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Abstract

Background: Up to 20 per cent of all operations for patients with colorectal cancer (CRC) are performed in octogenarians.
Anastomotic leakage is a leading cause of morbidity and death after resection for CRC. The aim of this study was to assess the rate of
anastomosis creation, the risk of anastomotic leakage and death in surgery for left-sided CRC in elderly patients.

Methods: This prospective cohort study compared patients less than 80 and 80 or more years with left-sided CRC resection per-
formed between 2013 and 2019. Data were provided from a risk-adjusted surgical quality-assessment system with 219 participating
centres in Germany. Outcome measures were the rate of anastomoses, anastomotic leakages, death at 30 days and 2-year overall sur-
vival (OS). Propensity score matching was used to control for selection bias and compare subgroups of patients of less than 80 and 80
or more years.

Results: Out of 18 959 patients, some 3169 (16.7 per cent) were octogenarians. Octogenarians were less likely to receive anastomoses
(82.0 versus 92.9 per cent, P< 0.001; odds ratio 0.50 (95 per cent c.i. 0.44 to 0.58), P< 0.001). The rate of anastomotic leakages did not dif-
fer between age groups (8.6 versus 9.7 per cent, P¼ 0.084), but 30-day mortality rate after leakage was significantly higher in octoge-
narians (15.8 versus 3.5 per cent, P< 0.001). Overall, anastomotic leakage was the strongest predictor for death (odds ratio 4.95 (95 per
cent c.i. 3.66 to 6.66), P< 0.001). In the subgroup with no leakage, octogenarians had a lower 2-year OS rate than younger patients (71
versus 87 per cent, P< 0.001), and in the population with anastomotic leakage, the 2-year OS was 80 per cent in younger and 43 per
cent in elderly patients (P< 0.001). After propensity score matching, older age remained predictive for not receiving an anastomosis
(odds ratio 0.54 (95 per cent c.i. 0.46 to 0.63), P< 0.001) and for death (odds ratio 2.60 (95 per cent c.i. 1.78 to 3.84), P< 0.001), but not for
the occurrence of leakages (odds ratio 0.94 (95 per cent c.i. 0.76 to 1.15), P¼ 0.524).

Conclusion: Anastomotic leakage is not more common in octogenarians, but an age of 80 years or older is an independent factor for
not receiving an anastomosis in surgery for left-sided CRC. The mortality rate in the case of leakage in octogenarians was reported to
exceed 15 per cent.

Introduction
Colorectal cancer (CRC) is predominantly a disease of the elderly

and the age-specific incidence for CRC is highest in patients at least

80 years of age1,2. The group of elderly patients diagnosed with CRC

is expected to increase as the population ages3. Octogenarians make

up 4.0 per cent of the population today. In 2050, the proportion of

octogenarians will rise to 8.6 per cent in the USA, 12.8 per cent in

Germany and 15.6 per cent in Japan4. About 20 per cent of patients

with CRC currently are octogenarians5. Octogenarians form a dis-

tinct group of patients due to their decreased functionality and in-

creased prevalence and severity of co-morbidities. It has been

shown previously that these patients are treated less aggressively by
both surgery and radiochemotherapy, and also that prevention of

complications is the key factor for long-term survival6,7. On the other
hand, an increasing proportion of octogenarians has a good perfor-
mance status and recent studies demonstrated comparable oncolog-
ical outcomes7–9.

A reconstructive bowel anastomosis has a positive impact on
the quality of life after colorectal resection10. However, anasto-
motic leakage is the major source of postoperative death11. The
decision for or against an anastomosis is difficult, especially in el-
derly and co-morbid patients. However, the evidence to support
decision making in octogenarians is limited and most studies in-
volve only small numbers of patients9,12,13.

Estimates of the frequency of anastomotic leakages and death
after leakage are particularly important for the elderly and clini-
cians in making a decision about the risks and benefits of
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anastomosis creation. The aim of the study was to evaluate the
rate of anastomosis, the risk of anastomotic leakage and death
after anastomosis in elderly patients with left-sided colon and
rectum cancer resections. For this purpose, the Study,
Documentation and Quality centre (StuDoQ)jColorectalCancer, a
German nationwide quality-assessment system for CRC surgery,
was used as the data source for a large prospective cohort study.

Methods
Data source
StuDoQ is a German nationwide surgical patient outcome data-
base with voluntary participation (https://www.dgav.de/english/
studoq.html). StuDoQ was developed by the German Society of
General and Visceral Surgery (DGAV) as an instrument for risk-
adjusted quality assessment and as a framework for surgical re-
search14–17. StuDoQ works with a common set of variables for
various surgical procedures and organ-specific as well as
technique-specific modules, including colon cancer, rectum can-
cer, pancreas surgery, sigmoid resections, HIPEC (hyperthermic
intraperitoneal chemotherapy), liver surgery, metabolic and bar-
iatric diseases, NOTES (natural orifice translumenal endoscopic
surgery), thyroid surgery and robotic surgery14,16–21.

Data from participating centres are entered prospectively in
pseudonymized form using a browser-based tool. The data-pro-
tection concept was approved by the Society for Technology,
Methods and Infrastructure for Networked Medical Research19.
The participating centres have each obtained approval from the
local ethics committee as a basis for participation. All patients
gave their written informed consent which included data collec-
tion, scientific analysis and publication of results.

Study design
The StuDoQ databases for colon carcinoma (StuDoQjColonCancer)
and rectum carcinoma (StuDoQjRectumCancer) vary slightly in
certain organ-specific details, but share a broad number of com-
mon variables22,23. Both databases were merged for this analysis
and are referred to as StuDoQjColorectalCancer. The complete
data set includes more than 580 individual items per patient cover-
ing demographic data, preoperative risk factors, tumour-specific
details, intraoperative and perioperative data, complications, onco-
logical quality, 30-day morbidity and follow-up data. All data be-
tween the start of the database in January 2013 and December
2019 were used. The study was designed as a prospective cohort
study and is reported adhering to the STROBE guidelines24.

Patient selection
The database of StuDoQjColorectalCancer included 40 029
patients from 219 participating centres (Fig. 1). Only valid cases
(informed consent and 30 day morbidity completed), treated with
elective surgery with resection for rectum or left sided colon can-
cer were used. Patients with local resection or palliative indica-
tion were excluded. Left-sided CRC was defined according to
these ICD-10 codes: C18.5 Malignant neoplasm of splenic flexure,
C18.6 Malignant neoplasm of descending colon, C18.7 Malignant
neoplasm of sigmoid colon, C19 Malignant neoplasm of rectosig-
moid junction, C20 Malignant neoplasm of rectum25. Since the
aim of this study was to assess the creation of anastomoses and
anastomotic complications, patients who received an abdomino-
perineal resection (Miles operation) without the technical possi-
bility for an anastomosis were excluded.

Preoperative characteristics and postoperative
outcomes
The following variables were used to assess preoperative charac-
teristics: alcohol abuse within 1 year before surgery according to
ICD F10.1; anastomosis, defined as reconstructive bowel anasto-
mosis; antiplatelet therapy within 5 days before surgery; ASA
physical status classification system (ASA 1–2, ASA 3–5); BMI; ce-
rebrovascular event, defined as history of cerebral stroke or tran-
sient ischaemic attack with or without neurological deficit;
diabetes mellitus types 1 and 2; dialysis, defined as any form of
renal replacement therapy; heart failure, defined as New York
Heart Association (NYHA) functional classification for heart fail-
ure, NYHA stages 3 and 4; preoperative haemoglobin; arterial hy-
pertension, defined as therapy with antihypertensive drugs;
immunosuppressive therapy (excluding corticosteroids) until at
least 3 months before surgery; Karnofsky performance score
(KPS), which classifies cancer patients with regard to their func-
tional impairment (self-sufficient, 70–100 per cent; requires assis-
tance, 10–60 per cent)26,27; liver cirrhosis, defined as Child–Pugh

StuDoQ|ColorectalCancer database
Patients with completed data set n = 40 029

Valid patients
n = 38 884

Patients excluded n = 1145
   No informed consent, 30-day
   morbidity not completed

Patients excluded n = 2240
   Local resections, endoscopic
   resections, palliative indication

Patients excluded n = 3010
   Emergency operations

Patients excluded n = 15 498
   Right-sided and transverse
   colon cancer

Patients excluded n = 2187
   Abdominoperineal resections
   (Miles operation)

Abdominal operations with curative intent
n = 36 644

Elective operations
n = 33 634

Rectum and left-sided colon cancer
n = 21 146

Potential for anastomosis
n = 18 959

<80 years
n = 15 790 (83.3%)

≥80 years
n = 3169 (16.7%)

Fig. 1 Study flow diagram
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scores A to C; peripheral artery disease with history of revascular-
ization (interventional or surgical) or amputation; preoperative
metastases in any organ; preoperative radiotherapy and/or che-
motherapy; any type of protective stoma; severe chronic obstruc-
tive pulmonary disease (COPD) with bronchodilator therapy or
dyspnoea; biological sex; steroid medication, defined as 7.5 mg or
greater of prednisolone equivalent per day for more than
6 months to at least 3 months before surgery; location of the colo-
rectal carcinoma (lower rectum less than 6 cm from the anal
verge, middle/upper rectum 6–16 cm from the anal verge, left co-
lon); unintentional weight loss of more than 10 per cent of body
weight within 6 months before surgery.

Perioperative characteristics were reported with the following
variables: surgical technique at the beginning of the operation
(minimally invasive, open surgery, other); protective stoma
(stoma that was created before or during the tumour operation);
anastomotic technique (handsewn, stapled).

Postoperative outcomes were reported with the following vari-
ables: death within 30 days after surgery; anastomosis creation;
anastomotic leakage during inpatient stay, grades A to C for rec-
tum anastomoses, any leakage for colon anastomoses28; compli-
cations according to the Clavien–Dindo classification during
inpatient stay (no complication, minor (Clavien–Dindo 1–3a), ma-
jor (Clavien–Dindo 3b–4b), death)29; MTL30, a validated quality
indicator composed of the three components M, (death at 30
days), T (transfer to another acute-care hospital within 30 days)
and L (length of stay longer than 30 days), it is fulfilled if the pa-
tient is dead on postoperative day 30 or was transferred to an-
other acute-care hospital or still requires inpatient treatment30–

32; postoperative pneumonia defined as radiological or clinical ev-
idence during inpatient stay; 30-day surgical-site infection (SSI)
with surgical wound opening within 30 days after surgery; staging
for CRC of the Union for International Cancer Control (UICC)
(UICC 0 – 2, UICC 3, UICC 4); unplanned ventilation of more than
48 hours after surgery; postoperative inpatient stay in days.

Outcome measures
The patients were divided into two age groups of less than 80 and
80 or more years. The primary outcomes were: rate of reconstruc-
tive bowel anastomosis after colorectal resection; anastomotic
leakages, defined as earlier; death in patients with anastomosis
within 30 days after surgery; overall survival (OS), defined as
2-year survival after surgery.

Missing data
No methods to handle missing data were used, since missing
data were infrequent and the distribution was even between the
groups that were used for comparison.

Statistical analysis
Continuous variables were reported as mean(s.d.), and categori-
cal variables as number (percent). Welch’s unequal variances t-
test was used to compare continuous variables between two in-
dependent groups. The v2 test was used to compare categorical
variables. The level of significance was 0.050 (two-sided) for each
statistical test. Multivariable binary logistic regression analyses
were used to investigate the preoperative co-variables on the out-
come variables anastomosis creation, anastomotic leakage and
death at 30 days, and results were presented as odds ratio (OR) or
relative risk (RR) with 95 per cent confidence intervals. The
results of regression analyses were displayed graphically as forest
plots, which facilitates visual interpretation. All statistical analy-
ses were conducted with R (R Foundation for Statistical

Computing, Vienna, Austria, https://www.R-project.org/) version
3.6.333.

Kaplan–Meier estimates were calculated for 2-year OS with
the last available contact date and the patient’s status (alive or
dead) using the survival package for R34. All patients were in-
cluded, including those who had surgery within the last 2 years
of the study duration and were unable to complete the full 2-year
follow-up. The log rank test was used for comparisons between
groups. A considerable loss to follow-up was expected, since
follow-up examinations were not mandatory due to legal restric-
tions in Germany. Loss to follow-up was assumed to be missing
not at random (MNAR) and was not addressed with specific sta-
tistical measures35.

Propensity score matching (PSM) was used to control for selec-
tion bias in preoperative characteristics between the two age
groups of less than 80 and 80 years or older. All preoperative co-
variables were included, regardless of their significance in uni-
variable or multivariable analyses36. In addition, postoperative
UICC stage was included to compensate for differing tumour ex-
tent between the age groups. Patients were paired 1 : 1 with a
nearest neighbour algorithm without replacement, using the
MatchIt package for R37. A caliper width (maximum tolerated dif-
ference between matched subjects) of 0.1 times the standard de-
viation of the logit of the propensity score was used38. The
quality of matching was evaluated with absolute standardized
mean differences (SMD) using the cobalt package for R39. A
threshold of 0.05 was used as an indicator of co-variable balance
between matched groups40. SMD are graphically displayed as
Love plot, a summary plot of co-variable balance before and after
conditioning40.

Results
The final data set reviewed consisted of 18 959 patients (Fig. 1).
The mean(s.d.) age of the study population was 67.8(11.9) years
and 16.7 per cent were octogenarians (Table 1). Among data
reviewed, some 21 of 33 variables had no missing data. Missing
data were prevalent in less than 1.5 per cent for any of the
remaining variables. In summary, octogenarians more frequently
had cardiovascular co-morbidities, a higher ASA score, reduced
KPS and a lower frequency of rectum cancer.

There were some differences in the operative procedure (Table 2).
Patients of 80 years of age and older were less likely to have mini-
mally invasive resection in both colon and rectal cancer. In addition,
the rate of protective stoma creation was lower in the elderly group
with rectum cancer, while the rate was slightly higher in the group
with colon cancer.

Patients 80 years and older had a significantly prolonged mean
length of stay (15.8 versus 13.5 days) and a higher rate of compli-
cations as well as more severe complications (Table 3). While 30-
day mortality rate in patients under 80 years of age was 1.1 per
cent, it was almost five times higher in octogenarians. MTL30
was more than double in octogenarians (20.6 versus 9.5 per cent;
P< 0.001).

Creation of anastomoses and anastomotic
leakages
Anastomoses were created in 91.1 per cent of all patients, with a
significant trend towards resections without anastomosis
(Hartmann procedure) in lower cancer locations (Table 4). This
trend was greater in octogenarians, in whom 55 per cent received
an anastomosis for low rectal cancer, compared with 83 per cent
in younger patients.
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The regression analysis showing the clinical variables and
their correlation with the creation of anastomoses is shown in
Fig. 2. The odds against the creation of anastomoses correlated
strongly with preoperative metastases (OR 0.34 (95 per cent c.i.
0.30 to 0.39), P< 0.001), physical performance status (OR 0.49 (95
per cent c.i. 0.42 to 0.58), P< 0.001), age 80 years or older (OR 0.50
(95 per cent c.i. 0.44 to 0.58), P< 0.001), ASA (OR 0.52 (95 per cent
c.i. 0.45 to 0.59), P< 0.001) and weight loss (OR 0.56 (95 per cent

c.i. 0.49 to 0.64), P< 0.001). The odds did not correlate with co-
morbidities typically associated with cardiovascular disease such
as antiplatelet therapy, hypertension or heart failure. Parameters
such as liver disease, immunosuppression and steroid medica-
tion also influenced the decision to create an anastomosis nega-
tively, but their prevalence was low (less than 6 per cent).

Higher ASA score and unintentional weight loss were the only
strong predictors for anastomotic leakages in the regression

Table 1 Preoperative characteristics

<80 years �80 years Total Missing P

All patients 15 790 (83.3) 3169 (16.7) 18 959
Age (years)* 64.6(10.3) 83.8(3.4) 67.8(11.9) 0 <0.001
Alcohol abuse 699 (4.4) 74 (2.3) 773 (4.1) 3 (0.0) <0.001
ASA 3–5 5424 (34.4) 2139 (67.5) 7563 (39.9) 1 (0.0) <0.001
BMI (kg/m2)* 26.8(5.0) 25.8(4.3) 26.7(4.9) 2 (0.0) <0.001
Cerebrovascular event 888 (5.6) 343 (10.8) 1231 (6.5) 0 <0.001
Diabetes 2748 (17.4) 784 (24.7) 3532 (18.6) 0 <0.001
Dialysis 80 (0.5) 25 (0.8) 105 (0.6) 0 0.068
Female sex 5931 (37.6) 1566 (49.4) 7497 (39.5) 0 <0.001
Immunosuppressive therapy 159 (1.0) 22 (0.7) 181 (1.0) 0 0.121
Heart failure: NYHA 3–4 427 (2.7) 325 (10.3) 752 (4.0) 0 <0.001
Hypertension 8192 (51.9) 2494 (78.7) 10686 (56.4) 0 <0.001
Karnofsky performance status 0 <0.001

Self-sufficient (70–100%) 14 972 (94.8) 2409 (76.0) 17 381 (91.7)
Requires assistance (10–60%) 818 (5.2) 760 (24.0) 1578 (8.3)

Liver cirrhosis (Child A–C) 305 (1.9) 50 (1.6) 355 (1.9) 75 (0.4) 0.209
Peripheral artery disease 376 (2.4) 129 (4.1) 505 (2.7) 0 <0.001
Preoperative antiplatelet therapy 2413 (15.3) 913 (28.8) 3326 (17.5) 2 (0.0) <0.001
Preoperative haemoglobin (g/dl)* 13.0(2.1) 11.8(2.3) 12.8(2.1) 266 (1.4) <0.001
Preoperative metastases 2135 (13.6) 349 (11.2) 2484 (13.2) 181 (1.0) <0.001
Preoperative RCTx 4030 (25.5) 316 (10.0) 4346 (22.9) 0 <0.001
Severe COPD 799 (5.1) 213 (6.7) 1012 (5.3) 0 <0.001
Steroid medication 191 (1.2) 43 (1.4) 234 (1.2) 0 0.550
Tumour location 0 <0.001

Lower rectum 1775 (11.2) 243 (7.7) 2018 (10.6)
Middle/upper rectum 7448 (47.2) 1328 (41.9) 8776 (46.3)
Left colon 6567 (41.6) 1598 (50.4) 8165 (43.1)

Weight loss 1740 (11.0) 473 (14.9) 2213 (11.7) 20 (0.1) <0.001

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). NYHA, New York Heart Association; RCTx, radiotherapy or
chemotherapy; COPD, chronic obstructive pulmonary disease.

Table 2 Perioperative characteristics for patients with rectum cancer and patients with colon cancer

<80 years �80 years Total Missing P

Rectum carcinoma
All patients 9223 (85.4) 1571 (14.6) 10794
Operation technique 86 (0.8) <0.001
Minimally invasive 5538 (60.6) 825 (52.6) 6363 (59.4)
Open surgery 3588 (39.3) 738 (47.1) 4326 (40.4)
Other 15 (0.2) 4 (0.3) 19 (0.2)
Patients with anastomosis 8335 (87.8) 1154 (12.2) 9489
Protective stoma 5978 (71.7) 709 (61.5) 6687 (70.5) 5 (0.1) <0.001
Anastomotic technique 0 0.512
Handsewn 1117 (13.4) 146 (12.7) 1263 (13.3)
Stapled 7218 (86.6) 1008 (87.3) 8226 (86.7)

Colon carcinoma
All patients 6567 (80.4) 1598 (19.6) 8165
Operation technique 6 (0.1) <0.001
Minimally invasive 3658 (55.7) 752 (47.1) 4410 (54.1)
Open surgery 2901 (44.2) 845 (52.9) 3746 (45.9)
Other 3 (0.0) 0 3 (0.0)
Patients with anastomosis 6246 (81.4) 1426 (18.6) 7672
Protective stoma 543 (9.0) 135 (9.8) 678 (9.1) 262 (3.4) 0.378
Anastomotic technique 0 0.014
Handsewn 1570 (25.1) 404 (28.3) 1974 (25.7)
Stapled 4676 (74.9) 1022 (71.7) 5698 (74.3)

Values in parentheses are percentages.
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analysis (Fig. 3). Higher tumour location, a defunctioning stoma
and female gender were protective factors. Again, cardiovascular
co-morbidity had no significant influence. No age-group differen-
ces were observed for the rate of anastomotic leakages, regard-
less of tumour location (Table 4).

Mortality rate in patients with anastomotic
leakage
Overall, patients with anastomotic leakage had a significantly in-
creased 30-day mortality rate compared with patients with unaf-
fected anastomotic healing (5.2 versus 1.0 per cent, P< 0.001). A
high mortality rate was observed in octogenarians with anasto-
motic leakage compared with that of younger patients (15.8 ver-
sus 3.5 per cent, P< 0.001, Table 3 and Fig. 4). For octogenarians,
the RR of dying within 30 days after surgery was 5.58 (95 per cent
c.i. 4.12 to 7.57, P< 0.001) for patients with anastomotic healing
and 4.46 (95 per cent c.i. 2.97 to 6.72, P< 0.001) for patients with
anastomotic leakage (Table 5).

The strongest predictor for death at 30 days was anastomotic
leakage, which occurred in 34 per cent of all patients who died
(Fig. 5). Almost half of the patients (47 per cent) who died within
30 days were octogenarians and 31 per cent had a low physical
performance score. ASA, heart failure, COPD and unintentional
weight loss also had significant effects.

Kaplan–Meier estimates were calculated for OS. Octogenarians
with anastomosis, but without leakage, showed a lower 2-year OS
than younger patients (71 versus 87 per cent, Fig. 6). Anastomotic
leakage reduced the 2-year survival probability to 80 per cent in
younger patients and to 43 per cent in octogenarians. However,
some 7257 (50.8 per cent) of the patients less than 80 years and 1557
(53.3 per cent) of the patients 80 years and older were censored after
postoperative day 30.

Propensity score matching
PSM was used for the age groups less than 80 and 80 years or
older to adjust for these confounding co-variables. Some 2811 of
2990 (94.0 per cent) octogenarians could be matched. Unmatched
cases were mainly patients with a low physical performance sta-
tus (KPS 10–60 per cent; 166 of 179 unmatched patients). SMDs
were less than 5 per cent for each of the 28 co-variables after
PSM, which indicated balanced groups (Fig. S1).

After PSM, age 80 years or older remained an independent pre-
dictor in the regression analysis for not receiving an anastomosis
(Table 6). The odds for anastomotic leakages did not differ be-
tween age groups. There was no significant difference in 30-day
mortality rate between age groups when no anastomosis was cre-
ated. However, octogenarians with anastomosis had significantly

Table 3 Postoperative outcomes

<80 years �80 years Total Missing P

Death at 30 days (all patients) 180 (1.1) 165 (5.2) 345 (1.8) 0 <0.001
Death at 30 days (only patients

with anastomotic leakage)
50 (3.5) 35 (15.8) 85 (5.2) 0 <0.001

30-day SSI 1049 (6.7) 229 (7.2) 1278 (6.8) 39 (0.2) 0.256
Anastomotic leakage 1416 (9.7) 222 (8.6) 1638 (9.5) 113 (0.6) 0.084
Complications during inpatient stay 0 <0.001

No complication 10611 (67.2) 1877 (59.2) 12488 (65.9)
Minor (Clavien–Dindo 1–3a) 3063 (19.4) 727 (22.9) 3790 (20.0)
Major (Clavien–Dindo 3b–4b) 1930 (12.2) 425 (13.4) 2355 (12.4)
Death 186 (1.2) 140 (4.4) 326 (1.7)

MTL30 1503 (9.5) 653 (20.6) 2156 (11.4) 0 <0.001
Pneumonia 431 (2.7) 202 (6.4) 633 (3.3) 0 <0.001
Postoperative length of stay (days)* 13.5(10.5) 15.8(10.7) 13.9(10.6) 0 <0.001
UICC 99 (0.5) 0.004

UICC 0 –2 9205 (58.6) 1899 (60.1) 11104 (58.9)
UICC 3 4328 (27.6) 892 (28.2) 5220 (27.7)
UICC 4 2169 (13.8) 367 (11.6) 2536 (13.4)
Unplanned ventilation (>48 hours) 347 (2.2) 125 (3.9) 472 (2.5) 0 <0.001

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.). SSI, surgical-site infection; MTL30, a validated quality indicator
composed of the three components M (death at 30 days), T (transfer to another acute-care hospital within 30 days) and L (length of stay longer than 30 days); UICC,
Union for International Cancer Control.

Table 4 Creation of anastomoses and anastomotic leakages for different tumour locations

<80 years �80 years Total Missing P

Creation of anastomoses
Left colon (n¼ 8119) 6246 (95.7) 1426 (89.7) 7672 (94.5) 46 (0.6) <0.001
Middle/upper rectum (n¼ 8723) 6878 (92.8) 1022 (77.7) 7900 (90.6) 53 (0.6) <0.001
Lower rectum (n¼ 2004) 1457 (82.6) 132 (54.8) 1589 (79.3) 14 (0.7) <0.001
Total (n¼ 18 846) 14 581 (92.9) 2580 (82.0) 17 161 (91.1) 113 (0.6) <0.001

Anastomotic leakages
Left colon (n¼ 7672) 463 (7.4) 108 (7.6) 571 (7.4) 0 0.878
Middle/upper rectum (n¼ 7900) 770 (11.2) 102 (10.0) 872 (11.0) 0 0.270
Lower rectum (n¼ 1589) 183 (12.6) 12 (9.1) 195 (12.3) 0 0.306
Total (n¼ 17 161) 1416 (9.7) 222 (8.6) 1638 (9.5) 0 0.084

Values in parentheses are percentages.
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higher odds than younger patients of dying within 30 days after
surgery.

Discussion
The aim of this study was to evaluate the rate of anastomosis
creation, anastomotic leakages and mortality for left-sided CRC
in patients aged 80 years or older. Anastomoses were created at a
significantly lower rate in octogenarians, particularly after rec-
tum cancer resection. Although octogenarians were less likely to
receive an anastomosis, the rate of anastomotic leakages did not
differ between age groups. The relative risk of dying within
30 days after surgery was more than five times higher in octoge-
narians without anastomotic complications than in younger
patients. In the case of anastomotic leakage, the relative
mortality risk in octogenarians did not increase compared with
that of younger patients, but the absolute mortality rate was 15.8
per cent. Also, less than 45 per cent of octogenarians were alive
after 2 years, compared with 80 per cent of patients under
80 years of age.

Anastomotic leakage and age 80 years or older were the stron-
gest predictors for death. The multivariable regression analysis
after PSM confirmed these findings. Although preoperative risk
factors were balanced between age groups, octogenarians contin-
ued to have lower odds of receiving an anastomosis but equal
odds of anastomotic leakage. Age 80 years and older remained an
independent risk factor for death in patients with anastomosis.

One of the strengths of the study is the large number of
patients in a well defined surgical treatment group that reflects
real world data. Since risk-adjusted quality assessment is the
major objective of StuDoQjColorectalCancer, preoperative risk
factors and outcome variables are defined precisely.

Another strength of the study is the selection of a relatively ho-
mogeneous patient group. Emergency surgery was excluded be-
cause it is known to have a higher morbidity rate5,41,42. In addition,
elderly patients are more likely to undergo emergency surgery42.
Together, this may bias the results significantly. Only resections for
left-sided CRC were included, as anastomoses for left-sided resec-
tions are performed relatively homogeneously in the upper to lower
rectum. These anastomoses have a leakage rate of about 10 per
cent, whereas anastomoses for colon cancer in other locations have
different leakage rates43,44. Coupled with the fact that older patients
more often have right-sided CRC, this would create heterogeneity
and may confound the results. Palliative and local resections were
excluded for similar reasons.

One limitation of the study is the observational design. This
makes it difficult to compare the outcome between age groups,
as these groups differ in their risk profiles. However, this opens
the view at clinical decision factors for or against the creation
of an anastomosis, since this choice was probably made on the
basis of the documented risk factors. PSM was used to balance
the different risk profiles between age groups. This design
made it possible to assess selectively the effect of age on the
clinical outcome45,46. Some octogenarians could not be

Anastomosis

Total n

Tumour location: left colon

Tumour location: middle/upper rectum

Haemoglobin (g/dl): mean(s.d.)

Preoperative RCTx: yes

Alcohol abuse: yes

Peripheral artery disease: yes

Hypertension: yes

Severe COPD: yes

BMI (kg/m²): mean(s.d.)

Sex: female

Cerebrovascular event: yes

Heart failure: NYHA 3−4

Antiplatelet therapy: yes

Diabetes: yes

Dialysis: yes

Steroid medication: yes

Weight loss: yes

Liver cirrhosis (Child A−C): yes

Immunosuppressive therapy: yes

ASA: ASA 3−5

Age group: ≥80 years

KPS: requires assistance (10−60%)

Preoperative metastases: yes

No

1685

447 (26.5)

823 (48.8)

11.6(2.1)

448 (26.6)

79 (4.7)

70 (4.2)

1098 (65.2)

134 (8.0)

25.8(5.1)

721 (42.8)

183 (10.9)

141 (8.4)

432 (25.6)

405 (24.0)

22 (1.3)

45 (2.7)

426 (25.3)

64 (3.8)

39 (2.3)

1095 (65.0)

566 (33.6)

412 (24.5)

465 (27.9)

Yes

17 161

7672 (44.7)

7900 (46.0)

12.9(2.1)

3876 (22.6)

688 (4.0)

431 (2.5)

9534 (55.6)

875 (5.1)

26.8(4.9)

6719 (39.2)

1038 (6.0)

610 (3.6)

2882 (16.8)

3106 (18.1)

83 (0.5)

189 (1.1)

1777 (10.4)

290 (1.7)

141 (0.8)

6425 (37.4)

2580 (15.0)

1158 (6.7)

2001 (11.8)

2 6 10
OR (95% c.i.)

OR (95% c.i; P)

7.75 (6.49, 9.26; P < 0.001)

3.20 (2.75, 3.71; P < 0.001)

1.23 (1.19, 1.26; P < 0.001)

1.22 (1.06, 1.40; P = 0.005)

1.17 (0.89, 1.56; P = 0.280)

1.08 (0.81, 1.46; P = 0.599)

1.04 (0.92, 1.19; P = 0.513)

1.03 (0.83, 1.28; P = 0.812)

1.01 (1.00, 1.03; P = 0.039)

0.99 (0.88, 1.11; P = 0.828)

0.99 (0.81, 1.20; P = 0.895)

0.98 (0.78, 1.23; P = 0.847)

0.94 (0.82, 1.09; P = 0.421)

0.93 (0.81, 1.06; P = 0.278)

0.85 (0.51, 1.47; P = 0.534)

0.56 (0.38, 0.84; P = 0.004)

0.56 (0.49, 0.64; P < 0.001)

0.54 (0.39, 0.75; P < 0.001)

0.52 (0.34, 0.82; P = 0.004)

0.52 (0.45, 0.59; P < 0.001)

0.50 (0.44, 0.58; P < 0.001)

0.49 (0.42, 0.58; P < 0.001)

0.34 (0.30, 0.39; P < 0.001)

4 8

Fig. 2 Forest plot of multivariable logistic regression analysis for factors influencing the creation of anastomoses.

Pale shade indicates non-significant odds ratios (ORs). The dashed line marks an OR of 1. Patient number (per cent) or mean(s.d.) for explanatory variables. KPS,
Karnofsky performance score; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease; RCTx, radiotherapy or chemotherapy.
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matched due to their low KPS, as no matching partner was
found in younger patients. Nevertheless, 94 per cent of the
patients 80 years and older could be matched, which resulted
in two balanced and large groups that differed only in age but
not in their co-morbidity.

Another limitation is the data collection after discharge from
the hospital. Clinical assessment on postoperative day 30 is

mandatory for all patients. Further follow-up examinations, how-
ever, are not mandatory due to legal restrictions in Germany.
This limits the validity of the 2-year Kaplan–Meier estimates, as
data collection is at the discretion of the respective clinic.
Approximately 50 per cent of patients were lost to follow-up after
day 30, which necessitates careful interpretation of the survival
estimates.

Anastomotic leakage

Total n 

Dialysis: yes

Steroid medication: yes

Liver cirrhosis (Child A−C): yes

ASA: ASA 3−5

Weight loss: yes

Alcohol abuse: yes

KPS: requires assistance (10−60%)

Peripheral artery disease: yes

Preoperative metastases: yes

Severe COPD: yes

Hypertension: yes

BMI (kg/m²): mean(s.d.)

Preoperative RCTx: yes

Haemoglobin (g/dl): mean(s.d.)

Antiplatelet therapy: yes

Heart failure: NYHA 3−4

Diabetes: yes

Cerebrovascular event: yes

Age group: ≥80 years

Tumor location: middle/upper rectum

Protective stoma: yes

Immunosuppressive therapy: yes

Sex: female

Tumor location: left colon

No

15 523

70 (0.5)

165 (1.1)

250 (1.6)

5705 (36.8)

1574 (10.1)

596 (3.8)

1027 (6.6 )

376 (2.4)

1782 (11.6)

772 (5.0)

8558 (55.1)

26.7(4.9)

3457 (22.3)

12.9(2.1)

2569 (16.6)

543 (3.5)

2782 (17.9)

930 (6.0)

2358 (15.2)

7028 (45.3)

6627 (43.4)

128 (0.8)

6279 (40.4)

7101 (45.7)

Yes

1638

13 (0.8)

24 (1.5)

40 (2.5)

720 (44.0)

203 (12.4)

92 (5.6)

131 (8.0)

55 (3.4)

219 (13.5)

103 (6.3)

976 (59.6)

27.4(5.4)

419 (25.6)

13.0(2.1)

313 (19.1)

67 (4.1)

324 (19.8)

108 (6.6)

222 (13.6)

872 (53.2)

738 (45.8)

13 (0.8)

440 (26.9)

571 (34.9)

1
OR (95% c.i.)

OR (95% c.i; P)

1.38 (0.70, 2.51; P = 0.322)

1.34 (0.81, 2.11; P = 0.225)

1.32 (0.91, 1.86; P = 0.132)

1.28 (1.13, 1.45; P < 0.001)

1.27 (1.07, 1.50; P = 0.005)

1.19 (0.92, 1.51; P = 0.171)

1.17 (0.94, 1.45; P = 0.149)

1.15 (0.84, 1.55; P = 0.371)

1.13 (0.96, 1.32; P = 0.138)

1.07 (0.85, 1.34; P = 0.539)

1.04 (0.92, 1.18; P = 0.492)

1.03 (1.02, 1.04; P < 0.001)

1.00 (0.87, 1.16; P = 0.983)

0.98 (0.95, 1.01; P = 0.165)

0.97 (0.84, 1.13; P = 0.721)

0.96 (0.72, 1.27; P = 0.806)

0.90 (0.78, 1.04; P = 0.163)

0.90 (0.71, 1.12; P = 0.358)

0.87 (0.73, 1.03; P = 0.102)

0.77 (0.65, 0.92; P = 0.004)

0.71 (0.62, 0.82; P < 0.001)

0.69 (0.34, 1.26; P = 0.261)

0.56 (0.50, 0.64; P < 0.001)

0.39 (0.31, 0.48; P < 0.001)

2

Fig. 3 Forest plot of multivariable logistic regression analysis for factors affecting anastomotic leakages.

Pale shade indicates non-significant odds ratios (ORs). The dashed line marks an OR of 1. Patient number (per cent) or mean(s.d.) for explanatory variables. KPS,
Karnofsky performance score; COPD, chronic obstructive pulmonary disease; RCTx, radiotherapy or chemotherapy; NYHA, New York Heart Association.
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Table 5 Relative mortality risk depending on the absence or occurrence of anastomotic leakage

Death within 30 days of surgery Relative risk* P

No Yes

Patients without anastomotic leakage
<80 years 13 084 (99.4) 81 (0.6) 5.58 (4.12, 7.57) <0.001
�80 years 2277 (96.6) 81 (3.4)

Patients with anastomotic leakage
<80 years 1366 (96.5) 50 (3.5) 4.46 (2.97, 6.72) <0.001
�80 years 187 (84.2) 35 (15.8)

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. Only patients with bowel
anastomosis were included.

Table 6 Logistic regression analysis after propensity score matching: effect of age on the creation of anastomoses, anastomotic
leakages and death

<80 years �80 years Odds ratio* P

Anastomoses created 2486 (88.4) 2315 (82.4) 0.54 (0.46, 0.63) <0.001
Anastomotic leakages 229 (9.2) 192 (8.3) 0.94 (0.76, 1.15) 0.524
Death at 30 days in patients without

anastomosis
23 (7.1) 35 (7.1) 1.26 (0.70, 2.31) 0.439

Death at 30 days in patients with
anastomosis

43 (1.7) 92 (4.0) 2.60 (1.78, 3.84) <0.001

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals.

Death at 30 days

Total n 

Anastomotic leakage: yes

Age group: ≥80 years

Liver cirrhosis (Child A−C): yes

ASA: ASA 3−5

KPS: requires assistance (10−60%)

Immunosuppressive therapy: yes

Alcohol abuse: yes

Heart failure: NYHA 3−4

Severe COPD: yes

Weight loss: yes

Tumour location: left colon

Dialysis: yes

Protective stoma: yes

Preoperative metastases: yes

Hypertension: yes

Steroid medication: yes

Tumour location: middle/upper rectum

Diabetes: yes

Preoperative RCTx: yes

BMI (kg/m²): Mean(s.d.)

Antiplatelet therapy: yes

Haemoglobin (g/dl): mean(s.d.)

Peripheral artery disease: yes

Cerebrovascular event: yes

Sex: female

No

16914

1553 (9.2 )

2464 (14.6)

275 (1.6)

6234 (36.9)

1081 (6.4 )

136 (0.8)

665 (3.9)

568 (3.4)

833 (4.9)

1720 (10.2)

7537 (44.6)

75 (0.4)

7269 (43.6)

1962 (11.7)

9339 (55.2)

181 (1.1)

7804 (46.1)

3035 (17.9)

3837 (22.7)

26.8(4.9)

2808 (16.6)

13.0(2.1)

418 (2.5)

1013 (6.0 )

6652 (39.3)

Yes

247

85 (34.4)

116 (47.0)

15 (6.2)

191 (77.3)

77 (31.2)

5 (2.0)

23 (9.3)

42 (17.0)

42 (17.0)

57 (23.2)

135 (54.7)

8 (3.2)

96 (39.8)

39 (16.0)

195 (78.9)

8 (3.2)

96 (38.9)

71 (28.7)

39 (15.8)

26.6(5.0)

74 (30.0)

11.7(2.1)

13 (5.3)

25 (10.1)

67 (27.1)

2 6

OR (95% c.i.)

OR (95% c.i; P)

4.95 (3.66, 6.66; P < 0.001)

3.29 (2.42, 4.48; P < 0.001)

2.27 (1.17, 4.11; P = 0.010)

2.26 (1.58, 3.27; P < 0.001)

2.23 (1.58, 3.12; P < 0.001)

2.17 (0.67, 5.65; P = 0.149)

1.84 (1.07, 3.01; P = 0.020)

1.84 (1.21, 2.73; P = 0.003)

1.79 (1.19, 2.63; P = 0.004)

1.61 (1.13, 2.26; P = 0.007)

1.58 (0.85, 3.12; P = 0.164)

1.49 (0.50, 3.71; P = 0.429)

1.38 (0.96, 1.98; P = 0.082)

1.36 (0.92, 1.96; P = 0.109)

1.36 (0.95, 1.96; P = 0.098)

1.18 (0.44, 2.68; P = 0.717)

1.09 (0.63, 2.01; P = 0.762)

1.06 (0.77, 1.46; P = 0.698)

1.04 (0.68, 1.58; P = 0.841)

0.99 (0.96, 1.02; P = 0.579)

0.92 (0.66, 1.26; P = 0.608)

0.89 (0.84, 0.96; P = 0.001)

0.82 (0.41, 1.48; P = 0.529)

0.63 (0.37, 1.00; P = 0.061)

0.56 (0.41, 0.76; P < 0.001)

4

Fig. 5 Forest plot of multivariable logistic regression analysis for factors influencing 30-day mortality rate in patients with anastomosis.

Pale shade indicates non-significant odds ratios (ORs). The dashed line marks an OR of 1. Patient number (per cent) or mean(s.d.) for explanatory variables. KPS,
Karnofsky performance score; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease; RCTx, radiotherapy or chemotherapy.
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To date, several studies addressed postoperative death and
the impact of anastomoses after resection of CRC in elderly
patients5,7,13,42,47. Overall, the heterogeneity of patients in these
studies is high and most studies included relatively small patient
numbers. Similar to the present analysis, some studies found
that the patient’s numerical age is not a risk factor for develop-
ment of anastomotic leakage, but that mortality rate increases
considerably when leakage occurs. Other studies did not find a
significant effect of age on survival. Most studies were unable to
adjust their results for preoperative co-morbidity because of
small patient numbers or lack of data.

A recent larger study analysing the effect of age on anastomotic
leakages in CRC surgery used data from the Dutch ColoRectal
Audit48. The authors found a protective effect of age on the rate of
anastomotic leakages and a strong association of age with mortality
rate after leakage. However, this study has some shortcomings. In
particular, all CRC locations and emergency operations were in-
cluded. This, along with different frequencies of cancer locations
and emergency surgery in elderly patients, may affect the results
significantly. These considerations may also explain why older age
was found to have a protective effect on the rate of anastomotic lea-
kages in this study.

In addition to the effect of anastomotic leakage on short-
term outcome, another study also showed a long-lasting effect
with much higher mortality rate at 1 year. While 1-year sur-
vival in patients younger than 65 years with anastomotic leak-
age was almost 90 per cent, it dropped to 33 per cent in
octogenarians13.

The decision for or against an anastomosis has a major impact
on the quality of life after colorectal surgery10. Octogenarians re-
ceive anastomoses at a significantly lower rate than younger
patients, but they do not have a higher rate of anastomotic lea-
kages. It stands to reason that those patients with anastomosis
are selected based on preoperative risk factors, which may lead
to selection of the strongest. However, after adjusting for the
preoperative risk factors between age groups, higher age

remained an independent prohibitive factor for the creation of
anastomoses.

There are two points of interest regarding protective stoma
creation. First, the creation of a stoma reduced the proportion of
clinically apparent leakages. Second, the proportion of patients
80 years and older with rectum cancer and protective stoma was
lower than that of younger patients. This can be explained by the
lower rate of anastomosis formation in the group of the elderly,
since these patients receive a Hartmann procedure more often
than an anastomosis with a protective ostomy.

By far the strongest predictor of death was anastomotic leak-
age. Octogenarians do not have a higher risk of anastomotic leak-
age, but their risk of death is significantly increased after leakage.

The most difficult question in this context is whether the crea-
tion of an anastomosis is justified with knowledge of leakage and
mortality rates. The risk of anastomotic leakage for rectum anas-
tomoses is about 10 per cent, which is accepted and generally
does not prevent the creation of an anastomosis43. The risk of
death for younger patients with anastomotic leakage is around
3.5 per cent11. However, a risk of death after anastomotic leakage
of more than 15 per cent in octogenarians probably deserves
more discussion. In addition, key influencing factors can be
addressed, such as a low ASA score or a reduced performance
score.

In addition to preoperative co-morbidity, the decision for or
against an anastomosis is influenced by various parameters,
such as the tumour extent, a possible preoperative faecal inconti-
nence or the individual estimation of the quality of life with or
without a permanent stoma. These considerations speak in fa-
vour of detailed shared decision making, which specifically
addresses the creation of anastomoses after bowel resection for
CRC in very elderly patients.

Minimizing perioperative risk factors is a measure to reduce mor-
bidity, especially in elderly and co-morbid patients. Obviously, age
cannot be influenced, but cardiovascular co-morbidity, frailty and
other factors can often be taken into account during surgery for
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Fig. 6 Kaplan–Meier overall survival estimates

a Patients without anastomotic leakage (P< 0.001). b Patients with anastomotic leakage (P<0.001). Shaded regions represent 95 per cent confidence intervals.
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benign disease. However, this is usually not possible in malignancies
because of time constraints. Anastomotic leakages have the highest
impact on mortality rate in patients with resections for left-sided co-
lorectal carcinoma. The decision for or against an intestinal anasto-
mosis is one of the few perioperative parameters that can be
actively addressed by patients and surgeons in an upcoming CRC
surgery. The creation of an anastomosis should be discussed in de-
tail with elderly patients and is an important component of shared
decision making.
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