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Abstract

Background: This study aimed to examine the sphincter-preservation rate variations in rectal cancer surgery. The influence of
hospital volume on sphincter-preservation rates and short-term outcomes (anastomotic leakage (AL), positive circumferential
resection margin (CRM), 30- and 90-day mortality rates) were also analysed.

Methods: Non-metastasized rectal cancer patients treated between 2009 and 2016 were selected from the Netherlands Cancer
Registry. Surgical procedures were divided into sphincter-preserving surgery and an end colostomy group. Multivariable logistic
regression models were generated to estimate the probability of undergoing sphincter-preserving surgery according to the hospital
of surgery and tumour height (low, 5 cm or less, mid, more than 5 cm to 10 cm, and high, more than 10 cm). The influence of
annual hospital volume (less than 20, 20–39, more than 40 resections) on sphincter-preservation rate and short-term outcomes was
also examined.

Results: A total of 20 959 patients were included (11 611 sphincter preservation and 8079 end colostomy) and the observed
median sphincter-preservation rate in low, mid and high rectal cancer was 29.3, 75.6 and 87.9 per cent respectively. After case-mix
adjustment, hospital of surgery was a significant factor for patients’ likelihood for sphincter preservation in all three subgroups
(P< 0.001). In mid rectal cancer, borderline higher rates of sphincter preservation were associated with low-volume hospitals (odds
ratio 1.20, 95 per cent c.i. 1.01 to 1.43). No significant association between annual hospital volume and sphincter-preservation rate in
low and high rectal cancer nor short-term outcomes (AL, positive CRM rate and 30- and 90-day mortality rates) was identified.

Conclusion: This population-based study showed a significant hospital variation in sphincter-preservation rates in rectal surgery.
The annual hospital volume, however, was not associated with sphincter-preservation rates in low, and high rectal cancer nor with
other short-term outcomes.

Introduction
Surgery, often in combination with (chemo)radiotherapy, is stan-
dard in the treatment of rectal cancer. The majority of patients
can be treated with a sphincter-preserving procedure, but this is
mainly dependent on the location of the tumour in the rectum.
Tumours located in the distal rectum, involving the internal or
external sphincter are often treated with an abdominoperineal
resection (APR). In the more proximal rectum, when a sphincter-
preserving procedure is technically possible, other factors such
as age, co-morbidity or preoperative impaired anal sphincter
function are important for the decision or whether to perform a
sphincter-preserving procedure or an end colostomy1. Also, hos-
pital volume has been reported as a factor influencing sphincter
preservation, where high-volume hospitals seem to be associated
with higher rates of sphincter preservation2–5. In a Swedish study,

significant variation in permanent ostomy rates after anterior re-
section between different regions was described6.

Previous nationwide population-based studies have reported
the effect of hospital variation on the probability of patients re-
ceiving a curative treatment for colon, gastric, pancreatic and
oesophageal cancer7–10. Recently, a significant hospital variation
regarding neoadjuvant treatment in rectal cancer has been de-
scribed11. Furthermore, differences in postoperative outcome due
to variability based on hospital type and volume were reported in
pancreatic and upper gastrointestinal cancer surgery12–15. The in-
fluence of hospital volume on colorectal surgery was described in
a Dutch nationwide study between 2005 and 2012, and the
authors reported a higher 30-day postoperative mortality rate in
low-volume hospitals compared with high-volume hospitals.
Anastomotic leakage (AL) rate and overall survival (OS) rate were
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equal between the different hospital volume groups in this
study16. Since 2012, however, an annual minimum volume of 20
rectal cancer resections per hospital has been recommended in
the Netherlands.

The aim of this study was, therefore, to examine hospital vari-
ation and hospital volume using data of the Netherlands Cancer
Registry (NCR) on the probability of undergoing sphincter-
preserving rectal surgery. Second, the influence of hospital vol-
ume on positive circumferential resection margin (CRM), AL and
30- and 90-day mortality rates was analysed.

Methods
Netherlands Cancer Registry
Data were obtained from the nationwide population-based NCR.
This registry collects data for all newly diagnosed patients with
cancer from hospitals in the Netherlands, comprising approxi-
mately 17 million inhabitants. The NCR is based on notification
of all newly diagnosed malignancies in the Netherlands by the
national automated pathological archive (PALGA). Additional
sources are the national registry of hospital discharge. Specially
trained data managers of the NCR routinely extracted informa-
tion on diagnosis, tumour characteristics and treatment from the
medical records. Quality of the data is high, and data complete-
ness is estimated to be more than 95 per cent17. Information on
vital status was obtained through an annual linkage with the
Municipal Administrative Database, in which all deceased and
emigrated persons in the Netherlands are registered. Tumour
staging was performed using the International Union Against
Cancer (UICC) TNM classification, according to the edition valid
at the time of cancer diagnosis (6th and 7th edition)18. This
study was approved by the Privacy Review Board of the NCR and
does not require approval from an ethics committee in the
Netherlands.

Patients and surgical procedure
All patients diagnosed with non-metastasized (cT1-4N0-2M0)
rectal cancer between 2009 and 2016 who underwent surgery in
the Netherlands were included. Information regarding surgical
procedure was extracted from the NCR. Abdominoperineal re-
section (APR) and a Hartmann’s procedure (Hartmann) were de-
fined as the end colostomy group. Low anterior resection (LAR)
was assigned to the sphincter-preserving group. Both transanal
endoscopic microsurgery (TEM) and transanal minimally inva-
sive surgery (TAMIS) were assigned to the local excision (LE)
group. Patients who underwent salvage total mesorectal exci-
sion (TME) after LE were excluded. A positive pathological CRM
was defined as 1 mm distance or less between the tumour and
the resection margin. AL was defined as the presence of con-
trast extravasation or as an abscess near the anastomosis re-
quiring surgical or radiological intervention and was only
recorded as such if it was necessary within 2 months after pri-
mary anastomosis.

Statistical analysis
The observed variation of all different surgical strategies (end
colostomy, sphincter-preserving, LE) was presented as a figure
based on hospital of diagnosis. Since LE is not performed in all
hospitals in the Netherlands, this approach was excluded from
further analyses. All patients were assigned to three subgroups
based on tumour distance from the anal verge, 5 cm or less (low
rectal cancer), more than 5 cm to 10 cm (mid rectal cancer) and
more than 10 cm (high rectal cancer) respectively. Three

separate figures were created to display the observed hospital
variation regarding sphincter-preserving surgery for each sub-
group based on hospital of surgery. Analysis regarding hospital
variation was based on the hospital in which the surgical proce-
dure was performed, although the choice of surgical procedure
was made by the operating surgeon. Hospitals with fewer than
10 cases during the whole period between 2009 and 2016 were
defined as outliers in subanalyses and therefore excluded.
Multivariable multilevel logistic regression models were per-
formed to analyse the hierarchically structured data as it
accounts for the dependency of patients within hospitals.
Patient (age, gender) and tumour (cT stage, cN stage, differenti-
ation grade) characteristics were added to the multilevel mod-
els, based on multivariable logistic regression models using
forward stepwise selection. These models were created for the
different groups based on tumour distance from anal verge.
Outcome of the multilevel logistic regression models were the
probability of undergoing sphincter-preserving surgery. These
probabilities were assessed for each individual hospital of sur-
gery and expressed as an odds ratio with 95 per cent confidence
intervals. The likelihood ratio test was used to assess the influ-
ence of hospital level on these probabilities. To determine hos-
pital volume, the mean number of resections (excluding LE) per
year per hospital over the period 2009–2016 was calculated.
Hospital volume was divided into three categories: less than 20,
20–39 and 40 or more resections per year. The lowest volume
category was based on the Dutch minimum annual volume
norm for rectal cancer. The same cut-offs were used as previ-
ously reported11. Multivariable logistic regression models were
used to determine the association between hospital volume and
the presence of AL, positive CRM and 30-day and 90-day mortal-
ity rates adjusted for gender, age, year of surgical resection, cT
stage, cN stage, differentiation grade, tumour height and neoad-
juvant treatment. Postoperative 90-day mortality was also in-
vestigated19. In the analyses regarding AL, only patients in the
sphincter-preserving group were included.

For all analyses P< 0.050 was considered statistically signifi-
cant. Statistical analyses were performed using STATA/SE ver-
sion 14.2. (College Station, TX: StataCorp LP).

Results
Patients
Between January 2009 and December 2016, a total of 20 959
patients were diagnosed with non-metastasized rectal cancer
(cT1-4, cN0-2, M0) who underwent a surgical procedure. Median
age was 67 (range 20–99) years and 63 per cent were male. A low
anterior resection was performed in 11 611 patients (sphincter-
preserving group) and 1269 patients underwent a TEM or TAMIS
(LE group). A total of 8079 patients underwent Hartmann or APR
(end colostomy group). Table 1 shows general characteristics of
the included population.

Hospital variation in rectal cancer surgery
Figure 1 shows the observed distribution of all surgical proce-
dures of all rectal cancer patients according to hospital of diag-
nosis in the Netherlands between 2009 and 2016. Median
sphincter preservation rate was 55.2 (range 41.5–71.7) per cent.
Almost all (77 out of 78) hospitals treated or referred patients
with rectal cancer for LE, and the median LE rate was 5.5 (range
0–20.5) per cent.
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Sphincter-preservation rates according to tumour
distance from anal verge
Figure 2a shows the hospital variation in observed distribution be-
tween sphincter preservation or end colostomy of patients diag-
nosed with a tumour within 5 cm from the anal verge by hospital
of surgery. Median sphincter-preservation rate was 29.3 per cent
(ranging from 6.7 to 56.7 per cent between hospitals). Fig. 2b
shows the calculated odds ratio per hospital, corrected for age,
gender, cT and differentiation grade. In the multivariable multile-
vel analysis, variability in hospital of surgery was a significant
factor in patients’ likelihood for sphincter preservation
(P< 0.001). Figure 3a shows the hospital variation in observed dis-
tribution of sphincter preservation and end colostomy rates of

patients diagnosed with a tumour more than 5 cm to 10 cm from
the anal verge by hospital of surgery. Median sphincter-
preservation rate was 75.8 per cent, ranging from 37.5 to 98.2 per
cent between hospitals. Figure 3b shows the calculated odds ratio
per hospital, corrected for age, gender, cT stage and cN stage. In
the multivariable multilevel analysis, variability in hospital of
surgery was a significant factor in patients’ likelihood for sphinc-
ter preservation (P< 0.001). Figure 4a shows the hospital variation
in observed distribution of sphincter-preservation and end colos-
tomy rates of patients diagnosed with a tumour more than 10 cm
from the anal verge. Median sphincter preservation rate was 87.9
per cent, ranging from 65.4 to 100 per cent between hospitals.
Figure 4b shows the calculated odds ratio per hospital of surgery,
corrected for age, gender, cT stage and cN stage. In the multivari-
able multilevel analysis, variability in hospital of surgery was a
significant factor in patients’ likelihood for sphincter preserva-
tion (P< 0.001).

Influence of hospital volume on sphincter-
preservation rates and outcomes
Table 2 shows the results of the multivariable logistic regression
analysis to determine whether annual hospital volume of rectal
cancer surgery influenced sphincter-preservation rates. In the
low (0 to 5 cm) and high (10–15 cm) rectal cancer groups, no
effects of annual hospital volume on the odds of sphincter pres-
ervation were observed. In the mid (more than 5 cm to 10 cm) rec-
tal cancer group, however, a borderline significant (odds ratio
1.20, 95 per cent c.i. 1.01 to 1.43) higher rate of sphincter preser-
vation was seen in the low-volume surgery group.

A multivariable logistic regression analysis was done to deter-
mine the association between annual hospital volume of rectal
cancer surgery and short-term outcomes (AL, positive CRM rate,
30- and 90-day mortality rates). No effect of annual hospital vol-
ume on the three short-term outcome parameters was found, af-
ter adjustment for known case-mix variables (gender, age, year of
resection, cT stage, cN stage, differentiation grade, distance of tu-
mour to anal verge and neoadjuvant treatment; Table 3).

Discussion
This nationwide population-based study revealed substantial
hospital variance in sphincter-preservation rates in rectal cancer

Table 1 Baseline characteristics of included patients

Number of patients

All patients 20 959 (100)
Gender

Male 13 274 (63.3)
Female 7685 (36.7)

Age (years) 67 (20–99)*
<60 4670 (22.3)
60–74 11 737 (56.0)
�75 4552 (21.7)

Distance from anal verge
�5 cm 7691 (36.7)
>5 and �10 cm 8042 (38.4)
>10 cm 4119 (19.7)
Unknown 1107 (5.3)

cT classification
T1 1047 (5.0)
T2 4923 (23.5)
T3 10 809 (51.6)
T4 1536 (7.3)
Tx 2644 (12.6)

cN classification
N0 11 194 (53.4)
N1 5931 (28.3)
N2 3834 (18.3)

Neoadjuvant treatment
SCRT 8211 (39.2)
CRT 7185 (34.3)
None 5563 (26.5)

Values in parentheses are percentages unless indicated otherwise; *values are
median (range). SCRT, short course radiotherapy; CRT, chemoradiotherapy
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Fig. 1 Hospital variation in surgical procedure according to hospital of diagnosis (n ¼20 959)

Koëter et al. | 3



surgery, even after adjustment for case-mix factors. The median
sphincter-preserving surgery rate was 55.2 per cent of all rectal
cancer surgical procedures. The sphincter was less often pre-
served in patients with tumours within 5 cm of the anal verge
compared with patients with more proximal rectal tumours of
more than 5 cm to 10 cm, and more than 10 cm from the anal
verge. Differences in overall sphincter preservation were not re-
lated to annual hospital volume of rectal cancer procedures.
Moreover, hospital volume did not influence AL rate, positive
CRM rate or 30- and 90-day mortality rates. Sphincter preserva-
tion in the low and high rectal cancer groups was not influenced
by annual hospital volume. In the subgroup of mid rectal cancer
patients, however, a significantly higher association of sphincter-
preserving surgery was observed in the low-volume hospitals
compared with the high-volume hospitals. This was the result of
subgroup analysis. A possible explanation for this difference
might be due to unmeasured case mix in the patient population.
The observation that annual hospital volume was not related to
sphincter-preservation rate was different from previous studies
reporting more sphincter-preserving surgery rates for high-
volume hospitals4,20. A recent paper from France showed that
sphincter-preserving surgery was more frequently performed in

high-volume centres (at least 41 cases per year) compared with
low-volume centres (10 or fewer), although no subgroup analysis
regarding tumour height was done21. Another study also demon-
strated higher sphincter preservation in high-volume centres
when a cut-off of 20 resections per year was used to define a
high-volume centre20. In the present cohort, annual volumes are
generally much higher, and fewer than 20 was considered low
volume, so these results are difficult to compare with those of
previous studies. Moreover, most data from these previous stud-
ies are from more than a decade ago, while the present study
reflects rectal cancer surgery in a recent era of predominantly
laparoscopic TME surgery. A more recent study demonstrated
less sphincter preserving in cT1-3 patients in low-volume hospi-
tals (1–20 per year) compared with high-volume hospitals (50 or
more per year)22. However, the authors did not perform a multi-
variable analysis, the study period was slightly earlier and re-
search patients with distant metastasis were excluded.

Whether sphincter-preserving surgery is conducted probably
depends on variety of selection standards, experience and func-
tional expectation23,24. Surgeons’ experience and the incidence of
AL, possibly also play a role in counselling patients and surgical
strategy25. Therefore, patients’ preferences and patient-related
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Fig. 2 Low rectal cancer

a Hospital variation in sphincter-preserving surgery in low (0–5 cm from anal verge) rectal cancer (n¼ 7116). b Odds ratios of receiving a sphincter-preserving
procedure in low rectal cancer corrected for age, gender, cT and differentiation grade
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factors are crucial and should be taken into account26. Decision
tools could refine preoperative counselling, reduce selection bias
and tailor individual approaches. From a patient’s perspective, a
stoma could be undesirable, impair self-image and influence
quality of life (QoL)27. Moreover, stoma-related complications as
well as serious psychological problems after rectal cancer surgery
might undermine QoL28. Nevertheless, stoma disadvantages
need to be weighed against anastomotic complications or low an-
terior resection syndrome, which can be severely disturbing in
daily life29.

In contrast to the present findings, an independent association
of CRM positivity and hospital volume was documented in a
study including more than 5000 rectal cancer patients undergo-
ing primary resection in 2011–2012. A 1.5-fold higher risk of CRM
involvement was observed in low-volume hospitals30. Another
Dutch study with data from 2008 to 2013 collected from 10 com-
munity hospitals in the Southern Netherlands did not, however,
show significantly higher CRM involvement in hospitals perform-
ing 20 or fewer rectal cancer surgeries per year (low-volume)
compared with hospitals executing at least 40 per year (high-vol-
ume)31. For defining a high-volume hospital, the same cut-off
value of 40 or more in which CRM involvement was unaffected by
hospital volume differences was used and, potentially, a higher

cut-off could have influenced the present results16,22,32. A
Cochrane Review has previously reported volume-related AL in
rectal cancer surgery32. Meta-analysis displayed no significant in-
fluence of high-volume hospitals in unadjusted studies and a sig-
nificantly lower association between high-volume hospitals and
AL rate was demonstrated in studies with case-mix adjustment.
The included studies in this review used different definitions for
AL and were published before 2011. A more up-to-date review
with meta-analysis showed a significant association with hospi-
tal volume studying morbidity (including AL) overall, but this cor-
relation was not confirmed by two studies that focused on the
correlation between hospital volume and AL33. A recent paper
based on more than 45 000 patients in a French database showed
that 90-day postoperative mortality was lower in high-volume
hospitals compared with low-volume centres (10 or fewer rectal
cancer surgeries per year)21. A previous Dutch population-based
study with data from 2005 to 2012 demonstrated a correlation be-
tween hospital volume and postoperative complications. The
odds ratio of 30-day mortality was higher in low-volume hospi-
tals than in hospitals performing 40 or more rectal resections an-
nually16. In the present cohort study with data from a more
recent time period (2009–2016), differences in 30- and 90-day
mortality rates between hospital volumes have been resolved. An
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a Hospital variation in sphincter-preserving surgery in mid (more than 5 cm to 10 cm from anal verge) rectal cancer (n¼ 7599). b Odds ratios of receiving a
sphincter-preserving procedure in mid rectal cancer corrected for age, gender, cT and cN status

Koëter et al. | 5



overall significant improvement of outcomes (decreased duration
of stay, less severe complications and postoperative mortality) in
patients with even higher risk profiles throughout the years was
reported in the Netherlands34,35. This is probably because of

ongoing clinical auditing, evaluating outcome parameters and in-
creased specialization in colorectal surgery34. Furthermore, mul-
tidisciplinary team meetings and specialized rectal cancer teams
are associated with better treatment strategies, more adherence
to guidelines and enhanced care36–38.

As a limitation in this study, information regarding co-
morbidity, frailty and baseline sphincter function was lacking
and could have contributed to the observed variation between
the different hospitals. Furthermore, unmeasured case-mix
differences, such as patients’ preferences or systematic differ-
ences in hospital distribution of older patients with worse
baseline characteristics, might have affected the observed dif-
ferences in distal rectal cancer surgery. However, it is
expected, that due to large numbers, patients were more or
less equally divided over the different hospitals. Due to the
current definition of AL in the NCR, leaks occurring after
2 months from primary surgery were not included. Further
studies are needed for clear understanding which components
induce hospital variability in performing sphincter-preserving
surgery in rectal cancer patients and to what extent it is unde-
sirable. There is still progress to be made in reducing variation
in the surgical treatment of rectal cancer, which is most pro-
nounced in low rectal tumours.
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a Hospital variation in sphincter-preserving surgery in high (more than 10 cm from anal verge) rectal cancer (n¼ 3975). b Odds ratios of receiving a sphincter-
preserving procedure in high rectal cancer corrected for age, gender, cT and cN status

Table 2 Multivariable analyses on sphincter-preserving surgery
according to tumour height and annual hospital volume

Number Odds ratio

Low rectal cancer (�5 cm)
<20 resections/year 845 1.10 (0.93, 1.30)
20–39 resections/year 2783 1.11 (1.00, 1.25)
� 40 resections/year 3497 1.00 (Reference)

Mid rectal cancer (>5 and �10 cm)
<20 resections/year 910 1.20 (1.01, 1.43)
20–39 resections/year 2883 1.07 (0.95, 1.20)
�40 resections/year 3806 1.00 (Reference)

High rectal cancer (>10 cm)
<20 resections/year 465 1.07 (0.77, 1.48)
20–39 resections/year 1521 0.88 (0.71, 1.09)
�40 resections/year 1995 1.00 (Reference)

Adjusted for gender, age, year of surgical resection, cT stage, cN stage,
differentiation grade and neoadjuvant treatment. Values in parentheses are 95
per cent confidence intervals.
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