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Background: The aim of this study was to assess
the risk factors associated with mortality and mor-
bidity following colorectal surgery.

Methods: All data regarding patients who un-
derwent colonic resection in our institution be-
tween November 2002 and February 2006 were
prospectively entered into a computerised data-
base. 

Results: Over a 40-month period 1,016 colonic
resections were performed (43 ileocecal; 225 right;
11 transverse; 98 left; 287 sigmoid; 52 subtotal; 108
low anterior; 29 abdominoperineal resections; 103
Hartmann; 46 reversal of Hartmann; and 14 proc-
tocolectomy). The most common indications for
surgery were: adenocarcinoma (44%); diverticulo-
sis (19%); complicated diverticulitis (12%); ade-
noma (4%); and inflammatory bowel disease (4%).
There were 719 (71%) elective and 297 (29%)
emergency procedures. Overall mortality and
morbidity rates were 5.4% and 20.7% respectively.

The anastomotic leak rate was 3.8% (31 leaks out
of 809 anastomoses). In univariate analysis, pa-
tients who underwent elective surgery had lower
mortality (0.7% vs. 17%, p <0.001) and morbidity
rates (17% vs. 30%, p <0.001), as well as a shorter
hospital stay (12.4 days vs. 19.9 days, p <0.001). In
multivariate analysis ASA score >3 and emergency
surgery were both associated with increased mor-
tality (p <0.001) and morbidity (p <0.001) follow-
ing colonic resection. 

Conclusion: Elective colectomies are standard
procedures carrying below 1% mortality; by con-
trast, emergency colonic resections remain surgi-
cal challenges in compromised and/or elderly pa-
tients and are associated with high complication
rates.
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In 2004, according to the Swiss Federal Statis-
tical Office, more than 6,300 colorectal resections
were performed in Switzerland with a mean hos-
pital stay of over 15 days [1]. These procedures,
usually of intermediate complexity, are routinely
performed in most institutions: however, compli-
cations of this type of surgery are severe and eas-
ily recognisable, resulting in significant morbidity
and prolongation of hospital stay [2]. Thus for
teaching institutions colorectal resections provide

a good surrogate for assessment of surgical quality
[3]. However, very few data have so far been pub-
lished in this country which would help to identify
the risk factors associated with morbidity and mor-
tality following colorectal surgery.

Large series from the United States and Eu-
rope have reported the experience of highly spe-
cialised centres, but only 6 prospective multicen-
tric studies [4–9] including more than 1000 pa-
tients have focused on mortality/morbidity rates

Summary

Introduction

Reference Year(s) N Mortality Morbidity Emergency Mortality Mortality Comments
overall (%) overall (%) surgery (%) elective (%)  emergency (%)

Khuri [4] 1991-3 13,310 6.9 N/A 18.6 N/A N/A Multicentric

Alves [5] 2002 1,421 3.4 35 19 1.5 11.1 Multicentric

Tekkis [6] 1999-2001 8,077 7.5 N/A 19.8 5.6 14.9 Multicentric

Mella [7] 1994-5 3,221 7.6 N/A 17.1 5.5 21.7 Cancer

Köckerling [8] 1995-8 1,143 1.57 22.3 0 1.57 N/A Laparoscopic

Longo [9] 1991-5 5,853 5.7 28 15 N/A N/A Cancer

Buchs 2002-6 1,016 5.4 20.7 29 0.7 16.8

Table 1

Clinical outcome

after colonic resec-

tion in prospective

series >1,000

patients.
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From November 2002 to February 2006, all consec-
utive patients undergoing elective or emergency resection
of the colon or rectum in our institution were prospec-
tively included in this study. Colorectal procedures which
did not result in a formal bowel resection (i.e. rectopexy,
transanal excision of rectal tumors, isolated creation or
closure of colostomy/ileostomy) were excluded from this
analysis. 

The structured data collection sheet included the fol-
lowing items: 

1) Patient characteristics: gender; age; ASA score;
body mass index; comorbidity (cardiopulmonary, neuro-
logical, hepatic, renal). 

2) Disease features: cancer, polyp, diverticulosis, di-
verticulitis, inflammatory bowel disease and its mode of
presentation (pain, alteration of bowel habits, constipa-
tion, diarrhoea, bleeding).

3) Surgical procedure: urgent or elective; open or la-
paroscopic; type of anaesthesia; type of incision; duration
of the procedure; blood loss; amount of homologous blood
transfused; type of resection (right, transverse, left, sig-
moid, low anterior, abdomino-perineal); type and location
of anastomosis (manual or stapled, ileocolic, colocolic,
colorectal, coloanal, ileorectal, ileoanal).

4) Postoperative events: mortality and its cause; mor-
bidity (wound infection; prolonged ileus; fever >38.5° C;
intraabdominal abscess; clinical anastomotic leak; pneu-
monia; cardiopulmonary failure; arrhythmia; renal failure;

bleeding; pulmonary embolism; deep vein thrombosis;
sepsis); and the need for reintervention.

In this study, postoperative mortality was defined as
a death during the hospital stay. The surgeon himself was
responsible for completing the data sheet at the end of the
operation, and a dedicated clinical nurse (BK) was in
charge of prospectively collecting the information regard-
ing postoperative course and the date of discharge. The
University Hospital in Geneva is the only public medical
institution in a mainly urban area with a population of ap-
proximately 500,000 inhabitants. Annually, more than 300
colonic resections (5% of all colectomies done in Switzer-
land) are performed in our Department.

Statistical analysis

Statistical analyses were undertaken by means of the
software package STATGRAPH 3.0 software for Win-
dows (Statgraph Software Inc., San Diego, CA). Quanti-
tative data were expressed as median (range). Group com-
parisons were made using two-sided Fisher’s exact test for
categorical variables, and two-sided Student t-test for con-
tinuous variables. Multivariate analysis was performed
using the software GB-STAT (Dynamic Microsystems
Inc, Silver Spring, MD, USA). Multiple strait regression
models were used to test identified independent factors in
relation to the dependent variables, mortality or morbid-
ity. P values less than or equal to 0.05 were considered sta-
tistically significant. 

Methods

Results

Patients and procedures
Over a 40-month period one thousand and six-

teen colectomies were performed in our institu-
tion. The patients were 534 women (52.5%) and
482 men (47.5%) with a median age of 68 (range
17–98) years. The median duration of hospital stay
was 11 (range 2–205) days. The procedures and in-
dications for surgery in this series are summarised
in Table 2. Roughly half of the operations were
performed for tumours and one third for divertic-
ular disease. The median duration of the proce-
dure was 180 (range 50–640) minutes 

There were 719 (71%) elective and 297 (29%)
emergency procedures. In emergency surgery,
61% of patients were ASA >3, and 71% of patients
with an ASA score of 4 were emergency cases. In
elective procedures 72% of patients were ASA <2.
194 (27% of elective procedures) patients were ini-
tially scheduled for laparoscopic resection, which
was successfully completed in 165 patients (15%
conversion rate).

Mortality and morbidity
Overall mortality and morbidity rates were

5.4% and 20.7% respectively. Table 3 summarises
surgical and medical complications in this series.
366 complications were observed in 211 patients.
Anastomotic leak, wound infection, multiple
organ failure, arrhythmia, respiratory failure,
pneumonia, intraabdominal abscess and pro-
longed ileus were the the complications reported
most frequently. The anastomotic leak rate was
3.8% (31 leaks out of 809 anastomoses). The clin-
ical leak rate was highest for ileorectal (12.5%), fol-
lowed by coloanal (8%) anastomoses; the detailed
analysis of risk factors associated with anastomotic
dehiscence is summarised in Table 4. In addition,
36 patients (3.5%) required reoperation, mainly
due to anastomotic dehiscence.

In univariate analysis (Table 5), the parameters
associated with increased postoperative mortality
were ASA score III-IV; emergency surgery; and
age >70 years. Interestingly, the mortality rate after

after colorectal surgery. The results in these six se-
ries, which are summarised in Table 1, indicate that
colorectal surgery is still associated with a 5–6%
mortality rate and a 20–40% morbidity rate
[10–12]. Numerous risk factors have been identi-
fied, including ASA grade, advanced age and oper-
ative urgency. 

Provision of accurate, clinically valid and
prospectively collected information is a prerequi-
site for the evaluation of healthcare quality in Swiss
teaching hospitals. The aim of this study was
therefore to assess the risk factors associated with
mortality and morbidity in a large cohort of con-
secutive patients undergoing colorectal surgery in
a single institution.



S W I S S  M E D  W K LY 2 0 0 7 ; 1 3 7 : 2 5 9 – 2 6 4  ·  w w w. s m w. c h 261

right colectomy (8%) was not only higher than ex-
pected, but also significantly higher than those for
left sided resections (sigmoid [2.1%]; low anterior
[0.9%]). Similarly, in univariate analysis the param-
eters associated with increased risk of postoperative
morbidity were ASA score III–IV; emergency sur-
gery; age >70 years; and the type of resection, a low
anterior resection being associated with a higher
complication rate (30%) than sigmoid (13%) or
right colon resection (17%) (Table 6).

In multivariate analysis the parameters associ-
ated with increased risk of postoperative death
were ASA score III–IV; emergency surgery; and
surgical/medical complications (Table 7). In mul-
tivariate analysis the parameters associated with in-
creased risk of postoperative morbidity were ASA
score III–IV; emergency surgery; prolonged dura-
tion of the procedure; need for peroperative blood
transfusion; and stoma creation (Table 8).

Characteristic Emergency Elective Overall

Gender, n (%)

Female 166 (56) 368 (51) 534 (52)

Male 131 (44) 351 (49) 482 (48)

Body mass index, mean

24.5 25.1 25

ASA score, n (%)

1 8 (2.7) 86 (12) 94 (9.2)

2 90 (30) 394 (55) 484 (48)

3 98 (33) 167 (23) 265 (26)

4 50 (17) 20 (2.8) 70 (6.9)

5 3 (1) 0 3 (0.3)

Undetermined 48 (16) 52 (7.2) 100 (9.8)

Primary pathology, n (%)

Adenocarcinoma 97 (33) 346 (48) 443 (44)

Diverticulosis 9 (3) 185 (26) 194 (19)

Diverticulitis 76 (26) 51 (7.1) 127 (12)

Other tumours 9 (3) 50 (7) 59 (5.8)

Adenoma 1 (0.3) 29 (4) 30 (3)

Ischaemia 26 (8.7) 2 (0.3) 28 (2.8)      

Crohn’s disease 7 (2.4) 13 (1.9) 20 (2)

Ulcerative colitis 4 (1.3) 10 (1.4) 14 (1.4)

Volvulus 12 (4) 1 (0.1) 13 (1.3)

Others 56 (19) 32 (4.4) 88 (8.7)

Operations, n (%)

Sigmoidectomy 32 (11) 255 (36) 287 (28)

Right colectomy 78 (26) 147 (20) 225 (22)

Low anterior resection 9 (3) 99 (14) 108 (11)

Hartmann procedure 95 (32) 8 (1.1) 103 (10)

Left colectomy 24 (8) 74 (10) 98 (9.6)

Subtotal colectomy 29 (9.8) 23 (3.2) 52 (5.1)

Reversal of Hartmann 0 (0) 46 (6.4) 46 (4.5)

Ileocaecal resection 27 (9.1) 16 (2.2) 43 (4.2)

Abdominoperineal amputation 0 (0) 29 (4) 29 (2.9)

Proctocolectomy 1(0.3) 13 (1.8) 14 (1.4)

Transverse colectomy 2 (0.7) 9 (1.2) 11 (1.1)

Table 2

Clinicopathological

characteristics of pa-

tients.

Discussion

To the best of our knowledge this is the first
prospective study of more than a thousand consec-
utive patients undergoing colorectal resection in a
single institution. Our data show that, in a non-se-

lected cohort of patients, elective colectomy has
become a standard procedure of intermediate
complexity, associated with a mortality rate below
1%. However, 29% of patients are operated on as
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emergencies, and in this setting colorectal surgery
remains a surgical challenge associated with signif-
icant mortality and morbidity rates. 

Our results are in accordance with other series
reporting postoperative morbidity ranging from
18% to 37% [13, 14]. The overall mortality rate
(5.4%) in our series also compares favourably with
results reported by others [4–7]. Our mortality rate
in elective procedures (<1%) is significantly lower

Emergency Elective Overall

Complications, n (%) 205 161 366

Postoperative death 50 (24) 5 (3.1) 55 (15)

Reoperation 15 (7.3) 21 (13) 36 (10)

Anastomotic leak 8 (4) 23 (14) 31 (8.5)

Wound abscess 13 (6.3) 9 (5.6) 22 (6)

Multiple organ failure 19 (9.3) 2 (1.2) 21 (5.7)

Sepsis 17 (8.3) 3 (1.9) 20 (5.5)

Arrhythmia 11 (5.4) 8 (5) 19 (5.2)

Respiratory insufficiency 10 (4.9) 6 (3.7) 16 (4.4)

Pneumonia 6 (2.9) 10 (6.2) 16 (4.4)

Intraabdominal abscess 4 (2) 11 (6.8) 15 (4.1)

Prolonged (>5 days) ileus 8 (3.9) 6 (3.7) 14 (3.8)

Myocardial infarct 3 (1.5) 4 (2.5) 7 (1.9)

Renal failure 4 (1.9) 2 (1.2) 6 (1.6)

Thromboembolic disease 2 (1) 4 (2.5) 6 (1.6)

Others 35 (17) 47 (29) 82 (22)

Table 3

Complications 

of surgery.

Table 4

Univariate analysis of factors associated with anastomotic

leak.

Variable Anastomotic leak rate (%) p

Age 0.85

<70 3.7

>70 4.0

ASA 0.40

I–II 2.6

III–IV 3.8

Gender 0.46

Male 4.7

Female 3.4

BMI 0.17

<25 2.5

>25 4.8

Condition 0.19

Cancer 5.0

Other 2.9

Anastomosis 0.23

Ileocolic 2.6

Colorectal 4.6

Coloanal 8.0

Ileorectal 12.5

Ileoanal 0

Table 5

Univariate analysis of risk factors associated with mortality.

Variable Mortality rate (%) p

Age <0.001

<70 2.8

>70 8.4

ASA <0.001

I–II 0.3

III–IV 13

Timing of surgery <0.001

Elective 0.7

Emergency 16.8

BMI 0.2

<25 2.4

>25 4.1

Condition 0.01

Cancer 3.5

Other 7.3

Type of resection <0.001 

Right colectomy 8.0

Sigmoidectomy 2.1

Low anterior 0.9

AAP 0

Hartmann 15

Subtotal 17

than previous studies [15–17]. By contrast, in our
institution the mortality rate after emergency co-
lorectal resection (17%) was higher than in others
[5, 6, 18]. Coco et al. [19] also reported a much
higher morbidity rate (44% vs. 12%) in the group
of patients undergoing emergency surgery.

Three parameters may have an impact on the
results of colorectal surgery; (i) the patient’s gen-
eral condition; (ii) the degree of faecal contamina-
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factor to high mortality rates observed after emer-
gency colorectal surgery.

However, the patient’s compromised health
status is insufficient in itself to explain the much
higher risk of dying after emergency surgery; the
role of the surgeon is certainly important, although
more difficult to assess. In our institution, as in
most European countries, emergency colorectal
surgery is often performed at night by chief resi-
dents: whether this may have an impact on patient
outcome remains hypothetical, but there is grow-
ing evidence that the results of colorectal surgery
are correlated with the surgeon’s specialised train-
ing: Bates et al. [20] reported that the overall mor-
tality rate in colorectal procedures performed by
colorectal surgeons was 1.4%, in contrast to the
7.3% mortality among other surgeons. Other se-
ries have clearly demonstrated that patient out-
come improved with the surgeon’s certification
and experience [21–23]. In teaching institutions,
where by definition the level of surgical expertise
is highly variable, it is therefore important to pro-
vide a training programme not only for elective,
but also for emergency procedures: in this context
it appeared in two series from Australia and UK
that outcomes after surgery for colorectal cancer
did not differ between the consultant and trainees
[24, 25].

We conclude that in Swiss teaching institu-
tions colorectal resections are associated with an
overall mortality rate of 5.4%. Elective colec-
tomies are standard procedures carrying mortality
of less than 1%, whereas emergency colonic resec-
tion remains a surgical challenge in compromised
and/or elderly patients, resulting in high mortality
and morbidity rates (17% and 30% respectively).
One of the vocations of university-based hospitals
is the training of young surgeons, and it would be
tempting to speculate that the high mortality rate
of emergency colorectal procedures is related to
the lack of expertise of surgical residents who per-
form these operations at night. We support a more
balanced opinion, and believe that in fact a combi-
nation of many factors (high-risk patients in poor
condition; faecal contamination; difficult proce-
dures) is responsible for this high mortality rate.
However, these data highlight the important role
of a closely supervised training programme if the
results of emergency colorectal resections are to be
improved.
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Variable Morbidity rate (%) p 

Age 0.001

<70 17

>70 25

ASA <0.0001

I–II 14

III–IV 30

Timing of surgery <0.0001

Elective 17

Emergency 30

BMI 0.35

<25 19

>25 22

Condition 0.87

Cancer 21

Other 20

Type of resection <0.001 *

Right colectomy 17

Sigmoidectomy 13

Low anterior 30

AAP 24

Hartmann 35

* Low anterior vs. right colectomy

Variable Relative risk  (95% CI) p

ASA ≥3 39.33 (9.6–161) 0.009

Emergency 3.29 (1.33–8.18) 0.006

Complication 7.73 (4.77–12.53) 0.002

Variable Relative risk (95% CI) p

ASA ≥3 3.19 (2.54–4) <0.001

Duration of surgery 1.89 (1.23–2.16) 0.003

Blood transfusion 2.5 (1.98–3.15) 0.01

Emergency 2.72 (2.21–3.33) 0.01

Stoma creation 2.57 (2.11–3.14) <0.001

tion; and (iii) the surgeon’s degree of expertise. Re-
garding the first parameter, it is obvious that pa-
tients who underwent emergency surgery in our
institution were often in poor health. In other se-
ries an ASA score >3 was an independent risk fac-
tor for increased postoperative morbidity [9]. In
addition, Alves et al. have shown that four risk fac-
tors are related to the patient’s characteristics: age
over 70, neurological comorbidity, cardiorespira-
tory comorbidity, and hypoalbuminaemia [5].
Therefore, it is logical to assume that the poor gen-
eral condition of patients is a major contributing

Table 6

Univariate analysis 

of risk factors associ-

ated with morbidity.

Table 7

Multivariate analysis

of risk factors associ-

ated with mortality.

Table 8

Multivariate analysis

of risk factors associ-

ated with morbidity.
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