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AbstrAct:   background: This study aims to examine the factors involved in anastomotic leak (AL) following low anterior resection and 
total mesorectal excision (LAR-TME) and to determine the usefulness of early measurement of the inflammatory biomarkers 
C-Reactive Protein (CRP) and Procalcitonin (PCT).  

  Methods: one hundred patients undergoing LAR-TME with proximal diverting stoma were analysed between 2013 and 2016. 
Postoperative CRP and PCT levels were measured on the 3rd and 6th postoperative days. 

  results: There were 11 clinical leaks with a negative impact in univariate analysis on AL of male gender, larger and stenotic tu-
mours, intraoperative blood loss > 200 mL, need for perioperative blood transfusion, postoperative anaemia and operating 
time exceeding 180 minutes. Upon multivariate analysis, only perioperative blood transfusion was an independent AL risk 
factor. Recorded CRP was higher in AL patients when compared with non-AL cases on both the 3rd postoperative day (152.4 
mg/L vs 93 mg/L, respectively; P < 0.0001) and the 6th postoperative day (130.5 mg/L vs 68.2 mg/L; P < 0.0001). PCT levels also 
significantly differed between AL and non-AL cases on the 3rd postoperative day (0.5 ng/mL vs 0.2 ng/mL, respectively; P < 
0.0001) and the 6th postoperative day (1.16 ng/mL vs 0.1 ng/mL, respectively; P < 0.0001). Both CRP and PCT showed high ne-
gative predictive values (NPV) for the diagnosis of AL on both postoperative days.

  conclusion: Following low restorative proctectomy, high NPV of CRP and PCT measurements for the diagnosis of anastomotic 
leaks may assist decision-making for early hospital discharge. 
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IntroductIon

Anastomotic leak (AL) following colorectal surgery can be a deva-
stating adverse postoperative event, with an incidence variably re-
ported at between 3 and 39%, overall (1). Systematic analyses have 
identified the number of patient, disease and surgeon related factors 
implicated in AL (2 - 4). The long-term consequences of AL follo-
wing rectal or anal anastomosis include an overall worse functio-
nal outcome (5) the occasional need for permanent stoma and po-
tentially higher local recurrence rate in those cases performed for 
rectal carcinoma (6). Early diagnosis and treatment of AL is crucial 
in reducing the likelihood of such an unfavourable outcome or the 
structural sequelae such as fistula, sinus formation and stricture, 
each of which can seriously impact the patient’s quality of life (7).

Analysis of the potential risk factors controlling AL after total me-
sorectal excision will affect operative decision-making including, 
most importantly, the utilisation of temporary diverting stoma. 
Many existing studies examining these variables are limited by the 
retrospective nature of their design and by considerable hetero-
geneity concerning both the definition of AL itself and the range 
of its managements once diagnosed (8). In the current era of fast-
-track protocols of management following colorectal anastomoses, 
significant delays in the diagnosis of a potentially life-threatening 
AL will also substantially increase the length of hospital stay, along 
with hospital re-admission rates and overall cost (9). The expected 

inflammatory response following colorectal surgery has led some 
groups to focus on specific postoperative inflammatory markers 
as early predictors for AL (10). One example is C-reactive protein 
(CRP), an acute-phase serum reactant induced by an up-regula-
ted postoperative cascade of pro-inflammatory cytokines.  In this 
respect, meta-analyses have shown a high positive and negative 
predictive value of an elevated CRP in the early postoperative pe-
riod for broad infectious complications following colorectal sur-
gery (11) as well as for the specific prediction of AL (12). Procal-
citonin (PCT) has emerged as a sensitive marker for the diagnosis 
and monitoring of sepsis (13) and has been shown to have a high 
negative predictive value for AL in the early postoperative period 
(14). The aims of this study are to define the risk factors for AL in 
an unselected cohort of patients undergoing restorative low proc-
tectomy with covering proximal diversion following total meso-
rectal excision (TME) and to examine the diagnostic value of po-
stoperative CRP and PCT measurements in the prediction of AL.

MAterIAls And Methods

Ethical permission was obtained from the local hospital ethics com-
mittee for the conduct and analysis of the study with prospective 
collation of data and blood sampling. Data for analysis from 100 
unselected patients undergoing low anterior resection with total 
mesorectal excision (LAR-TME) were obtained between January 
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und, clinical evidence of rectovaginal fistula and/or dehiscence of 
the anastomotic line detected either by digital rectal examination 
or by endoscopy. If the postoperative period was entirely unevent-
ful, a routine water-soluble contrast enema (Gastrografin® Bracco 
Russia) was performed on the 7th postoperative day. All other po-
stoperative complications were recorded in accordance with the 
Clavien –Dindo classification (16). 

Blood samples obtained by venepuncture for plasma PCT con-
centration measurement were centrifuged at 3000 rpm within 30 
minutes of collection.  Both PCT and CRP measurements were 
recorded for the 3rd and the 6th postoperative days. Procalcitonin 
levels were measured using the mini VIDAS® LUMItest PCT kit 
(Brahms Diagnostica BioMérieux SA, France) which employed an 
immunoluminometric assay in accordance with the manufactu-
rer’s instructions (detection limit 0.05 ng/mL). In the test, a dual 
antigen-antibody system is used which binds to two different PCT 
sites where luminescence after binding is measured with in-built 
software calculation by the automated Berilux Analyser 250 (Beh-
ring Diagnostics, Marburg Germany).  C-reactive protein (CRP) 
levels were evaluated by ELISA (CX5PRO Beckman Coulter, USA) 
using a biotinylated detection antibody and an Avidin-Horseradish 
Peroxidase conjugate according to the manufacturer’s instructions. 
The optical density (OD) of the reaction was measured spectro-
photometrically at 450 nm with calculation of the CRP by compa-
rison to a standard OD curve (Sensitivity 0.1 mg/L). 

stAtIstIcAl AnAlysIs

Data were recorded onto Excel spreadsheets with analysis using 
SPSS 22.0 (Chicago, Ill.) and GraphPad Prism 6.0 (La Jolla, CA) so-
ftware programs.  Numerical variables were tested for normality 
distribution by the D’Agostino-Pearson transformation test with 
means (+ SD) and medians (+ range) presented where appropriate 
for normal and non-normal data, respectively. The unpaired t-test 
or the Mann-Whitney U test were used as appropriate for compa-
risons, with categorical variables compared using the Chi-square or 
Fisher’s exact test where indicated. Odds ratios with 95% confidence 
intervals were calculated as an evaluation of the impact of individu-

2014 and December 2016 from the registry of the State Scientific 
Centre of Coloproctology Moscow. Low anastomoses were defi-
ned as those performed < 6 cm. from the anal verge as measured 
by rigid rectoscopy. Standard preoperative work-up included rigid 
proctoscopy plus biopsy, full colonoscopy, thoracoabdominal CT 
scanning and pelvic magnetic resonance imaging (MRI). Tumours 
unable to be negotiated by the colonoscope were labelled as in-
cipiently obstructive. Where appropriate, neoadjuvant treatment 
was employed with an average radiation dose of 40cGy combined 
with intravenous 5-Fluorouracil or Capecitabine. Anastomoses 
were performed either as low end-to-end or as side-to-end confi-
gured reconstruction using a combination of a CONTOUR® Cu-
rved Cutter Stapler (Ethicon, NJ USA) for transection, with ana-
stomosis construction utilising either a 29-mm CDH or a 31-mm 
EEA™ (Covidien) stapler. Where deemed appropriate, anastomoses 
were reinforced with interrupted 3/0 Vicryl sutures inserted on the 
transection end of either circular or linear staple lines. Proximal 
diversions were performed in all the analysed cases either utilising 
a transverse colostomy or a loop ileostomy. 

Consensus definition and grading (A, B and C) of AL reported by 
the International Study Group of Rectal Cancer (15) was used. The 
clinical symptoms of AL used included frank signs of peritonitis, 
the presence of enteric-type discharge from a drain or via the wo-

tab. I. Characteristics of Study Population.

PArAMeter result

Mean age ± Sd years 62.4 ± 9.2

Sex, n (%)
Male 
Female

46 (46.0)
54 (54.0)

Median BMi (range) kg/m2 26.0 (18.4-39.4)

Smokers, n (%) ¥ 32 (32.0)

Preoperative chemoradiation, n (%) 27 (27.0)

Tumour histology, n (%) 
Carcinoma 
Adenoma

88 (88.0) 
12 (12.0)

Tumour stage TNM* 
Stage 0 pT0N0M0 
Stage i pT1-2N0M0 
Stage ii pT3-4N0M0 
Stage iii pT1-4N1-2M0 
Stage iV pT1-4N0-2M1

2 (2.3) 
22 (25.0) 
33 (37.5) 
24 (27.3) 
7 (7.9)

obstructing tumor, n (%) 23 (23.0)

Median operation time (range) min 153 (90 – 420)

Surgical approach, n (%) 
open 
Laparoscopic

88 (88.0) 
12 (12.0)

Mobilisation of splenic flexure, n (%) 43 (43.0)

Type of preventive stoma, n (%) 
Transversostomy 
ileostomy

65 (65.0) 
35 (35.0)

Type of colorectal anastomosis, n 
Straight  
Side-to-end

81 (81.0) 
19 (19.0)

Reinforcement of anastomosis 31 (36.0)

on-table lavage in LBo 9 (9.0)

Transfusion of blood components 17 (17.0)

*Percentage is calculated from the number of Adenocarcinomas (n=88)
¥ Mean smoking = 17.2 packs of cigarettes per annum
legend:  BMi – Body Mass index, LBo – Large Bowel obstruction, 

Sd – Standard deviation

tab. II. Postoperative Complications (16).

tyPe of coMPlIcAtIon clAvIen – dIndo GrAde n (%)*

Prolonged lymphorrhea ¥ (> 10 days) i 1 (1.0)

Prolonged ileus (>5 days) ii 18 (18.0)

C. difficile colitis ii 11 (11.0)

Reactive pleural effusion iiia 1 (1.0)

Urinary retention iiia 7 (7.0)

Peristomal abscess iiia 1 (1.0)

Small bowel obstruction iiib 2 (2.0)

incisional iiib 1 (1.0)

Anastomosis leakage (Grade b) iiia 7 (7.0)

Anastomosis leakage (Grade c) iiib 4 (4.0)

Generalised peritonitis iVb 3 (3.0)

death V 2 (2.0)

*Percentage calculated from 100 patients
¥  Prolonged lymph drainage via drain following extended pelvic 

lymphadenectomy
¶ Surgical site infection- subfascial abscess

fig. 1.  Comparison of mean CRP values in AL and non-AL populations on the 3rd and 6th 
postoperative days.

fig. 3.  Receiver operating characteristic (RoC) curves for C-Reactive Protein (mg/L) (Left-hand image) and Procalcitonin – PCT (ng/mL) (Right-hand image) for diagnosis of anastomotic 
leakage (AL) on the 3rd and 6th postoperative days.

fig. 4.  Comparative receiver operating characteristic (RoC) curves for C-Reactive Protein (mg/L) and Procalcitonin – PCT (ng/mL) for diagnosis of anastomotic leakage (AL) on the 3rd (Left-
hand image) and 6th (Right-hand image) postoperative days.

fig. 2.  Comparison of median concentration of PCT in AL and non-AL populations on the 
3rd and 6th postoperative days.
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presence of an incipiently or frankly obstructing tumour (OR=6.93, 
95% CI 2.34 – 20.26; P=0.0005), significantly increased the risk of po-
stoperative AL. Other factors which increased the likelihood of AL 
included those cases where there was > 200 mL of intra-operative 
blood loss (OR=3.15, 95% CI 1.05 – 9.50; P=0.045), patients receiving 
perioperative blood or blood product transfusion (OR=10.43, 95% CI 
3.24 – 33.61; P=0.02) and those where the operative time exceeded 
180 minutes (OR=2.85, 95% CI 1.05 – 7.77; P=0.048). 

By contrast, the relative risk for AL was substantially lowered in 
those cases undergoing anastomotic staple line suture reinforce-
ment (OR=0.15, 95% CI 0.03-0,07; P=0.002). Age, BMI, a history 
of smoking, preoperative anaemia, tumour histology or stage, a 
high-tie of the inferior mesenteric artery, splenic flexure mobili-
sation or anastomotic type did not impact the likelihood of po-
stoperative AL. All significant variables were placed into a mul-
tivariate analysis with only the presence of a perioperative blood 
transfusion remaining a significant independent variable implica-
ted in postoperative AL (OR=3.71, 95% CI 1.33-10.35; P=0.034).  

Figure 1 shows a box and whisker plot for CRP measurement on 
the 3rd and 6th postoperative days where the median CRP at both 
time periods was significantly higher in the AL group when com-
pared with the non-AL group (P < 0.0001). There was less of a de-
crease in CRP between the time periods in AL cases (152.4 mg/L 
vs. 130.5 mg/L; P=0.33) when compared with a significant reduc-
tion in CRP over time in those cases without AL (93 mg/L vs 68.2 
mg/L; P =0.0007). The plot of median PCT concentrations during 
postoperative time periods (Figure 2) shows a significant differen-
ce between AL and non-AL cases on both the 3rd (0.5 ng/mL vs 
0.2 ng/mL, respectively; P < 0.0001) and the 6th (1.16 ng/mL vs 
0.1 ng/mL; P < 0.0001) postoperative days. In non-AL cases, there 
is a slight fall in PCT concentration over time, whereas PCT level 
rises by the 6th postoperative day in patients with AL, although 
this increase was not statistically significant. 

Figure 3 shows ROC curves generated for CRP and PCT on both 
postoperative days. For CRP, there was a cut-off of 120 mg/L for 
the diagnosis of AL on the 3rd postoperative day with a sensitivity/
specificity pairing of 75% and 75%, respectively (P < 0.0001). On the 
6th postoperative day, the CRP cut-off was 96 mg/L with a sensi-
tivity/specificity pairing of 80% and 71%, respectively (P=0.0007).  
AL cut-off for PCT was calculated at 2.4 ng/mL on the 3rd posto-
perative day resulting in a sensitivity/specificity pairing of 85% and 
60%, respectively. PCT cut-off for diagnosis of AL decreased by 
the 6th postoperative day down to 0.7 ng/mL resulting in a sensi-
tivity/specificity pairing of 65% and 91%, respectively. Both CRP 
and PCT demonstrated a particularly high NPV for the diagnosis 
of AL on the 3rd postoperative day (92.3% vs 94.2%, respectively) 
as well as on the 6th postoperative day (93.4% vs 91.3%, respecti-
vely). The comparative area under the curve (AUC) estimates be-
tween CRP and PCT was similar (Figure 4) where on the 3rd po-
stoperative day,AUC for CRP was 0.75 and that for PCT was 0.77 
(P=0.75).  Comparative AUCs on the 6th postoperative day for 
CRP and PCT were 0.77 and 0.75, respectively (P=0.8).

dIscussIon

A number of studies have examined the principal factors impli-
cated in AL following LAR-TME (17-20) as well as the clinical va-

al risk factors with a multivariate analysis conducted to determine 
their statistical independence. Logistic regression was then used on 
independent variables for comparison. Receiver operating charac-
teristic (ROC) curves were generated creating sensitivity/specifici-
ty pairs for varying decision thresholds of both biomarkers on the 
3rd and the 6th postoperative days with the calculation of positive 
(PPV) and negative predictive values (NPV) and relative areas un-
der the curve (AUC). Р values <0.05 were considered significant. 

results

Table I shows the demographic characteristics of the study cohort, 
which included 54 females (mean age 62.4± 9.2 years). Over one-
-quarter of the cases underwent neoadjuvant therapy with 23% 
described as obstructing or near-obstructing tumours. Nine cases 
underwent on-table colonic lavage for complete or incipient ob-
struction with 17 receiving perioperative transfusion. 81 patients 
underwent straight colorectal anastomosis with 19 patients having 
a Baker-style side-to-end restorative proctectomy and 31 patients 
requiring anastomotic suture line reinforcement. In 7 cases, syn-
chronous non-anatomical wedge resections of hepatic metastases 
were performed. Table II outlines the postoperative Clavien-Dindo 
classification for the patient cohort with 58 complications occur-
ring overall in 27 of the cases. The majority of complications were 
Grade I or II in nature requiring basic pharmacological interven-
tions and simple non-operative therapies. There were 2 patients 
presenting with an early adhesive small bowel obstruction who 
required repeat laparotomy and adhesiolysis. One case required 
a second laparotomy because of retraction of the ileostomy with 
localised peritonitis. This latter patient required drainage, perito-
neal lavage and refashioning of the stoma. There were two posto-
perative deaths. In one case, there was a significant leak from the 
stump end of a side-to-end anastomosis with concomitant pelvic 
sepsis. Repeat laparotomy performed on the 9th postoperative day 
with anastomotic resection and exteriorisation was unsuccessful 
with the patient dying of multi-organ failure. In the other case, the 
patient developed multi-organ failure and generalised sepsis most 
likely originating from a deep wound infection in the absence of 
either clinical or radiological signs of an AL.  

Water-soluble contrast enema detected contrast extravasation in 
9 patients whose postoperative course was uneventful and in no 
case where there was a demonstrable radiological leak in the ab-
sence of clinical features suggestive of an AL, was there any the-
rapeutic requirement. A clinically significant AL developed in 11 
patients, 7 of whom had a Grade B complication and 4 of whom 
were Grade C in type. Of the Grade B cases, all were managed suc-
cessfully with intravenous antibiotics and with trans-anal, trans-
-anastomotic drainage and irrigation. Two of the Grade C patients 
underwent anastomotic resection with Hartmann procedure of the 
rectal stump and an end colostomy. The other 2 cases underwent 
a repeat laparotomy with abdominal lavage and intra-peritoneal 
drainage only without the need for dismantling of the anastomosis. 

Table III shows the results of univariate analysis of factors implicated 
in postoperative AL development. There is a significant negative im-
pact of male gender (OR=4.74, 95% CI 1.57 – 14.35; P=0.005) and me-
asured Haemoglobin < 90 g/l on the 3rd postoperative day (OR=2.60, 
95% CI 1.07 – 9.98; P=0.04). Equally, a tumour size exceeding 4 cm in 
maximal diameter (OR=9.94, 95% CI 2.16 – 45.73; P=0.0007) and the 

tab. III. Risk factors of anastomotic leakage (Univariate and Multivariate Analysis).

PArAMeter Al (%) or 95%cI P (uvA) P (MvA)

Age 
≤62 years 
>62 years 

11/54 (20)
9/46 (20)

1.01 0.39–2.83 1.00

Sex 
male 
female

15/46 (32.6)
5/54 (9.3)

4.74 1.57–14.35 0.005 0.61

Smoking
yes
no

8/32 (28)
12/68 (18.8)

1.56 0.56–4.29 0.43

BMi (kg/m2)
≥30
<30

2/10 (20)
18/90(20)

1.00 0.20–5.12 1.00

Preoperative CRT
yes
no

6/27 (22.2)
14/73 (19.2)

1.20 0.41–3.54 0.78

Tumour histology
Carcinoma
Adenoma

18/91 (19.8)
2/9 (22.2)

0.84 0.17–4.51 1.00

Tumour stage pTNM
0, ii
iii, iV

9/48 (18.8)
11/43 (25.6)

1.83 0.68–4.92 0.46

Tumour size, cm
 ≥ 4.0
< 4.0 

18/56(32.1)
2/44(4.5)

9.94 2.16–45.73 0.0007 0.96

obstructing tumour
yes
no

11/23(47.8)
9/77(11.6)

6.93 2.34–20.26 0.0005 0.09

Height of tumour over dL, cm 
≤ 6.0 
> 6.0

10/35(28.6)
10/65 (15.4)

2.20 0.81–5.96 0.13

Preoperative Haemoglobin g/L
≤90 
>90 

1/7 (14.3)
19/93 (20.4)

2.05 0.22–19.48 1.00

Preoperative albumin, g/L
<35
≥35

1/6 (16.6)
19/94 (20.2)

0.79 0.09–7.16 1.00

operating time, min
≥180
<180

11/35 (31.4)
9/65 (18.1)

2.85 1.05-7.77 0.048 0.37

intraoperative blood loss, ml
≥200
<200

15/54 (27.8)
5/46 (10.9)

3.15 1.05–9.50 0.045 0.15

Splenic flexure mobilisation
yes
no

13/57 (22.3)
7/43 (16.3)

1.52 0.55–4.21 0.46

High-tie of iMA
yes
no

3/15 (20)
17/85 (20)

1.00 0.25–3.94 1.00

Anastomosis
straight
side-to-end

14/81 (17.3)
6/19 (31.5)

0.45 0.15–1.00 0.20

Reinforcement of anastomosis
yes
no

3/36 (8.3)
17/64 (26)

0.15 0.07–0.3 0.002
0.21

Circular stapler diameter, mm
29
31

5/36 (13.9)
15/64 (23.4)

0.58 0.19–1.78 0.43

on-table lavage for LBo
yes
no

16/86 (18.6)
4/14(28.6)

0.62 0.16–2.06 0.47

Type of preventive stoma, 
Transversostomy
ileostomy

7/35 (20)
7/65 (10.8)

2.07 0.66–6.48 0.24

Transfusion of blood components 
yes
no

10/27(37.0)
10/73 (13.7)

3.71 1.33–10.35 0.02 0.034

Haemoglobin on Pod3 g/L
≤90
>90

4/11(36.4)
16/89 (17.8)

2.61 0.69–9.98 0.22

Albumin on Pod3, g/L 
<35
≥35

19/82(23.2)
1/18 (5.6) 3.71 1.33–10.35 0.11

legend:  UVA – Univariate analysis, MVA – Multivariate analysis AL – Anastomotic Leak, oR – odds ratio, Ci – Confidence intervals, Pod – Postoperative day(s), 
LBo – Large bowel obstruction, iMA – inferior mesenteric artery, CRT – Chemoradiation, BMi – Body mass index
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fast-track surgery. This approach would favour the use of a specific 
exclusionary threshold rather than an expected decrement in the 
biomarker used where it has been suggested that absolute values 
might be more accurate than the kinetics of a measurable trend 
(35). Studies would suggest also that a too early measurement of 
markers like CRP could limit diagnostic accuracy, where there is 
an initial postoperative generic ‘inflammatory noise‘ that reduces 
both the specificity and PPV of any given test. The usefulness of 
such a biomarker as suggested in our study is then in the exclusion 
of the diagnosis of AL and is therefore best reflected in its NPV.

The dynamics of postoperative Procalcitonin  (PCT) are sligh-
tly different to those of CRP, with similar findings as in our study 
(14, 34). Early elevation of measurable PCT (on the first or second 
postoperative days, for example), will be non-specific and reflect 
bacterial contamination or translocation secondary to bowel pre-
paration. The PREDICS study (14) noted higher PCT levels on the 
5th postoperative day than were found in our study on the 6th 
postoperative day, with Zawadski et al. (32) also showing higher 
early PCT levels in their AL cases than noted in our study. Some 
authors have found that PCT adds no diagnostic value for an AL 
(14, 35) whereas others have suggested that it is a better AL pre-
dictor when compared with CRP (36). 

There are several limitations to our study. Firstly, its retrospective 
nature (despite prospective accumulation of data), confers a bias 
in reporting the incidence of postoperative complications. The 
prevalence of AL in our patients is in keeping with other reports, 
however, suggesting that there has not been an AL overestimation 
or a selection bias. Lack of clinician blinding to elevated biomar-
kers may have, however, led to a more intensive investigation of 
these cases creating an additional reporting bias. Once biomar-
kers have been chosen for clinical use in the diagnosis of AL, de-
spite differences in their postoperative kinetics, the timing of as-
says appears to be as critical as is the consensus cut-off value. In 
this setting, NPV for an agreed cut-off level needs to be sufficien-
tly high to be effective in deciding about postoperative hospital 
discharge. By contrast, the measurement of novel agents such as 
calprotectin, intestinal fatty acid binding protein and peritoneal 
fluid cytokines (10, 37) will rely on acceptable PPV values in order 
to judge their effectiveness as markers for the diagnosis of AL and 
to guide operative re-intervention. The kinetics of CRP and PCT 
following rectal resection and anastomosis will also most likely 
significantly differ between open and minimally invasive appro-
aches and these varying postoperative stress responses will need 
to be determined in future studies. 

lue of diverting stoma (21, 22). Our rate of symptomatic leakage 
(11%) is in line with other reports (19, 20, 23), with Tortorelli et 
al. (20) also reporting an adverse effect on AL with perioperati-
ve blood transfusion, and Bertelsen et al. (17) with perioperative 
blood loss. The expanded use of minimally invasive techniques 
for LAR-TME will also significantly impact upon the amount of 
perioperative blood loss and may indirectly affect AL risk. Male 
gender in particular, as has been reported in our study, is associa-
ted with a greater risk of AL in line with other reports (17, 24), 
where it has been independently suggested that a more selective 
decision for temporary protective stoma can be made in female 
cases (25). Similar to our study, there has been no report of a dele-
terious effect on the integrity of low rectal anastomoses imposed 
by preoperative radiation or by neoadjuvant chemoradiation (26). 
Smokers had a higher risk of AL upon univariate analysis but this 
disappeared in multivariate analysis. Others have reported simi-
lar findings where Sorensen and colleagues have suggested that 
prolonged preoperative cessation of smoking is likely to have a 
beneficial impact (27, 28). 

In general, the decision for temporary protective stoma is not made 
independently of anastomotic height. The principal risk factor for 
AL is the distance of anastomosis from the anal verge where the 
lower the anastomosis, the greater the risk (17, 18, 20, 23). Utili-
sation of stoma reduces the risk for reoperation after anastomosis 
as well as clinical consequences of the leak and ultimately chances 
of permanent stoma. Its use does not, however, eliminate the like-
lihood of AL itself (29). Debate is continued, concerning the best 
type of proximal diversion; namely loop ileostomy vs transverse 
colostomy. Trial data are conflicting, where in some randomised 
controlled trials comparing the two techniques, there is an advan-
tage concerning the reported incidences of stoma-related compli-
cations and the need for surgical revision for either loop ileostomy 
(30) or alternatively, for transverse colostomy (31).

Findings similar to ours, concerning the pro-inflammatory bio-
marker CRP have been reported by Zawadski et al. (32) but with 
slightly higher discriminatory values for AL in their study by the 
3rd postoperative day. An almost identical level of CRP and its 
postoperative timing and sensitivity for the diagnosis of AL was 
recently reported by Scepanovic et al (33). Several studies have 
compared CRP at different time points following colorectal surgery 
(12) where Cousin et al. (34) found a greater discrimination with 
CRP for AL diagnosis by the 5th postoperative day. Such timing 
might be too late, however, for surgical teams, which discharge 
their patients earlier than this time point as part of their policy of 
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