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Abstract
During the last several decades, colorectal cancer sur-
gery has experienced some major perioperative im-
provements. Preoperative risk-assessment of nutrition, 
frailty, and sarcopenia followed by interventions for 
patient optimization or an adapted surgical strategy, 
contributed to improved postoperative outcomes. En-
hanced recovery programs or fast-track surgery also 
resulted in reduced length of hospital stay and overall 
complications without affecting patient safety. After an 
initially indecisive start due to uncertainty about onco-
logical safety, the most significant improvement in in-
traoperative care was the introduction of laparoscopy. 
Laparoscopic surgery for colon and rectal cancer is 
associated with better short-term outcomes, whereas 
long-term outcomes regarding survival and recurrence 

rates are comparable. Nevertheless, long-term results 
in rectal surgery remain to be seen. Early recognition 
of anastomotic leakage remains a challenge, though 
multiple improvements have allowed better manage-
ment of this complication.
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Core tip: Laparoscopic surgery is a fundamental im-
provement in oncological colorectal surgery, associated 
with better short-term outcomes. However, anastomot-
ic leakage still presents a major challenge in the post-
operative course. Future research should therefore aim 
at the prevention, timely recognition and treatment 
of this complication. Correction of nutritional compro-
mise, frailty and muscle loss, optimization of fluid and 
microcirculatory status, implementation of clinical and 
laboratory diagnostic markers, and the use of clinical 
audits may all contribute to a reduction of anastomotic 
leakage.
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INTRODUCTION
Colorectal cancer is one of  the predominant types of  
cancer and the fourth leading cause of  cancer-associated 
deaths worldwide[1]. In numbers, 600000 patients died 
of  colorectal cancer in 2008, and disability-adjusted life-
years lost from colorectal cancer were 300 per 100000 
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Table 1  Items of the short nutritional assessment question-
naire and malnutrition universal screening tool
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patients, which was estimated to be 7% of  the total can-
cer burden worldwide[2]. Although treatment of  colorec-
tal cancer is multidisciplinary nowadays, optimal surgery 
remains the cornerstone of  improved survival[3,4]. Sixty-
six percent of  patients with colorectal cancer will under-
go at least one major surgical resection[5]. The periopera-
tive course of  colorectal surgery for malignancy is crucial 
for the clinical outcome of  treatment, in terms of  mor-
tality, tolerance, efficacy, and functional recovery, and has 
a considerable impact on health care resources[6,7]. In the 
past decades, perioperative care improved largely due to 
advances in anesthetic and analgesic approaches, mini-
mally invasive operative techniques, and the introduction 
of  fast-track protocols[8,9]. However, complications are 
still observed after oncological colorectal surgery, lead-
ing to prolonged hospital stay and high readmission rates 
with concurrent health care costs[10]. Early recognition 
and adequate intervention of  complications will attenu-
ate severity and may prevent mortality.

Anastomotic leakage is among the most prevalent 
and detrimental complications of  colorectal surgery. Of  
10017 registered resections for colorectal cancer in the 
Netherlands in 2012, 691 (6.9%) were complicated by 
anastomotic leakage requiring re-intervention (Dutch 
Surgical Colorectal Audit 2012)[11], making anastomotic 
leakage the primary complication requiring re-inter-
vention. Anastomotic leakage is associated with high 
morbidity[12], mortality[11], reoperation[7], and duration 
of  hospitalization[13]. In cancer, anastomotic leakage is 
related to diminished disease-specific survival and higher 
recurrence rates[7,14,15]. It is therefore imperative to keep 
searching for strategies to prevent, diagnose and treat 
anastomotic leakage.

This review article describes pre-, intra- en postoper-
ative advancements in oncological colorectal surgery and 

highlights the opportunities for further improvement, 
particularly aiming at laparoscopy and the prevention 
and recognition of  anastomotic leakage.

ADVANCES IN PREOPERATIVE CARE
Risk factors for anastomotic leakage are numerous and 
already widely described[16]. Therefore, describing risk fac-
tors is beyond the scope of  this review article. The focus 
is on preoperative patient assessment and optimization.

Nutritional status
A powerful and easily obtainable tool to assess the patient’s 
physical and/or mental condition is the use of  question-
naires. Various questionnaires have been developed to 
evaluate nutritional status. A poor nutritional condition 
correlates well with impaired quality of  life and physical 
functioning[17]. The short nutritional assessment ques-
tionnaire (SNAQ) and malnutrition universal screening 
tool (MUST) (Table 1) scores are commonly used nutri-
tional screening tools in surgical patients. These ques-
tionnaires accurately detect malnutrition, and the MUST 
score predicts postoperative complications in cardiac 
surgery[18]. Evidence for the value of  nutritional screen-
ing tools to predict postoperative outcome in colorectal 
surgery is lacking. As one in five patients undergoing 
colorectal surgery is malnourished[19], the detection of  nu-
tritional depletion is of  great importance, especially with 
neo-adjuvant therapies compromising the nutritional and 
metabolic status. A disbalance between energy expendi-
ture and nutritional supplementation is the fundamental 
physiologic derangement leading to cancer-induced 
weight loss. Both malnourishment and weight loss are as-
sociated with poor clinical outcome after surgery[20,21].

Although nutritional supplementation strategies in on-
cological colorectal surgery can improve handgrip strength, 
pulmonary function and insulin resistance[22], nutritional 
support has not been proven unequivocally effective to 
reduce length of  hospital stay and anastomotic leakage 
rates[23,24]. It may be concluded that only severely malnour-
ished patients benefit from nutritional support[25]. Nutri-
tional status questionnaires may however not only be used 
to identify malnourished patients for nutritional support. 
As a tool for accurate prediction of  postoperative com-
plications, SNAQ and MUST scores could lead the way 
to other treatment options, for example surgery without 
a primary anastomosis or protection of  the anastomosis 
using a diverting stoma. The predictive value of  these 
scores for postoperative complications remains yet to be 
determined.

Contradictory to malnourishment, also obesity, par-
ticularly abdominal visceral obesity measured by comput-
ed tomography (CT)-based fat volumetry, is considered 
a predictor of  postoperative complications, prolonged 
hospital stay and higher intraoperative conversion (from 
laparoscopic to conventional surgery) rates in colon sur-
gery[26,27]. The effect on anastomotic leakage particularly 
is not known yet. Obviously, the presence of  (visceral) 
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Tool Item Score

SNAQ Weight loss
> 6 kg in the last 6 mo 3

> 3 kg in the last month 2
The experience of a decreased appetite over the last 

month
1

The use supplemental drinks or tube feeding over the 
last month

1

MUST BMI kg/m2

> 20 0
18.5-20 1
< 18.5 2

Unplanned weight loss in past 3-6 mo
< 5% 0

5%-10% 1
> 10% 2

Adapted from Kruizenga et al[17] (interpretation: 2 = moderate malnutri-
tion, 3 = severe malnutrition) and Lomivorotov et al[18] (interpretation: 0 
= low risk of malnutrition, 1 = medium risk of malnutrition, ≥ 2 = high 
risk of malnutrition). SNAQ: Short nutritional assessment questionnaire; 
MUST: Malnutrition universal screening tool.



obesity does not necessarily equal a sufficient nutritional 
status.

Frailty and sarcopenia
Advanced age is associated with an increased incidence 
of  cancer[28]. The number of  elderly cancer patients is 
concomitantly increasing. Fifty percent of  patients with 
colorectal cancer is above the age of  70[11]. While survival 
of  all cancer types is increasing, improvement of  cancer 
outcome has been relatively limited in older patients[29]. 
Higher age is an independent predictor of  disease-specific 
perioperative mortality in patients undergoing surgery for 
colorectal cancer[30,31]. Especially in older patients, weight 
loss, cachexia and nutritional compromise are associated 
with impaired response to chemotherapy and decreased 
survival[32,33].

Frail elderly undergoing colorectal surgery have a 4-fold 
increased risk of  major postoperative complications[34]. 
Frailty is a state of  increased vulnerability towards stress-
ors in older individuals, leading to an increased risk of  de-
veloping adverse health outcomes[35]. The definitions and 
biological characteristics of  frailty are subject of  debate. 
Weight loss, decreased muscle strength, reduced physi-
cal activity, exhaustion, and reduced walking speed are 
symptoms of  a physical definition of  frailty[34,36], whereas 
comorbidity, polypharmacy, decreased physical function-
ing, impaired nutritional and cognitive status, depression 
and social support are components of  a more multidi-
mensional description of  frailty[37]. A simple screening 
instrument for frailty is the groningen frailty index, based 
on physical, cognitive, social and emotional items[38]. Skel-
etal muscle depletion or sarcopenia is an element of  frailty 
in both definitions. Sarcopenia, mostly assessed by mea-
surement of  muscle area at the level of  the third lumbar 
spine at CT-scan (Figure 1), is associated with prolonged 
hospital stay, infectious complications and decreased re-
currence and survival rates following colorectal and liver 
surgery[39,40]. Moreover, sarcopenia frequently occurs in 
obese patients too and the combination of  sarcopenia and 
obesity (sarcopenic obesity) may result in even a worse 

outcome in terms of  physical ability and survival[41]. How-
ever, a specific effect of  sarcopenia on the anastomotic 
leakage rate has not yet been established.

Currently, with increasing age and incidence of  colorec-
tal malignancies, new research should aim at frailty and 
sarcopenia as risk factors for anastomotic leakage. More-
over, new options for preoperative treatment of  frailty 
and sarcopenia should be investigated. Both nutritional 
and muscle exercise interventions have been proposed to 
counteract sarcopenia, with the best effects when both 
strategies are combined, which elicits the greatest anabolic 
response[42]. Effectiveness of  such a dual approach on 
postoperative outcomes has not been investigated thus far.

Enhanced recovery after surgery
Several meta-analyses have shown that enhanced recov-
ery after surgery (ERAS) programs result in reduced 
length of  hospital stay and overall complications without 
affecting patient safety[9,43,44]. Although strong evidence 
exists for many recommendations, such as antibiotic 
prophylaxis and preoperative bowel preparation, con-
troversies remain around perioperative fluid therapy, 
oxygen supplementation and use of  non-steroidal anti-
inflammatory drugs (NSAIDs)[45,46].

Furthermore, the effect of  thoracic epidural anesthe-
sia on splanchnic blood flow and anastomotic healing re-
mains uncertain and demands future research[47,48]. After 
all, adequate tissue perfusion and oxygenation is impera-
tive for anastomotic healing[49-52]. Major surgery accompa-
nied by systemic hypotension and blood loss is thought 
to lead to redistribution of  blood to preserve the vital 
organs (brain and heart) at the expense of  the splanch-
nic circulation[53,54]. Indeed, intraoperative hypotension 
and blood loss are associated with an increased risk of  
anastomotic leakage in patients undergoing colorectal 
surgery[55]. Nevertheless, alterations in the microcircula-
tion have been observed although systemic hemodynamic 
parameters, such as blood pressure, may be within an ac-
ceptable range[56]. Compromised visceral circulation, due 
to atherosclerosis of  the visceral (celiac and superior/in-
ferior mesenteric) or iliac arteries, is not associated with 
anastomotic leakage[57]. These findings imply that not the 
macroscopic circulation, but the microvascular flow at 
site of  the anastomosis is of  uppermost importance for 
anastomotic healing and that the microcirculation can be 
considered as a separate entity. Hence, the role in anasto-
motic healing and potential therapeutic targets for opti-
mization of  the gastrointestinal microcirculation remain 
to be clarified.

To reduce cardiopulmonary complications, restrictive 
fluid regimens seem superior to liberal fluid treatment[58]. 
Liberal and restrictive fluid therapies may induce hypo-
perfusion of  the anastomosis by causing local edema or 
hypovolemia, which could be avoided by individualized, 
goal-directed fluid therapy. Individualized fluid therapy 
based on cardiac output measurement has been pro-
posed as the ideal treatment strategy regarding complica-
tions, mortality and length of  hospital stay[59]. However, 
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Figure 1  Computed tomography image at the third lumbar vertebral 
level. The following skeletal muscles are outlined in red: psoas, paraspinal, 
transverse abdominal, external oblique, internal oblique and rectus abdominis 
muscles. This female sarcopenia patient had an L3 (third lumbar spine) muscle 
index of 34.3 cm²/m².
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a recent randomized controlled trial (RCT) using esoph-
ageal Doppler monitoring for cardiac output measure-
ment could not prove a reduction in postoperative com-
plications[60]. The effect of  goal-directed fluid therapy on 
intestinal (microvascular) perfusion, damage and healing 
therefore needs further exploration.

Although an inspired oxygen concentration of  over 
80% during surgery and in the first two hours after surgery 
has been shown to reduce surgical-site infections[61], little 
is known about the effect on anastomotic oxygenation 
and healing. Only a small randomized trial describes a 
decrease in anastomotic leakage prevalence when admin-
istering 80% oxygen during surgery and in the first six 
hours following surgery[62]. Supplementation of  high in-
spired oxygen concentration seems beneficial for anasto-
motic healing and should be evaluated in more patients 
and on the intestinal oxygenation level to draw definite 
conclusions.

Several studies have indicated that the use of  NSAIDs 
is markedly correlated with anastomotic leakage follow-
ing colorectal surgery[63-65]. The ERAS guidelines state 
that sufficient evidence is lacking to stop using NSAIDs 
as a component of  multimodal analgesia[45]. The mecha-
nisms by which NSAIDs exert their detrimental effects 
on colonic surgical wound healing are not known, which 
deserves further investigation.

ADVANCES IN INTRA-OPERATIVE CARE: 
LAPAROSCOPIC COLORECTAL SURGERY
Although strong evidence exists that a diverting stoma 
significantly reduces anastomotic leakage in rectal sur-
gery[66,67], other measurements, such as omentoplasty, pro-
phylactically leaving intra-abdominal drains, and applica-
tion of  a sealant (i.e., fibrin glue) around the anastomosis, 
seem obsolete in preventing anastomotic leakage[68-70]. 
Moreover, stapled anastomoses and hand-sewn tech-
niques have comparable effects[71]. The most significant 
improvement in intraoperative care last decades, was the 
introduction of  laparoscopy. Large incisions are avoided 
and surgical trauma is minimized.

Laparoscopic colon cancer surgery
Following the successful introduction of  laparoscopic 
cholecystectomy and appendectomy, laparoscopic colon 
resection was first described by Jacobs and colleagues in 
1991[72]. However, skepticism about its safety and feasibil-
ity rose, since early reports described high port or wound 
site cancer recurrence rates[73]. Consequently, laparoscopic 
colectomies were performed decreasingly and surgical 
societies summoned to only perform these under the aus-
pices of  randomized trials. Therefore, one single-center 
and three multi-center phase 3 randomized clinical trials 
were initialized to compare oncological outcomes be-
tween laparoscopic and conventional open colectomy for 
cancer: the Barcelona trial[74] and the clinical outcomes of  
surgical therapy (COST)[75], conventional vs laparoscopic-
assisted surgery in colorectal cancer (CLASICC)[76] and 

colon cancer laparoscopic or open resection (COLOR)[77] 
trials, respectively.

Short-term benefits of laparoscopic colon cancer surgery
The early reports of  these trials described similar[75-77] or 
even lower[74] postoperative complication rates for lapa-
roscopic surgery compared with open surgery. Thirty-
day mortality rates were not significantly different[74-77]. 
On the one hand, operative time was longer for lapa-
roscopy in all studies. On the other hand, patients in the 
laparoscopic arm had significantly less blood loss[74,77], 
earlier return of  bowel function[74,76,77], earlier resumption 
of  fluid intake and regular diet[76,77], shorter use of  oral 
and parenteral analgesics[75] and shorter hospital stay[74-77]. 
Radicality of  resection, reflected by resection margins 
and the number of  lymph nodes in the resected speci-
men, did not differ significantly[74-77]. Equivalence of  the 
number of  harvested lymph nodes was later confirmed 
in a meta-analysis[78].

The four exploring randomized trials were followed by 
multiple others. These trials also found short-term ben-
efits in laparoscopic compared with open surgery[79-82] and 
confirmed similar postoperative complication and 30-d 
or in-hospital mortality rates for either operative modal-
ity[79-83]. Since the laparoscopic surgical technique is more 
similar to the conventional approach for right colectomies 
compared with other colorectal procedures, benefits seem 
less significant for this laparoscopic procedure[84]. Both 
long- and short-term health-related quality of  life are 
higher in laparoscopic compared with open colon cancer 
surgery[85-87].

Hence, laparoscopic colon cancer surgery is associated 
with multiple short-term benefits compared with conven-
tional surgery. Although these benefits might be clinically 
less important, laparoscopy seems more comfortable for 
the patient.

Laparoscopic colon cancer surgery and its oncological 
safety
Primary endpoints of  the four pioneering trials mostly 
consisted of  oncological parameters, since oncological 
safety was the main concern in early years. The Barce-
lona trial aimed to compare cancer-related survival after 
laparoscopic and open colon cancer resection. After a 
median follow-up of  43 mo, cancer-related survival was 
significantly higher after laparoscopic surgery[74]. Up-
dated results with a median follow-up of  95 mo showed 
a tendency of  higher cancer-related survival and overall 
survival for the laparoscopic group. Moreover, lapa-
roscopic surgery was independently associated with a 
reduced risk of  tumor recurrence[88]. This superiority of  
laparoscopy was mainly caused by the results in patients 
with stage Ⅲ disease. This led to the hypothesis that the 
effect of  surgery on the immune system is reduced in 
laparoscopy[89].

Time to tumor recurrence was the primary endpoint 
of  the non-inferiority COST trial. Concerning this, it 
showed laparoscopic surgery to be non-inferior to open 
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surgery. Moreover, no significant differences were found 
in cumulative incidence of  recurrence, overall-survival, 
and disease-free survival. Tumor recurrence in surgical 
wounds was rare in both treatments groups (less than 1%) 
and did not differ between groups[75]. The 5-year results of  
the COST trial confirmed non-inferiority of  laparoscopic 
surgery in terms of  disease-free 5-year survival, overall 
5-year survival, overall recurrence rates and recurrence 
distribution[90].

The CLASICC trial was initiated to investigate onco-
logical safety regarding overall and disease-free survival 
and recurrence rates. No significant differences were 
found for either endpoint after three years[91]. Moreover, 
5-year analysis of  the data showed similar (local and 
distant) recurrence, and overall and disease-free survival 
rates for both study arms[92].

Primary outcome of  the COLOR non-inferiority 
trial was 3-year disease-free survival, which differed 2% 
(95%CI: 3.2-7.2); 74.2% in the laparoscopic group and 
76.2% in the open surgery group (P = 0.70), when all 
stages of  disease combined were analyzed. Despite ex-
ceeding the predetermined non-inferiority boundary of  
7% of  the upper 95%CI, the authors concluded that this 
difference was clinically acceptable and that laparoscopy 
could safely be implemented into daily practice. After all, 
a per-protocol analysis showed laparoscopic surgery to 
be non-inferior to open surgery. The combined 3-year 
overall-survival did not significantly differ[93].

To enhance power, the transatlantic laparoscopically 
assisted vs open colectomy trials study group conducted 
a meta-analysis including the individual databases of  the 
four mentioned trials (3-year results of  the CLASICC and 
COLOR trial were not yet published at that moment). 
It showed similar 3-year disease-free and overall survival 
rates for all stages of  disease in the two study arms. Fur-
thermore, recurrence rates and patterns were compara-
ble[94]. Later performed trials reproduced comparable long-
term oncological results for both treatment groups[79,80,95]. 
Moreover, equivalence in long-term oncological outcomes 
was confirmed in multiple meta-analyses including high-
quality RCTs[96-98].

In conclusion, early concerns regarding oncological safe-
ty have been invalidated nowadays. Particularly wound or 
port site recurrence rates are comparable in trials specifi-
cally reporting its incidence[74,80,90,93]. Laparoscopic surgery 
for curative colon malignancies is proven feasible, safe and 
non-inferior compared with conventional open surgery 
with multiple short-term advantages in patients with dis-
ease stages Ⅰ-Ⅲ on basis of  solid level Ⅰ evidence.

Laparoscopic rectal surgery
The CLASICC study was the first randomized trial also 
comparing oncological outcomes in laparoscopic and 
open surgery for rectal cancer. Laparoscopic rectal resec-
tion was considered technically more demanding than 
laparoscopic colon resection, as a high conversion rate 
(34%) and longer operation time were reported[76]. Feasi-
bility and safety of  laparoscopic rectal cancer surgery were 

questioned since. Nevertheless, successful total mesorectal 
excision was more frequently performed in laparoscopic 
procedures[76]. The suggested better practicability of  this 
technique in laparoscopic surgery is essential, since com-
plete resection of  the mesorectum (with preservation of  
pelvic autonomic nerves) has shown to improve survival 
and recurrence rates[99]. Reacting on the CLASICC trial 
results, a research group from Hong Kong performed an 
updated subgroup analysis on rectal cancer[100] of  their 
prospective randomized trial on laparoscopic resection 
of  rectosigmoid carcinomas. This analysis showed faster 
recovery after and similar survival and disease-free sur-
vival rates in laparoscopic surgery compared with open 
surgery[101]. Due to these controversies, additional high-
quality trials investigating oncological safety of  laparo-
scopic rectal resection were required.

Short-term benefits of laparoscopic rectal cancer 
surgery
This need was fulfilled by the performance of  multiple 
RCTs with both short- and long-term parameters as 
primary outcome. Several benefits of  laparoscopic over 
open rectal surgery have been identified, which are al-
most identical to those in colon surgery. Laparoscopy 
is associated with significantly less blood loss or a trend 
towards significance[102-107]. This resulted in fewer blood 
transfusions, known as a risk factor for anastomotic leak-
age, in one trial reporting on this outcome[102]. Postoper-
ative recovery was enhanced in laparoscopy, reflected by 
faster bowel recovery (shorter time to first postoperative 
peristalsis[76,105-108], flatus[103,106], stool[103,108], or resumption 
of  normal diet[76,103,105,106]), and less analgesic use[103,105-107]. 
Moreover, length of  hospital stay was shorter in the 
laparoscopic group, reaching significance in three single-
center studies with short-term recovery as its primary 
outcome[102,106,107]. A wide range in postoperative com-
plication rates is reported. Nonetheless, a meta-analysis 
reported significantly less postoperative complications 
after laparoscopic surgery[109]. On the other hand, like in 
colon cancer surgery, significantly longer operative time 
or a trend towards significance in laparoscopy is reported 
in most trials[76,102-108]. This issue would be of  decreasing 
importance nowadays, since experience is growing.

In contrast to colon cancer surgery, higher health-re-
lated quality of  life in laparoscopic compared with open 
rectal cancer surgery was only reported on the short-term 
(one week postoperatively) in a prospective study[110], 
whereas no difference was found on the long-term in the 
COLOR Ⅱ cohort (one year postoperatively)[111].

Laparoscopic rectal cancer surgery and its oncological 
safety
No significant differences were found for both short- 
and long-term oncological outcomes in terms of  proxi-
mal, distal and radial resection margins, number of  lymph 
nodes harvested, three- or five-year overall-, cancer-
related- or disease-free survival, and local recurrence 
rates in patients undergoing both sphincter-sparing (low 
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anterior) resection for mid or high and abdominoperineal 
resection (APR) for low rectal carcinoma[102-104,106,108,112]. 
Since these studies incorporated relatively small patient 
numbers, consequently lacking power, and were mostly 
conducted in a single-center setting by one team or even 
one surgeon, a phase 3 non-inferiority multicenter trial 
including 1103 participants undergoing LAR or APR was 
conducted comparing oncological outcomes (COLOR Ⅱ 
trial). Locoregional recurrence was its primary endpoint. 
Like the COLOR trial for colon cancer, the COLOR Ⅱ 
trial showed that postoperative recovery was improved 
after laparoscopy, whereas radicality of  resection, intra- 
and postoperative complications, and 30-d mortality were 
comparable in both groups. Moreover, laparoscopic rectal 
cancer surgery was considered feasible with a conversion 
rate of  16%. However, it should be noted that these find-
ings are not applicable to all rectal cancer patients, since 
T3 tumors within 2 mm from the endopelvic fascia and 
T4 tumors were not included in the trial[113].

Meanwhile, long-term results of  the CLASICC trial 
have been reported. Although higher positive resection 
margin rates were reported in the early results[76], 3-year 
results showed no differences in (local) recurrence and 
mortality rates. Moreover, similar results for APR and 
LAR were reported[91]. Multiple meta-analyses confirmed 
comparable short- and long-term oncological outcomes 
in laparoscopic and open surgery[114,115]. The Hong Kong 
study group reported equal overall survival, cancer-re-
lated survival, disease-free survival, and local and distant 
recurrence rates after ten years in patients with stage Ⅰ
-Ⅳ upper rectal cancer undergoing LAR[105]. Results for 
locoregional recurrence of  the COLOR Ⅱ trial are ex-
pected at the end of  2013[113].

In conclusion, rectal cancer surgery has short-term 
advantages over conventional open surgery and seems 
oncological safe. Nevertheless, recurrence and long-term 
survival rates of  the COLOR Ⅱ trial need to be awaited 
before laparoscopic resection of  rectal cancer is indis-
putably proven to be oncological safe.

Surgical feasibility of laparoscopic colorectal surgery
Intraoperative conversion is considered an important 
measure of  feasibility of  a laparoscopic procedure. Due 
to the non-selective design of  RCTs and the inability of  
researches to adequately choose patients eligible to be 
randomized to either surgical approach, high conversion 
rates were reported in early trials. In the CLASICC trial 
up to 25% of  colon and 34% of  rectal cancer patients 
underwent conversion[76]. However, no uniform defini-
tion of  conversion was used in different trials. Conver-
sion rates of  the CLASICC trial improved each year, 
from 38% in the first year to 16% in the sixth year of  the 
study[76]. Furthermore, low conversion rates of  2.8% to 
14.6% were reported in later performed RCTs (allowing 
surgeons to be more experienced) and single-center stud-
ies with a specialized laparoscopic surgical team[74,79-81]. 
This demonstrates its function of  the learning curve.

The COLOR case volume study demonstrated that 

high volume centers (> 10 cases per year) had fewer com-
plications, greater lymph node harvest and shorter hospi-
tal stay compared with medium (5-10 cases per year) and 
low volume (< 5 cases per year) centers[116], again address-
ing the learning curve of  laparoscopic surgery. Moreover, 
operative time was significantly shorter in high volume 
centers[116]. Hence, laparoscopic experience is a major fac-
tor in outcome. Higher costs for laparoscopy, despite the 
shorter mean hospital stay, may be reduced in high vol-
ume centers. After all, the main cause for higher costs are 
operative expenses[117].

Patient-tailored strategies
Although conversion rates were high in the firstly per-
formed multicenter RCTs, laparoscopic colon surgery is 
considered standard of  care in many countries nowadays. 
Intraoperative conversion was associated with higher com-
plication rates and prolonged hospital stay[76,118]. Moreover, 
cases converted were associated with a worse overall[92] 
or 5-year disease-free[81] survival compared with laparo-
scopically completed or open surgery. The most common 
reasons for conversion in the early performed RCTs were 
tumor fixation and advanced disease, uncertainty of  tumor 
clearance, and obesity[76]. As intraoperative conversion is 
nowadays mainly needed due to unfavorable tumor char-
acteristics instead of  inexperience of  surgeons, these cases 
have a worse outcome. Moreover, laparoscopic surgery 
is currently regarded safe and suitable for obese patients 
also[119].

Besides surgical experience, a patient-tailored treat-
ment strategy with optimal selection of  patients eligible for 
laparoscopic surgery seems essential to optimize results. 
Adequate patient selection leads to lower conversion rates 
as shown in the LAPKON Ⅱ trial[83]. Patients with rectal 
cancer were randomized after initial diagnostic laparoscopy 
to assess feasibility of  laparoscopic resection. Hence, con-
version should not be considered as surgical failure, but as 
a judicious decision. Nevertheless, appropriate selection 
should preferably be performed preoperatively. Feasibil-
ity and safety of  laparoscopic surgery in elderly colorectal 
cancer patients for instance, have been underlined in a 
recent randomized study[120]. Another possible vulnerable 
population suitable for laparoscopy could be malnour-
ished patients, since malnourishment and weight loss are 
associated with impaired clinical outcome[20,21].

Laparoscopic colorectal surgery in the light of enhanced 
recovery programs
As previously described, another major improvement in 
colorectal cancer surgery has been the introduction of  
fast-track or enhanced recovery programs. However, only 
one trial described in this review was performed within 
such a program. The LAFA trial, a multicenter random-
ized trial comparing laparoscopic and open surgery plus 
or minus a fast track program in segmental (right and 
left-sided) colectomy, concluded that the best periopera-
tive treatment is laparoscopy combined with fast track 
surgery regarding total hospital stay. Secondary outcomes 
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(postoperative hospital stay, morbidity, reoperation rate, 
readmission rate, in-hospital mortality, quality of  life at 
two and four weeks, patient satisfaction and in-hospital 
costs) did not significantly differ between the four treat-
ment groups[82]. Currently, a multicenter randomized trial 
is performed to investigate the hypothesis that laparo-
scopic surgery is superior compared with conventional 
surgery even when both treatments are optimized within 
the ERAS program[121].

ADVANCES IN POSTOPERATIVE 
CARE: DETECTION OF ANASTOMOTIC 
LEAKAGE
The clinical presentation of  anastomotic leakage is het-
erogeneous and may be nonspecific. Anastomotic leak-
age is frequently diagnosed late due to a low index of  
suspicion based on clinical and conventional laboratory 
findings[122]. Moreover, abdominal CT-scan with intralu-
minal contrast undoubtedly has a role in timely recogni-
tion of  anastomotic leakage, but yields low sensitivity 
(68%), which may delay the diagnosis and appropriate 
treatment[123]. Intervening weekends may further delay di-
agnosis and re-interventions[124]. Delay in recognizing and 
consequently treating anastomotic leakage after colorectal 
surgery is associated with increased mortality[125,126].

Clinical signs for accurate and early detection of  anas-
tomotic leakage have been widely investigated. den Dulk 
et al[127] standardized postoperative monitoring and devel-
oped a leakage-score, consisting of  general, local physical 
examination, laboratory investigation and dietary items. 
The use of  this score resulted in a significantly shorter 
delay in the diagnosis of  anastomotic leakage.

Accurate diagnostic markers are needed to detect 
anastomotic leakage early after colorectal surgery. Various 
biomarkers have been investigated, although none has 
been validated clinically and studies are difficult to com-
pare, mainly due to different definitions of  anastomotic 
leakage[128]. C-reactive protein (CRP) has been widely 
proposed as an early indicator to diagnose anastomotic 
leakage on postoperative day 2-4[129]. However, the test 
characteristics are not convincingly robust, with approxi-
mately 70%-80% sensitivity and specificity[129]. Currently, 
the PRECIOUS trial investigates a step-up approach in 
major abdominal surgery combining CRP and CT imag-
ing of  the abdomen to diagnose severe complications, 
including anastomotic leakage[98]. Furthermore, specific 
plasma markers for intestinal cell damage and inflamma-
tion may provide better accuracy.

Finally, intraperitoneal microdialysis measuring intra-
peritoneal cytokines after rectal surgery has sometimes 
been used for early detection of  anastomotic leakage. 
Lactate/ pyruvate ratio and interleukin (IL)-6, IL-10 and 
tumor necrosis factor-α were increased before clinical 
signs were detected in patients with anastomotic leak-
age[130,131]. Moreover, higher levels of  intraperitoneal 
cytokines compared with systemic cytokines suggest the 

gastrointestinal tract to be the origin of  the postoperative 
inflammatory response after colorectal surgery[132]. How-
ever, it should be noted that intraperitoneal microdialysis 
is an invasive method, with two catheters left behind in-
tra-abdominally, that could involve complications. When 
a drain is left after surgery, measuring biomarkers in the 
peritoneal fluid, such as cytokines and metalloproteinases, 
could attribute to early detection of  anastomotic leak-
age[133,134]. Also, a polymerase chain reaction for Enterococ-
cus faecalis in drain fluids could be used as a screening test 
for anastomotic leakage[135]. Nevertheless, drains should 
not be used routinely, microdialysis is an invasive method, 
and the value of  these markers in the absence of  other 
clinical signs is limited.

ADVANCES IN ORGANIZATION OF 
CARE: AUDITS
Clinical auditing has been initiated in several countries 
and is considered an important tool for quality assess-
ment and the identification of  factors needing improve-
ment. Furthermore, clinical audits provide a unique 
dataset for research as well. Starting in 2009, a nationwide 
audit for colorectal surgery has been initiated in the neth-
erlands, the dutch surgical colorectal audit (DSCA)[136]. 
Later adopted as a quality indicator for the health care 
inspectorate, the DSCA has become a performance in-
dex for colorectal surgeons. Postoperative mortality and 
anastomotic leakage rates indeed decreased between 2010 
and 2012[11,137]. This is in line with audits in other coun-
tries, including the United States, Belgium, Germany, 
United Kingdom, Spain, Italy, Denmark, Norway, and 
Sweden[138,139]. Whether these improvements are directly 
related to the introduction of  the audit has to be deter-
mined. Yet, it can at least be stated that the DSCA has 
effectuated increased awareness of  and insight in aspects 
of  improvement.

Clinical audits have revealed several interesting find-
ings with respect to postoperative complications. Hos-
pitals with higher mortality rates had only slightly higher 
incidences of  postoperative complications. However, the 
ability to let patients with a serious complication survive 
was significantly lower in high-mortality centers[136]. This 
phenomenon is addressed as failure to rescue and was 
previously described for other gastro-intestinal opera-
tions[140]. Data from the American College of  Surgeons 
National Surgical Quality Improvement Program showed 
that although complication incidences did not vary be-
tween hospitals, mortality rates, largely contributed to 
death after major complications, significantly varied, 
indicating that timely recognition and treatment of  com-
plications deserves greater attention[141]. Future research 
should aim at identifying and improving the fundamen-
tal aspects causing failure to rescue. Another important 
finding was that anastomotic leakage rate variation be-
tween hospitals was mainly due to treatment-associated 
factors, such as blood loss or transfusion and operation 
time, than population characteristics, as was the case 
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with postoperative mortality[142]. Therefore, anastomotic 
leakage is proposed as an accurate read-out for quality 
of  care, underlining the importance of  anastomotic leak-
age rate reduction in colorectal surgery. In conclusion, 
clinical audits provide unique insight in aspects associ-
ated with health care quality and more studies have to be 
done to find in-hospital factors correlated with anasto-
motic leakage for further improvement.

CONCLUSION
During the last several decades, colorectal cancer surgery 
has experienced some major perioperative improvements. 
Preoperative risk-assessment of  nutrition, frailty, and sarco-
penia followed by interventions for patient optimization 
or an adapted surgical strategy, contributed to improved 
postoperative outcomes. Enhanced recovery programs 
or fast-track surgery also resulted in reduced length of  
hospital stay and overall complications without affect-
ing patient safety. After an initially indecisive start due to 
uncertainty about oncological safety, the most significant 
improvement in intraoperative care was the introduction 
of  laparoscopy. Laparoscopic surgery for colon and rec-
tal cancer is associated with better short-term outcomes, 
whereas long-term outcomes regarding survival and re-
currence rates are comparable. Nevertheless, long-term 
results in rectal surgery remain to be seen. Early recogni-
tion of  anastomotic leakage remains a challenge, though 
multiple improvements have allowed better management 
of  this complication.
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