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Summary background data: Anastomotic leakage after rectal cancer surgery is a severe complication
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Methods: 29 patients were investigated postoperatively after having undergone low anterior resection
due to cancer recti. Patient outcomes were divided into three groups: Anastomotic leak in 7 patients, other
complications in 9 patients and 13 patients who were free of complications. Patients were monitored every
6™ hour with blood and intraperitoneal samples in order to identify laboratory markers for early detection
of anastomotic leakage. An anastomotic leak index was created, a scoring system where points count for
values higher than reference values of CRP and interleukin 6 in blood and intraperitoneal lactate, lactate/
pyruvate ratio and interleukin 6 were measured at 18, 24, 42 and 48 hours postoperatively.

Keywords: Rectal surgery; Anastomotic leak;
Intraperitoneal microdialysis; Lactate pyruvate ratio;
Intraperitoneal cytokines

https://www.peertechz.com

Results: Significant differences between groups were found regarding CRP, Interleukin 6, fibrinogen
and D-dimer in blood. Intraperitoneal differences were found not only in lactate and lactate/pyruvate ratio
measured by microdialysis, significant differences in interleukin 6, interleukin 10 and tumour necrosis
factor-a could also be demonstrated between the groups. The anastomotic leak index had a sensitivity and
specificity of 86% (p=0.0007).

") Check for updates

Conclusions: The most important factor was time after operation. No laboratory parameter in itself
could predict an anastomotic leak but the anastomotic leak index was a useful tool in the monitoring and
assessment of clinical outcome.

Mini abstract: Patients with anastomotic leak after rectal surgery were monitored with higher
intraperitoneal cytokines and lactate/pyruvate ratio. The results suggest intraperitoneal microdialysis
combined with blood samples of CRP and IL 6 as a feasible method for early diagnosis of anastomotic leak.

Intraperitoneal Microdialysis (IPM) has been introduced as
a promising method for the prediction of surgical complications
after gastrointestinal surgery [1,3-9]. Results of Intraperitoneal
Microdialysis (IPM) have been presented in both animal and

Introduction

Anastomotic leakage after colorectal surgery is a common
and feared complication. The incidence of anastomotic leakage

inSweden 2015 reported by the Regional Cancer Center (RCC) was
7%-12% (depending for instance on hospital) and postoperative
30 days mortality was 1%-6% (depending for instance on the
age of the patient). Surgical results have improved in recent
years primarily because of the early diagnosis of anastomotic
leakage but the diagnosis of anastomotic leakage remains
difficult and is often discovered at a late stage, not seldom
at reoperation. Early in the postoperative phase, Computer
Tomography (CT) with an anal enema is often utilized for
leakage detection. CRP can be useful in diagnosis but only first
after day four or five postoperatively [1,2].

human studies [10-12]. Early metabolic changes may arise prior
to various other postoperative complications [3,5,13], such as
abdominal compartment syndrome [1,14,15]. Subcutaneous
and intraperitoneal locations of measurements have previously
been compared [16]. Biochemical changes have been shown
to occur intraperitoneally prior to complications [3,13,17],
suggesting that major surgical complications are preceded by
splanchnic hypoxia/ischemia, changes which are possible to be
detected by IPM.

Splanchnic ischemia and proinflammatory cytokine
activation have been described as early events in the
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gradual development of shock and organ failure, suggesting
the gastrointestinal tract to be the major source of the
postoperative inflammatory response [18-20]. Studies have
indicated that primary intestinal ischemia initiates and
accelerates intraperitoneal inflammation, thus leading to
serious complications in the postoperative recovery [21-23].

Intraperitoneal cytokines IL 6 and IL 10 have been reported
to predict anastomotic leakage in the first postoperative day,
while blood IL6 was higher, it was nevertheless not predictive
of anastomotic leakage [19]. In a systematic review and meta-
analysis of seven articles it was found that peritoneal IL 6 and
TNF-o are significantly associated with colorectal anastomotic
leakage and their monitoring might lead to early detection of
leakage [24].

The aim of the study was to identify feasible biomarkers for
the early diagnosis of anastomotic leakage after rectal surgery.

Materials and Methods
Patients

29 patients were investigated postoperatively after open
low anterior resection due to cancer recti. These patents were
divided into three groups according to outcome: Anastomotic
leakage (leak), free of complications (free) and other
complications (other).

In the leak group there were 7 patents (5 men, 2 women)
median age 71 years (range 51-89), median anastomotic level 5
cm (range 3-5), and all patients received preoperative radiation
5x5 Gy. Peroperatively, 4 patients were also operated with a
loop ileostomy, 1 patient transversostomy and 2 patients did
not receive any divergent stoma (Table 1).

In the free group, 13 patients (4 men, 9 women) with a
median age 69 years (range 53-86), median anastomotic level
5.25cm (range 3-9). Nine patients received 5x5 Gy preoperative
radiation and 1 patient was given 2x25 Gy, while the remaining
3 patients did not receive any preoperative radiation treatment.
Peroperatively, 6 patients were also operated with a loop
ileostomy, 2 patients with transversostomy and 5 patients did
not receive any divergent stoma (Table 1).

The “other” complications group included 9 patients (1 man
8 women) with a median age of 67 years (range 29-80), and a
median anastomotic level 5cm (range 4-10). All 9 patients were
given 5x5 Gy preoperative radiation treatment. Peroperatively,

Table 1: Demographic data.

Leak Free Other

Age (year) 71 69 67
Number of patients 7 13 9
Male 5 4 1

Female 2 9 8

Preop radiation 7 10 9
Anastomotic level (cm) 5 5.25 5
Divergent stoma 5 8 4

4 patients were also operated with a loop ileostomy and 5
patients did not receive any divergent stoma (Table 1).

Samples

Intravenous blood samples were collected preoperatively
and every 6™ hour postoperatively. The blood samples
included were C-reactive protein (CRP), D-Dimer, Fibrinogen,
Plasminogen activator inhibitor-1 (PAI-1), Protein C (Prot C),
prothrombin complex (PK), creatinine, albumin, complement
factor 3d, Interleukin 6 (IL 6), Interleukinio (IL10), Tumour
Necrosis Factor o (TNF-a).

Intraperitoneal fluid was collected by an intraperitoneal
drainage, inserted peroperatively. The first sample was collected
six hours postoperatively and collection was continued every
6™ hour. The collected samples included IL 6, IL 10 and TNF-a.

All blood samples and intraperitoneal cytokines were
analyzed at the Clinical Department of Laboratory Medicine at
the University Hospital of Orebro.

Intraperitoneal lactate and pyruvate were collected
and analyzed using microdialysis equipment (M-dialysis
AB, Stockholm, Sweden), thereby allowing the lactate/
pyruvate ratio to be determined. Before closing the abdomen,
a microdialysis catheter M-dialysis 62 was introduced
intraperitoneally through a small incision in the abdominal
wall with an M-dialysis needle and placed free-floating in
the intraperitoneal cavity. The catheter was fixed to the skin
with a suture to minimize the risk of unintentional extraction.
Samples were continuously collected from the intraperitoneal
fluid every second hour from 2-60 hours postoperatively in
microvials from the microdialysis catheters and immediate
analysis was performed in the analyzer.

Microdialysis

The microdialysis catheter is a 0.9 mm thin, double lumen
concentric plastic tube with a 30 mm semi-permeable tubular
membrane (cut off at 20.000 Dalton) at its distal end. An
M-dialysis 62 gastrointestinal catheter with 210 mm shaft
and 30 mm membrane was used in the peritoneal cavity.
Physiologic perfusion fluid T1 was pumped at a rate of 0.3
pl/min from an M-dialysis 106 microdialysis pump through
the outer tube of the catheter and flowed underneath the
membrane, where the exchange between the intraperitoneal
fluid and the perfusion fluid took place. At the tip the fluid
entered the inner tube through a small hole, flowed backwards
and was finally collected in a microvial. The perfusate
equilibrates with molecules in the intraperitoneal fluid. In this
way, microdialysis monitors substances supplied from the
blood as well as substances originating from cell metabolism.
A microvial with the microdialysis sample takes 7 minutes to
be analyzed for glucose, pyruvate, lactate and glycerol. The
lactate/pyruvate ratio was calculated in the analyzer.

Cytokines

The cytokines, TNF-q, IL 6 and IL 10 were analyzed from
intraperitoneal fluid, which was collected from an 18 French
pelvic drain, and intravenous blood every 6™ hour until 48™
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postoperative hours. Samples were determined using an
enzyme-labelled chemiluminiscent sequential immunometric
assay upon an Immulite® instrument (DPC, Los Angeles,
California, USA) according to the manufacturer’s instructions.

Statistical analysis

In this study, metabolic samples from microdialysis,
intraperitoneal lactate and pyruvate were collected every 2nd
hour. Due to the large amount of data, we present the median
value and interquartile range from 2" to 6 hour and soon.

Due to large variations over time in the leakage group,
statistical analysis was conducted using Kruskal-Wallis test
(leak, free and other) and the Wilcoxon rank sum test (leak and
free) for variables ascertained every 6™ hour in every analysis.
P values <0.05 were regarded as significant. All statistical
analyses were performed in Statistix® 8.

The study was approved by the local Ethics Committee and,
after informed consent, patients were included in the study.

Results
Blood cytokines (Table 2)

TNF-o (tumor necrosis factor o): Anastomotic leak group
started preoperatively at 5.6, the free group at 6.7 and other
complications group at 6.0 ng/L. Initially increasing levels
peaked at 42 hours at 10.9, 7.3 and 10.4 respectively, and no
significant differences between the groups were seen.

IL 6 (interleukin 6)(Figure 1): Preoperative low values (5.8,
2.4, 6.9ng/L) increased quickly and an irregular pattern was
observed, whereby the leak group peaked after 30 hours (947
ng/l), the free group peaked after 12 hours (195ng/1) and other
complication group peaked after 6 hours (648ng/1). Significant
differences in Wilcoxon rank sum test comparing leak and free
groups were seen after 12, 18, 24, 30 and 42 hours respectively.
Significant differences comparing all three groups in Kruskal
Wallis test was noted after 12, 18, 24 and 30 hours.

IL 10 (interleukin 10): The low levels before operation (4.0,
4.0, and 4.ong/L) increased rapidly, where all three groups
peaked after the 6™ postoperative hour (27.4, 15, and 16.9ng/1),
with parallel declines thereafter. No significant differences
between groups could be detected.

Various/others blood samples (Table 2)

Fibrinogen: Preoperative values in the three groups started
at 4.0, 3.3 and 4.2g/L respectively. Values increased in all three
groups to 6.0, 5.6 and 6.8g/1 after 54 hours. The increase was
faster in the leakage group, leading to significant differences
at 12, 24 and 30 hours when using the Wilcoxon rank sum test
comparing leak and free groups, whereas, the Kruskal Wallis
test showed significant differences after 12 and 30 hours when
comparing all three groups.

PAI (Plasminogen Inhibitor Activator): Preoperative values
in the leak, free and other groups were 4.6, 13.0 and 4.6ng/L.
Maximum values were observed after 6 hours (28.3, 22.7,
13.2ng/1). Values decreased up to 54 hours and no significant
differences between groups were seen at any time.

TPA (Tissue Plasminogen Activator): Preoperative values
were 8.1, 12.0 and 10.7 ng/ml respectively. All three groups
showed parallel values and peaked after 24 hours (leak 15.6,
free 17.1 and other 18.0 ng/ml), and stable values prevailed
in the remainder of the observation period. No significant
differences were detected between the groups.

Protein C: Preoperative levels (1.1, 1.1 and 1.1 U/ml) slowly
decreased in parallel in all groups and ended at 0.71, 0.92 and
0.78 U/ml. No significant differences were found.

D-Dimer: Initial levels of 0.7, 0.6 and 0.4 mg/L, increased
rapidly, peaking in the leakage group after 18 hours at a value of
5.1 mg/l, with 2.2 mg/1 and 3.3 mg/1 observed in the remaining
two groups. Significant differences between groups were found
in both tests after 18 and 36 hours.

PK (Prothrombin Complex): Preoperative levels in all
groups was 1.0 (INR). Values increased 24 hours after surgery
(1.4, 1.3, and 1.4 respectively) and slight decreases were noted
in all groups during the remainder of the observation period.
Despite initial increases, no significant difference could be
detected between the groups.

Creatinine: Almost equal values were observed
preoperatively (70.1, 71.6, and 78.5pmol/L), and while levels
increased during the first 24 hours (86.2, 86.8 and 87.2
pmol/L), they declined similarly thereafter. No significant
differences were seen.

Albumin: Preoperative values were 33.1, 34.5 and 36.6
g/L respectively. Values decreased during the first 18 hours
(24.0, 24.6, and 25.2g/1). In the free and other groups, slight
increases were noted, while values in the leak group continued
to decrease to 22.4 g/l at the end of the study period, but this
difference was not significant at any time.

C3d (complement factor C3d): Very small differences
in preoperative values between the groups as well as
postoperatively, varying between 6.0 and 6.4.

CRP (C Reactive Protein) (Figure 2): A small difference, but
not significant, was noted preoperatively (16, 6, and 6mg/L
in the respective groups). Levels increased in all groups but a
faster and higher increase was seen in the leakage group. After
12 hours, levels were 41, 10 and 15 mg/L, after 24 hours levels
were 160, 74 and 85mg/1, after 36 hours 250, 162 and 203mg/L.
After 48 hours levels had increased to 306mg/L in the leakage
group, 146mg/L in the free group and 203mg/L in the other
complication group. Significant differences were noted in the
Wilcoxon rank sum test between leak and free groups after 12,
24, 30, 36, 42 and 48 hours. Significant differences were found
while comparing all three groups with the Kruskal Wallis test
at 12, 24, 42 and 48 hours.

Intraperitoneal cytokines (Table 2)

Extremely high levels were seen compared to blood cytokine
levels.

TNF-a: Highest levels were seen at 6 hours: 591, 240 and
294ng/L respectively. Decreasing values were mostly seen in all
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Table 2: Due to the large amount of data in the study, only significant variables during 48 hours are presented in Table 1. Data are presented as median, 1%t and 3 quartile

range. Statistical analyses are presented with p values, where p<0.05 is regarded as significant (marked red). W (Wilcoxon rank sum test) and KW (Kruskal Wallis test) were

performed every 6" hour: W compared leak and free groups, while KW compared all three groups -leak, free and other.

time preop 6 12 18 24 30 36 42 48
Blood samples
IL6 leak median 5,85 320 542 431 460 947 182 638 120
Q1/Q3 2,731256,9 197,0/1090 233/870 229/ 1356 283 /2535 236/2122 85,7/ 1548 92,6 /947 75,0 /487
free median 24 178 195 177 134 105 111 67 44,8
Q1/Q3 1,00/5,48 140,0/230,0 147/ 296 73,2/238 49,3/209 4541167 47,0/134 36,0/ 113 31,6/884
other median 6,9 648 466 269 222 120 104 71 76,4
Q1/Q3 2,60/21,7 138,0/ 1010 306/998 164 /414 161/863 115/384 64,9/349 4741194 42,81274
p WKW 0,201/0,242 | 0,1241/0,2008 | 0,0251/0,0296 |0,0231/0,0244| 0,0099/0,0048 | 0,0179/0,0194 | 0,1021/0,2233 | 0,0429/0,0814 | 0,1251/0,2188
Fibrinogen leak median 4 2,95 3,55 37 4.4 51 41 5,6 7
Q1/Q3 3,60/4,30 2,82/3,22 3,05/3,58 3,25/4,45 4,00/5,00 4721535 3,20/5,95 3,75/6,25 5,85/7,20
free median 33 2,8 29 32 36 45 4,94 52 5,55
Q1/Q3 3,30/4,40 2,50/3,10 2,70/3,15 3,00/3,20 3,50/5,05 4,10/4,70 4,10/545 4,50/5,90 4,70/6,40
other median 42 29 36 35 42 51 5,65 57 59
Q1/Q3 3,30/525 2,65/3,84 2,70/4,15 3,10/4,50 3,65/4,70 4,20/5,25 510/5,98 5,08/6,15 5,90/6,20
p WKW 0,4558 /0,4806 | 0,2615 / 0,4315 | 0,0301/0,0491 [0,0516/0,0503| 0,0258/0,0566 | 0,0250/0,0452 | 0,9605/0,0490 | 0,9465/0,6838 | 0,0199/0,0263
D-Dimer leak median 07 14 3 51 32 24 38 1,95 2,7
Q1/Q3 0,400/0,800 1,10/3,42 1,35/4,50 3,02/9,68 1,50/6,20 2,10/4,00 2,60/4/45 1,60/3,80 1,58/4,72
free median 0,6 1,6 19 2,15 2,1 2,05 2,16 1,6 19
Q1/Q3 0,400/ 1,000 0,900/2,25 1,10/2,50 1,00/3,30 1,00/3,30 1,18/2,77 1,20/ 2,46 1,25/2,00 1,30/2,30
other median 04 1,7 24 33 31 2,6 2,85 2,8 1,1
Q1/Q3 0,300/ 1,300 1,40/2,40 1,90/3,15 2,60/4,00 2,15/3,50 2,45/3,50 2,58/3,222 2157345 1,80/3,60
p WKW 0,8644 /0,6003 | 0,6981/0,5432 | 0,3577/0,3087 [0,00086/0,0070] 0,1597/0,2533 | 0,1619/0,0654 | 0,0130/0,0023 | 0,1866/0,0430 | 0,1576/0,2651
CRP leak median 16 25,5 41 75,5 160 200 250 274 306
Q1/Q3 6,00/33,0 8,50/54,5 21,0/87,8 58,2/ 176 126 /181 175/219 210/278 2411295 2541318
free median 6 6 10 51 74 143 162 146 146
Q1/Q3 6,00/11,0 6,00/22,0 8,00/13,0 352/658 58,5 /111 44,0/193 101/234 92,5/234 117 /201
other median 6 6,5 15 47,5 85 179 203 212 203
Q1/Q3 6,00/15,0 6,00/21,2 850/21,5 37,2/64,5 61,5/140 125/202 149 / 226 153 /234 185/ 249
p WKW 0,1116/0,2153 | 0,1491/0,2646 | 0,0381/0,0235 |0,0523/0,0569| 0,0156/0,0493 | 0,0312/0,0618 | 0,0329/0,0704 | 0,0059/0,0030 | 0,0058 /0,0006
time 6 12 18 24 30 36 42 48
intraperitoneal
TNF-a leak median 591 278 162 178 124 124 90 234
Q1/Q3 383/950 7812242 111/1250 60/ 1155 75/ 368 75/ 368 541199 37/1215
free median 240 81 80 50 51 74 64 114
Q1/Q3 91/1001 35/131 32/117 23/104 22/99 22/111 31/122 51/310
other median 294 60 43 64 122 84 88 91
Q1/Q3 64 /575 52/ 142 20/119 42/108 56 /184 38/222 49 /345 46/ 305
p WKW 0,1898 /0,208 | 0,0342/0,0584 |0,0308/0,0355| 0,0733/0,0991 | 0,0579/0,0463 | 0,0731/0,1716 | 0,4252/0,5047 | 0,9151/0,8721
IL6 leak median 159000 81200 207000 165000 80850 37400 49100 68100
Q1/Q3 100000 /203000 | 44200 /325500 [106000/333000] 60700 /219250 | 53500/ 135000 | 29600/121500 | 21250/119000 | 49400 / 168000
free median 123000 129000 58300 45200 33000 57500 43950 18650
Q1/Q3 57725/166000 | 42100/170000 | 45450/85050 | 27000/78000 | 24600 /73800 17025 / 72550 21550 / 56525 9325 /30100
other median 143000 119000 87300 56300 58000 27900 22600 18500
Q1/Q3 106100/ 191500 | 72300/ 133000 | 44900/138500| 15300/96350 | 23100 /84500 19650 / 76350 17575/36575 | 11300/21900
p WKW 0,4721/0,6657 | 0,8205/0,9483 | 0,0250/0,0112| 0,0214/0,0311 | 0,1445/0,2138 | 0,9511/0,909 | 0,4998/0,4389 | 0,0282/0,0183
IL 10 leak median 860 573 593 390 178 183 79 195
Q1/Q3 261/1810 233/ 2360 371/2910 137 /1740 75/ 542 60/378 481196 66 /744
free median 230 398 270 127 120 95 73 44
Q1/Q3 150/ 777 163 /698 109/433 58/215 56 /143 53/130 37/93 34 /208
other median 290 248 100 56 85 62 27 33
Q1/Q3 130/538 105/617 73/192 50/174 49/161 23/216 19/61 25/76
p WKW 0,1628 /0,289 0,3558 /0,477 |0,0546/0,0232| 0,0733/0,0364 | 0,5562/0,6019 | 0,4801/0,5513 | 0,4998/0,0181 | 0,3374/0,2122
lactate leak median 3,62 3,29 2,82 471 35 38 4,72 34
Q1/Q3 1,21/5,19 1,97/6,52 1,71/6,36 2,33/5,83 3,31/559 3,58/7,23 2,33/5,19 2,7815,52
free median 2,56 21 1,89 2,24 2,45 2.19 1,94 2,28
Q1/Q3 1,79/2,77 1,67/2,81 16/232 1,75/2,85 1,9/3.37 1,39/2,93 1,47 12,71 1,69/2,45
other median 2,39 2,51 2,44 3,02 323 2 2,53 2,53
Q1/Q3 2,13/3,65 2,06/3,66 2,06/2,77 1.94/3,64 2,08/38 1,81/2,33 1,47/3,03 2,2/287
p WKW 0,3834/0,6201 | 0,1391/0,1852 |0,0684/0,0374| 0,0476/0,0910 | 0,0813/0,1394 | 0,0124/0,0028 | 0,0216/0,0335 | 0,0071/0,0046
lactate/pyruvate |leak median 18,2 16,6 16,6 22,1 26,9 22,3 27 214
ratio Q1/Q3 16,1/22,8 13,2/27,6 13,2/27,6 17,7131 14,1/48,5 16,1/34,4 15,1/37,8 14/30,9
free median 16 14,2 14,2 12,9 134 12 13,1 12,5
Q1/Q3 13,1/214 12,8/16,2 12,8/16,2 10,1/16,1 11,3/224 10,9/14,5 10,8/21,7 10,8/15,5
other median 13,7 13,6 13,6 13 15 13 16,3 12,6
Q1/Q3 12,8/159 12,1/158 12,1/158 11,2/17,8 11,2/15,6 11,9/16,3 12,1/16,2 11,3/15
p WKW 0,2048/0,0398 | 0,0384/0,0658 |0,3416/0,4087| 0,0160/0,0153 | 0,0832/0,1004 | 0,0182/0,0176 | 0,0432/0,0387 | 0.0160/0,0209

groups until 42 hours followed by an increase after 48 hours.
Significant differences between leak and free groups were seen
in the Wilcoxon rank sum test after 12 and 18 hours, while in
the Kruskal Wallis test revealed differences between all groups
after 18 hours.

IL 6: (Figure 3) In the anastomotic leak group, levels peaked
after 18 hours, 207 ooong/L. Free group peaked after 12 hours
at 129 000 and other complication group peaked after 6 hours
at 143 000. Differences between groups were significant in both
statistical analyses after 18, 24 and 48 hours.
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IL 10: Peaks were seen both in the leak group (860ong/L)
and the other complication group after 6 hours (290ng/L),
while the free group peaked after 12 hours (398ng/L). Kruskal
Wallis test, comparing all three groups, showed statistical
significance after 18 and 24 hours.

Intraperitoneal metabolism (Table 2)

Lactate: (Figure 4) Starting values 6 hours postoperatively
were 3.6, 2.6, and 2.4 mm respectively. A variation in groups
was seen over time. Leak group varied between 2.8-4.8, free
group varied between 1.8-2.4, while the other group varied
between 2.0-3.2. Significant differences were identified in the
Wilcoxon rank sum test comparing leak and free groups after
24 and 36-48 hours. Kruskal Wallis test, comparing all three
groups, demonstrated significant differences at 18 and 36-48
hours.

Lactate/pyruvate ratio: (Figure 5) The ratio in the leak
group began at 18 after 6 hours, increased to 27 after 42 hours,
and thereafter a decrease was noted. The free group started at
16, and decreased values were noted until the 36 postoperative
hour. The other complication group showed stable decreasing
values between 16.3 and 11.8. Statistically significant levels
were found comparing leak and free groups after 6, 12 and
2/4-48 hours. When comparing all three groups, significant
differences were found after 6 and 24-48 hours.
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Figure 4: Intraperitoneal median values over a 48-hour period for lactate.
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Figure 2: Median values for CRP in blood over a 48-hour period.

Figure 5: Intraperitoneal median values over a 48-hour period for lactate/pyruvate

ratio.

Anastomotic leak index: After 18, 24, 42 and 48 hours
postoperatively, four measurements were calculated using five
metabolites (the fifth metabolite, IL6, was measured in both
blood and intraperitoneal fluid) (Table 3). The Anastomotic
Leak Index was constituted by five metabolites, namely, serum
CRP and IL 6, intraperitoneal IL 6, lactate and the lactate/
pyruvate ratio. The cytokine IL 6 was only registered after
18 and 24 hours in both blood and intraperitoneally while
CRP, lactate and the lactate/pyruvate ratio were registered at
all four time-periods. Abnormal CRP values were observed
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Table 3: Anastomotic leak index and its reference values for CRP and IL 6 in blood
and intraperitoneal IL 6, lactate and lactate/pyruvate ratio. Abnormal values (over
reference) were counted at 18, 24, 42 and 48 hours (IL 6 only registered after 18 and
24 hours). Each time the analysis showed a value over the reference value one point
was obtained. A maximum score of 16 could be reached. A score of 5 points or more
gave a sensitivity and specificity in this study of 86%.

Blood 18h 24h 42h 48h
CRP 70 150 250 250
IL 400 400 XXXXXXX XXXXXXX
Intraperitoneal
6 150000 130000 XXXXXXX XXXXXXX
Lactate 3.5 4.0 4.0 4.0
lacatate/pyruvate ratio 20 20 20 20

higher than 70 after 18 hours, higher than 150 after 24 hours
and higher than 250 after 42 and 48 hours. Blood IL 6 was
higher than 4o00ng/L at both 18 and 24 hours while abnormal
levels of intraperitoneal IL 6 should reach levels higher than
150000 after 18 hours and higher than 130000 after 24 hours.
Intraperitoneal lactate should be higher than 3.5 after 18 hours
and higher than 4.0 after 24, 42 and 48 hours to be considered
as abnormal. An abnormal lactate/pyruvate ratio over 20 was
registered at all 4 time-periods.

Sixteen separate registrations of the metabolites were
recorded. For every abnormal value (higher than reference) one
point was added, potentially giving a total maximal index score
of sixteen. A score of 5 or more for a patient gave a sensitivity
and specificity for anastomotic leak of 0.86 in this study.
Reference values are presented in Table 3.

When scoring the 29 patients in this study, the leak group
had a median score of 11 (Q1=5, Q3= 15), while free and other
group had a median score of 1 (Free: Q1= 0, Q3=2, other: Q1=
0, Q3=4). Using the Wilcoxon rank sum test when comparing
leak-free and leak-free + other groups according to the
Anastomotic Leak Index, clear statistical significance could be
gained (p=0.0007), similarly when comparing the leak-free-
other in the Kruskal Wallis test scoring system (p=0.0007).

Discussion

This study analyzed several metabolic, inflammatory and
organ dysfunctionalities every 6% hour in related samples
in three groups after anterior resection due to cancer recti.
Three groups have been studied: anastomotic leak group
(leak), complication free group (free) and other complications
group (other). The study showed that time after operation,
together with specific metabolic and inflammatory biomarkers
are the most important indicators for the early detection of
anastomotic leak.

Cytokines showed similar reactive patterns, being more
pronounced intraperitoneally, and generally showing high
response rates directly postoperatively, with a subsequent
rapid decline. The most suitable cytokine for early diagnosis
of anastomotic leakage seems to be IL6 in blood and
intraperitoneal fluid, but TNF-o and IL 10 intraperitoneally
also seem to have some prognostic advantages in the early
diagnosis of anastomotic leakage [25,26].

Intraperitoneal metabolic sampling with microdialysis
provides a promising diagnostic strategy. Analyzing lactate
and lactate/pyruvate ratio offers several advantages such
as a stable sample due to the size of the holes in catheter
membrane of 20 kDa, which do not allow the perfusion of
enzyme lactate dehydrogenase (143 kDa) into the sample. In
addition, continuous sampling over 20 minutes and a rapid
analysis within in 7 minutes makes the method highly useful
in the critical periods postoperatively. In the present study, the
microdialysis catheter had been placed free-floating around
the small intestines and demonstrated, as in other studies,
that a lactate/pyruvate ratio over 20 is pathological [3,5,6].
Intraperitoneal lactate values in this study over 3.5 and 4 mM
could be regarded as pathological in the first 48 hours and was
an indicator of a surgical complication, such as anastomotic
leakage.

CRPisstill regarded as the golden standard for the laboratory
diagnosis of anastomotic leakage. Previous studies have shown
that CRP values over 150mg/L 4 days postoperatively (2) and
CRP values over 100mg/L after 5 days (1) are indicative of
anastomotic leakage. Rapid increases of CRP postoperatively
with values over 70mg/L after 18 hours and 150mg/L after 24
hours should be considered as pathological.

In the present study, the greatest changes in fibrinogen
and D-dimer were detected in the leakage group, illustrating
the assumption that major surgical complications, such as
anastomotic leakage early in the postoperative period, lead
to an overactivity in the coagulation system. Fibrinogen is
converted to fibrin — an acute phase reactant — which leads to
blood clotting in the presence of thrombin. D-dimer is a fibrin
degradation product and indicative of ongoing coagulation. In
our study, fibrinogen increased persistently, with significant
differences between groups found after 12, 24 and 30 hours.
D-dimer showed a biphasic course, peaking after 18 hours and
then again at 36 hours, with clear and significant differences
between groups. These results illustrate the alarming early
changes in the coagulation system postoperatively, particularly
in patients developing anastomotic leakage.

No sample or biomarker can solely predict an early
anastomotic leak. However, the creation of the anastomotic
leak index, with two blood samples (CRP and IL 6) and three
intraperitoneal samples (IL 6, lactate and lactate/pyruvate
ratio) measured at 18, 24, 42 and 48 hours, provided a specificity
and sensitivity of 86% in the prediction of an anastomotic leak.
In clinical practice, 18 hours postoperatively is commonly the
morning of the first postoperative day, 24 hours is the evening
the same day, while 42 and 48 hours postoperatively are the
morning and evening of the second day.

Cytokines increase quickly, followed by a rapid decrease,
making cytokines only useful in the first 24 hours in the index.
CRP is probably the most robust biomarker in the anastomotic
leak index. Lactate and lactate/pyruvate ratio, however, have
advantages such as reliability, where ratios over 20 for lactate/
pyruvate and values over 3.5-4.0 mm for lactate during the
first 48 hours are indicative of pathological processes. The
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microdialysis method is expeditious, allowing for more or less
concurrent measurements.

The frequency of anastomotic leakage is around 10%-15%.
Today, most patients with a low anterior resection receive a
divergent stoma, but many of these patients are not offered
the opportunity to discuss care options. Subsequently, many
patients have problems with discomfort, thus leading to
reduced quality of life and increased health care costs. Based
on the results of this study, we suggest that a divergent stoma
should not be performed as the primary surgical strategy.
Rather, by implementing the use of the anastomotic leak index
as an indicator for relaparoscopy or relaparotomy two days
postoperatively, the operator can choose between one of several
options such as resuturing, drainage, divergent loop ileostomy
or permanent sigmoideostomy depending on anatomical
features, degree of ischemic colon and degree of peritonitis.
The current study is limited in that it only presents 29 patients
followed after open surgery, whereof seven had anastomotic
leakage, elucidating the need for further clinical studies in
both open and laparoscopic surgery for the development and
validation of the anastomotic leak index.
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