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Abstract
The individual surgeon is an independent prognostic factor for outcome in colorectal cancer surgery. The surgeon’s learning curve is therefore directly related to the
patient’s outcome. The exact shape of the learning curve, however, is unknown. The
present study reviewed supervision, training/teaching, specialization, surgeon’s
caseload, and hospital’s caseload as the ﬁve main surgeon- and hospital-related
confounding factors for outcome, and examined their inﬂuence on the learning
curve as well as their interactions and prognostic signiﬁcance. All ﬁve confounding factors were related to outcome. The highest degree of evidence, however,
was found for training/teaching (introduction of total mesorectal excision), specialization in colorectal surgery (special interest, board-certiﬁcation, specialized
colorectal cancer units), and the surgeon’s caseload. Five surgeon- and hospitalrelated factors directly inﬂuence the surgeon’s learning curve and are therefore
rightly considered predictors of outcome in colorectal cancer surgery. Improvements in supervision, training/teaching, specialization, the surgeon’s caseload, and
the hospital’s caseload will therefore translate into enhanced patient outcome.

Introduction
The individual surgeon is an independent prognostic factor for outcome in colorectal cancer surgery. The surgeon’s learning curve is therefore directly related
to the patient’s outcome. The learning curve is a two-dimensional representation
plotting the number of years of training against the outcome for any given surgical
procedure and with respect to any given outcome measurement. For illustrative
purposes, a learning curve has been drawn in Fig. 1. On the left-hand side we ﬁnd
the young and inexperienced surgeon in training, who has just graduated from
university. Outcome for a patient operated on by this surgeon might be as low as
20%. With increasing years of training and accumulating experience, the young
trainee will eventually become an expert surgeon with an outcome reaching almost
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Figure 1. Learning curve

100%. Unfortunately, the exact shape of the learning curve is unknown. All factors
changing the shape of the learning curve, however, will alter the patient’s outcome.
Several surgeon- and hospital-related characteristics have recently been described as new prognostic factors in colorectal cancer surgery. These new predictors of outcome, in contrast to traditional prognostic factors, which are tumor- and
patient-related, can be inﬂuenced positively. An improvement of these surgeonand hospital-related factors leads to enhancement and acceleration of the surgeon’s
learning curve and therefore to an improvement in the patient’s outcome. No attempt will therefore be made to determine the exact shape of the learning curve.
The present study will focus on supervision, training/teaching, specialization,
surgeon’s caseload, and hospital’s caseload as the ﬁve main surgeon- and hospitalrelated confounding factors, and will examine their inﬂuence on the learning curve
as well as their interactions and prognostic signiﬁcance.

Background
The surgical world was, until recently, quite simple and straightforward. A patient
suffering from colorectal cancer would undergo surgery, and the only factors
determining the patient’s outcome would have been related to either the tumor (e.g.,
TNM classiﬁcation, tumor grading), the patient (e.g., age, sex, co-morbidity), or
the treatment (e.g., urgency of operation, type of resection, chemo-radiotherapy).
The surgeon or surgeon-related factors were not part of the equation.
However, it is a long-standing and common perception of the general public
as well as the medical community that there are good and not-so-good surgeons.
The ﬁrst reports on differences in outcome (operative mortality, anastomotic leakage, local recurrence) between individual surgeons for colorectal surgery emerged
more than two decades ago (Fielding et al. 1978, 1980; Phillips et al. 1984). In 1991
McArdle and Hole published a prospective study investigating inter-surgeon variability by looking at the outcomes of individual surgeons. Thirteen consultants,
none of whom had a special interest in colorectal surgery, operated on 645 patients
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with colorectal cancer. Outcome differed tremendously between the individual
surgeons. The rate of curative resection varied from 40% to 76%, postoperative
mortality from 0% to 20%, local recurrence from 0% to 21%, anastomotic leakage
from 0% to 25%, and survival at 10 years from 20% to 63%. These important
differences in outcome were not entirely explained by differences in patient population (case-mix, e.g., more advanced tumor stage). The existence of a signiﬁcant
inter-surgeon variability was hereby proven.
The individual surgeon was later identiﬁed as an independent prognostic factor
for the frequency of locoregional recurrence and survival in rectal cancer patients
by applying multiple logistic regression analysis adjusting for case mix differences
(Hermanek et al. 1995). A great number of publications followed, investigating the
prognostic role of the surgeon as well as of surgeon- and hospital-related factors
(e.g., board certiﬁcation, subspecialty training, annual caseload, teaching status).
Most tumor-related, patient-related, and treatment-related predictors of outcome cannot be altered. The majority of surgeon- and hospital-related factors,
however, can be inﬂuenced positively. Herein lies great promise, since an enhancement of surgeon- and hospital-related factors will lead to a signiﬁcant improvement
in the patient’s outcome.

Supervision
It is generally accepted that colorectal cancer surgery performed by young surgeons
in training will be less successful and effective than such surgery performed by
experienced and well-trained senior surgeons. Supervision of surgeons in training,
however, may help to bridge this difference in experience and surgical expertise.
Two recent publications address the issue of supervision for colorectal cancer
surgery.
The ﬁrst publication, from Edinburgh, UK, reviewed the results of 245 consecutive patients with colorectal cancer undergoing surgery by either a consultant
(a general surgeon with colorectal interest), a supervised surgical trainee, or an
independent surgical trainee (Singh and Aitken 1999). A supervised operation
was one in which the consultant was scrubbed and actively assisting the surgical
trainee. The study did not control for tumor and patient characteristics, and there
was a clear patient selection bias which was believed to be inevitable and even
desirable, as stated by the authors. Any given operation was therefore allocated
to a junior or senior surgical trainee, with or without supervision by a consultant
dependent on the accumulated experience of the trainee as well as the expected
difﬁculties of the surgery. There was a comparatively high proportion of supervised operations, as 28.6% of all resections, and 51.1% of those undertaken by
trainees, were consultant supervised. This proportion was higher than that reported in the Lothian and Borders Large Bowel Cancer Project (13.9% and 31.5%,
respectively) as well as for recent UK colorectal cancer audits (7.6% and 17.4%)
(Aitken et al. 1999). The study showed no difference between operations by the
consultant, by supervised trainees, and by independent trainees in terms of 30day mortality (6.5%, 6%, and 4%, respectively), clinical anastomotic leakage rate
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(9%, 2%, and 5%), local recurrence rate (2%, 3% and 7%), and adjusted 5-year
disease-related survival rate. Therefore it was concluded that, with careful patient
selection and patient allocation, properly supervised trainees could resect a high
proportion of colorectal cancers without compromising immediate outcome or
long-term survival.
The second publication reviewed 194 rectal cancer patients (Tytherleigh et
al. 2002). Six consultants operated on 126 patients, and six supervised surgical
specialist registrars operated on 68 patients. Supervision always meant that the
consultants were scrubbed for the operation and actively assisting. Comparing
the outcome between the two groups, there were no differences in postoperative
morbidity/mortality, local recurrence rates, or crude survival.
Both publications showed that supervision of surgical trainees signiﬁcantly improved outcome and effectively compensated for the lack in experience. Taking into
consideration the important improvement in outcome by supervision, it is likely
that supervision will also improve outcomes of board-certiﬁed surgeons. Therefore, it may be desirable that even fully certiﬁed surgeons ask for the assistance
of a senior specialist surgeon, at least for the critical surgical steps of a difﬁcult
operation.

Training/Teaching
The best illustration for the importance of training and teaching was the introduction of the total mesorectal excision (TME) technique for the treatment of rectal
cancer, leading to an increase in the rate of sphincter preservation (Lehander
Martling et al. 2000) and enhanced preservation of male genital function (Maurer
et al. 2001) as well as a decrease in local recurrence and an increase in survival
(Arbman et al. 1996; Kapiteijn et al. 2002; Wibe et al. 2003; Lehander Martling et
al. 2000). Two Scandinavian studies and one Dutch study have documented the
impact of training and teaching on the patient’s outcome by the introduction of
the TME technique for rectal cancer surgery.
The ﬁrst study investigated the impact of a surgical training program on the
outcomes of rectal cancer patients in the county of Stockholm, Sweden (Lehander
Martling et al. 2000). In 1994, the TME concept was introduced and surgeons were
trained in workshops through television-based demonstrations, histopathology
sessions, and direct operative instruction by senior members of the Colorectal
Research Unit from Basingstoke, UK. From 1995 to 1996, a total of 447 patients
underwent TME. The outcomes at 2 years were compared with those from the
Stockholm I (n=790) and II (n=542) trials investigating the value of preoperative
radiotherapy as historical controls. There were no differences in 30-day mortality rate, anastomotic leakage rate, and overall postoperative morbidity, despite
a decrease in the proportion of abdominoperineal resections from 55% and 60%
(Stockholm I and II trials) to 27% (TME group). The rate of local recurrence at
2 years decreased signiﬁcantly from 15% and 14% (Stockholm I and II trials) to
6% (TME group), as did the 2-year cancer-related mortality rate (15% and 16%
to 9%).
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The second publication reported on the introduction of the TME technique in
Norway (Wibe et al. 2003). The results of rectal cancer surgery in Norway have
been poor. The rate of local recurrence amounted to 28% following treatment
with a curative intent. Five-year overall survival was 55% for patients younger
than 75 years according to a national audit for the period 1986–1988. In 1994,
the Norwegian Rectal Cancer Group was founded. The TME technique was implemented on a national level. All surgeons were taught the TME technique in courses,
and pathologists were trained in both macroscopic and microscopic assessment of
specimens. A rectal cancer registry was established. A total of 3,432 patients underwent rectal resection with a curative intent from November 1993 until December
1999. Of these, 9% had adjuvant radiotherapy and 2% were given chemotherapy.
There was a rapid implementation of the new technique; the percentage of patients
undergoing TME increased from 78% in 1994 to 96% in 1998. After 39 months’
mean follow-up, the rate of local recurrence was 8%, and 5-year overall survival
was 71% for patients younger than 75 years.
The third study described the introduction of the TME technique in the Netherlands by the Dutch Colorectal Cancer Group (Kapiteijn et al. 2002). Surgeons were
trained in workshops and symposia. Specially trained instructor-surgeons were
used for local teaching and supervision. A large trial investigating short-term
preoperative radiotherapy combined with the TME technique for resectable rectal
cancer was subsequently initiated (Kapiteijn et al. 2001). The outcome of patients
undergoing surgery alone from the TME trial was compared to the outcome of patients from the CRAB (cancer recurrence and blood transfusion) trial. The CRAB
trial (1987–1990) included 269 curatively operated patients after conventional
rectal surgery, and the TME trial (1996–1999) involved 661 curatively operated
patients after TME. The local recurrence rate decreased from 16% (CRAB) to 9%
(TME), and the overall 2-year survival increased from 77% (CRAB) to 86% (TME).
The type of operation (conventional vs. TME) remained an independent predictor
of local recurrence and overall survival after adjustment for tumor and patient
characteristics.

Specialization
Three different degrees of specialization in the treatment of colorectal cancer
patients can be described: treatment by general surgeons with a special interest
in and dedication to colorectal surgery, treatment by colorectal surgeons with
subspecialty training and special board certiﬁcation, and treatment by colorectal
surgeons working in specialized colorectal cancer units.

Colorectal Surgery by General Surgeons
General surgeons with a special interest in colorectal surgery tend to perform
a different kind of surgery.
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Two publications from Glasgow, UK, studied the inﬂuence of the surgeon’s
specialty interest on outcome. The primary study was a pathology investigation
reviewing the type of operation performed (Reinbach et al. 1994). Ten surgeons
with four different specialty interests treated 116 patients for primary colorectal
cancer. Surgeons with an interest in colorectal cancer resected twice as much colon
(280 mm vs. 130 mm) and were more likely to perform a multivisceral resection
in order to remove adjacent clinically involved organs (15% vs. 0%) for left-sided
colon and rectal cancers. Distal resection margins for sigmoid cancers (55 mm vs.
20 mm) and the number of lymph nodes retrieved from the mesentery (13 nodes
vs. 7.5 nodes) were signiﬁcantly greater in the group of surgeons with a special
interest in colorectal surgery. The subsequent study examined the long-term outcome depending on the surgeon’s specialty interest (Dorrance et al. 2000). Twelve
surgeons, with different specialty interests, treated 378 patients for primary colorectal cancer over a 4-year period. There were six surgeons with a vascular or
transplant emphasis, four surgeons with a general background, and two surgeons
with colorectal subspecialty interest. They operated on 126, 98, and 154 patients,
respectively. A signiﬁcant association between colorectal specialty interest and
a reduced local and overall recurrence rate was found. Patients operated on by
a surgeon with a general background were 3.42 times more likely to develop a local
recurrence than those operated on by a surgeon with a colorectal interest. It is,
however, important to notice the difference in the individual caseload for vascular/transplant, general, and colorectal surgery-interested surgeons (21, 24.5, and
77 patients/study period, respectively)—a difference that may have contributed
to the differences in outcome. Surgeons with a special interest in and dedication
to colorectal surgery seem to be more familiar with the guidelines for colon and
rectal cancer surgery, which recently have been critically reviewed and published
by the American National Cancer Institute (Nelson et al. 2001). This familiarity
translates into a different kind of resection performed, resulting in enhanced radicality in accordance with the principles of surgical oncology (Reinbach et al. 1994),
and eventually leads to an improvement in the patient’s outcome (Dorrance et al.
2000).
The Royal College of Surgeons of England and the Association of Coloproctology of Great Britain and Ireland published recommended treatment outcomes for
colorectal cancer surgery (Royal College of Surgeons and Association of Coloproctology, 1996). These criteria demand an operative mortality of less than 5% for
elective surgery, an anastomotic leak rate of less than 8% after anterior resection
and less than 4% for other anastomoses, a wound infection rate below 10% after
elective surgery, and a local recurrence rate inferior to 10% after curative resection.
Two publications by nonspecialist surgeons reported results in accordance with
the above-mentioned recommendations. The ﬁrst study reviewed patients with
colonic and rectal cancer treated by nonspecialist surgeons (Singh et al. 1997).
Between 1987 and 1991, four general surgeons, none of whom was a specialist in
colorectal surgery, operated on 267 patients and achieved a rate of intraperitoneal
sepsis of 1%, a clinical anastomotic dehiscence rate of 3%, and postoperative mortality rates after elective and emergency surgery of 2% and 13%, respectively. The
5-year disease-related survival rates for curative and palliative surgery were 67%
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and 9%, respectively. There were no signiﬁcant differences between the surgeons.
The authors concluded that nonspecialist surgeons in a district general hospital
could obtain acceptable results. The need for further specialization and centralization was questioned.
The second study originated from a district general hospital before the era
of surgical specialization (Saha et al. 2002). A single gastrointestinal surgeon
operated on 73 consecutive rectal cancer patients over a 5-year period and reported an operative mortality of 4.1%, an anastomotic leak rate of 6.2%, a wound
infection rate of 2.7%, and a pelvic recurrence rate after curative resection of
9.6%. The authors concluded that trained gastrointestinal surgeons could achieve
good results with acceptable complication rates outside the setting of a specialist
unit.
Both studies reported results in accordance with the recommendations mentioned above. However, it is important to notice that in both studies the surgeons
can be considered as high-caseload surgeons. In the ﬁrst study the individual
annual caseload for colonic and rectal cancer amounted to 13.4 patients, and in
the second study the individual annual caseload for rectal cancer alone amounted
to an impressive 14.6 patients. Whereas the surgeons in both studies considered
themselves nonspecialists, it can be assumed that the good results achieved are
partly explained by the high-caseload ﬁgures.

Board Certification in Colorectal Surgery
Surgery is becoming increasingly complex, and subspecialization is therefore often considered necessary. The American Society of Colon and Rectal Surgeons was
founded in 1899. Thus subspecialty training in colorectal surgery and subsequent
specialist board certiﬁcation has a long tradition in the United States. In contrast
to the North American situation, subspecialty training in visceral surgery is just
being introduced in Switzerland. Table 1 summarizes the major publications that
investigated the impact of colorectal subspecialty training on outcome. Specialization in colorectal surgery led to a signiﬁcant reduction in in-hospital mortality
(Rosen et al. 1996; Callahan et al. 2003) and an increase in sphincter preservation
(Read et al. 2002). Concerning long-term outcome, specialization led to a signiﬁcant reduction in the rate of local recurrence (Porter et al. 1998; Read et al. 2002)
and an increase in survival (Porter et al. 1998; Read et al. 2002; Bokey et al. 1997).
There are compelling data showing that even after adjusting for case mix differences as well as caseload, subspecialty training in colorectal surgery remains an
independent prognostic factor for outcome.

Specialized Colorectal Cancer Units
The formation of specialized colorectal cancer units was the next logical step
in an attempt to improve the patient’s outcome. Two Swedish studies and one
Spanish study compared the results for rectal cancer surgery before and after the

1986–1994, MC, 2805 P, CRC
1971–1994, SC, 709 P, RC
1983–1990, MC, 683 P, RC

1977–1995, MC, 384 P, RC

1998–2001, MC, 48582 P, CR
1991–1994, MC, 4562 P, CRC

Rosen et al. 1996
Bokey et al. 1997
Porter et al. 1998

Read et al. 2002

Callahan et al. 2003
Smith JAE et al. 2003

4757 P/61 colorectal surgeons, 43771 P/2590 other surgeons
2100 P/12 colorectal surgeons, 2462 P/65 other surgeons

251 P/5 colorectal surgeons, 133 P/68 other surgeons

1565 P/6 colorectal surgeons, 1240 P/33 other surgeons
428 P/n colorectal surgeons, 281 P/n other surgeons
109 P/5 colorectal surgeons, 574 P/47 other surgeons

Surgeons

MC, multicenter; SC, single-center; P, patients; RC, rectal cancer; CRC, colorectal cancer; CR, colon resection.
↓ Reduction, decrease in outcome for patients operated on by colorectal surgeons/specialists.
↑ Improvement, increase in outcome for patients operated on by colorectal surgeons/specialists.

Setting

Publication

Table 1. Specialization in colorectal surgery

↓ In-hospital mortality
↑ Long-term survival
↓ Local recurrence,
↑ Disease-specific survival
↓ Local recurrence, ↑ disease-free survival,
↑ Sphincter preservation
↓ In-hospital mortality
↓ 30-day mortality, ↓ Anastomotic leakage,
↑ Local recurrence-free survival,
↑ Long-term survival

Outcome measure
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formation of a specialized colorectal cancer unit. The common feature of these
three publications was that fewer specialized surgeons treated a greater number of
patients, which resulted in an increase of both the individual surgeon’s caseload as
well as the hospital’s caseload.
The ﬁrst study reviewed the results from the county of Västmanland, Sweden
(Smedh et al. 2001). Between 1993 and 1996, 133 patients were operated on at
four county hospitals. After centralization, 144 patients were operated on at the
new colorectal unit in the county central hospital from 1996 to 1999, supervised
by a colorectal surgeon. The number of operating surgeons was reduced from 26
to four. There was a signiﬁcant reduction in the postoperative mortality rate (8%
vs. 1%), the total postoperative complication rate (57% vs. 24%), the number of
surgical complications (37% vs. 11%), the relaparotomy rate (11% vs. 4%), and the
postoperative hospital stay (13 days vs. 9 days).
The second report originated from the Ersta Hospital, Sweden (Machado et
al. 2000). During the ﬁrst period (1990–1992), 18 general surgeons operated on
72 patients with rectal cancer. Substantial changes in the treatment strategy of
rectal cancer were implemented (increased use of preoperative radiotherapy, standardized surgical technique, concentration of the surgery to a limited number
of colorectal surgeons). Thereafter, 180 patients were treated in the newly created colorectal cancer unit between 1994 and 1996, and two colorectal surgeons
treated more than 90% of these patients. This specialization led to a signiﬁcant
decrease in permanent stoma formation (52% vs. 33%) and in the rate of local
recurrence (18% vs. 3%). There was no increase in the frequency of postoperative
complications, reoperations or pelvic sepsis, although more extensive surgery was
used and the anastomotic level decreased from 8 to 4 cm (p<0.001). Furthermore,
cancer-speciﬁc survival at two years increased signiﬁcantly.
The third study was conducted in Valencia, Spain (Garcia-Granero et al. 2001).
During a ﬁrst period from 1986 to 1991, fourteen general surgeons operated on 94
patients with rectal cancer. Thereafter a Colorectal Surgery Unit was established.
During the second period (1992–1995), four specialized surgeons operated on
108 patients. This resulted in a reduction of the abdominoperineal resection rate
(25.8% to 16.7%) and an increase in the radical resectability rate (67.7% to 82.4%).
Local recurrence after low anterior resection was reduced from 30% to 9%, and
cancer-speciﬁc 5-year survival increased from 61% to 87%.

Surgeon’s Caseload
Surgical expertise is acquired through practice. The more operations a surgeon
is able to perform, the better the outcome for the patient. A positive beneﬁcial
relationship between a higher individual surgeon’s caseload and better outcome is
generally assumed.
Two multicenter trials investigated the inﬂuence of the surgeon’s caseload on
survival by studying the outcome of 3217 colorectal cancer patients from Northern
Ireland (Kee et al. 1999) and 927 from the UK (Parry et al. 1999). Both trials failed
to show any inﬂuence of caseload on survival. However, the large majority of pub-
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lications seem to support a positive caseload–outcome relationship in colorectal
cancer surgery.
Table 2 summarizes the major publications that have investigated the inﬂuence
of the surgeon’s caseload on outcome. A higher surgeon’s caseload was positively
linked to a reduction in the anastomotic leakage rate (Consultants 1995), a reduction of in-hospital mortality (Harmon et al. 1999; Ko et al. 2002; Hannan et al.
2002), a reduction in hospital stay and cost (Harmon et al. 1999), a reduction in the
local recurrence rate (Hermanek et al. 1995; Porter et al. 1998; Stocchi et al. 2001;
Martling et al. 2002), and an increase in survival (Porter et al. 1998; Martling et al.
2002; Schrag et al. 2002). There is today an impressive body of evidence showing
that after adjustment for case mix differences, the surgeon’s caseload conﬁdently
can be considered an independent prognostic factor for both short- and long-term
outcome.

Interaction of Training/Teaching and Surgeon’s Caseload
Conventional blunt surgical resection of rectal cancer is linked to a high rate of local
recurrence and to an important inter-surgeon variability (McArdle and Hole 1991).
It was reasonable to expect that through the introduction of the standardized TME
technique, the intersurgeon variability wound be substantially reduced or even
eliminated. A recent study from Stockholm, Sweden, reviewed 652 patients with
rectal cancer who underwent TME (Martling et al. 2002). All surgeons were trained
in the TME technique in workshops. Nevertheless, high-caseload surgeons (>12
operations/year) had a reduced rate of local recurrence (4% vs. 10%) and a reduced
rate of rectal cancer death (11% vs. 18%). Intersurgeon variability persisted even
after the introduction of the standardized TME technique. Therefore, both training
and caseload must be regarded as prognostic factors for outcome, and it is not
sufﬁcient to be only a well-trained surgeon—it is necessary to be a well-trained
surgeon with a high annual caseload.

Interaction of Specialization and Surgeon’s Caseload
Specialization in colorectal surgery and the surgeon’s annual caseload have both
been shown to positively inﬂuence outcome. A Canadian study investigated the
interaction between both prognostic factors by reviewing the results of 683 rectal
cancer patients (Porter et al. 1998). The risk of local recurrence was increased
for those patients operated on by non-colorectal-trained surgeons (hazard ratio
2.49) as well as for patients operated on by low-caseload surgeons (hazard ratio
1.80). Patients operated on by low-caseload and non-colorectal-trained surgeons
had an observed hazard ratio for local recurrence of 4.29. This ﬁgure correlated
closely with the calculated hazard ratio for local recurrence of 4.48 (2.49×1.80).
A corresponding calculation was valid for the hazard ratios of survival. Therefore
it was concluded that both co-variables were independent prognostic factors for
outcome in rectal cancer surgery. For that reason, it is not sufﬁcient to be a good

1990–1992, MC, 260 P, RC
1984–1986, MC, 1121 P, RC

1991–1994, MC, 603 P, RC
1983–1990, MC, 683 P, RC
1993, MC, 927 P, CRC
1990–1994, MC, 3217 P, CRC
1992–1996, MC, 9739 P, CRC
1979–1992, MC, 673 P, RC
1996, MC, 22408 P, CC
1994–1997, MC, 3711 P, CC
1995–1997, MC, 652 P, RC

1992–1996, MC, 2815 P, RC

Consultants 1995
Hermanek et al. 1995

Grabham et al. 1996
Porter et al. 1998
Parry et al. 1999
Kee et al. 1999
Harmon et al. 1999
Stocchi et al. 2001
Ko et al. 2002
Hannan et al. 2002
Martling et al. 2002

Schrag et al. 2002

1, 2, 3–5, 6–26 P/5 years

10 P/year
2.6 P/year
≤ 6, 7–12, 13–18, ≥ 19 P/6 months
≤ 9.7, 9.8–12.7, 12.8–16.1, 16.2–24.9, ≥ 25 P/year
≤ 5, 5–10, ≥ 10 P/year
10 P/study period
Continuous variable, mean 10.8±7.8 P/year
≤ 11, 12–20, 21–34, ≥ 35 P/4 years
12 P/year

131 P/2 years/5 surgeons, 129 P/2 years/23 surgeons
6.4 P/year

Cut-off value for caseload

MC, multicenter; P, patients; RC, rectal cancer; CC, colon cancer; CRC, colorectal cancer.
↓ Reduction, decrease in outcome for patients operated on by high-caseload surgeons.
↑ Improvement, increase in outcome for patients operated on by high-caseload surgeons.

Setting

Publication

Table 2. Surgeon’s caseload in colorectal surgery

↓ Anastomotic leakage
↓ Local recurrence, ↑ 5-year survival, no effect on
5-year cancer survival and overall survival
↓ Anastomotic leakage
↓ Local recurrence, ↑ Disease-specific survival
No effect on sphincter preservation and overall survival
No effect on 2-year overall survival
↓ In-hospital mortality, ↓ Hospital stay, ↓ Cost
↓ 5-year local recurrence
↓ In-hospital mortality
↓ In-hospital mortality
↓ Local recurrence, ↓ Rectal cancer death, no effect on
postoperative mortality and anastomotic leakage
↓ 2-year mortality, ↑ Overall survival, no effect on
30-day mortality and sphincter preservation

Outcome measure
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colorectal surgeon—it is necessary to be a good colorectal surgeon performing
a large number of colorectal cancer surgeries.

Hospital’s Caseload
The outcome for complex surgical procedures is not only dependent on the surgeon’s skill and expertise but also on the experience of an interdisciplinary team.
Therefore the outcome is considerably inﬂuenced by the hospital’s caseload. A positive relationship between a higher hospital caseload and an improved outcome
has been found for esophagectomy, pancreatic resection, resection for lung cancer, and liver transplantation (Birkmeyer et al. 2002; Bach et al. 2001; Begg et al.
1998; Edwards et al. 1999; Ho and Heslin 2003). However, it can be argued that the
outcome in colorectal cancer surgery is largely dependent on the surgeon’s skill
and less on the hospital’s infrastructure (e.g., an experienced interdisciplinary
team with gastroenterologists, radiologists, oncologists, anesthesiologists, critical
care specialists, specialized nursing professionals). Whereas the surgeon’s caseload
can conﬁdently be considered an independent prognostic factor for outcome, the
impact of the hospital’s caseload is somewhat less clear. Table 3 summarizes the
major publications that have investigated the inﬂuence of the hospital’s caseload
on outcome. Several studies were unable to ﬁnd any inﬂuence of greater hospital
caseload on survival for patients with colorectal cancer (Kee et al. 1999; Parry et
al. 1999; Simunovic et al. 2000). Evidence, however, is slowly increasing that the
caseload of an individual hospital might be an independent prognostic factor. Investigators found a reduction of in-hospital mortality (Hannan et al. 2002; Schrag
et al. 2000; Ko et al. 2002; Marusch et al. 2001b; Hodgson et al. 2003), an increase
in sphincter preservation (Simons et al. 1997; Marusch et al. 2001a; Hodgson et al.
2003), an increase in survival (Simons et al. 1997; Schrag et al. 2000; Hodgson et
al. 2003), and a borderline nonsigniﬁcant reduction in local recurrence (Holm et
al. 1997) for hospitals with higher colorectal cancer caseloads.
Interaction of Surgeon’s Caseload and Hospital’s Caseload
A study from The Johns Hopkins Hospital, Baltimore, Maryland, drew attention
to the interaction between the individual surgeon’s caseload and the hospital’s
caseload (Harmon et al. 1999). During a 5-year period, 812 surgeons at 50 hospitals performed 9739 resections for colorectal carcinoma. The annual surgeon’s
caseload was stratiﬁed into low (≤5), medium (5–10), and high (>10). Hospitals
were stratiﬁed into low (<40), medium (40–70), and high (>70) caseload institutions. A higher surgeon’s caseload was associated with a signiﬁcant improvement in
all three outcome measurements (in-hospital death, length of stay, cost) after multivariate analysis and adjustment for variations in type of resections performed,
cancer stage, patient co-morbidities, urgency of admission, and patient demographics. Interestingly, medium-caseload surgeons achieved excellent outcomes
similar to high-caseload surgeons when operating in medium-caseload or high-

1980–1993, 1399 P, RC
1988–1992, 2006 P, RC
1990–1994, 3217 P, CRC
1993, 927 P, CRC
1991–1993, 13310 P, CR
1991–1996, 27986 P, CC
1990, 1072 P, RC
1999, 1463 P, RC

1999, 2293 P, CC

1995, 22408 P, CC
1994–1997, 3711 P, CC
1994–1999, 304285 P, CR
1994–1997, 7257 P, RC

Holm et al. 1997
Simons et al. 1997
Kee et al. 1999
Parry et al. 1999
Khuri et al. 1999
Schrag et al. 2000
Simunovic et al. 2000
Marusch et al. 2001a

Marusch et al. 2001b

Ko et al. 2002
Hannan et al. 2002
Birkmeyer et al. 2002
Hodgson et al. 2003

↓ Local recurrence (borderline significance p = 0.06)
↑ Spincter preservation, ↑ Survival
No effect on 2-year overall survival
No effect on sphincter preservation or overall survival
No effect on 30-day mortality
↓ 30-day mortality, ↑ Overall and cancer-specific long-term survival
No effect on operative mortality and long-term overall survival
↓ Postoperative morbidity, ↓ Permanent stoma formation,
no effect on complications that required reoperation
(afterbleeds, burst abdomen, ileus, anastomotic leakage)
↓ General postoperative complications, no effect on resection rate,
intraoperative complications, in-hospital mortality
↓ In-hospital mortality
↓ In-hospital mortality
↓ In-hospital mortality
↓ Permanent colostomy formation, ↓ 30-day mortality,
↑ 2-year survival

≤ 5, 6–10, ≥ 10 P/year
≤ 5, ≥ 5 P/year
≤ 23, 24–32, 33–46, 47–54, ≥ 55 P/year
≤ 30, 31–44, 45–55, ≥ 56 P/6 months
≤ 13, 13–22, 23–30, 31–52 P/year
≤ 57, 58–112, 113–165, 166–383 P/6 years
≤ 11, 12–17, ≥ 18 P/year
≤ 20, 20–40, ≥ 40 P/year

Continuous variable, mean 60 ± 41 P/year
≤ 83, 84–144, 145–253, ≥ 254 P/4 years
≤ 33, 33–56, 57–84, 85–124, ≥ 124 P/year
≤ 7, 7–13, 14–20, ≥ 20 P/year

≤ 30, 31–60, ≥ 60 P/year

Outcome measure

Cut-off value for caseload

P: patients, RC: rectal cancer, CC: colon cancer, CRC: colorectal cancer, CR: colon resection
↓ reduction, decrease in outcome for patients operated on in high-caseload hospitals
↑ improvement, increase in outcome for patients operated on in high-caseload hospitals

Setting

Publication

Table 3. Hospital’s caseload in colorectal surgery
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caseload hospitals, but not in low-caseload hospitals. The results of low-caseload
surgeons improved with increasing hospital caseload but never equaled those of
the high-caseload surgeons.
A second study investigated the relative importance of surgeons’ and hospitals’ caseloads on short- and long-term outcome following rectal cancer resection
(Schrag et al. 2000). The outcomes of 2,815 rectal cancer patients were reviewed.
Neither hospital-speciﬁc nor surgeon-speciﬁc caseload was signiﬁcantly associated with 30-day postoperative mortality or rates of sphincter-sparing surgery.
Although an association between hospital caseload and mortality at 2 years was
evident, this ﬁnding was no longer signiﬁcant once the surgeon’s caseload was controlled for. In contrast, a higher surgeon’s caseload was associated with a reduced
2-year mortality, and the surgeon’s caseload remained an important predictor of
outcome even after adjustment for the hospital’s caseload. The surgeon’s caseload
proved to be superior to the hospital’s caseload in predicting long-term survival.
The authors concluded that in order to improve outcome following rectal cancer
resection, greater emphasis should be placed on understanding surgeon-speciﬁc
rather than hospital-speciﬁc practice patterns.

The Relative Importance of Caseload on Outcome
Relying on the data of the Healthcare Cost and Utilization Program, a large study
from the United States reviewed 22,408 patients with colon cancer for in-hospital
mortality (Ko et al. 2002). A multivariate logistic regression model was applied, adjusting for more than 30 different independent variables, including demographic
factors (e.g., age, gender, race, ethnicity, socio-economic status), burden of morbid
and co-morbid disease (prevalence and severity), and provider variables (e.g., hospital size, location, teaching status, surgeon’s and hospital’s caseload). The baseline
probability analysis showed a mortality rate for the baseline colon cancer patient
of 12 in 1,000. Being operated on by a high-caseload surgeon or in a high-caseload
hospital reduced the mortality to 10 in 1,000 and 11 in 1,000, respectively. However, if this baseline colon cancer patient had coexistent liver disease or required
an emergency operation, mortality increased to 44 in 1,000 and 45 in 1,000, respectively. The authors concluded that although both surgeon and hospital caseloads
were independent prognostic factors for in-hospital mortality, their relative impact
on outcome was rather small as compared to other confounding factors such as
co-morbidity and emergency operation.

Defining Caseload Threshold Values
The Leapfrog Group, a consortium of more than 100 large employers in the United
States, has set up arbitrary caseload thresholds for hospitals performing coronary
artery bypass grafts (500 patients/year), coronary angioplasties (400 patients/year),
abdominal aortic aneurysm repairs (30 patients/year), carotid endarterectomies
(100 patients/year), and esophagectomies (seven patients/year). These threshold
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recommendations were recently critically reviewed (Christian et al. 2003). As for
colorectal cancer, threshold values have not yet been established, either for the
surgeon’s or for the hospital’s caseload. The vast majority of publications listed
in Tables 2 and 3 describe a gradual improvement in outcome with increasing
caseload. Caseload thresholds, however, were not deﬁned.

Discussion
The individual surgeon is an independent prognostic factor in colorectal cancer
surgery. The surgeon’s learning curve is therefore directly related to the patient’s
outcome. The exact shape of the learning curve is unknown. Several surgeon- and
hospital-related factors, however, might positively inﬂuence the learning curve
and therefore enhance the patient’s outcome. A beneﬁcial relationship between
supervision, teaching/training, specialization in colorectal surgery, higher surgeon caseload, higher hospital caseload, and improvements in different outcome
measurements has been established. The whole issue, which is extremely policyrelevant, has generated huge interest even beyond the medical community. An
impressive number of excellent publications have appeared in the most prestigious medical journals. The evidence seems to be overwhelming.
However, several potential shortcomings of the cited publications deserve to be
mentioned. The majority of publications included only patients with rectal cancer;
some, however, extended their analyses to patients with colon cancer or to patients
undergoing colon resection for whatever reason. Most studies were retrospective,
and an important number of studies were based on large but rather unsophisticated administrative databases. Elaborate adjustments for differences in case mix
by multivariate logistic regression models were not always performed. End-point
measurements were often limited to short-term outcome (e.g., in-hospital mortality) or crude survival (e.g., overall survival instead of cancer-speciﬁc disease-free
survival). The deﬁnitions of surgeons with colorectal interest as well as specialist
surgeons were not always precise. Cut-off values deﬁning low- and high-caseload
surgeons as well as low- and high-caseload hospitals showed an important and
somewhat disturbing diversity. Several studies considered only one surgeon- or
hospital-related factor without adjustment for the other potential confounding
factors (e.g., only hospital’s caseload investigated, but not surgeon’s caseload or
specialization).
Despite these limitations, all ﬁve surgeon- and hospital-related confounding
factors can today be considered as signiﬁcant and mostly independent predictors
of outcome in colorectal cancer surgery.
The prognosis of colorectal cancer is largely determined by factors related to
the tumor (e.g., TNM classiﬁcation, tumor grading) and the patient (e.g., age,
sex, co-morbidity). These factors cannot signiﬁcantly be inﬂuenced. The relative
prognostic importance of surgeon- and hospital-related factors might be rather
small (Ko et al. 2002). However, these surgeon- and hospital-related characteristics
are the only predictors of outcome that can be inﬂuenced in a way beneﬁting the
patient.
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Policy makers and surgical leaders will have to decide which prognostic factors
they would like to promote in order to improve the outcomes of their patients.
They may enhance the supervision of trainees and even extend the supervision to
board-certiﬁed surgeons. They may invest in teaching and training by organizing
colorectal cancer workshops, video-conferencing, and expert-surgeon instruction,
or by promoting colorectal fellowships at centers of excellence. Furthermore, they
may choose to introduce a certain degree of specialization. The establishment
of subspecialty training in visceral surgery may be a ﬁrst step. Some countries
may even proceed further and launch colorectal subspecialty training. Eventually,
specialized colorectal cancer units may be founded. However, policymakers and
surgical leaders won’t be able to completely elude the caseload–outcome relationship for the individual surgeon as well as for a speciﬁc hospital. since the most
convincing evidence so far has been produced for this association. A low surgeon or hospital caseload may be compensated for by intensiﬁed supervision or
by improved training and teaching. However, most surgeon- and hospital-related
factors are, at least on a practical level, interdependent, and neither supervision
nor training/teaching nor specialization is possible without an adequate caseload.
The caseload–outcome relationship has been discussed in a recent editorial commenting on a publication linking the hospital’s caseload to the rate of permanent
stoma formation and survival (Hodgson et al. 2003). The authors (Smith TJ et al.
2003) stressed the importance of the caseload–outcome relationship, and wrote
that “it is time for us to take our heads out of the colostomy bag, and take some
action.”
Therefore, the surgeon’s learning curve in colorectal cancer can and should be
effectively altered and accelerated by promoting improvements in all ﬁve surgeonand hospital-related characteristics.

Conclusion
Five surgeon- and hospital-related factors directly inﬂuence the surgeon’s learning
curve and are therefore rightly considered predictors of outcome in colorectal
cancer surgery. Improvements in supervision, training/teaching, specialization,
the surgeon’s caseload, and the hospital’s caseload will therefore translate into
enhanced patient outcome.

References
Aitken RJ, Thompson MR, Smith JAE, Radcliffe AG, Stamatakis J, Steele RJC (1999) Training in
large bowel cancer surgery: observations from three prospective regional United Kingdom
audits. BMJ 318:702–703
Arbman G, Nilsson E, Hallböök O, Sjödahl R (1996) Local recurrence following total mesorectal
excision for rectal cancer. Br J Surg 83:375–379
Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg CB (2001) The inﬂuence of hospital
volume on survival after resection for lung cancer. N Engl J Med 345:181–188
Begg CB, Cramer LD, Hoskins WJ, Brennan MF (1998) Impact of hospital volume on operative
mortality for major cancer surgery. JAMA 280:1747–1751

102

Pietro Renzulli and Urban T. Laffer

Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas FL, Batista I, Welch HG, Wennberg DE
(2002) Hospital volume and surgical mortality in the United States. N Engl J Med 346:1128–
1137
Bokey EL, Chapuis PH, Dent OF, Newland RC, Koorey SG, Zelas PJ, Stewart PJ (1997) Factors
affecting survival after excision of the rectum for cancer: a multivariate analysis. Dis Colon
Rectum 40:3–10
Callahan MA, Christos PJ, Gold HT, Mushlin AI, Daly JM (2003) Inﬂuence of surgical subspeciality
training on in-hospital mortality for gastrectomy and colectomy patients. Ann Surg 238:629–
639
Christian CK, Gustafson ML, Betensky RA, Daley J, Zinner MJ (2003) The Leapfrog volume
criteria may fall short in identifying high-quality surgical centers. Ann Surg 238;447–457
Dorrance HR, Docherty GM, O’Dwyer PJ (2000) Effect of surgeon specialty interest on patient
outcome after potentially curative colorectal cancer surgery. Dis Colon Rectum 43:492–498
Edwards EB, Roberts JP, McBride MA, Schulak JA, Hunsicker LG (1999) The effect of the volume
of procedures at transplantation centers on mortality after liver transplantation. N Engl J Med
341:2049–2053
Fielding LP, Stewart-Brown S, Dudley HAF (1978) Surgeon-related variables and the clinical trial.
Lancet 2:778–779
Fielding LP, Stewart-Brown S, Blesovsky L, Kearney G (1980) Anastomotic integrity after operations for large-bowel cancer: A multicentre study. Br Med J 281:411–414
Garcia-Granero E, Marti-Obiol R, Gomez-Barbadillo J, Garcia-Armengol J, Esclapez P, Espi A,
Jiménez E, Millan M, Lledo S (2001) Impact of surgeon organization and specialization in
rectal cancer outcome. Colorectal Disease 3:179–184
Grabham JA, Coleman MG, Moss S, Thompson MR (1996) Wessex colorectal cancer audit: anastomotic leakage following elective anterior resection. Br J Surg 83:Suppl.1, 22–23
Hannan EL, Radzyner M, Rubin D, Dougherty J, Brennan MF (2002) The inﬂuence of hospital and
surgeon volume on in-hospital mortality for colectomy, gastrectomy, and lung lobectomy in
patients with cancer. Surgery 131:6–15
Harmon JW, Tang DG, Gordon TA, Bowman HM; Choti MA, Kaufman HS, Bender JS, Duncan MD,
Magnuson TH, Lillemoe KD, Cameron JL (1999) Hospital volume can serve as a surrogate for
surgeon volume for achieving excellent outcomes in colorectal resection. Ann Surg 230:404–
411; discussion 411–413
Hermanek P, Wiebelt H, Staimmer D, Riedl S, German Study Group Colo-Rectal Carcinoma
(SGCRC) (1995) Prognostic factors of rectum carcinoma—experience of the German multicentre study SGCRC. Tumori 81:Suppl. 60–64
Ho V, Heslin MJ (2003) Effect of hospital volume and experience on in-hospital mortality for
pancreaticoduodenectomy. Ann Surg 237:509–514
Hodgson DC, Zhang W, Zaslavsky AM, Fuchs CS, Wright WE, Ayanian JZ (2003) Relation of
hospital volume to colostomy rates and survival for patients with rectal cancer. J Natl Cancer
Inst 95:708–716
Holm T, Johansson H, Cedermark B, Ekelund G, Rutqvist LE (1997) Inﬂuence of hospital- and
surgeon-related factors on outcome after treatment of rectal cancer with or without preoperative radiotherapy. Br J Surg 84:657–663
Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, Rutten HJ, Pahlman
L, Glimelius B, van Krieken JH, Leer JW, van de Velde CJ, Dutch Colorectal Cancer Group
(2001) Preoperative radiotherapy combined with total mesorectal excision for resectable
rectal cancer. N Engl J Med 345:638–646
Kapiteijn E, Putter H, van de Velde CJH (2002) Impact of the introduction and training of total
mesorectal excision on recurrence and survival in rectal cancer in The Netherlands. Br J Surg
89:1142–1149
Kee F, Wilson RH, Harper C, Patterson CC, McCallion K, Houston RF, Moorehead RJ, Sloan JM,
Rowlands BJ (1999) Inﬂuence of hospital and clinician workload on survival from colorectal
cancer: cohort study. BMJ 318:1381–1386
Khuri SF, Daley J, Henderson W, Hur K, Hossain M, Soybel D, Kizer KW, Aust JB, Bell RH, Chong V,
Demakis J, Fabri PJ, Gibbs JO, Grover F, Hammermeister K, McDonald G, Passaro E, Phillips L,
Scamman F, Spencer J, Stremple JF and the participants in the VA National Surgical Quality
Improvement Program (1999) Relation of surgical volume to outcome in eight common
operations. Results from the VA National Surgical Quality Improvement Program. Ann Surg
230;414–432

Learning Curve: The Surgeon as a Prognostic Factor in Colorectal Cancer Surgery

103

Ko CY, Chang JT, Chaudhry S, Kominski G (2002) Are high-volume surgeons and hospitals
the most important predictors of in-hospital outcome for colon cancer resection ? Surgery
132:268–273
Lehander Martling A, Holm T, Rutqvist LE, Moran RJ, Heald RJ, Cedermark B (2000) Effect of
a surgical training programme on outcome of rectal cancer in the county of Stockholm.
Lancet 356:93–96
Machado M, Goldman S, Järhult J (2000) Improved results in rectal cancer surgery—an effect of
specialization ? Colorectal Disease 2:264–269
Martling A, Cedermark B, Johansson H, Rutqvist LE, Holm T (2002) The surgeon as a prognostic
factor after the introduction of total mesorectal excision in the treatment of rectal cancer. Br
J Surg 89:1008–1013
Marusch F, Koch A, Schmidt U, Pross M, Gastinger I, Lippert H (2001a) Hospital caseload and
the results achieved in patients with rectal cancer. Br J Surg 88:1397–1402
Marusch F, Koch A, Schmidt U, Zippel R, Lehmann M, Czarnetzki HD, Knoop M, Pross M,
Gastinger I, Lippert H (2001b) Effect of caseload on the short-term outcome of colon surgery:
results of a multicenter study. Int J Colorectal Dis 16:362–369
Maurer CA, Z’graggen K, Renzulli P, Schilling MK, Netzer P, Büchler MW (2001) Total mesorectal
excision preserves male genital function compared to conventional rectal cancer surgery. Br
J Surg 88:1501–1505
McArdle CS, Hole D (1991) Impact of variability among surgeons on postoperative morbidity
and mortality and ultimate survival. BMJ 302:1501–1505
Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J, Miedema B, Ota D, Sargent D
(2001) Guidelines for colon and rectal cancer surgery. J Natl Cancer Inst 93:583–596
Parry JM, Collins S, Mathers J, Scott NA, Woodman CBJ (1999) Inﬂuence of volume of work on
the outcome of treatment for patients with colorectal cancer. Br J Surg 86:475–481
Phillips RKS, Hittinger R, Blesovsky L, Fry JS, Fielding LP (1984) Local recurrence following
‘curative’ surgery for large bowel cancer: I. The overall picture. Br J Surg 71:12–16
Porter GA, Soskolne CL, Yakimets WW, Newman SC (1998) Surgeon-related factors and outcome
in rectal cancer. Ann Surg 227:157–167
Read TE, Myerson RJ, Fleshman JW, Fry RD, Birnbaum EH, Walz BJ, Kodner IJ (2002) Surgeon
specialty is associated with outcome in rectal cancer treatment. Dis Colon Rectum 45:904–914
Reinbach DH, McGregor JR, Murray GD, O’Dwyer PJ (1994) Effect of the surgeon’s specialty
interest on the type of resection performed for colorectal cancer. Dis Colon Rectum 37:1020–
1023
Rosen L, Stasik JJ Jr, Reed JF III, Olenwine JA, Aronoff JS, Sherman D (1996) Variations in colon
and rectal surgical mortality: comparison of specialties with a state-legislated database. Dis
Colon Rectum 39:129–135
Royal College of Surgeons and Association of Coloproctology (1996) Guidelines for the management of colorectal cancer. Royal College of Surgeons, London
Saha S, Booth MI, Dehn TCB (2002) The results of total mesorectal excision for rectal carcinoma
in a district general hospital before the era of surgical specialization. Colorectal Disease
4:36–40
Schrag D, Cramer LD, Bach PB, Cohen AM, Warren JL, Begg CB (2000) Inﬂuence of hospital
procedure volume on outcomes following surgery for colon cancer. JAMA 284:3028–3035
Schrag D, Panageas KS, Riedel E, Cramer LD, Guillem JG, Bach PB, Begg CB (2002) Hospital and
surgeon procedure volume as predictors of outcome following rectal cancer resection. Ann
Surg 236:583–592
Simons AJ, Ker R, Groshen S, Gee C, Anthone GJ, Ortega AE, Vukasin P, Ross RK, Beart RW Jr
(1997) Variations in treatment of rectal cancer: the inﬂuence of hospital type and caseload.
Dis Colon Rectum 40:641–646
Simunovic M, To T, Baxter N, Balshem A, Ross E, Cohen Z, McLeod R, Engstrom P, Sigurdson E
(2000) Hospital procedure volume and teaching status do not inﬂuence treatment and outcome measures of rectal cancer surgery in a large general population. J Gastrointest Surg
4:324–330
Singh KK, Aitken RJ (1999) Outcome in patients with colorectal cancer managed by surgical
trainees. Br J Surg 86:1332–1336
Singh KK, Barry MK, Ralston P, Henderson MA, McCormick JSC, Walls ADF, Auld CD (1997)
Audit of colorectal cancer surgery by non-specialist surgeons. Br J Surg 84:343–347

104

Pietro Renzulli and Urban T. Laffer

Smedh K, Olsson L, Johansson H, Åberg C, Andersson M (2001) Reduction of postoperative morbidity and mortality in patients with rectal cancer following the introduction of a colorectal
unit. Br J Surg 88:273–277
Smith JAE, King PM, Lane RHS, Thompson MR (2003) Evidence of the effect of ‘specialization’
on the management, surgical outcome and survival from colorectal cancer in Wessex. Br J
Surg 90:583–592
Smith TJ, Hillner BE, Bear HD (2003) Taking action on the volume-quality relationship: how long
can we hide our heads in the colostomy bag ? J Natl Cancer Inst 95:695–697
Stocchi L, Nelson H, Sargent DJ, O’Connell MJ, Tepper JE, Krook JE, Beart R Jr, North Central
Cancer Treatment Group (2001) Impact of surgical and pathological variables in rectal cancer:
a United States community and cooperative group report. J Clin Oncol 19:3895–3902
The consultant surgeons and pathologists of the Lothian and Borders health boards (1995)
Lothian and Borders large bowel cancer project: immediate outcome after surgery. Br J Surg
82:888–890
Tytherleigh M, Wheeler J, Birks M, Farouk R (2002) Surgical specialist registrars can safely
perform resections for carcinoma of the rectum. Ann R Coll Surg Engl 84:389–392
Wibe A, Eriksen MT, Syse A, Myrvold HE, Soreide O on behalf of The Norwegian Rectal Cancer
Group (2003) Total mesorectal excision for rectal cancer – what can be achieved by a national
audit ? Colorectal Disease 5:471–477

