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Abstract

Aim Mortality and complication rates after surgery for
colon cancer are high, especially after emergency proce-
dures. The aim of the present study was to evaluate the
importance of the formal competence of surgeons for
survival and morbidity.

Method The Swedish Colorectal
prospectively records data on patients diagnosed with

Cancer Registry
cancer within the colon and rectum. A cohort of
patients operated on for colon cancer between 2007
and 2010 were followed 5 years after surgery. Data on
postoperative morbidity, mortality and long-term sur-
vival were compared with regard to formal compe-
tency of the most senior surgeon attending the
procedure.

Results This analysis includes 13 365 patients operated
on for colon cancer, including 10 434 eclective proce-
dures and 2931 emergency cases. The overall 5-year
survival was higher for those operated on by subspe-
cialist colorectal surgeons compared with general sur-
geons (60% vs 48%; P < 0.001). Five-year survival after
elective surgery was 63% vs 55% (P < 0.001) and 35%
vs 31% (P < 0.05) after emergency procedures when

performed by colorectal surgeons compared with gen-
eral surgeons. Postoperative 30-day mortality was 3%
after surgery performed by colorectal surgeons com-
pared with 7% when performed by general surgeons.
Mortality at 90 days was 6% after surgery performed by
colorectal surgeons compared with 11% for patients
operated on by general surgeons (P < 0.001).

Conclusion Subspecialization in colorectal surgery is
associated with better outcome for patients operated on
for colon cancer, and effort should be made to increase
the availability of colorectal surgeons for both acute and
elective colon cancer surgery.

Keywords Colon cancer, surgery, operation, survival,
specialty competence

What does this paper add to the literature?

The present literature on outcomes after colon cancer
treatment in the emergency setting is disparate. We pre-
sent data from a nationwide population-based registry
illustrating that patients with colon cancer operated on
by specialist colorectal surgeons have better short- and
long-term outcomes, including survival, than patients
operated on by general surgeons.

Introduction

Colon cancer is ubiquitous and a major cause of cancer-
related death. Surgical resection with regional lym-
phadenectomy is the mainstay of treatment, and approx-
imately 85% of patients are candidates to undergo
surgery with curative intent. A high proportion of

patients are first diagnosed during an emergency
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department presentation due to symptomatic disease,
and 20% of the procedures are performed as emergen-
cies. The most common indication for emergency or
urgent surgery in colon cancer is bowel obstruction,
which accounts for some 80% of emergency procedures.
Other, less common, causes for an acute operation are
intestinal perforation and bleeding [1-3].

Previous studies have shown lower survival in both
the short and long term for patients who require emer-
gency surgery compared with those operated on in the

E-mail: per-anders.arsson@vgregion.se clective setting [2-5]. There are several possible
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explanations for this. Patients treated acutely are older
and frequently suffer from comorbidities, making them
more prone to postoperative complications. This may
be related to a higher risk of cancer recurrence but also
by itself to a reduced overall survival. The risk of dying
within 30 days after emergency colon resection is five
times higher compared with those patients whose oper-
ations are on a scheduled basis. The difference remains
after 90 days, when the mortality is four times higher in
the acute compared with the elective setting. This
applies regardless of whether one corrects for tumour
stage and age [2,5]. However, recent publications have
presented data showing that outcome is not affected by
acute or elective operation if the data are adjusted for
the above-mentioned risk factors [4].

Both emergency procedures and scheduled elective
operations are carried out by general surgeons or sur-
geons specialized in colorectal surgery, depending on
the statfing structure in the hospital concerned. There
are studies indicating that the influence of surgeon sub-
specialization and not only the volume of surgery in
colon cancer surgery can be significant for survival in
both the long and short term [6]. However, most stud-
ies involve the entire group of patients undergoing col-
orectal cancer surgery and do not distinguish between
colon and rectal cancer [6-9]. In a UK study looking at
short- and long-term survival for colon cancer patients
undergoing elective surgery, a higher 5-year survival
was found for patients operated on by a specialist col-
orectal surgeon. The authors concluded that the lower
postoperative mortality associated with operations per-
formed by specialized colorectal surgeons was the main
reason for better survival [10]. A US study comparing
high- and low-volume centres reported higher postoper-
ative survival in the former, which was explained by the
fact that in the high-volume centres there was a better
ability to detect and treat complications [11]. Whether
formal surgical competence and volume are important
for outcome is not easily resolved by randomized trials,
but population-based registers can be a possible source
of information to shed light on this issue. Since 2007,
all newly discovered cases of colon cancer in Sweden are
registered in the national Swedish ColoRectal Cancer
Registry (SCRCR). This database covers 99% of all
colonic adenocarcinomas in Sweden [12]. The main
objective of the registry is quality control. However, the
prospective accrual of a large number of data from vir-
tually all newly diagnosed patients with colorectal cancer
in a defined population renders it suitable for studies
regarding parameters that are not easily studied in ran-
domized studies, such as survival difference after elective
and emergency surgery or the influence of surgical com-
petence on survival.

The purpose of this study was therefore to evaluate
the impact of the surgeon’s formal competence on
short- and long-term results in colon cancer surgery.

Method

This is a retrospective cohort study of all patients oper-
ated on for colon cancer and registered in the SCRCR
from 2007 to 2010. The SCRCR is a so-called quality
register and the coverage rate is close to 100% [12]. Dur-
ing the study period, 16 397 patients were diagnosed
with colon cancer in Sweden. Only adenocarcinomas are
included in the registry, but formal histological verifica-
tion is not required for registration of new cases [12]. A
tumour situated within 15 cm of the anal verge is
reported as rectal cancer and a tumour situated more than
15 cm from the anal verge is reported as colon cancer.
Adenocarcinomas of the appendix are included in the
registry. The registry excludes carcinoma iz situ and
tumours found at autopsy. The study covers 13 365
patients operated on by resection of the tumour. Of these
patients, 12 972 had one tumour at the time of surgery,
344 patients had two tumours, 39 had three tumours
and 10 had four tumours. In most cases those who had
two or more tumours had synchronous tumours. Only a
few had new, metachronal tumours at another diagnostic
event. Data from patients operated on for a second meta-
chronous tumour during the study time were only
recorded with regard to surgery for their first colon can-
cer. The SCRCR records data pre-, peri- and postopera-
tively. We studied 32 parameters from the registry
(Table 1) and compared patients who were operated on
in the emergency setting with those undergoing sched-
uled procedures. Postoperative complications are
included in the registry only if they occur within the cur-
rent period of care of the primary operation or within
30 days of surgery [12]. Patients operated on for a pri-
mary colon cancer were included in the registry, and data
were analysed regardless of lymph node status, M-stage,
concomitant intestinal diseases or if the procedure was
performed with curative or palliative intent.

The division into acute and elective procedures was
performed according to specific criteria and recorded in
accordance with the SCRCR [12]. In short, a cancer
resection was considered as ‘acute’ when the operation
was medically indicated to be performed acutely, even if
the actual operation was done in an ‘elective list’. This
means that urgent procedures have also been classified
as emergencies in the present report. The elective pro-
cedures were all performed as planned procedures and
all these patients were operated on after diagnostic
workup and preoperative procedures according to nor-
mal Swedish standards of care.
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Table | Registered parameters, extracted from the Swedish
ColoRectal Cancer Registry.

The oncological result of resections was reported
both as a subjective impression of the surgeon immedi-
ately after the procedure and a systematic microscopic
analysis of tumour, resection margins and lymph nodes
in the pathology report. The term locally radical surgery
refers to the surgeon’s impression of resection regard-
less of M-stage, ‘curative operation’ refers to the sur-
geon’s impression of a locally radical procedure in MO
patients (Tables 1 and 2). Data on these two parameters
are entered as checkbox choices by the surgeons as
either yes, no or doubtful. Data have been analysed as
radical, yes or no and the cases classified by the sur-
geons as doubtful have been counted as no, not radical,
in the multivariate analysis. The term radical resection
refers to a specimen with microscopically free resection
margins regardless of M-stage and curative resection
means RO resection in an MO patient (Tables 1 and 3 ).
Cases presented as doubtful have a missing pathology
report or a  high-quality = contrast-enhanced
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thoracoabdominal CT scan for evaluation of M-stage.
Data on this parameter have been included in the multi-
variate analysis radical, yes or no and cases reported as
doubtful in the registry have been classified as not radi-
cal resection.

In the SCRCR, surgeons are classified as accredited
colorectal surgeons, colorectal specialists, general sur-
geons or registrars. Colorectal surgery is not recognized
as an official medical speciality and there is no official
examination or board certification in colorectal surgery
in Sweden. Several surgeons doing colorectal surgery
have credentials in coloproctology issued either by the
Swedish Society for Colorectal Surgery or UEMS (the
European Union of Medical Specialists). Registration in
the registry as an accredited colorectal surgeon is based
on these credentials and registration as a colorectal spe-
cialist is based on self-reported major occupation in
clinical work in combination with a specialist registra-
tion in general surgery. In this study, we have defined
accredited colorectal surgeons and colorectal specialists
as colorectal surgeons. Other noncolorectal specialists
and senior registrars were defined as general surgeons.
In all cases, we have registered the highest formal com-
petence attending in the operating room with regard to
colorectal surgery. It is not possible to analyse SCRCR
data with regard to who is performing, assisting at, or
supervising the actual operation.

Statistics

Data were analysed on IBM spss software platform ver-
sion 25 (IBM-SPSS, IBM, Armonk, New York, USA).
Descriptive statistics, frequencies and proportions are
presented in Table 2. Central tendencies for continuous
data are presented as mean =+ standard deviation. For
categorical variables, proportions were compared using
the chi-square test. A multivariate logistic regression
analysis was performed to analyse the relationship of the
studied parameters with survival at 30 days, 90 days
and 5 years. Survival analysis was also performed with
the Kaplan—-Meier model. Although the SCRCR cover-
age rate is close to 100%, some data may be missed in
reporting individual parameters, and the number of
patients may therefore vary in the analyses. Missing data
have been omitted in the performed comparisons and
the multivariate analysis. Parameters with more than 5%
missing data were not analysed further.

Ethics

The study was approved by the national steering com-
mittee of the SCRCR and the regional board for ethics
in research, Gothenburg, Sweden (ref. 097-2014).
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Table 2 Data extracted from the Swedish ColoRectal Cancer Table 2 (Continued).
Registry with regard to emergency procedures and electively
operated patients. Differences for all presented parameters are
statistically significant (P < 0.001).

Results

Of the 13 365 operations in this study, 2931 were
emergency procedures and 10 434 planned procedures.
Of the patients undergoing emergency surgery, 67.8%
were operated on by colorectal surgeons and 32.2%
were operated on by general surgeons. The correspond-
ing figures for elective operations were 88.2% and
11.8%, respectively (Table 2).

Patients undergoing emergency surgery were on
average 72.7 £+ 12.4 years old, whereas the mean age
of electively operated patients was 71.9 &+ 11.1 years.
The group of patients treated with emergency surgery
also suffered from more concomitant health problems.
Of those operated on acutely, 39.9% were in American
Society of Anesthesiologists (ASA) class 3-5, compared
with 28.3% for patients undergoing elective operations.
Tumour stage was more advanced with twice as many
T4 tumours in the emergency group, and emergency
cases were nearly four times more likely to receive a per-
manent stoma. In 90.1% of patients undergoing elective
operations the tumour was radically removed. The cor-
responding figure was only 68.3% for patients operated
on in the emergency setting. Surgery was considered
curative in 79.4% of cases after elective surgery but only
50.0% of the emergency procedures were considered
curative.

Postoperative complications occurred in 26.2% of all
patients (Table 4), with 33.7% of patients undergoing
acute operations and 24.2% of the electively operated
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patients being affected. Mortality was high in patients
stricken by complications. Among acute patients with
postoperative complications, 75% died within 5 years
compared with 44.2% (P < 0.001) of electively operated

Table 3 Multivariate analysis of 30-day mortality after colon
cancer surgery. Odds ratio for risk of death.

patients with postoperative complications. Anastomotic
dehiscence occurred three times more frequently after
acute operations (6.0% compared with 1.8% after elec-
tive procedures). Twice as many emergency patients
required unscheduled care in an intensive care unit
(ICU) after surgery (12.6% »s 6.3%). The average num-
ber of retrieved lymph nodes in specimens was
17.8 £ 10.3. After elective procedures, the average
number of retrieved lymph nodes was 18.1 £+ 10.2
compared with 16.8 £ 10.5 after emergency proce-
dures. When the resection was performed by a colorec-
tal surgeon the average number of retrieved nodes was
18.1 £ 10.2 compared with 16.8 £+ 10.4 in specimens
after resection by a general surgeon.

When we looked at 30- and 90-day mortality, we
found almost twice the survival rate for patients oper-
ated on by colorectal surgeons for the entire group of
patients (P < 0.001; Table 5). Thirty-day mortality did
not differ when we split the patients into acute and
elective surgery groups, but for 90-day mortality we
saw a somewhat higher mortality rate for the elective

Table 4 Mortality after colon cancer surgery in relation to complications requiring therapy after emergency and planned procedures

(number of patients; P < 0.001).

Table 5 Mortality after 30 and 90 days for patients operated on by colorectal surgeons and general surgeons, respectively. Difter-
ence regarding 30- and 90-day mortality between patients operated on by colorectal or general surgeons were both statistically sig-

nificant (P < 0.001).
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patients operated on by general surgeons compared
with colorectal surgeons (5.1% »s 3.9%; P = 0.05). No
statistically significant difference was found for the
emergency procedures.

A multivariate analysis was performed to investigate
which factors had an impact on survival after 30 days,
90 days and 5 years (Tables 3, 6 and 7). This indicates
that colorectal specialization is important for survival in
both the short and long term. Mortality for emergency
patients was higher: the OR for 30-day mortality was
2.9 and for 90-day mortality 2.7. The OR for 5-year
mortality in emergency patients was 2.3. Other factors
that were related to increased mortality were: postopera-
tive complications, the need for postoperative ICU care,
ASA classification and T-stage.

This study shows an improved 5-year survival (60%)
for patients operated on by colorectal surgeons com-
pared with patients operated on by general surgeons,
(48%) (Fig. 1). When we split the data into acute and
elective operations, the difference was still significant in

Table 6 Multivariate analysis of 90-day mortality after colon
cancer surgery. Odds ratio for risk of death.

Table 7 Multivariate analysis of mortality 5 years after colon
cancer surgery. Odds ratio for risk of death.

both groups (P <0.001; Fig. 1). This difference
remained after adjustment for 30- and 90-day mortality
for the total patient group and for those patients oper-
ated on electively, but not for those who were operated

on acutely.

Discussion

The present study shows a reduced mortality rate for
colon cancer patients operated on by colorectal sur-
geons in the short term, and an improved 5-year sur-
vival after both acute and elective surgery. The
significance of colorectal subspecialization for survival
also seems to persist when adjusted for confounding
factors. The fact that colorectal subspecialization seems
to be significant for survival is supported by previous
studies, although most include all patients operated on
for colorectal cancer and not only colon cancer. In a
Spanish study of 1046 patients operated on for colorec-
tal cancer between 1993 and 2006 and comparing col-
orectal surgery performed by colorectal surgeons with
general surgeons, the number of stoma creations and
frequency of anastomotic dehiscence were lower. Post-
operative mortality was also lower when surgery was
performed by a colorectal surgeon [6]. These data are
also supported by studies from Australia and the UK
[7,8]. The limitation of the present study is its design
as a retrospective cohort study, and the observed sur-
vival benefit does not prove a causal relationship
between surgical specialization and survival.

A British multicentre study following 1856 patients
in 16 hospitals after elective colon cancer surgery
between 2001 and 2004 showed lower postoperative
mortality (4.5% »s 7.0%) and better 5-year survival in
patients operated on by a colorectal surgeon (72.2% vs
65.6%). The authors concluded that the reason for bet-
ter survival after surgery was a lower proportion of post-
operative complications when surgery was performed by
a colorectal surgeon [10]. These data are in line with
the results of the present report. Short-term and 5-year
mortality in the present study were lower when emer-
gency procedures were performed by colorectal sur-
geons. However, the difference in 5-year survival in
emergency cases operated on by colorectal and general
surgeons was not statistically significant when adjusted
for 30- and 90-day mortality,

Our data on lower 30- and 90-day mortality after
emergency colon cancer surgery when performed by
colorectal surgeons differ from those of a recent Danish
national register study where no statistically significant
difference in 90-day mortality after open emergency col-
orectal cancer procedures was observed [13]. The Dan-
ish study was performed on data from patients operated

© 2019 The Authors. Colorectal Disease published by John Wiley & Sons Ltd
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Figure 1 Kaplan—Meier curves showing 5-year survival after surgery performed by colorectal surgeons (green dots) and general
surgeons (blue dots). Overall 5-year survival was 60% when performed by colorectal surgeons compared with 48% after surgery
performed by general surgeons (P < 0.001). Corresponding figures after emergency procedures were 36.6% compared with 33.4%
(P < 0.05) and 65.5% compared with 59.7% after elective surgery (P < 0.001). Data are missing for 10 emergency procedures and

36 clective operations.

on between 2005 and 2015 and reports higher overall
mortality at 30 and 90 days (16% and 25%, respectively)
compared with Swedish data from 2007 to 2011 (9.5%
and 16.6%, respectively) [12]. However, the Danish
study also included patients with rectal cancer [13].

Factors other than surgical proficiency and expertise
have been suggested as explanations for better results
after colorectal surgery. A US study found that patients
having colon cancer surgery in high-volume centres had
a lower postoperative mortality rate within 30 days than
patients in low-volume centres [11]. These authors
were unable to prove that high-volume surgeons had
better survival. The better survival rate in high-volume
hospitals was explained by better care and the ability to
detect and treat surgical complications [11].

Our results verify previous reports that emergency
surgery in colon cancer is related to higher mortality in
both the long and the short term [4,14]. A previous
analysis of patients with colon cancer subjected to emer-
gency surgery that used risk-adjusting methods found
that the increased mortality could be explained by
patient characteristics and concluded that the emer-
gency operation itself was not a risk factor for increased
mortality [4]. Thus, surgery should not be postponed
in these cases but efforts should be made to optimize
surgery when necessary.

In a Danish register study, 2157 patients with colon
cancer were analysed regarding risk factors for 30-day
mortality. Mortality was 22.1%, and it was found that

© 2019 The Authors. Colorectal Disease published by John Wiley & Sons Ltd
on behalf of Association of Coloproctology of Great Britain and Ireland.. 21, 1379—1386

the strongest cause of early death was medical postoper-
ative complications, for example cardiovascular, renal,
thromboembolic  and  nonsurgical-site  infectious
(OR =11.7). Postoperative complications

occurred in one-fifth of the cases but had no significant

surgical

effect on mortality [15]. As we have not divided com-
plications into medical and surgical, the numbers are
difficult to compare, but postoperative complications
and mortality are major contributors affecting long-term
survival and the present study adds evidence to support
the proposition that specialized surgical training reduces
complications.

Conclusion

Our results indicate that short-term results and 5-year
survival are improved in colon cancer surgery when per-
formed by specialized colorectal surgeons. This is also
pertinent in the emergency setting, and efforts should be
made to ensure the availability of specialized colorectal
surgeons when such procedures need to be performed.
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