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ABSTRACT

Purpose. Risks and benefits of colorectal cancer resection

in octogenarians are not clearly defined. This study aimed

to assess the relationship between morbidity and mortality

within 1 year after colorectal cancer resection in octoge-

narians compared with other age groups.

Methods. A single-institution, prospectively maintained

database was queried to identify patients with sporadic,

pathological stages I–III colorectal adenocarcinoma, elec-

tively undergoing radical resection with curative intent

between 2000 and 2012. Patients were divided into three

age groups: ‘octogenarians’ if C80 years of age; ‘inter-

mediate’ if C65 and\80 years of age; and ‘younger’

if\65 years of age.

Results. Overall, 2485 patients fulfilled the inclusion cri-

teria—326 in the octogenarian age group, 949 in the

intermediate age group, and 1210 in the younger age group.

Postoperative morbidity disproportionally increased 1-year

mortality in octogenarians when compared with the

younger age group (37 vs. 6.5 %; p\ 0.001). Anastomotic

leak, abdominopelvic abscess, reoperation, and readmis-

sion rates were comparable among different age groups,

but were associated with a disproportionate risk of 1-year

mortality in octogenarians (67, 43, 33, and 41 %, respec-

tively). Multivariate analysis indicated that older age and

postoperative complications were the only two independent

variables associated with 30- and 90-day mortality. Besides

these, American Society of Anesthesiologists (ASA) and

pathological stage III were additional independent

variables associated with 1-year mortality. An interaction

test confirmed that age and postoperative complications

were independent variables, with additive effect on 30-day,

90-day, and 1-year mortality.

Conclusions. Age plays an important and independent

role in affecting mortality when complications occur fol-

lowing surgery for colorectal cancer. The full magnitude of

postoperative risks should be taken into consideration when

discussing colorectal cancer surgery in octogenarians.

The incidence of elderly patients with colorectal cancer

is prone to increase, considering that the risk of colorectal

cancer increases proportionally with age1 and life expec-

tancy in the general population is becoming progressively

longer.2

However, the specific risks and benefits of resection for

colorectal cancer in the elderly subpopulation, especially

octogenarians, are not clearly defined.3–7 In particular, the

data used to generate guidelines for the treatment of col-

orectal cancer are collected on younger patients, which are

disproportionately accrued into prospective trials assessing

different treatment options, and might not be equally rel-

evant to elderly patients.3,4

It is generally accepted that resection of colorectal

cancer in elderly patients is associated with higher mor-

bidity rates,8 as well as high mortality rates, both in the

immediate postoperative period and during the first year

after surgery.5,8–14 However, scant data are available on the

relationship between postoperative morbidity and mortality

across different ages, both immediately after surgery and

beyond the initial 30 postoperative days. It is also unclear if

specific complications influence this relationship more than

others, and whether age is a truly independent factor

related to mortality or a confounder of severe comorbidity

rates.5,8,9,15
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The present study therefore aimed to assess the rela-

tionship between morbidity and mortality within 1 year

after colorectal cancer resection in octogenarians compared

with other age groups.

METHODS

A single institution, prospectively maintained Institu-

tional Review Board-approved database corroborated by

patient medical records was queried to identify patients

with pathological stages I–III colorectal adenocarcinoma,

electively operated with curative intent between 2000 and

2012. Database variables included patient demographics,

body mass index (BMI), American Society of Anesthesi-

ologists (ASA) classification of physical health, tumor site,

surgical procedure, length of hospital stay (LOS), compli-

cations, reoperation, readmission, and mortality. Data were

supplemented by chart review as necessary. Frequencies of

specific comorbidities were collected using International

Classification of Diseases, Ninth Revision (ICD-9) codes.

Exclusion criteria were patients with distant metastases,

recurrent disease, synchronous inflammatory bowel dis-

ease, hereditary colorectal neoplasm, malignancy other

than adenocarcinoma, emergency surgery, and local

resections. Patients were divided into three groups based on

their age at the time of surgery: ‘octogenarians’ if C80

years of age; ‘intermediate’ if C65 and\80 years of age;

and ‘younger’ if\65 years of age.

Definitions of Study Variables

Intraoperative complications were defined as complica-

tions occurring during the operative procedure. The

specific intraoperative complications analyzed were anas-

tomosis redo/repair, bladder injury, intraoperative

hemorrhage reported in the operative note and requiring

packed red blood cell transfusion, rectal perforation, sple-

nic injury, ureteral injury, urethral injury, vaginal injury,

and vascular injury.

Postoperative morbidity was defined as a complication

occurring within 30 days after surgery, or during the same

hospital stay. The specific postoperative complications

analyzed were abdominal and/or pelvic abscess (organ space

surgical site infection), kidney failure requiring hemodialy-

sis in a patient who did not require dialysis preoperatively,

anastomotic leak, arrhythmia,Clostridium difficile infection,

stoma complications, dehydration, enteric leak occurring

away from any anastomoses, ileus, myocardial infarction,

cerebrovascular accident, pneumonia, reintubation, small

bowel obstruction, urinary retention, urinary tract infection,

deep venous thrombosis, portal venous thrombosis, pul-

monary embolism, wound/superficial surgical site infection,

fascial dehiscence, and deep fascial infection. The definition

of abdominopelvic abscess/organ space infection was an

infection related to the operation involving any part of the

anatomy, other than the incision, which was opened or

manipulated during an operation, and at least one of the

following: purulent drainage from a drain placed through a

stab wound into the organ/space, organisms isolated from an

aseptically obtained culture of fluid or tissue in the organ/

space, and an abscess or other evidence of infection

involving the organ/space that is found on direct examination

during reoperation or by radiologic examination. Anasto-

motic leakage was defined as anastomotic separation, based

on extravasation of contrast by radiology study or direct

physician documentation. Reoperation and readmission

were considered as any unplanned returns to the operating

room or to the main hospital within 30 days after surgery,

and index hospital discharge, respectively.

Mortality was assessed at 30 days, 90 days, and 1 year

following surgery. Morbidity, reoperations and readmis-

sions were based on the number of patients with at least

one event, related to either the index hospital stay or

readmission.

Statistics

The age groups were compared with respect to patient-

related variables, tumor-related variables, procedure char-

acteristics, morbidity, and mortality. Comparisons were

performed using Fisher’s exact tests or Chi square tests for

categorical variables. Comparisons of age groups with

respect to quantitative and ordinal variables were per-

formed using the Kruskal–Wallis test, and statistical

significance was defined as p\ 0.05.

The association of each complication with mortality

rates was initially analyzed considering all patients com-

bined and regardless of their age. In particular, possible

associations between each specific complication and 30-

day, 90-day, and 1-year mortality were assessed using

Fisher’s exact tests or Chi square tests. Multivariate anal-

ysis for 30-day, 90-day, and 1-year mortality was

performed by logistic regression modeling using the vari-

ables that were statistically significant in the univariate

analyses. For that purpose, we used postoperative compli-

cations combined, due to small numbers to assess each

complication separately in the multivariate modeling. We

also used logistic regression models to investigate inter-

actions between age and postoperative complications on

mortality. The interaction tests assessed if either age or the

presence of a complication acted as an effect modifier for

the association of the other variable with mortality. Sta-

tistical analyses were performed in consultation with a

statistician, using R version 2.15.1 (r-project.org).
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RESULTS

Between 2000 and 2012, a total of 2485 of 3003 patients

treated for stage I–III colorectal cancer in our institution

fulfilled the inclusion criteria. Overall, 326 patients were

octogenarians, 1210 patients were younger than 65 years of

age, and 949 patients had an intermediate age of between

65 and 79 years. The percentage of females and the ASA

score proportionally increased with patient age, unlike

BMI, which was inversely proportional to patient age.

When assessing specific comorbidities for each age group,

the octogenarian and intermediate age groups more fre-

quently had diabetes, history of cerebrovascular accident,

hypertension, angina, congestive heart failure, myocardial

infarction history, chronic obstructive pulmonary disease,

dementia, and kidney failure than the younger age group

(Table 1). Octogenarians were more likely to undergo

surgery for more proximal tumors, while radical resection

for rectal cancer was more frequent in younger patients,

who also had more advanced disease at the time of diag-

nosis. In particular, right hemicolectomy amounted to

almost half of the operations performed in the octogenarian

age group, while anterior resection was the most frequent

operation performed in the other age groups. No differ-

ences were observed in the use of laparoscopic surgery

among the age groups; however, conversions were more

likely in the octogenerian group. While no differences in

the rates of intraoperative complications were observed

among the groups, the rate of postoperative complications

increased proportionally with age. Death rates also

increased proportionally with age, when taking into

account all intervals of interest at 30-day, 90-day, or 1-year

after surgery. The mean LOS was also significantly longer

in the octogenerian group compared with the other two

groups, while no differences were noted with respect to

reoperation or readmission rates among the groups

(Table 1).

While intraoperative morbidity carried no significant

association with mortality at any interval (data not shown),

postoperative morbidity was associated with a substantial

increase in postoperative mortality in all age groups,

especially among octogenarians. For example, 1-year

mortality in octogenarians was 5.7 % in the absence of

postoperative complications, but jumped to 37 % once at

least one postoperative complication occurred (Table 1).

The incidence of specific intraoperative morbidity was

similar in the three groups. When examining postoperative

complications, the incidences of anastomotic leak, abdomi-

nopelvic abscess, myocardial infarction, cerebrovascular

accident, and wound infection were also comparable among

the different age groups; however, octogenarians were sig-

nificantly more likely to experience postoperative

arrhythmia, pneumonia, reintubation, kidney failure

requiring hemodialysis, deep venous thrombosis, pulmonary

embolism, and Clostridium difficile infection (Table 2).

When assessing associations between specific perioper-

ative complications and mortality in the entire study

population, considering all age groups combined, we did

not identify any significant associations between any

intraoperative complications and mortality at any interval.

Instead, specific postoperative complications significantly

associated with mortality were observed, at least in one of

the three postoperative time intervals of interest, i.e.

anastomotic leak, abdominal/pelvic abscess, myocardial

infarction, arrhythmia, cerebrovascular accident, pneumo-

nia, reintubation, kidney failure requiring hemodialysis,

pulmonary embolism, and Clostridium difficile infection.

Urinary tract infection and wound infection were not

associated with mortality (Table 3).

We then evaluated possible differences in the risk of death

among different age groups related to hospital readmission

or specific complications. Readmission was associated with

significantly increased mortality in older patients at all

postoperative intervals of interest, while anastomotic leak,

abdominopelvic abscess, postoperative arrhythmia, and

reoperation were associated with increased postoperative

mortality at 90 days and 1 year (Table 4). Lastly, reintuba-

tion was found to be associated with significantly increased

mortality in older patients within 1 year after surgery. Other

complications were equally likely to result in mortality

among the different age groups (Table 4).

A stepwise multivariate logistic regression was per-

formed to identify the independent factors associated with

mortality. Age, sex, BMI, ASA, cancer site (colon vs.

rectum), pathological stage, procedure, intraoperative

complications, and postoperative complications were sig-

nificant on univariate analysis and were therefore used as

covariates. Increased age and postoperative complications

were the only two independent variables associated with

30-day and 90-day mortality. Besides these, ASA and

pathological stage III were additional independent vari-

ables associated with 1-year mortality (Table 5).

To confirm the autonomous role of age and postopera-

tive morbidity as risk factors for death following surgery,

we then performed an interaction test between age and

postoperative morbidity in 30-day, 90-day, and 1-year

mortality. The absence of interaction confirmed that age

and postoperative complications were independent vari-

ables with additive effect on 30-day, 90-day and 1-year

mortality (p = 1.0, p = 0.15, and p = 0.60, respectively).

DISCUSSION

Our data indicated that postoperative morbidity fol-

lowing resection for colorectal cancer is more common in
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TABLE 1 Patient and disease characteristics, perioperative and recovery variables, and associations between morbidity and mortality by age

group

\65 years (n = 1210) C65–79 years (n = 949) C80 years (n = 326) p Value

Age, years [mean (SD)] 52.7 (8.7) 71.8 (4.3) 84.4 (3.5) \0.001a

Female sex 424 (35.0) 383 (40.4) 175 (53.7) \0.001b

BMI [mean (SD)] 28.8 (6.2) 28.3 (5.9) 25.5 (4.3) \0.001a

ASAd \0.001b

I–II 646 (55.2) 230 (24.8) 34 (10.8)

III–IV 524 (44.8) 697 (75.2) 282 (89.2)

Comorbidities \0.001b

Diabetes mellitus 141 (11.7) 177 (18.7) 48 (14.7)

Cerebrovascular accident history 31 (2.6) 88 (9.3) 45 (13.8)

Hypertension 340 (28.1) 433 (45.6) 159 (48.8)

Angina 78 (6.4) 196 (20.7) 76 (23.3)

Myocardial infarct history 27 (2.2) 35 (3.7) 20 (6.1)

Congestive heart failure 37 (3.1) 88 (9.3) 44 (13.5)

Chronic obstructive pulmonary disease 76 (6.3) 95 (10) 35 (10.7)

Dementia – 14 (1.5) 9 (2.8)

Kidney failure 59 (4.9) 111 (11.7) 35 (10.7)

Cancer site \0.001b

Colon 437 (36.1) 534 (56.3) 225 (69.0)

Rectum 773 (63.9) 415 (43.7) 101 (31.0)

Pathological stagee 0.001b

I 393 (32.5) 314 (33.1) 92 (28.2)

II 360 (29.8) 336 (35.4) 132 (40.5)

III 457 (37.8) 299 (31.5) 102 (31.3)

Procedure \0.001b

AR/LAR 722 (59.6) 397 (41.8) 92 (28.2)

Right hemicolectomy 212 (17.5) 321 (33.8) 161 (49.4)

APR 144 (11.9) 117 (12.3) 32 (9.8)

Sigmoid colectomy 74 (6.1) 66 (7.0) 19 (5.8)

Total abdominal colectomy 27 (2.2) 19 (2.0) 7 (2.1)

Pelvic exenteration 10 (0.83) 4 (0.42) 1 (0.31)

Hartmann’s procedure 9 (0.74) 9 (0.95) 9 (2.8)

Transverse colectomy 4 (0.33) 9 (0.95) 4 (1.2)

Otherf 8 (0.66) 7 (0.74) 1 (0.31)

Laparoscopic approach 229 (18.9) 176 (18.5) 68 (20.9) 0.65b

Conversion 19 (8.3) 40 (22.7) 10 (14.7) 0.008b

Intraoperative morbidity 36 (3.0) 43 (4.5) 9 (2.8) 0.11b

Postoperative morbidity 321 (26.5) 290 (30.6) 115 (35.3) 0.004b

Postoperative mortality

30-day 3 (0.3) 19 (2.0) 18 (5.5) \0.001b

90-day 7 (0.6) 28 (3.0) 30 (9.2) \0.001b

1-year 31 (2.6) 70 (7.4) 55 (16.9) \0.001b

Mortality without postoperative morbidity 889 659 211

30-day – – – NA

90-day 1 (0.1) – 1 (0.5) 0.23

1-year 10 (1.1) 23 (3.5) 12 (5.7) \0.001b

4296 L. C. Duraes et al.



elderly patients and results in a significant increase in

mortality, which continues to increase well beyond the

initial postoperative month. Age and the occurrence of

postoperative morbidity were both independent and

important factors affecting mortality at 30 days, 90 days

and 1 year following surgery. In addition, there were

TABLE 1 continued

\65 years (n = 1210) C65–79 years (n = 949) C80 years (n = 326) p Value

Mortality in case of postoperative morbidity 321 290 115

30-day 3 (0.93) 19 (6.6) 18 (15.7) \0.001c

90-day 6 (1.9) 28 (9.7) 29 (25.2) \0.001c

1-year 21 (6.5) 47 (16.2) 43 (37.4) \0.001b

Reoperation 74 (6.1) 45 (4.7) 15 (4.6) 0.3b

Length of hospital stay, days [median/mean (SD)] 6/7.4 (5.7) 7/8.9 (7.7) 8/10.6 (9.0) \0.001a

Readmission in 30 days 94 (7.8) 84 (8.9) 29 (8.9) 0.61b

Data are expressed as n (%) unless otherwise specified

Statistically significant values in italics

SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists, APR abdominoperineal resection, AR anterior

resection, LAR low anterior resection, NA not applicable
a Kruskal–Wallis test
b Chi square test
c Fisher test
d Data not available for ASA scores. Missing values: 72
e Disease staging based on surgical specimen
f Other procedures: Turnbull–Cutait pull-through procedure, transperineal proctosigmoidectomy, and total proctocolectomy with ileal-pouch

anal anastomosis

TABLE 2 Specific intraoperative and postoperative complications by age group

\65 years (n = 1210) C65–79 years (n = 949) C80 years (n = 326) p Value

Intraoperative complications

Bladder injury 2 (0.2) 1 (0.1) – 1.00a

Major bleeding requiring transfusion 23 (1.9) 31 (3.3) 7 (2.1) 0.12b

Splenic injury 7 (0.6) 8 (0.8) 1 (0.3) 0.65a

Ureteral injury 2 (0.2) 1 (0.1) – 1.00a

Postoperative complications

Anastomotic leak 52 (4.3) 34 (3.6) 9 (2.8) 0.39b

Abdominal/pelvic abscess 52 (4.3) 47 (5.0) 14 (4.3) 0.75b

Myocardial infarction 3 (0.3) 6 (0.6) 4 (1.2) 0.06a

Arrhythmia 2 (0.2) 22 (2.3) 20 (6.1) \0.001b

Cerebrovascular accident 2 (0.2) 2 (0.2) 3 (0.9) 0.10a

Pneumonia 8 (0.7) 10 (1.1) 14 (4.3) \0.001a

Reintubation 1 (0.08) 9 (1.0) 12 (3.7) \0.001a

Kidney failure requiring hemodialysis 4 (0.3) 7 (0.7) 9 (2.8) \0.001a

Deep venous thrombosis 13 (1.1) 15 (1.6) 10 (3.1) 0.04a

Pulmonary embolism 5 (0.4) 14 (1.5) 2 (0.6) 0.02a

Clostridium difficile infection 3 (0.3) 1 (0.1) 5 (1.5) 0.004a

Urinary tract infection 27 (2.2) 23 (2.4) 16 (4.9) 0.024b

Wound infection 77 (6.4) 62 (6.5) 21 (6.4) 0.99c

Data are expressed as n (%)

Statistically significant values in italics
a Fisher’s test
b Chi square test
c Kruskal–Wallis test
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specific complications whose incidences were comparable

among age groups but were associated with dispropor-

tionate mortality in elderly patients, particularly in

octogenarians.

Our results are consistent with previous data indicating

increased mortality after surgery for colorectal cancer in

the elderly,5,9,16 whose age groups have been defined based

on different age cutoffs in the literature. Our age grouping

was planned so that we could selectively point out those

previously defined as ‘the oldest old’12 when compared

with other age groups. Our data also reflect the results of

previous investigators who have questioned the validity of

the 30-day interval as an accurate endpoint in the mea-

surement of postoperative mortality in the elderly patient

population, considering that postoperative mortality

extends beyond 30 days.12,13,17–19

Our findings confirm the association between postoper-

ative morbidity and mortality, as previously reported in

general surgical populations without particular age

restrictions.20,21 However, our analysis also revealed

specific and relevant associations between individual

postoperative complications and increased risk of death at

different time periods. For example, septic complications,

such as abdominal/pelvic abscess and anastomotic leak, as

well as postoperative arrhythmia, were not significantly

associated with death until after the first postoperative

month, which might have depended on the effectiveness of

perioperative care delivered immediately after surgery.

The original data from the present study on the effect of

specific complications on mortality in the elderly could

also have practical implications, both in preoperative

planning and postoperative care. For example, the sobering

data on the consequences of anastomotic leaks and

abscesses could prompt greater consideration for proximal

stoma diversion or even non-restorative procedures in

elderly patients and closer follow-up after hospital dis-

charge if they experienced postoperative arrhythmias.

When examining 1-year mortality, ASA and pathological

stage III tumor were also independently associated with

mortality, besides age and postoperative complications. This

is not surprising and is consistent with previous data.20,22

However, the high odds ratio associated with age and

postoperative complications, as well as the absence of sta-

tistical interaction between age and morbidity, confirmed

that they remained independent and important factors asso-

ciated with 1-year mortality, both statistically and clinically.

The strengths of this study revolve on the details pro-

vided by prospectively collected data on a relatively large

number of patients treated in a single institution, including

data on specific complications, which are generally more

TABLE 3 Association between mortality and specific postoperative complications (all age groups combined)

Total 30-day mortality p Value 90-day mortality p Value 1-year mortality p Value

Intraoperative complications

Bladder injury 3 – 1 – 1 1 (33.3) 0.18

Major bleeding requiring transfusion 60 1 (1.7) 1 2 (3.3) 0.99 3 (4.9) 0.58

Splenic injury 16 – 1 – 1 – 1

Ureteral injury 3 – 1 – 1 1 (33.3) 0.18

Postoperative complications

Anastomotic leak 95 2 (2.1) 0.66 6 (6.3) 0.036 15 (15.8) \0.001

Abdominal/pelvic abscess 113 2 (1.8) 0.7 8 (7.1) 0.008 19 (16.8) \0.001

Myocardial infarction 13 9 (69.2) \0.001 10 (76.9) \0.001 10 (76.9) \0.001

Arrhythmia 44 15 (34.1) \0.001 23 (52.3) \0.001 26 (59.1) \0.001

Cerebrovascular Accident 7 2 (28.6) 0.005 3 (42.9) 0.001 6 (85.7) \0.001

Pneumonia 32 9 (28.1) \0.001 15 (46.8) \0.001 21 (65.6) \0.001

Reintubation 22 12 (54.5) \0.001 18 (81.8) \0.001 19 (86.4) \0.001

Kidney failure requiring hemodialysis 20 5 (25.0) \0.001 9 (45.0) \0.001 14 (70.0) \0.001

Deep venous thrombosis 38 2 (5.3) 0.12 3 (7.9) 0.08 7 (18.4) 0.008

Pulmonary embolism 21 5 (23.8) \0.001 6 (28.6) \0.001 7 (33.3) \0.001

Clostridium difficile infection 9 2 (22.2) 0.008 2 (22.2) 0.022 4 (44.4) 0.001

Urinary tract infection 66 2 (3.0) 0.29 3 (4.5) 0.25 7 (10.6) 0.19

Wound infection 165 1 (0.61) 0.52 4 (2.4) 1 16 (9.7) 0.06

Reoperation 134 3 (2.2) 0.47 6 (4.6) 0.16 16 (11.9) 0.007

Readmission 207 6 (2.9) 0.14 9 (4.3) 0.11 27 (13.0) \0.001

Data are expressed as n (%)

Statistically significant values in italics
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TABLE 4 Mortality following specific complications for each age group

\65 years C65–79 years C80 years p Value

Anastomotic leak 52 34 9

30-day mortality – – 2 (22.2) 0.008

90-day mortality – 3 (8.8) 3 (33.3) 0.001

1-year mortality 6 (11.5) 3 (8.8) 6 (66.7) 0.001

Intra-abdominal/pelvic abscess 52 47 14

30-day mortality – 1 (2.1) 1 (7.1) 0.12

90-day mortality – 4 (8.5) 4 (28.6) 0.001

1-year mortality 7 (13.5) 6 (12.8) 6 (42.9) 0.034

Myocardial infarction 3 6 4

30-day mortality 1 (33.3) 6 (100) 2 (50.0) 0.08

90-day mortality 1 (33.3) 6 (100) 3 (75.0) 0.06

1-year mortality 1 (33.3) 6 (100) 3 (75.0) 0.06

Arrhythmia 2 22 20

30-day mortality – 7 (31.8) 8 (40.0) 0.67

90-day mortality – 9 (40.9) 14 (70.0) 0.03

1-year mortality – 10 (45.5) 16 (80.0) 0.011

Cerebrovascular accident 2 2 3

30-day mortality – 1 (50.0) 1 (33.3) [0.99

90-day mortality 1 (50.0) 1 (50.0) 1 (33.3) [0.99

1-year mortality 1 (50.0) 2 (100) 3 (100) 0.57

Pneumonia 8 10 14

30-day mortality 1 (12.5) 3 (30) 5 (35.7) 0.50

90-day mortality 1 (12.5) 5 (50) 9 (64.3) 0.06

1-year mortality 3 (37.5) 6 (60) 12 (85.7) 0.06

Reintubation 1 9 12

30-day mortality – 4 (44.4) 8 (66.7) 0.29

90-day mortality – 7 (77.8) 11 (91.7) 0.12

1-year mortality – 7 (77.8) 12 (100) 0.023

Kidney failure requiring hemodialysis 4 7 9

30-day mortality – 1 (14.3) 4 (44.4) 0.21

90-day mortality – 3 (42.9) 6 (66.7) 0.09

1-year mortality 2 (50.0) 4 (57.1) 8 (88.9) 0.24

Deep venous thrombosis 13 15 10

30-day mortality – 1 (6.7) 1 (10.0) 0.72

90-day mortality – 1 (6.7) 2 (20.0) 0.25

1-year mortality 2 (15.4) 2 (13.3) 3 (30.0) 0.58

Pulmonary embolism 5 14 2

30-day mortality 1 (20.0) 4 (28.6) – [0.99

90-day mortality 1 (20.0) 4 (28.6) 1 (50.0) [0.99

1-year mortality 1 (20.0) 5 (35.7) 1 (50.0) [0.99

Clostridium difficile infection 3 1 5

30-day mortality – – 2 (40.0) 0.58

90-day mortality – – 2 (40.0) 0.58

1-year mortality – – 4 (80.0) 0.09

Reoperation 74 45 15

30-day mortality – 2 (4.4) 1 (6.7) 0.11

90-day mortality – 4 (8.9) 2 (13.3) 0.006

1-year mortality 5 (6.8) 6 (13.3) 5 (33.3) 0.019
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difficult to tease out when assessing large administrative

databases. We could therefore analyze not only the rela-

tionship between morbidity and mortality in general but

also the more nuanced relationship between the incidence

of specific complications and mortality for different age

groups at defined time intervals.

The limitations of our study were its retrospective

design and the inherent referral and selection bias when

considering patients for surgery in a single tertiary referral

center, particularly in the case of elderly individuals who

may have prohibitive comorbidities. It has also been argued

that the influence of age on perioperative outcomes is not

direct, but rather reflective of the associated comorbidities;

however, aging is not only associated with increased

comorbidities but also with decline of functional reserve,

and personal and social restrictions; these are probably

critical factors directly responsible for poorer outcomes.23

The separation between age as a number and specific age-

related deficits remains challenging. Our analysis, indicat-

ing the independent effect of age on mortality, remains

limited in its potential to ultimately address this issue, as

comorbidity was mainly based on ASA classification

instead of other, perhaps more sophisticated, tools such as

Charlson’s comorbidity score,24 or predictors of morbidity

such as the American College of Surgeons National Sur-

gical Quality Improvement Program (ACS NSQIP)

surgical risk calculator,25 frailty index,26 or POSSUM.27 It

has been suggested that a comprehensive geriatric evalua-

tion, including functional assessment, comorbidity,

cognition, psychological state, social support, nutrition and

medication, might improve outcomes following colorectal

cancer resection in older adults.28,29 In particular, in 2012

the ACS NSQIP and the American Geriatrics Society

(AGS) collaborated to create best practice guidelines

around optimal perioperative care of geriatric surgical

patients.30 By following these guidelines, the modifiable

factors related to surgery in the elderly population can be

optimized, and can probably improve morbidity and mor-

tality outcomes. In the absence of routine implementation

of such programs, we believe that the current study pro-

vides less sophisticated, but still useful, data, which can be

practically utilized in the management of these high-risk

patients.

TABLE 4 continued

\65 years C65–79 years C80 years p Value

Readmission 94 84 29

30-day mortality – 1 (1.2) 5 (17.2) \0.001

90-day mortality – 2 (2.4) 7 (24.1) \0.001

1-year mortality 7 (7.4) 8 (9.5) 12 (41.4) \0.001

Statistically significant values in italics

TABLE 5 Multivariate analysis assessing independent factors asso-

ciated with 30-day, 90-day, and 1-year mortality

Factor OR (95 % CI) p Value

30-day mortality

Age group (years)

\65 1

C65–79 10.016 (2.289–43.828) 0.002

C80 21.005 (4.676–94.357) \0.001

Postoperative complications \0.001

No 1

Yes Not estimateda

90-day mortality

Age group (years)

\65 1

C65–79 5.153 (1.911–13.895) 0.001

C80 13.036 (4.648–36.556) \0.001

Postoperative complications

No 1

Yes 66.403 (16.048–274.754) \0.001

1-year mortality

Age group (years)

\65 1

C65–79 2.678 (1.659–4.322) \0.0001

C80 5.271 (3.054–9.096) \0.0001

Postoperative complications

No 1

Yes 6.360 (4.316–9.373) \0.001

ASA

1–2 1

3–4 1.963 (1.186–3.248) 0.009

Pathological stage

1 1

2 0.906 (0.555–1.479) 0.69

3 1.908 (1.225–2.972) 0.004

Age, sex, BMI, ASA, cancer site, pathological stage, procedure,

intraoperative complications, and postoperative complications were

used as covariates

Statistically significant values in italics

ASA American Society of Anesthesiologists, BMI body mass index,

CI confidence interval, OR odds ratio
a All deceased patients experienced at least one postoperative

complication
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CONCLUSION

Age plays an important and independent role in affect-

ing mortality when complications occur following surgery

for colorectal cancer. The full magnitude of postoperative

risks should be taken into consideration when discussing

colorectal cancer surgery in octogenarians.
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