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BACKGROUND: surgery in the very elderly is a topic 
that has not been well studied, despite the steady rise in 
this population. With the rise in this population, there is 
now discussion on the safety of surgery in this cohort for 
colorectal cancer.

OBJECTIVE: the purpose of this study was to investigate 
elective and nonelective colorectal cancer surgery 
outcomes in patients aged ≥90 years at both private and 
public hospitals in melbourne, Victoria, australia.

DESIGN: this was a retrospective analysis of patients 
aged ≥90 years who were included in the prospectively 
maintained Cabrini monash university Department of 
surgery colorectal neoplasia database for patients entered 
between January 2010 and february 2015. Comorbidity, 
asa score, acuity of surgery, treatment, mortality, 
morbidity, and survival were analyzed.

SETTINGS: this study was conducted in a tertiary referral 
hospital.

PATIENTS: a total of 48 patients were identified from 
the database. the majority of these patients were women 
(58.0%), asa score iii to iV (91.7%), and treated in an 
elective setting (79.2%). the median age was 91.8 years.

MAIN OUTCOME MEASURES: We measured 30-day 
mortality, 180-day mortality, and perioperative morbidity.

RESULTS: thirty-day mortality rate was 2.1%. the 180-day  
mortality rate was 10.4%. a total of 29.2% of patients 
had a perioperative complication. median follow-up was 

21 months (range, 13–54 months). in 180-day mortality, 
minimally invasive surgery was associated with a lower 
mortality rate vs open surgery (p = 0.043). Perioperative 
complications were associated with nonelective surgery 
(p = 0.045), open surgery procedures (p = 0.014), and 
higher stages of disease (p = 0.014). a total of 81.3% of 
patients were able to return home after surgery.

LIMITATIONS: this was a retrospective study with the 
usual limitations; however, these have been minimized 
with the use of a high-quality, prospective data collection 
database. the median follow-up was 21 months.

CONCLUSIONS: Colorectal surgery was generally safe for 
nonagenarians in this study. this study demonstrates that 
excellent outcomes can be achieved in a selected group. 
additional prospective studies with larger numbers and 
5-year follow-up are recommended.

KEY WORDS: Colorectal cancer; elderly; nonagenarians; 
Perioperative outcomes.

according to the 2010 us Census, there are more 
than 50,000 people living in the united states who 
are centurions, with almost 2-million nonagenar-

ians.1,2 the united Kingdom Department for Work and 
Pensions predicts that a girl born today has a 1-in-3 chance 
of living to 100 years, whereas a boy has a 1-in-4 chance.3 
increasing age is a well-known risk factor for many types 
of cancer, including colorectal cancer.4 Because of these 
factors, clinicians are increasingly seeing the very elderly 
in their practices. Whereas in the past there has been re-
luctance to treat these patients with anything more than 
a nonoperative or palliative intent, there is increasing dis-
cussion regarding offering these patients surgery.

multiple reports have cited age as a risk factor for 
perioperative morbidity and mortality.5–7 traditionally, 
clinicians have frequently adopted the view that the peri-
operative risks would be too high in elderly patients, and 
therefore they are offered less-aggressive oncological 
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treatment.8 in recent years, numerous reports have been 
 published demonstrating that surgery in patients >90 years 
is feasible, although they have quoted relatively high peri-
operative mortality rates, often ≈10% to 30%.9–11 mortality 
rates of this level are not acceptable in an elective case series.

this study aimed to investigate elective and nonelec-
tive colorectal cancer surgery outcomes in patients aged 
>90 years at both private and public hospitals in mel-
bourne. there have been few reports with perioperative 
mortality and seemingly no reports of 180-day and 1-year 
mortality figures for this patient subset.12

PATIENTS AND METHODS

a retrospective study of elderly patients on the prospec-
tively maintained Cabrini monash university Department 
of surgery colorectal neoplasia database, incorporating 
data from Cabrini hospital and the alfred hospital, mel-
bourne, identified patients entered between January 2010 
and february 2015. Patients were included in this study ac-
cording to the selection criteria of age ≥90 years, diagnosis 
of colorectal cancer, and undergoing abdominal surgery 
for colorectal cancer. Data on patient demographics, peri-
operative risks, treatment, mortality, and morbidity and 
survival were compiled. this database has demonstrated 
very high levels of data completeness, accuracy, and pa-
tient follow-up.13 Data were analyzed with the fisher exact 
test and χ2 test (sigmaplot 12.0, systat software, san Jose, 
Ca). a p value of <0.05 was considered statistically signifi-
cant. graphic data were plotted using graphPad (graph-
Pad Prism, graphPad software, inc, la Jolla, Ca). ethics 
approval for this study was granted by the Cabrini human 
Research ethics Committee (reference no. 11-22-06-15).

RESULTS

forty-eight patients were identified as being >90 years 
of age, diagnosed with colorectal cancer, and undergo-
ing colorectal cancer surgery from the colorectal neopla-
sia database between 2010 and 2015. the median patient 
age at the time of surgery was 91.8 years (range, 90.0–
100.4 years). there were slightly more women (n = 28) 
than men (n = 20). more than three quarters were under-
going surgery for colonic lesions (n = 37). the majority of 
patients in the study had an asa score of iii (n = 30), with 
the remainder at asa ii (n = 4) and asa iV (n = 14). no 
patients were rated as asa i. all but 1 of the patients had 
significant comorbidities, which are outlined in table 1. 
according to the american Joint Committee on Cancer 
classification, there were 8 patients with stage i cancer, 19 
with stage ii, 18 with stage iii, and 4 with stage iV.

thirty eight of the patients had elective operations 
(79.2%), with a smaller number having nonelective op-
erations (3 emergency and 7 urgent; 10 in total (20.8%)). 

a range of operations were performed, as listed in table 2, 
with right hemicolectomy being the most predominant 
(n = 23 (47.9%)), followed by hartmann procedure (n = 9 
(18.6%)). twenty patients (41.7 %) had laparoscopic- 
assisted operations, whereas 22 (45.8 %) had an open  
operation. one patient (2.1%) had a planned hybrid pro-
cedure, whereas 4 patients (8.3%) underwent conversion 
from laparoscopic to open procedure. one patient (2.1%) 
had a transanal approach. the median length of stay was 
15.3 days (range, 2.0–33.0 days). one patient was offered 
and completed adjuvant radiotherapy.

in our cohort of patients >90 years of age at the time 
of surgery, the 30-day postoperative mortality rate was 
2.1% (1 of 48). the 1 patient who died was a 92-year-

TABLE 1.   Demographic and comorbidity data

Feature Data % Notes

Sex, n
  Men 20 41.7
  Women 28 58.3
Median age at surgery, y 91.8 Range: 90.0–100.4
Location of tumor, n
  Colon 37 77.1
  Rectum 11 22.9
ASA score, n
  I 0 0
  II 4 8.3
  III 30 62.5
  IV 14 29.2
BMI, n
  Underweight (<20) 5 10.4
  Normal (20 to <25) 18 37.5
  Overweight (25–30) 11 22.9
  Obese (>30) 1 2.1
  Not recorded 13 27.1
Peripheral vascular disease, n 8 16.7
Cerebrovascular disease, n 9 18.8
  Transient ischemic attack 6 12.5
  Stroke 3 6.3
Ischemic heart disease, n 29 60.4 All myocardial 

infarctions were 
>3 mo before the 
operation

  Angiographic stents 16 33.3
  Previous myocardial 

infarction
16.7

Arrhythmia, n 15 31.3
Stable angina, n 4 8.3
Hypertension, n 32 66.7
Current antiplatelet use, n 31 64.6 16 stopped <1 wk 

before surgery
Diabetes mellitus, n 5 10.4 All treated with oral 

hypoglycemic 
agents

Respiratory disease, n 9 18.8
  Mild 6 12.5
  Moderate 2 4.2
  Severe 1 2.1
Ex-smoker, n 22 45.8
Recent steroid use, n 4 8.3 In the last 12 mo
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old woman with atrial fibrillation who died of aspiration 
pneumonia after a laparoscopic anterior resection. there 
were an additional 4 mortalities within 180 days post-
surgery, bringing the overall 180-day mortality rate to 5 
(10.4%). overall morbidity was 29.2% (14 of 48). a com-
plete breakdown of postoperative/perioperative compli-
cations and morbidities is described in table 3. surgical 
complications included a return to the operating room for 

2 patients; an anastomotic leak after a right hemicolec-
tomy in a 92-year-old patient, which required oversewing; 
and a small-bowel obstruction after an open hartmann 
procedure in a 90-year-old patient, which required adhe-
siolysis. the most serious medical complication was an 
acute myocardial infarction requiring a return to the op-
erating room for coronary angiography. this patient had a 
history of ischaemic heart disease and underwent conver-
sion laparoscopic to open transverse colectomy that also 
necessitated a partial gastrectomy and anterior abdominal 
wall resection.

the possible contributing factors to 180-day mortal-
ity are shown in table 4. all of our patients had 180-day 
mortality data. one patient, who died within 30 days, has 
been discussed above. the deaths of the other 4 patients 
who died within 180 days were attributed to pre-existing 
causes. the only statistically significant factor was the sur-
gical approach, with minimally invasive surgery associated 
with a lower mortality rate (p = 0.043). Because of the low 
mortality rate, none of the other contributing factors, such 
as asa score, surgical urgency, complication rate, or stage 
of disease, were statistically significant.

factors contributing to perioperative complications 
are listed in table 5. there was an association with patients 
undergoing emergency/urgent surgery and increased peri-
operative complications compared with patients undergo-
ing elective surgery (60.0% vs 21.1%, fisher exact test, 
p = 0.045). Patients undergoing open surgery were more 
likely to have perioperative complications than patients 
undergoing minimally invasive surgery (45.0% vs 8.3%, 
χ2 test, p = 0.014), and patients with a lower stage of dis-
ease were likely to have less perioperative complications 
(χ2 test, p = 0.014). there was no association between asa 
score and complication rates (χ2 test, p = 0.98).

TABLE 2.   Operative and pathological features

Feature Data % Notes

Procedure type, n
  Right hemicolectomy 22 45.8 1 patient also had 

a simultaneous 
Hartmann 
procedure

  Extended right 
hemicolectomy

1 2.1

  Transverse colectomy 2 4.2
  Left hemicolectomy 3 6.3 1 patient also 

had a right 
hemicolectomy

  Sigmoid colectomy 1 2.1
  Anterior resection 2 4.2
  Hartmann procedure 9 18.8
  Abdominoperineal 

resection
2 4.2

  Subtotal colectomy 1 2.1
  Total colectomy 1 2.1
  TEM 1 2.1
  Transverse colostomy 2 4.2
Surgery urgency, n 0
  Elective 38 79.2
  Nonelective 10 20.8
Surgical approach, n
  Open 20 41.7
  Laparoscopic 22 45.8
  Hybrid 1 2.1
  Conversion 4 8.3
  Transanal 1 2.1
Length of stay, d 15.3 Range, 2.0–39.0
Stage, n
  1 8 16.7
  2 19 39.6
  3 18 37.5
  4 3 6.3
T stage, n
  1 1 2.1
  2 7 14.6
  3 29 60.4
  4 9 18.8
  NA 2 4.2 No residual tumor at 

time of resection
N stage, n
  0 29 60.4
  1 14 29.2
  2 5 10.4
M stage, n
  0 45 93.7
  1 3 6.3

TEM = transanal endoscopic microsurgery; T = primary tumor; N = regional lymph 
nodes; M = distant metastasis.

TABLE 3.   Operative complications

Complications n Notes

Surgical
  Leak 1 Reoperation to oversew
  SBO 1 Reoperation for division of 

adhesions
  Ileus 1
  Intra-abdominal abscess 1
  Urinary retention 2
Medical
  Pneumonia 1
  Fever 1
  Cardiac 2 1 required coronary 

angiogram, the other 
was an NSTEMI treated 
by antiplatelet and 
anticoagulation medication

  UTI 3
  Clostridium difficile colitis 1
  Hypotension 1

UTI = urinary tract infection; SBO = small-bowel obstruction; NSTEMI = non-ST 
elevation myocardial infarction.



Copyright © The American Society of Colon & Rectal Surgeons, Inc. Unauthorized reproduction of this article is prohibited.

YaP et al: ColoReCtal suRgeRY in nonagenaRians504

median follow-up was 21 months (range, 13–
54 months). at the end of the study period in february 
2015, 24 (50%) of 48 patients had died. of those 24 who 
were still alive, all of the patients were disease free, with the 
longest follow-up at 51 months and with the oldest patient 
>100 years old at the time of analysis. all of the patients had 
comprehensive 1 year follow-up data, of which 13 (27.1%) 
had died, whereas 36 patients had 2-year follow-up data, of 
which 16 (44.4%) had died. figure 1 plots this 1-year sur-
vival as a Kaplan-meier curve. table 6 compares short-term 
survival between the patients in our study and the general 
australian population at the ages of 90 and 91 years.14

an analysis was also done with regard to patient post-
operative destination (table 7). all but 1 patient came from 

the home preoperatively, with the exception coming from 
a supported care facility to which the patient returned 
postoperation. the majority (81.3%) of patients were able 
to return home, although 54.2% of patients required a 
stay in rehabilitation to facilitate this. as stated previously,  
1 patient (2.1%) died, and an additional 8 (16.7%) needed 
supported care on discharge.

DISCUSSION

there has been a progressive increase in the number of pa-
tients being treated at the extremes of age because of our 
aging population.1 longer lifespans are a risk factor for the 
development of colorectal cancer,15 and, as early as 2003, 

TABLE 4.   Factors contributing to 180-day mortality

Factor Alive, n % Dead, n % p Total

ASA 0.6
  I 0 0 0
  II 3 6.3 1 2.1 4
  III 27 56.3 3 6.3 30
  IV 13 27.1 1 2.1 14
Surgical urgency 0.05
  Elective 36 75.0 2 4.2 38
  Nonelective 7 14.6 3 6.3 10
Surgical approach 0.043
  Minimally invasive 24 50.0 0 0 24
  Open 16 33.3 4 8.3 20
  Converted 3 6.3 1 2.1 4
Complication 0.1
  Yes 11 22.9 3 6.3 14
  No 32 66.7 2 4.2 34
Stage of disease 0.3
  1 8 16.7 0 0 8
  2 18 40.0 1 2.1 19
  3 15 31.3 3 6.3 18
  4 2 4.2 1 4.2 3

Data were analyzed using Fisher exact tests and χ2 tests.

TABLE 5.   Factors contributing to perioperative morbidity

Factor No complication, n % Complication, n % p Total

ASA 0.98
  I 0 0 0
  II 3 75.0 1 25.0 4
  III 21 70.0 9 30.0 30
  IV 10 71.4 4 28.6 14
Surgical urgency 0.045
  Elective 30 78.9 8 21.1 38
  Nonelective 4 40.0 6 60.0 10
Surgical approach 0.014
  Minimally invasive 22 91.7 2 8.3 24
  Open 11 55.0 9 45.0 20
  Converted 2 50.0 2 50.0 4
Stage of disease 0.014
  I 6 75.0 2 25.0 8
  II 17 89.5 2 10.5 19
  III 8 44.4 10 55.6 18
  IV 3 100.0 0 0 3

Data were analyzed using Fisher exact tests and χ2 tests.
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it had been acknowledged that there is a high burden of 
disease in this population.16 Previously, patients >90 years 
old might have been considered too frail for abdominal 
surgery, in either the elective or nonelective settings. this 
study contributes to the view that these patients should be 
considered for curative treatment.

the majority of patients in this study were women 
(58.3%). this percentage imbalance is expected to in-
crease in coming years, as the life expectancy gains for 
women continue to outpace men.4 all but 1 (97.9%) 
of our patients had associated comorbidities, which is 
higher than previous similar studies,9,17,18 but may reflect 
the increasing preparedness for clinicians to treat older 
and more infirm patients. our proportion of elective pa-
tients (79.2%) was much higher than other studies and 
may reflect in the low perioperative morbidity and mor-
tality rates. all of the elective patients in this study were 
discussed at a multidisciplinary meeting, and this high 
proportion of elective patients may reflect that clinicians 
are more prepared to consider curative therapy in these 
older patients.

a similar study from spain by arenal et al17 involv-
ing 44 patients who underwent colorectal surgery re-
vealed a perioperative mortality rate of 23.0%, which is 
much higher than that reported in this series (2.1%) and is 
also higher than our 180-day mortality rate (10.4%). the 
spanish patient series spanned a much longer period of 

time (1985–2009) and also had a higher percentage of pa-
tients undergoing nonelective surgery (44% vs 20%) than 
this study. the patients in the spanish study were signifi-
cantly healthier, with almost half (45%) graded as asa i 
to ii. in contrast, 94% of the patients in our study had an 
asa score of iii or iV. interestingly, in this study, unlike 
previous studies, there was no correlation between asa 
score and 180-day morbidity or perioperative mortality. 
these differences in postoperative mortality are likely at-
tributed to advances in perioperative medicine over the 
last 30 years. Patients in our study had a perioperative 
physician who assessed each patient preoperatively and 
continued to review them each day after surgery, which 
assisted greatly in the care of patients and may have also 
contributed to this result.

there were differences in the acuity of surgery, with 
elective patients experiencing fewer 180-day mortality and 
morbidities, in line with previous reports.15–17 stage of dis-
ease did contribute to morbidity, which is consistent with 
other published series.16 this is likely to be because of the 
fact that a higher burden of disease may lead to a poorer 
systemic state, such as nutrition, which will contribute to 
an increased susceptibility to complications.

another difference was that patients undergoing 
minimally invasive techniques had better survival rates 
than those undergoing open surgery. this is most likely 
because of a selection bias, with those patients proceed-
ing to laparoscopic surgery having less extensive disease, 
rather than the effect of the approach itself. there have 
been some concerns regarding the ability for elderly pa-
tients to tolerate the physiological stress of laparoscopic 
surgery.19,20 a Japanese study from 2013 found that lapa-
roscopic surgery was safe in patients >80 years old.19 in 
this study, no patient undergoing minimally invasive 
surgery died within 180 days. this confirms that, even 
in patients >90 years old, laparoscopic surgery is safe. 
the primary conclusion to draw from this finding is that 
there is a subset of patients that, if carefully selected, can 
have excellent outcomes from abdominal surgery for 
colorectal cancer.19,20

in this study, overall morbidity was 29.2%. this cor-
roborates previous studies describing relatively high rates 
of morbidity in the elderly, especially in those who have 
existing comorbidities.9,17,18 Patients in this study who had 
postoperative complications had a trend to higher 180-day 
mortality, although this was not significant. furthermore, 
all 3 of the patients who returned to the operating room 
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0.4

Survival probability

0.2

0 3 6 9 12

48

Survival time, mo
Number
remaining
in analysis

45 43 38 35

FIGURE 1. Patient 1-year Kaplan-Meier curve.

TABLE 6.   Survival in comparison with the background Australian 
population

Survival time, y
Background  

population, %
Study  

patients, %

1 83.9 72.9
2 66.1 55.6

Australian Population data were taken from the Australian Government Life 
Expectancy tables.14

TABLE 7.   Preoperative and postoperative status

Status Preoperative, n % Postoperative, n %

Home 47 97.9 13 27.1
Rehabilitation 0 0 26 54.2
Supported care 1 2.1 8 16.7
Inpatient death 0 0 1 2.1
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survived beyond 30 days and 1 patient beyond 180 days, 
suggesting that neither a second emergency operation nor 
a postoperative complication is necessarily a death sen-
tence for the patient.

a large number of patients died between the 180-day 
and 1-year follow-up marks (10.4% vs 27.1%). this is 
most likely because of age-associated comorbidities and 
the recognized risk of sudden death in the very elderly. 
as demonstrated in table 6, the background mortality 
in the wider population for those at age 90 or 91 years is 
16.1%. in addition, some of our patients were much older 
than that. the difference in mortality starts to narrow at 
2 years of follow-up, with the study mortality being 44.4% 
vs 33.9%. at 2 years postsurgery, only 1 additional patient 
had died, suggesting that those who survive beyond the 
first year postsurgery are likely to get at least an additional 
year of life. We would expect that the mortality rates be-
tween the study population and wider population would 
continue to narrow after 2 years as the study population 
returns to a baseline level of risk.

in our study, >80% of patients were able to return 
home after surgery. this again reinforces the viability of 
surgery in this cohort, with reasonable functional out-
comes. the fact that more than half needed rehabilitation 
emphasizes the need for good postoperative planning and 
multidisciplinary care from physiotherapists, occupa-
tional therapists, and other allied health services for these 
patients. eight patients required supported care after sur-
gery, although this was in a low-level care facility.

this study has the usual limitations of being a retro-
spective analysis of patients. it was not possible to com-
plete 5-year follow-up data for this study because of the 
limited follow-up period.17 this study is not a large-scale 
multicenter study, and the number of patients included is 
not sufficient to draw a definitive conclusion as to wheth-
er patients in their 90s with colorectal cancer should or 
should not undergo surgery. additionally, quality-of-life 
measures and functionality postsurgery are not addressed.

this study shows that colorectal surgery at Cabrini 
and alfred hospitals was generally safe in a cohort of no-
nagenarian patients. age should not be the sole factor that 
impedes surgery in this population. in our study, a high 
asa score of iii or iV did not preclude positive outcomes 
in these patients. in fact, a selected group of the patients 
had excellent outcomes, with no 180-day mortality. Care-
ful selection of these patients within a multidisciplinary 
format before surgery should be pursued. additional re-
search on identifying those patients who are likely to have 
good outcome after surgery is needed to assist with patient 
selection. nonetheless, caution should be taken in this set-
ting, because the natural history of these patients, even 
without cancer, remains guarded. additional prospective 
studies with larger numbers and complete 5-year follow-
up are recommended to enhance our understanding of the 

relationship among surgical risk, age, and cancer mortality 
in these very elderly patients.
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