colon cancer patients undergoing laparoscopic resection
(codes 17.31-17.39, 45.42, 45.43, and 45.81) or open resec-
tion (codes 45.41, 45.71-45.79, and 45.82) were selected.
On the other hand, elderly patients admitted with the diagno-
sis of rectal cancer (codes 154.0, 154.1, 209.17, and 230.4)
were identified. Later, rectal cancer patients undergoing
laparoscopic resection (codes 48.36, 48.42, and 48.51) or
open resection (codes 48.43 and 48.52) were identified.

Study variables and primary outcomes

Covariates, such as patient demographics (age, sex and
race), admission type, hospital status, and region of hospital,
were extracted from the NIS. Patients’ preoperative comor-
bidities were quantified using validated Elixhauser coding
algorithms available for ICD-9-CM codes [23].

Primary endpoints of this study were postoperative
complication and in-hospital mortality. Postoperative com-
plications included anastomotic leak (code 997.49), intra-
abdominal abscess (code 567.22), urinary tract infection
(code 599.0), acute renal failure (code 584.9), cardiovascular
complications (codes 410.0-410.9, 997.1, and 998.0), ileus/
bowel obstruction (codes 560.1 and 560.9), postoperative
infection (codes 998.51, 998.59, and 999.3), respiratory
complications (codes 415.1 and 997.3), and complications
of hematomas (codes 998.11-998.13).
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Statistical analysis

Descriptive statistics of the patients were presented as n (%),
unweighted number (n) and weighted percentage (%). Since
the NIS database covers 20% samples of the USA annual
inpatient admissions, weighted samples (DISCWT), stratum
(NIS_STRATUM), and cluster (HOSPID) were used to pro-
duce national estimates for all analyses. Differences between
laparoscopic and open resections were compared using the
PROC SURVEYFREQ and PROC SURVEYMEANS for
categorical and continuous variables, respectively. The uni-
variate logistic regression analysis via PROC SURVEYLO-
GISTIC was performed to determine the association between
binary outcome variables (having any postoperative compli-
cation and in-hospital mortality) and surgery types, along
with patients’ demographics, admission type, and Elixhauser
comorbidity score. All covariates examined in the univariate
regression model were then adjusted for in the multivari-
ate logistic regression analysis to evaluate the association
between short-term surgical outcomes and surgery types.
Statistical significance was set at p < 0.05 and all reported p
values were two-tailed. Data were analyzed using the SAS
statistical software package, version 9.4 (SAS Institute Inc.,
Cary, NC, USA).

Results
Demographic and clinical characteristics

In the present retrospective study, 110,032 patients who
were aged > 80 and diagnosed with either colon cancer or
rectal cancer were identified from the NIS database (2005
to 2014) (Fig. 1). After excluding patients with missing val-
ues of covariates (n=2306) and patients with unidentified
surgery type (n=66,157 patients), the final analytic samples
consisted of 40,451 colon cancer patients and 1117 rectal
cancer patients. Using discharge weights, the analytic sam-
ple sizes of colon and rectal cancer patients were equivalent
to population-based sample sizes of 200,254 colon cancer
patients and 5513 rectal cancer patients, respectively. Of
eligible colon cancer patients, 9932 (24.6%) patients under-
went laparoscopic resection and 30,519 (75.4%) received
open resection. On the other hand, there were 599 (53.6%)
rectal cancer patients with laparoscopic resection and 518
(46.4%) with open resection (Fig. 1).

The demographic and clinical characteristics of included
colon and rectal cancer patients are summarized in Table 1.
Among eligible colon cancer patients, 51.5% of patients
were aged between 80 and 84, 61.1% were female, 85.3%
were white, 54.4% were admitted electively, 60.5% had Elix-
hauser comorbidity score of 3, 41.3% had at least one post-
operative complication, and 5.0% died in hospital (Table 1).

@ Springer

There were significant differences in sex, race, admission
type, location/teaching status of hospital, region of hospi-
tal, Elixhauser comorbidity score, having any postoperative
complication, and in-hospital mortality between two sur-
gery groups (» <0.0100, Table 1). Among 9932 colon cancer
patients undergoing laparoscopic resection, 3404 (34.3%)
patients developed postoperative complication(s), and 209
(2.1%) died in hospitals. In contrast, 13,336 (43.7%) out of
30,519 colon cancer patients receiving open resection had
postoperative complication(s), and 1836 (6.0%) died in hos-
pitals (Table 1).

On the other hand, 59.1% of eligible rectal cancer patients
were aged between 80 and 84. 51.2% were male, 83.0% were
white, 65.1% were admitted electively, 54.3% had Elixhauser
comorbidity score of 3, 39.8% developed at least one post-
operative complication, and 3.2% died in hospital (Table 1).
Significant differences in age, sex, admission type, region
of hospital, and having any postoperative complication
between two surgery groups (p <0.0079, Table 1). Nota-
bly, in-hospital mortality rates were similar between rectal
cancer patients undergoing laparoscopic and open resection
(p=0.1872). Of 599 rectal cancer patients receiving lapa-
roscopic resection, 185 (30.7%) patients developed postop-
erative complication(s), and 16 (2.7%) died in hospitals. In
contrast, 261 (50.3%) out of 518 rectal cancer patients with
open resection had postoperative complication(s), and 19
(3.8%) died in hospitals (Table 1).

Preoperative comorbidities

The preoperative comorbidities in colon and rectal can-
cer patients undergoing laparoscopic or open resection are
shown in Supplementary Table 1. The top five most common
preoperative comorbidities in colon cancer patients aged 80
and older were hypertension (67.2%), anemia (43.6%), fluid
and electrolyte disorders (32.4%), metastatic cancer (27.6%),
and renal failure (24.2%). Among colon cancer patients, the
percentages of anemia, rheumatoid arthritis/collagen vas-
cular disease, depression, diabetes, hypertension, hypothy-
roidism, other neurological disorders, obesity, peripheral
vascular disorders, pulmonary circulation disorders, and
renal failure were significantly higher in patients undergo-
ing laparoscopic resection than those with open resection
(» £0.0052, Supplementary Table 1). Nevertheless, colon
cancer patients receiving laparoscopic resection had signifi-
cantly lower percentages of congestive heart failure, fluid
and electrolyte disorders, metastatic cancer, and weight loss
than those undergoing open resection (p <0.0001, Supple-
mentary Table 1).

On the contrary, the top five most common preoperative
comorbidities in elderly rectal cancer patients were hyper-
tension (67.9%), anemia (33.2%), fluid and electrolyte dis-
orders (30.5%), diabetes (21.1%), and chronic pulmonary
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Fig. 1 Flowchart of the study
population

HCUP-NIS database (2005 ~2014)
Colon or Rectal Cancer patients
n=516,314

Patients aged > 80 years

n=110,032

n=2,306
Patients were excluded because

of missing records of age, sex,

or in-hospital mortality

n= 107,726

Patients were retained

n= 66,157

Patients were excluded due to

undefined surgery type

Eligible patients were included

in the final analysis

n=41,568

Colon cancer patients
n= 40,451 (weighted N=200,254)
Laparoscopic resection: n= 9,932
(weighted N=49,345)
Open resection: n= 30,519
(weighted N=150,909)

Rectal cancer patients
n= 1,117 (weighted N=5,513)
Laparoscopic resection: n= 599
(weighted N=2,960)
Open resection: n= 518
(weighted N=2,554)

disease (18.6%). Of rectal cancer patients, the laparoscopic
resection group had significantly higher percentages of con-
gestive heart failure, chronic pulmonary disease, other neu-
rological disorders, and renal failure than the open resection
group (p <0.0053, Supplementary Table 1). However, the
percentages of lymphoma, fluid and electrolyte disorders,
metastatic cancer, and weight loss were significantly lower
in the laparoscopic resection group than those in the open
resection group (p <0.0080, Supplementary Table 1).

Postoperative complications

The postoperative complications in colon and rectal can-
cer patients receiving laparoscopic or open resection are

summarized in Table 2. Notably, regardless of cancer type
and surgical approach, the five most common postoperative
complications were ileus/bowel obstruction, urinary tract
infection, acute renal failure, anastomotic leak, and cardio-
vascular complication, although the respective complication
rates varied between two surgery groups in colon and rectal
cancer patients (Table 2).

Colon cancer patients treated by laparoscopic resection
were significantly less likely to develop a postoperative
complication, compared to those undergoing open resection
(34.3% vs. 43.7%, p <0.0001, Table 2). Compared to open
resection, laparoscopic resection resulted in significantly
less complication rates in terms of intro-abdominal abscess,
urinary tract infection, cardiovascular complications, ileus/
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Table 1 Demographics and clinical characteristics of eligible colon and rectal cancer patients

Colon cancer

Rectal cancer

Variables Total Laparoscopic resection Open resection p value Total Laparo- Open resection p value
scopic
resection
Age, years
80-84 20,839 (51.5) 5131 (51.6) 15,708 (51.5) 0.2050 660 (59.1) 342 (57.2) 318 (61.3) 0.0079
85-89 13,923 (34.4) 3457 (34.8) 10,466 (34.3) 341 (30.5) 179(29.9) 162 (31.3)
>90 5689 (14.1) 1344 (13.5) 4345 (14.2) 116 (10.4) 78 (12.9) 38 (7.4)
Sex
Male 15,723 (38.9) 4094 (41.3) 11,629 (38.1) <.0001 572 (51.2) 286 (47.7) 286 (55.2) 0.0052
Female 24,728 (61.1) 5838 (58.7) 18,890 (61.9) 545 (48.8) 313 (52.3) 232 (44.8)
Race
White 29,028 (85.3) 7590 (83.9) 21,438 (85.8) <.0001 813 (83) 441 (82.8) 372 (83.1) 0.0873
Black 2117 (6.2) 574 (6.4) 1543 (6.2) 59 (6.2) 30(5.8) 29 (6.6)
Hispanic 1515 (4.4) 473 (5.3) 1042 (4.1) 47 (4.8) 32(6.1) 15(3.4)
Asian or Pacific 648 (1.9) 211 (2.3) 437 (1.7) 31(3.2) 13 (2.4) 18 (4.1)
Islander
Native Americanor 737 (2.2) 193 (2.2) 544 (2.2) 28 (2.8) 15 (2.9) 13 (2.8)
others
Admission type
Elective 21,934 (54.4) 5541 (55.9) 16,393 (53.9) 0.0030 726 (65.1) 304 (50.9) 422 (81.5) <.0001
Non-elective 18,422 (45.6) 4369 (44.1) 14,053 (46.1) 390 (34.9) 294 (49.1) 96 (18.5)
Location/teaching
status
Rural 5483 (13.7)  925(9.3) 4558 (15.1) <.0001 114 (10.1) 63(10.5) 51(9.7) 0.6815
Urban non-teaching 18,052 (44.5) 4267 (43.1) 13,785 (45) 428 (38.5) 235(39.1) 193(37.8)
Urban teaching 16,772 (41.8) 4696 (47.6) 12,076 (40) 569 (51.4) 300 (50.4) 269 (52.5)
Region of hospital
Northeast 9291 (23.5) 2374 (24.3) 6917 (23.3) 0.0030 240 (21.8) 151 (25.5) 89 (17.5) 0.0003
Midwest/North 10,723 (26.8) 2449 (24.7) 8274 (27.5) 340 (30.5) 160 (26.9) 180 (34.7)
Central
South 13,509 (33) 3406 (34.2) 10,103 (32.7) 364 (32.4) 192 (31.8) 172(33.1)
West 6928 (16.6) 1703 (16.8) 5225 (16.6) 173 (15.3) 96 (15.8) 77 (14.8)
Elixhauser comorbid-
ity score
0 1727 (4.3) 436 (4.4) 1291 (4.2) 0.0100 73 (6.5) 39 (6.4) 34 (6.6) 0.7926
1 5440 (13.4) 1422 (14.3) 4018 (13.2) 187 (16.9) 98 (16.6) 89 (17.2)
2 8822 (21.8)  2182(22) 6640 (21.8) 250 (22.3) 129 (21.5) 121 (23.4)
3 24,462 (60.5) 5892 (59.3) 18,570 (60.9) 607 (54.3) 333 (55.5) 274(52.9)
Having any postopera-
tive complication
No 23,711 (58.7) 6528 (65.7) 17,183 (56.3) <.0001 671 (60.2) 414 (69.3) 257 (49.7) <.0001
Yes 16,740 (41.3) 3404 (34.3) 13,336 (43.7) 446 (39.8) 185(30.7) 261 (50.3)
In-hospital mortality
Alive 38,406 (95) 9723 (97.9) 28,683 (94) <.0001 1082 (96.8) 583 (97.3) 499 (96.2) 0.1872
Dead 2045 (5) 209 (2.1) 1836 (6) 35(33.2) 16 (2.7) 19 (3.8)

Results were summarized as n (%). Bold indicated statistically significant (p <0.05)

bowel obstruction, postoperative infection, respiratory com-
plications, and complication of hematomas (p <0.00478,
Table 2). However, colon cancer patients undergoing
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laparoscopic resection had a significantly higher percent-
age of anastomotic leak than those with open resection
(p<0.0001, Table 2).
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Table 2 Postoperative complications in colon and rectal cancer patients
Colon cancer Rectal cancer
Postoperative complications Laparoscopic resection Open resection P value Laparoscopic ~ Open resection p value
resection

Had any complication 3404 (34.3) 13,336 (43.7) <.0001 185 (30.7) 261 (50.3) <.0001
Anastomotic leak 495 (5) 1029 (3.4) <.0001 28 (4.6) 47 (9.1) 0.0004
Intra-abdominal abscess 36 (0.4) 436 (1.4) <.0001 1(0.2) 13 (2.5) 0.0004
Urinary tract infection 906 (9.1) 3074 (10.1) 0.0048 71 (11.9) 58 (11.3) 0.7318
Acute renal failure 888 (9) 2825 (9.3) 0.3912 52 (8.6) 62 (11.9) 0.0444
Cardiovascular complications 366 (3.7) 1770 (5.8) <.0001 17 (2.8) 37(7.2) <.0001
Ileus/Bowel obstruction 1653 (16.6) 7118 (23.3) <.0001 66 (11) 143 (27.4) <.0001
Postoperative infection 166 (1.7) 1190 (3.9) <.0001 12 (1.9) 39 (7.4) <.0001
Respiratory complications 224 (2.2) 1355 (4.4) <.0001 16 2.7) 29 (5.6) 0.0040
Complication of hematomas 198 (2) 649 (2.1) <.0001 13 (2.1) 20 (3.9) 0.0626

Results were summarized as n (%). Bold indicated statistically significant (p <0.05)

On the other hand, rectal cancer patients with lapa-
roscopic resection were significantly less likely to have a
postoperative complication than those with open resection
(30.7% vs. 50.3%, p <0.0001, Table 2). After laparoscopic
resection, the percentages of rectal cancer patients develop-
ing anastomotic leak, intro-abdominal abscess, acute renal
failure, cardiovascular complications, ileus/bowel obstruc-
tion, postoperative infection, or respiratory complications
were significantly lower, compared to those of patients
undergoing open resection (p <0.0444, Table 2).

After adjustment for age, sex, admission type, and Elix-
hauser comorbidity score, multivariate analysis revealed
that colon cancer patients undergoing laparoscopic resec-
tion had a significantly lower risk of developing post-
operative complications than those with open resection
[adjusted odds ratio (aOR)=0.67; 95% confidence inter-
val (CI) 0.64-0.71, p <0.0001] (Table 3). Moreover, mul-
tivariate analysis indicated that female (aOR =0.81; 95%
CI 0.78-0.85, p<0.0001) was a protective factor for post-
operative complication. In contrast, older age (> 90 years:
aOR=1.22; 95% CI 1.15-1.30, p <0.0001; 85-89 years:
aOR=1.12; 95% CI 1.07-1.17, p<0.0001), non-elective
admission (aOR=1.80; 95% CI 1.72-1.88, p <0.0001), and
higher Elixhauser comorbidity scores (3: aOR=1.68; 95%
CI 1.50-1.88, p<0.0001; 2: aOR=1.13;95% CI 1.01-1.27,
p=0.0339) were significantly associated with higher risks
of postoperative complications in colon cancer patients
(Table 4).

On the contrary, after adjusting for all covariates exam-
ined, multivariate analysis indicated that rectal cancer
patients with laparoscopic resection had a significantly
lower risk of developing postoperative complications than
those with open resection (aOR=0.41; 95% CI 0.32-0.52,
p<0.0001) (Table 4). In addition, multivariate analysis
revealed that higher Elixhauser comorbidity scores (3:

aOR=4.81; 95% CI 2.80-8.27, p <0.0001; 2: aOR =2.70;
95% CI 1.54-4.74, p=0.0006; 1: aOR=2.16; 95% CI
1.19-3.93, p=0.0116) were significantly associated with
higher risks of postoperative complications in rectal cancer
patients (Table 4). However, unlike in colon cancer patients,
older age, sex, and admission type were not associated
with postoperative complications in rectal cancer patients
(Table 4).

In-hospital mortality

After adjustment for age, sex, admission type, Elixhauser
comorbidity score, and having any postoperative complica-
tion, multivariate analysis revealed that colon cancer patients
with laparoscopic resection had a significantly lower risk for
in-hospital mortality compared to those with open resec-
tion (aOR=0.37; 95% CI 0.32-0.43, p <0.0001) (Table 5).
In addition, multivariate analysis disclosed that older age
(=90 years: aOR=1.67; 95% CI 1.48-1.89, p<0.0001;
85-89 years: aOR=1.23; 95% CI 1.11-1.36, p <0.0001),
non-elective admission (aOR =2.47; 95% CI 2.23-2.75,
p <0.0001), and having any postoperative complication
(aOR=2.88; 95% CI 2.60-3.19, p <0.0001) were signifi-
cantly associated with higher risks of in-hospital mortal-
ity in colon cancer patients (Table 5). However, female
(aOR =0.66; 95% CI 0.60-0.72, p <0.0001) was signifi-
cantly associated with a lower risk of in-hospital mortality
in colon cancer patients (Table 5).

After adjusting for all covariates examined, multivari-
ate analysis indicated that laparoscopic resection and open
resection resulted in comparable in-hospital mortality
rates in rectal cancer patients (p =0.4314) (Table 6). Fur-
thermore, multivariate analysis revealed that rectal cancer
patients with any postoperative complication had a sig-
nificantly higher risk for in-hospital mortality than those
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Table 3 Univariate and multivariate analyses of postoperative complications in colon cancer patients

Variables Any postoperative complication Univariate Multivariate
Yes, n (%) No, n (%) weighted OR (95% CI) p value Weighted OR (95% CI) p value

Surgery

Open 13,336 (43.7) 17,183 (56.3) 1 1

Laparoscopic 3404 (34.3) 6528 (65.7) 0.67 (0.64-0.71) <.0001 0.67 (0.64-0.71) <.0001
Age, years

80-84 8141 (39) 12,698 (61) 1 1

85-89 5943 (42.7) 7980 (57.3) 1.16 (1.11-1.22) <.0001 1.12 (1.07-1.17) <.0001

>90 2656 (46.6) 3033 (53.4) 1.36 (1.28-1.45) <.0001 1.22 (1.15-1.30) <.0001
Sex

Male 6854 (43.5) 8869 (56.5) 1 1

Female 9886 (40) 14,842 (60) 0.86 (0.83-0.9) <.0001 0.81 (0.78-0.85) <.0001
Admission type

Elective 7445 (33.9) 14,489 (66.1) 1 1

Non-elective 9263 (50.2) 9159 (49.8) 1.97 (1.89-2.05) <.0001 1.80 (1.72-1.88) <.0001
Elixhauser comor-

bidity score

0 524 (30.3) 1203 (69.7) 1 1

1 1736 (31.9) 3704 (68.1) 1.08 (0.95-1.22) 0.2369 1.03 (0.91-1.16) 0.6458

2 3100 (35.1) 5722 (64.9) 1.24 (1.11-1.39) 0.0002 1.13 (1.01-1.27) 0.0339

3 11,380 (46.5) 13,082 (53.5) 1.99 (1.78-2.23) <.0001 1.68 (1.50-1.88) <.0001

Data were presented as unweighted n (%). Results of univariate and multivariate analyses were presented as weighted odds ratio (OR) with 95%

confidence intervals (CI), and p value. Bold indicated statistical significance (p <0.05)

Table 4 Univariate and multivariate analyses of postoperative complications in rectal cancer patients

Variables Any postoperative complication ~ Univariate Multivariate
Yes, n (%) No, n (%) Weighted OR (95% CI) p value Weighted OR (95% CTI) p value

Surgery

Open 261 (50.3) 257 (49.7) 1 1

Laparoscopic 185 (30.7) 414 (69.3) 0.44 (0.35-0.55) <.0001 0.41 (0.32-0.52) <.0001
Age, years

80-84 273 (41.1) 387 (58.9) 1 1

85-89 128 (37.7) 213 (62.3) 0.87 (0.68-1.1) 0.2388 0.86 (0.67-1.10) 0.2347

>90 45 (38.2) 71 (61.8) 0.88 (0.59-1.31) 0.5395 1.04 (0.68-1.59) 0.8588
Sex

Male 237 (41.3) 335 (58.7) 1 1

Female 209 (38.2) 336 (61.8) 0.88 (0.7-1.1) 0.2622 0.86 (0.68-1.08) 0.1986
Admission type

Elective 295 (40.5) 431 (59.5) 1 1

Non-elective 151 (38.6) 239 (61.4) 0.92 (0.74-1.15) 0.4725 1.10 (0.86-1.41) 0.4576
Elixhauser comor-

bidity score

0 12 (16.9) 61 (83.1) 1 1

1 57 (30.3) 130 (69.7) 2.13 (1.2-3.8) 0.0101 2.16 (1.19-3.93) 0.0116

2 87 (34.7) 163 (65.3) 2.61 (1.52-4.5) 0.0005 2.70 (1.54-4.74) 0.0006

3 290 (47.5) 317 (52.5) 4.46 (2.65-7.48) <.0001 4.81 (2.80-8.27) <.0001

Data were presented as unweighted n (%). Results of univariate and multivariate analyses were presented as weighted odds ratio (OR) with 95%

confidence intervals (CI), and p value. Bold indicated statistical significance (p <0.05)
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Table 5 Univariate and multivariate analyses of in-hospital mortality in colon cancer patients

Variables In-hospital mortality Univariate Multivariate
Died, n (%) Alive,n (%)  Weighted OR (95% CI) p value  Weighted OR (95% CI) p value

Surgery

Open 1836 (6) 28,683 (94) 1 1

Laparoscopic 209 (2.1) 9723 (97.9) 0.34 (0.29-0.39) <.0001 0.37 (0.32-0.43) <.0001
Age, years

80-84 850 (4.1) 19,989 (95.9) 1 1

85-89 741 (5.3) 13,182 (94.7) 1.32(1.19-1.46) <.0001 1.23(1.11-1.36) <.0001

>90 454 (7.9) 5235 (92.1) 2.02 (1.79-2.27) <.0001 1.67(1.48-1.89) <.0001
Sex

Male 961 (6.1) 14,762 (93.9) 1 1

Female 1084 (4.4) 23,644 (95.6) 0.71 (0.64-0.77) <.0001 0.66 (0.60-0.72) <.0001
Admission type

Elective 584 (2.7) 21,350 (97.3) 1 1

Non-elective 1456 (7.9) 16,966 (92.1) 3.13 (2.84-3.45) <.0001 2.47(2.23-2.75) <.0001
Elixhauser comorbidity score

0 62 (3.6) 1665 (96.4) 1 1

1 170 (3.1) 5270 (96.9) 0.86 (0.64-1.17) 0.3425 0.80 (0.59-1.09) 0.1553

2 336 (3.8) 8486 (96.2) 1.06 (0.8-1.4) 0.6945 0.88 (0.66-1.17) 0.3815

3 1477 (6) 22,985 (94) 1.73 (1.32-2.25) <.0001 1.13(0.86-1.48) 0.3905
Having any postoperative complication

No 599 (2.5) 23,112 (97.5) 1 1

Yes 1446 (8.6) 15,294 (91.4) 3.67 (3.33-4.05) <.0001 2.88 (2.60-3.19) <.0001

Data were presented as unweighted n (%). Results of univariate and multivariate analyses were presented as weighted odds ratio (OR) with 95%

confidence intervals (CI), and p value. Bold indicated statistical significance (p <0.05)

without complications (aOR =9.83; 95% CI 6.99-13.83,
p<0.0001) (Table 6). In contrast, aged 85-89 (aOR =0.23;
95% CI 0.15-0.36, p <0.0001) and Elixhauser comorbid-
ity score of 3 (aOR=0.21; 95% CI 0.11-0.41, p <0.0001)
were significantly associated with lower risks for in-hospital
mortality in rectal cancer patients (Table 6).

Discussion

The present US population-based study simultaneously eval-
uated short-term surgical outcomes of laparoscopic resection
in patients > 80 years with either colon cancer or rectal can-
cer. The results indicated that 24.6% of colon cancer patients
aged 80 and older underwent laparoscopic resection, while
53.6% of elderly rectal cancer patients received laparoscopic
resection. Colon cancer patients with laparoscopic and open
resection had total postoperative complication rates of 34.3%
and 43.7%, as well as in-hospital mortality rates of 2.1%
and 6.0%, respectively. In contrast, rectal cancer patients
undergoing laparoscopic and open resection had total post-
operative complication rates of 30.7% and 50.3%, as well
as in-hospital mortality rates of 2.7% and 3.8%, respec-
tively. Multivariate analyses revealed that compared to open

resection, laparoscopic resection was significantly associated
with lower risks of developing postoperative complications
in both colon and rectal cancer patients. However, laparo-
scopic resection was significantly associated with a lower
risk of in-hospital mortality in colon cancer patients, but
not in rectal cancer patients. Overall, laparoscopic resection
yielded better short-term surgical outcomes than open resec-
tion in colon and rectal cancer patients aged 80 and older.
It was estimated that about 43% of CRC patients were
older than 75 years at the time of diagnosis [24]. An analy-
sis of the US NIS reported that 22.6% of CRC surgeries
were performed on patients aged 80 or over [3]. Compared
to CRC patients younger than 65, CRC patients 80 years
and above were more likely to be admitted urgently, to have
prolonged hospital stay and higher hospital charge, and to
be associated with elevated risks of postoperative morbidity
and in-hospital mortality [3]. In addition, patients > 80 years
accounted for 29% and 43% of deaths caused by CRC in
males and females, respectively, in the US in 2014 [7].
Furthermore, there were 721,988 and 281,253 patients
diagnosed with colon cancer and rectal cancer, respec-
tively, in the US from 2001 to 2010 [3]. There were 61,296
colon cancer patients and 34,175 rectal cancer patients in
Japan in 2009 [5]. It was projected that there will be around
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Table 6 Univariate and multivariate analyses of in-hospital mortality in rectal cancer patients

Variables In-hospital mortality Univariate Multivariate
Died, n (%) Alive,n (%) Weighted OR (95% CI)  p value Weighted OR (95% CI)  p value

Surgery

Open 19 (3.8) 499 (96.2) 1 1

Laparoscopic 16 (2.7) 583 (97.3) 0.71 (0.43-1.18) 0.1904 0.72 (0.32-1.62) 0.4314
Age, years

80-84 15 (2.4) 645 (97.6) 1 1

85-89 11 (3.2) 330 (96.8) 1.36 (0.75-2.45) 0.308  0.23 (0.15-0.36) <.0001

>90 9(8) 107 (92) 3.59 (1.74-7.38) 0.0005 ND NA
Sex

Male 18 (3.2) 554 (96.8) 1 1

Female 17 (3.2) 528 (96.8) 1 (0.59-1.69) 0.9884 1.07 (0.61-1.87) 0.8093
Admission type

Elective 20 (2.8) 706 (97.2) 1 1

Non-elective 15 (4.0 375 (96.0) 1.48 (0.88-2.47) 0.1367 0.71 (0.42-1.19) 0.1912
Elixhauser comorbidity score

0 1(1.6) 72 (98.4) 1 1

1 423) 183 (97.7) 1.4 (0.67-2.91) 0.3715 ND NA

2 6(2.4) 244 (97.6) 1.49 (0.85-2.61) 0.1637 ND NA

3 24 (4) 583 (96) 2.49 (1.68-3.7) <.0001 0.21(0.11-0.41) <.0001
Have any postoperative complication

No 7(1.1) 664 (98.9) 1 1

Yes 28 (6.4) 418 (93.6) 6.43 (3.19-12.95) <.0001 9.83(6.99-13.83) <.0001

Data were presented as unweighted n (%). Results of univariate and multivariate analyses were presented as weighted odds ratio (OR) with 95%
confidence intervals (CI), and p value. Bold indicated statistical significance (p <0.05)

101,420 new cases of colon cancer and 44,180 new case
of rectal cancer in the US in 2019 [25]. According to a US
population-based study, approximately 27.0% of colon can-
cer patients and 14.5% of rectal cancer patients undergoing
tumor resection were aged 80 and older [3]. Similarly, a
Danish population-based study found that 37.7% of colon
cancer patients and 26.4% of rectal cancer patients under-
went surgical treatment at age 75 or over [26]. Hence, treat-
ment of colon and rectal cancer patients aged 80 and older
is an ongoing clinical task [9, 14, 15].

An analysis of US National Surgical Quality Improvement
Program database demonstrated that laparoscopic resection
was associated with lower postoperative complications,
shorter length of stay, and lower mortality compared with
open resection in colon cancer patients 65 years and above
[27]. A retrospective Chinese cohort study of colon cancer
patients aged 75 or over reported that laparoscopic resec-
tion had lower intraoperative blood loss, less analgesic con-
sumption, and shorter hospital stay than open resection [28].
However, laparoscopic and open resection achieved compa-
rable 5-year overall survival (OS) and disease-free survival
(DFS) [28]. A multicenter study in Japan also found that
laparoscopic resection was associated with fewer postopera-
tive morbidities than open resection in colon cancer patients

@ Springer

aged 80 or over; however, there were no significant differ-
ences in 3-year OS, DFS, and cancer-specific survival (CSS)
between laparoscopic and open resection groups [29]. Nev-
ertheless, a retrospective Italian cohort study of colon cancer
patients with median age of 72 years demonstrated better
5-year OS and DFS for patients undergoing laparoscopic
resection compared to those with open resection [30]. The
present study found that laparoscopic resection had lower
postoperative complications and in-hospital mortality than
open resection in colon cancer patients 80 years and above,
while long-term survival analysis of laparoscopic resection
in elderly colon cancer patients is out of the scope of this
study.

On the other hand, a retrospective Chinese cohort study
of rectal cancer patients aged 70 or over found that laparo-
scopic resection was associated with longer operating time,
less blood loss, a shorter hospital stay, lower overall post-
operative complication rate, as well as less need of blood
transfusion and surgical intensive care unit after surgery
compared to open resection [31]. Nonetheless, there was
no significant difference in 3-year OS between two surgery
approaches in rectal cancer patients [31]. Similarly, in a Jap-
anese cohort of rectal cancer patients aged 80 or over, there
were no significant differences in postoperative morbidities,
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3-year OS, DFS, and CSS between laparoscopic resection
and open resection [29]. Notably, a German population-
based study demonstrated that compared with open resec-
tion, laparoscopic resection was associated with a lower risk
of 30-day postoperative mortality, but not 5-year DSF, in
rectal cancer patients aged 80 and older [32]. The present
study suggested that in rectal cancer patients > 80 years,
laparoscopic resection yielded lower postoperative compli-
cations than open resection but did not affect in-hospital
mortality. However, long-term survival benefit of laparo-
scopic resection in elderly rectal cancer patients remains to
be determined.

In the present study, ileus/bowel obstruction, urinary tract
infection, acute renal failure, anastomotic leak, and cardio-
vascular complications were the five most common postop-
erative complications occurred in included colon and rectal
cancer patients after laparoscopic or open resection. The
similar findings have been previously reported [33, 34], and
preoperative antibiotic prophylaxis was suggested to reduce
postoperative complications, such as surgical site infection,
anastomotic leak, and ileus, in CRC patients [35]. In the
present study, the total complication rates of laparoscopic
resection in colon and rectal cancer patients were 34.3%
and 30.7%, respectively, which were significantly lower than
those of open resection (43.7% and 50.3%, respectively).
Furthermore, laparoscopic resection resulted in lower per-
centages of most respective complications studied regardless
of cancer type, except for anastomotic leak in colon cancer.

On the other hand, a prospective multicenter study in
Switzerland reported that the rate of bleeding complication
was still substantial in laparoscopic surgery, which mainly
relied on the surgeon’s experience [36]. It was suggested that
comorbidities, such as abnormal heart rate and hyperten-
sion, were risk factors for postoperative bleeding in colorec-
tal surgery [34]. In the present study, among colon cancer
patients undergoing laparoscopic resection, the percentages
of patients with preoperative hypertension, congestive heart
failure, and valvular disease were 72.3%, 16.7%, and 11.2%,
respectively; however, only 2% of colon cancer patients
developed complication of hematomas after laparoscopic
resection. Similar phenomena, relatively high percentages
of preoperative hypertension, congestive heart failure, and
valvular disease, but relatively low complication rates of
hematomas, were also observed in the other three patient
groups (colon cancer patients with open resection, and rec-
tal cancer patients with laparoscopic or open resection).
Hence, the relationships between preoperative comorbidities
and postoperative complications in elderly colon and rectal
cancer patients undergoing laparoscopic or open resection
remain to be explored.

It was suggested that the likelihood of admitted urgently
is higher for CRC patients aged 80 and older [3]. Further-
more, older age was associated with an elevated risk of

emergency admission in CRC patients [37]. The present
study found that 45.6% of colon cancer patients and 34.9%
of rectal cancer patients were admitted non-electively. In
addition, non-elective admission was significantly associ-
ated with postoperative complications and in-hospital mor-
tality in elderly colon cancer patients, but not in rectal cancer
patients. However, the relationship between admission type
and disease severity was not assessed in the present study.

The present study is strengthened by using the NIS data-
base, so the included colon and rectal cancer patients repre-
sented 20% of the US elderly population undergoing lapa-
roscopic or open resection during a 10-year period. Since
short-term surgical outcomes of laparoscopic resection in
elderly patients with colon and rectal cancer were assessed
side by side, the current findings provide an overview on the
use and effectiveness of laparoscopic resection in elderly
colon and rectal patients, which may help clinicians to opti-
mize the treatment strategies for these patients in the future.

Nevertheless, the present study has a few intrinsic limita-
tions. The NIS database did not contain long-term oncologi-
cal outcomes after discharge, so long-term survival could
not be evaluated in the present study. In addition, a small
proportion of CRC patients might require to undergo con-
version from laparoscopic to open surgery for undisclosed
reasons [10, 13, 38], while readmission rates and conver-
sion rates could not be calculated due to the nature of NIS
database. The ICD-9 coding system was used to identify
cancer types, surgical procedures, preoperative comorbidi-
ties, and postoperative complications from the NIS database,
while the possibility of coding errors could not be ruled
out [39]. In addition, the severity of respective comorbid-
ity was not available in the NIS database, which might bias
the results of this study. Because the criteria for deciding
on patients for receiving laparoscopic versus open resection
were not provided by the NIS database, surgical indications
might confound the results. Furthermore, several potential
confounders were not collected by the NIS such as caner
staging, clinical laboratory data, and lifestyle factors. Nota-
bly, clinical outcomes of laparoscopic colon surgery were
suggested to be influenced by TNM stage [28] and disease
stage [40]. Finally, the findings of this US NIS-based study
should be confirmed by large-scale, longitudinal cohort stud-
ies of elderly colon and rectal cancer patients from different
geographic regions.

Conclusion

For colon cancer patients aged 80 and older, laparoscopic
resection had better short-term outcomes in terms of post-
operative complication and in-hospital mortality than open
resection. However, for rectal cancer patients > 80 years,
laparoscopic resection reduced postoperative complication

@ Springer



882

Surgical Endoscopy (2021) 35:872-883

but did not affect in-hospital mortality. Although the long-
term survival effect of laparoscopic resection is unclear,
laparoscopic resection results in better or similar short-term
surgical outcomes in colon and rectal cancer patients aged
80 or over as compared to open resection. Hence, laparo-
scopic resection is feasible for elderly colon and rectal can-
cer patients.
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