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Abstract

BACKGROUND

Anastomotic leakage is a serious complication following gastrointestinal surgery
and is associated with increased morbidity and mortality. The incidence of
anastomotic leakage is determined by anatomy and is reported to be between 4%-
33% for colon anastomosis and 1%-3% for small intestine anastomosis. The
etiology of anastomotic leakage of the intestine has been divided into three main
factors: healing disturbances, communication between intra- and extra-luminal
compartments, and infection. All three factors interact, and one factor will
inevitably lead to the other two factors resulting in tissue ischemia, tissue
necrosis, and anastomotic leakage.

AIM
To evaluate ischemic metabolites and cefuroxime concentrations in both
anastomosis and non-anastomosis ileum and colon in a porcine model.

METHODS
Eight healthy female pigs (Danish Landrace breed, weight 58-62 kg) were
included in this study. Microdialysis catheters were placed for sampling of

January 22,2021 | Volume12 | Issuel |


https://www.f6publishing.com
https://dx.doi.org/10.4291/wjgp.v12.i1.1
http://orcid.org/0000-0002-6845-1874
http://orcid.org/0000-0002-6845-1874
http://orcid.org/0000-0002-6845-1874
http://orcid.org/0000-0001-7215-8323
http://orcid.org/0000-0001-7215-8323
http://orcid.org/0000-0001-7215-8323
http://orcid.org/0000-0002-3900-8515
http://orcid.org/0000-0002-3900-8515
http://orcid.org/0000-0002-2409-0499
http://orcid.org/0000-0002-2409-0499
http://orcid.org/0000-0002-9893-755X
http://orcid.org/0000-0002-9893-755X
http://orcid.org/0000-0002-9893-755X
http://orcid.org/0000-0001-7255-9557
http://orcid.org/0000-0001-7255-9557
http://orcid.org/0000-0001-7255-9557
http://orcid.org/0000-0002-5164-5197
http://orcid.org/0000-0002-5164-5197
http://orcid.org/0000-0001-8872-9856
http://orcid.org/0000-0001-8872-9856
http://orcid.org/0000-0002-4530-2075
http://orcid.org/0000-0002-4530-2075
mailto:pellehanberg@clin.au.dk

Hanberg P et al. Anastomosis vs non-anastomosis

was carried out according to
existing laws and approved by the
Danish Animal Experiments
Inspectorate (license No.: 2017/15-
0201-01184). All appropriate
measures were taken to minimize

animal pain and discomfort.

Conflict-of-interest statement: No
conflict of interest.

Data sharing statement: Technical
appendix, statistical code, and
dataset available from the
corresponding author at

pellehanberg@clin.au.dk.
o

ARRIVE guidelines statement: The
authors have read the ARRIVE
guidelines, and the manuscript
was prepared and revised
according to the ARRIVE
guidelines.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ licenses

/by-nc/4.0/

Manuscript source: Unsolicited

manuscript

Specialty type: Gastroenterology
and hepatology

Country/Territory of origin:

Denmark

Peer-review report’s scientific
quality classification

Grade A (Excellent): A

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Received: October 26, 2020
Peer-review started: October 26,
2020

First decision: November 20, 2020

Jaishideng®

WJGP | https://www.wjgnet.com 2

ischemic metabolites (glucose, lactate, glycerol, and pyruvate) and cefuroxime
concentrations in both anastomosis and non-anastomosis ileum and colon.
Cefuroxime 1.5 g was administered as an intravenous infusion over 15 min.
Subsequently, dialysates and blood samples were collected over 8 h and the
ischemic metabolites and cefuroxime concentrations were quantified in all
samples. The concentrations of glucose, lactate, glycerol and pyruvate were
determined using the CMA 600 Microdialysis Analyzer with Reagent Set A (M
Dialysis AB, Sweden), and the concentrations of cefuroxime and meropenem were
quantified using a validated ultra-high-performance liquid chromatography
assay.

RESULTS

Only the colon anastomosis induced mean ischemic lactate/ pyruvate ratios above
25 (ischemic cut-off) throughout the entire sampling interval, and simultaneously
decreased glucose concentrations. The mean time for which cefuroxime
concentrations were maintained above the clinical breakpoint minimal inhibitory
concentration for Escherichia coli (8 pg/mL) ranged between 116-128 min across all
the investigated compartments, and was similar between the anastomosis and
non-anastomosis ileum and colon. For all pigs and in all the investigated
compartments, a cefuroxime concentration of 8 pg/mL was reached within 10 min
after administration. When comparing the pharmacokinetic parameters between
the anastomosis and non-anastomosis sites for both ileum and colon, only colon
T.... and half-life differed between anastomosis and non-anastomosis (P < 0.03).
Incomplete tissue penetrations were found in all tissues except for the non-
anastomosis colon.

CONCLUSION

Administering 1.5 g cefuroxime 10 min prior to intestine surgery seems sufficient,
and effective concentrations are sustained for approximately 2 h. Only colon
anastomosis was locally vulnerable to ischemia.

Key Words: Anastomosis; Cefuroxime; Colon; Ileum; Ischemic metabolites; Microdialysis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We found that only colon anastomosis was locally vulnerable to ischemia but
reached similar cefuroxime concentrations to those in the remaining investigated
intestine compartments. Our study suggests that administering 1.5 g cefuroxime 10 min
prior to intestine surgery is sufficient, and that effective concentrations are sustained
for approximately 2 h. This is the first study to investigate the influence of anastomoses
on ileum and colon ischemic metabolites and cefuroxime concentrations in a
simultaneous paired design.
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K, Stilling M. Influence of anastomoses on intestine ischemia and cefuroxime concentrations:
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INTRODUCTION

Anastomotic leakage is a serious complication following gastrointestinal surgery and
is associated with increased morbidity and mortality"!. The incidence of anastomotic
leakage is determined by anatomy and is reported to be between 4%-33% for colon
anastomosis and 1%-3% for small intestine anastomosisl. The etiology of anastomotic
leakage is multifactorial, and to some extent not fully understood". Nonetheless,
previous studies have suggested that the etiology is due to three main factors: healing
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disturbances, communication between intra- and extra-luminal compartments, and
infection?>. With this theory, one of these three factors can often be identified as the
primary cause of the anastomotic leakage. However, it is believed that all three factors
interact and one factor will lead to the two other factors resulting in tissue ischemia,
tissue necrosis, and anastomotic leakage’..

Gastrointestinal surgery is predisposed to infection given its vicinity to the bacterial
load within the intestine. Sufficient antimicrobial prophylaxis is considered an
essential preventive measure in protecting surgical anastomoses from bacterial
overgrowth and relies on the achievement of therapeutic antimicrobial target site
concentration®. While antimicrobial concentrations have been evaluated in various
tissues and settings”', intestine antimicrobial concentrations remain poorly
investigated. Cephalosporins, e.g., cefuroxime, is frequently used both prophylactically
and in the treatment of infections within gastrointestinal surgery, due to its broad-
spectrum efficacy against gram-positive as well as gram-negative bacterial"'l.

Microdialysis is a membrane-bearing method, which allows continuous sampling of
ischemic metabolites and the free antimicrobial concentrations in the interstitial space
of various tissues!*"l. It has previously been employed in various abdominal relevant
sites for the study of ischemic metabolites!"*l, and for sampling cefuroxime
concentrations in various extra-abdominal tissues”*l. We hypothesized that
anastomoses of the ileum and colon would present an immediate postoperative local
increase in ischemic metabolites and lower cefuroxime concentrations in comparison
to the non-anastomosis intestine. To test this, we conducted a porcine study applying
microdialysis for the evaluation of ischemic metabolites and cefuroxime
concentrations in both anastomosis and non-anastomosis ileum and colon.

MATERIALS AND METHODS

This study was conducted at the Institute of Clinical Medicine, Aarhus University
Hospital, Denmark. The study was carried out according to existing laws and
approved by the Danish Animal Experiments Inspectorate (license No.: 2017/15-0201-
01184). All appropriate measures were taken to minimize animal pain and discomfort.
Chemical analyses were performed at the Department of Clinical Biochemistry,
Aarhus University Hospital, Denmark.

Ischemic metabolites
Glucose, lactate, glycerol, and pyruvate can easily and promptly be analyzed when
linked to an appropriate analytical assay!**'*’l. Under anaerobic conditions, glucose

levels decrease due to a combination of increased glucose consumption, which is
required in order to maintain adenosine triphosphate (ATP) production, and a
decreased organ or tissue supply due to reduced perfusion!. Lactate is produced
from pyruvate under anaerobic conditions resulting in increased lactate
concentrations, decreased pyruvate concentrations, and ultimately increased
lactate/ pyruvate ratios®l. A lactate/pyruvate ratio above 25 is considered to signify
ischemia®. Glycerol is a basic component of the cell membrane. When the cell
membrane is damaged, glycerol is released, and is therefore used as marker of cell
damage!.

Study procedures
Microdialysis: Microdialysis is a catheter-based technique with a semipermeable
membrane at the tip of the catheter, which allows for continuous and simultaneous
sampling of interstitial fluid from multiple sites”. Due to continuous perfusion of the
semipermeable membrane, equilibrium never occurs, and the dialysate concentration
only represents a fraction of the actual concentration. This fraction is referred to as the
relative recovery, which can be determined by various calibration methods®. In this
study, meropenem was used as an internal calibrator for cefuroximel!"’l. Relative
recovery was not determined for the ischemic metabolites. Changes in the
concentration ratios between interventions or compartments, for comparison between
anastomosis and non-anastomosis tissue and for ratios between metabolites
(lactate/ pyruvate) are quantitative measures and independent of relative recovery®.
Equipment from M Dialysis AB (Stockholm, Sweden) was used. The microdialysis
catheters consisted of CMA 70 membranes (membrane length: 20 mm, 20 kDa
molecule cut-off), and CMA 107 precision pumps produced a flow rate of 2 pL/min.

Animals, anesthetic, and surgical procedure: Eight healthy female pigs (Danish
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Landrace breed, weighing 58-62 kg) were included in the study. The pigs received
general anesthesia during the study with the combination of propofol (500-600 mg/h,
continuous infusion) and fentanyl (0.60-0.75 mg/h, continuous infusion). Temperature
and pH where monitored for each pig and were kept within the range of 36.4-38.5°C
and 7.40-7.50, respectively.

After induction of anesthesia, surgery was initiated. The intestines were presented
via a midline abdominal incision. A 5 cm ileum resection, approximately 50 cm orally
from the ileocaecal valve, was performed. The ileum was anastomosed end-to-end
with a continuous (Monocryl™ 4-0) suture using the extramucosal technique ad
modum Davos (hand-sewn end-to-end extramucosal running suture). Good blood
supply to the intestine ends was visualized by brisk bleeding from the arcade artery
prior to suturing. One microdialysis catheter was placed in the ileum wall parallel to
and approximately 0.5 cm from the anastomosis. An adjacent microdialysis catheter
was placed approximately 50 cm orally from the ileum anastomosis. Subsequently, a 5
cm colon resection was performed approximately 10 cm anally from the ileocecal
valve. Good blood supply to the colon ends was visualized by brisk bleeding from the
arcade artery. The colon was similarly anastomosed end-to-end with a continuous
(Monocryl™ 4-0) suture. One microdialysis catheter was placed in the colon wall
parallel to and approximately 0.5 cm from the anastomosis. An adjacent microdialysis
catheter was placed approximately 30 cm anally from the colon anastomosis. All
catheters were placed using splitable introducers. After placement of all catheters, the
abdominal wall was carefully closed.

Following placement of the microdialysis catheters, all catheters were perfused with
0.9% NaCl containing 5 pg/mL meropenem, allowing for continuous calibration, and
30 min tissue equilibration was allowed for.

Sampling procedures: Cefuroxime 1.5 g was administered intravenously over 15 min,
marking time zero. Dialysates were collected at 20 min intervals from time 0-60 min, at
30 min intervals from time 60-180 min, and at 60 min intervals from time 180-360 min
and from time 420-480 min, giving a total of 11 samples during 8 h. Blood samples
were collected from a central venous catheter at the midpoint of the sampling
intervals.

Dialysate samples were instantly stored at -80°C until analysis. The venous blood
samples were stored at 5°C for a maximum of 6 h before being centrifuged at 3000 rpm
for 10 min. Plasma aliquots were then stored at -80°C until analysis.

Endpoints

For the ischemic metabolites, the primary endpoint was evaluation of lactate/ pyruvate
ratios. For cefuroxime concentrations, the primary endpoint was assessment of the
time for which the free cefuroxime was maintained above the clinical breakpoint
minimal inhibitory concentration (T>MIC) for Escherichia coli (8 pg/mL)™.

Quantification techniques

Cefuroxime and meropenem concentrations: The concentrations of cefuroxime and
meropenem were quantified using a validated ultra-high-performance liquid
chromatography assay™l. Inter-run imprecisions (percent coefficients of variation)
were 4.7% at 2.5 pg/mL for quantification of cefuroxime and 3.0% at 2.0 pg/mL for
quantification of meropenem. The lower limits of quantification were 0.06 ng/mL for
cefuroxime and 0.5 pg/mL for meropenem.

Assessment of ischemic metabolites: The concentrations of glucose, lactate, glycerol
and pyruvate were determined using the CMA 600 Microdialysis Analyzer with
Reagent Set A (M Dialysis AB, Sweden).

Pharmacokinetic analysis and statistics

Pharmacokinetic parameters were determined for each compartment in all animals
using noncompartmental analysis in Stata (v. 15.1, StataCorp LLC, College Station, TX,
United States). The area under the concentration-time curves (AUC) were calculated
using the trapezoidal rule. The maximum of all the recorded concentrations was
defined as peak drug concentration (C,,,), enabling calculation of the time to C,,, (T,...)
. Half-life (T,,) was calculated as In(2)/A,,, where A, is the terminal elimination rate
constant estimated by linear regression of the log concentration on time. The AUC,,,.
/AUC,,... ratio was calculated as a measure of tissue penetration. Microsoft Excel was
used to estimate the T>MIC using linear interpolation. A general comparison of the
pharmacokinetic parameters and T>MIC was conducted using a repeated
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measurements analysis of variance followed by pairwise comparisons made by linear
regression. The Kenward-Roger approximation method was used for correction of
degrees of freedom due to the small sample size. The model assumptions were tested
using visual diagnosis of residuals, fitted values, and estimates of random effects. A
significance level of 5% was used. Microsoft Excel was used to calculate the mean
concentration difference in percentage for the ischemic markers between the
anastomosis and non-anastomosis (anastomosis/non-anastomosis) ileum and colon.
The measured cefuroxime and ischemic marker concentrations in the dialysate were
attributed to the midpoint of the sampling intervals.

RESULTS

All pigs completed the study. The relative recovery (SD) was 24% (5) for non-
anastomosis ileum, 18% (3) for ileum anastomosis, 28% (9) for non-anastomosis colon,
and 27% (7) for colon anastomosis.

Ischemic metabolites

The lactate/pyruvate ratio for each compartment is depicted in Figure 1. Only the
mean lactate/ pyruvate ratio for the colon anastomosis was above the ischemic cut-off
level of 25, and remained above 25 throughout the entire sampling interval.

The mean concentration differences (%) for glucose, lactate, glycerol, pyruvate, and
lactate/pyruvate ratios between both anastomosis and non-anastomosis
(anastomosis/non-anastomosis) ileum and colon are depicted in Figure 2 and Table 1.
For the colon, the lactate/pyruvate ratio between anastomosis and non-anastomosis
was increased in the first 75 min after placement of the microdialysis catheters, which
was primarily driven by increased lactate concentrations. The lactate/pyruvate ratio
then normalized. No differences were observed for the lactate/ pyruvate ratio between
anastomosis and non-anastomosis ileum. The glucose ratio between anastomosis and
non-anastomosis colon was decreased throughout the 8 h sampling interval with a
mean ratio range of 28%-49%. For the ileum, the glucose ratio (anastomosis/non-
anastomosis) was only decreased in the first 135 min after placement of the
microdialysis catheters and then normalized. While glycerol concentrations were
similar in anastomosis and non-anastomosis colon, decreased glycerol concentrations
were found in anastomosis compared to non-anastomosis ileum. The mean
concentration of the ischemic metabolites for both non-anastomosis and anastomosis
ileum and colon are shown in Table 2 and 3.

T™>MIC

The T>MIC (8 pg/mL) results for each compartment are shown in Table 4. The mean
T>MIC (8 pg/mL) ranged between 116-128 min across all investigated compartments.
A similar T>MIC (8 pg/mL) was found between both anastomosis and non-
anastomosis ileum and colon (P > 0.6). For all pigs and in all intestine compartments, a
cefuroxime concentration of 8 ng/mL was reached within 10 min after administration.

Pharmacokinetic parameters

The resulting pharmacokinetic parameters are shown in Table 5 and individual
concentration time profiles are depicted in Figure 3. When comparing the
pharmacokinetic parameters between the anastomosis and non-anastomosis sites for
both ileum and colon, only colon T, and half-life differed between anastomosis and
non-anastomosis (P < 0.03). Incomplete tissue penetrations were found in all tissues
except for the non-anastomosis colon with a mean penetration of 0.90 (95% confidence
interval 0.73; 1.06). When comparing plasma to the intestine compartments, plasma
AUC and C,_,, were higher and T, was shorter (P < 0.02). Only non-anastomosis colon
AUC was similar to plasma AUC (P = 0.10).

DISCUSSION

This is the first study to investigate the influence of anastomoses on ileum and colon
ischemic metabolites and cefuroxime concentrations in a simultaneous paired design.
The main findings were increased lactate/pyruvate ratios in the colon anastomosis
and similar T>MIC (8 pg/mL) for cefuroxime in all the investigated intestine
compartments.
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Table 1 The mean concentration difference (%) of ischemic metabolites between the anastomosis and non-anastomosis

(anastomosis/non-anastomosis) ileum and colon

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate
Time lleum (%) Colon (%) lleum(%) Colon (%) lleum (%) Colon (%) lleum (%) Colon (%) lleum (%) Colon (%)
10 68 (47;89) 28(13;44) 119 (88;149) 186(79;293) 77(65;88) 110 (68;151) 90(74;106) 78 (30;126) 134 (99;170) 327 (129; 526)
30 66 (46;85)  35(19;51) 110 (63;157) 183 (72;294) 75(64;87) 120 (67;173) 84(73;95) 86(39;133) 135 (76;194) 252 (148; 356)
50 69 (48;90) 38 (21;55) 101 (59;143) 173 (79;266) 71(63;79) 122 (80;163) 83 (69;97) 88 (44;132) 133 (60;205) 241 (133; 348)
75 69 (52;86) 40 (24;56)  92(61;123)  162(92;232) 70 (62;78) 98 (56;140) 77(67;87) 94 (58;131) 123 (76;171) 199 (120; 277)

105 67 (46;89) 42(19;64) 78 (54;101) 170 (108;232) 80 (63;98) 91(62;121) 77 (61;93) 105 (65;146) 108 (71;145) 205 (90; 320)
135 72 (46;98) 37(12;61)  77(58;96) 167 (127;206) 73 (61;86) 102 (67;137) 82 (64;100) 119 (68;170) 98 (77;118) 202 (71;334)
165 72 (44;101) 33 (12;53) 74 (56;92) 166 (121;212) 78 (63;94) 98 (65;130) 85(73;98) 121 (73;168) 89 (66;112) 178 (78;278)
210 66 (26;106) 30 (11;49) 86 (63;108) 141 (118;165) 74 (59;88) 111 (71;152) 78(59;96) 111 (61;160) 114 (93;135) 176 (86; 266)
270 89(39;139) 49 (23;76) 75(57;94) 126 (105;147) 78 (64;92) 131 (73;189) 85(73;96) 115 (57;173) 96 (61;130) 165 (75; 255)
330 98 (63;133) 42(22;61) 95(65;126) 131 (79;184) 81(63;99) 130 (75;185) 89 (78;100) 90 (56;125) 107 (79;135) 152 (112;193)

450 65(10;119) 29 (17;40) 99 (44;155) 120 (58;182) 87 (67;107) 148 (87;209) 99 (76;122) 98 (59;137) 100 (57;144) 178 (89; 268)

Values are shown as means (95% confidence interval).

Microdialysis is a well-known sampling tool for the study of ischemic metabolites
and have been applied in various abdominal relevant sites, e.g., intraperitoneal,
mediastinal, intrahepatic, and in intestine walls!"***l. A systemic review investigated
whether intraperitoneal placed microdialysis could be used for early detection of colon
and rectal anastomotic leakage™!. The study concluded that increasing intraperitoneal
lactate concentrations could be associated with anastomotic leakage, but with low
predictive values®]. No studies have previously investigated ischemic metabolites in
anastomotic intestine tissue. The present study does not investigate the ischemic
changes related to an anastomotic leakage, but only the ischemic conditions related to
anastomoses of ileum and colon. Interestingly, our data suggest that colon anastomosis
is more vulnerable to ischemia, depicted by an increased lactate/pyruvate ratio and
decreased glucose concentrations. This may indirectly correlate with the inherent
higher risk of colon anastomosis leakage than that of the small intestine!"!l. Although
these findings may not be surprising, it may lead to a better future understanding of
anastomotic leakage.

Despite a predisposed risk of infections in gastrointestinal surgery, antimicrobial
tissue concentrations in the intestines remain poorly investigated. For cefuroxime, it is
generally recommended that the antimicrobial tissue concentrations exceed MIC
values of relevant bacteria throughout surgery in order to be efficient in a prophylactic
setting!®'"l. In gastrointestinal surgery, the most commonly encountered bacterium is
Escherichia coli, which exhibits a clinical breakpoint MIC for cefuroxime of 8 pg/mL.
In the present study, cefuroxime concentrations of 8 pg/mL were reached within 10
min in all the investigated compartments and were maintained above 8 pg/mL for
approximately 2 h. Thus, cefuroxime displayed prompt penetration into the intestines
and similar elimination rates compared to that of plasma. This indicates that
administering 1.5 g cefuroxime 10 min prior to surgery is sufficient, and that effective
concentrations are sustained for approximately 2 h. For gastrointestinal procedures
lasting longer than 2 h, and in cases with a need for postoperative concentrations
above relevant MIC or to accommodate higher MIC targets, increasing or alternative
dosing regimens, e.g., continuous infusion, should be considered.

There is an interesting discrepancy between the ischemic metabolite findings and
cefuroxime concentrations. We found an increased vulnerability to ischemia in the
colon anastomosis but almost identical pharmacokinetic cefuroxime endpoints in all
intestine compartments. This may imply that cefuroxime penetration, to some extent,
is independent of the local ischemic conditions. However, it is unknown whether a
threshold exists, in which cefuroxime penetration decreases with increasing intestine
ischemia. This calls for further investigation.

Surgery and sampling were performed on healthy juvenile pigs (aged 5 mo).
Although pigs have been shown to parallel human physiology and anatomy to a large
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Table 2 The mean concentration of ischemic metabolites for both non-anastomosis and anastomosis ileum

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate

. lleum lleum lleum lleum lleum

Time lleum . lleum . lleum . lleum . lleum .

anastomosis anastomosis anastomosis anastomosis anastomosis

10 1.63 1.03 (0.70;1.35)  0.86 0.99 (0.68;1.31)  62.29 47.00 (38.06; 65.00 57.86 (47.66; 13.00 17.94 (10.50;
(1.11; (0.65; (52.23; 55.94) (57.58; 68.05) (10.90; 25.37)
2.15) 1.06) 72.34) 72.42) 15.11)

30 1.45 0.85 (0.65;1.05)  0.82 0.87 (0.52;1.22) 6329 47.00 (40.42; 62.00 51.14 (44.50; 13.20 17.05 (9.83;
(0.99; (0.61; (56.37; 53.58) (54.03; 57.79) (10.43; 24.28)
1.90) 1.03) 70.20) 69.97) 15.96)

50 1.41 0.83 (0.64;1.03)  0.81 0.79 (0.50;1.08)  63.57 44.86 (37.85; 60.29 48.43 (42.28; 13.52 16.68 (9.45;
(0.85; (0.61; (55.13; 51.86) (50.19; 54.58) (11.36; 23.93)
1.96) 1.01) 72.02) 70.38) 15.69)

75 1.28 0.80 (0.64;0.96)  0.84 0.77 (0.51;1.03)  59.29 41.14 (35.48; 57.14 43.43 (37.29; 14.71 17.55 (12.25;
(0.78; (0.70; (52.26; 46.81) (49.82; 49.57) (13.25; 22.85)
1.79) 0.99) 66.31) 64.45) 16.18)

105  1.01 0.64 (0.47;0.81) 097 0.71 (0.51;091) 57.71 4557 (34.14; 57.43 43.14 (34.92; 16.87 17.12 (12.20;
(0.82; (0.71; (49.13; 57.00) (47.06; 51.36) (13.03; 22.04)
1.21) 1.23) 66.30) 67.80) 20.71)

135 0.82 0.58 (0.37;0.79)  1.06 0.77 (0.56; 0.98)  63.00 46.14 (34.93; 58.29 45.86 (35.97; 17.99 16.98 (13.88;
(0.69; (0.74; (53.30; 57.36) (44.04; 55.74) (15.12; 20.08)
0.96) 1.37) 72.70) 72.53) 20.86)

165  0.96 0.69 (0.38;1.00)  1.09 0.78 (0.57;0.99)  64.42 48.29 (38.94; 57.43 47.86 (39.49; 19.31 16.14 (12.64;
(0.62; (0.82; (51.05; 57.63) (45.68; 56.22) (15.34; 19.64)
1.30) 1.36) 77.81) 69.18) 23.28)

210 098 0.55(0.23;0.87) 113 0.93 (0.67;1.18)  71.00 51.86 (33.18; 62.57 47.71 (36.57; 18.04 19.54 (16.66;
(0.55; (0.83; (48.40; 70.54) (51.12; 58.86) (14.11; 22.42)
1.41) 1.42) 93.60) 74.02) 21.97)

270  0.88 059 (0.25;0.92) 141 0.99 (0.71;1.23)  79.29 57.86 (42.24; 69.86 58.14 (48.69; 20.24 17.12 (13.21;
(0.34; (0.95; (51.38; 73.47) (57.67; 67.60) (14.07; 21.03)
1.43) 1.88) 107.19) 82.04) 26.40)

330 143 0.96 (0.39;1.53) 1.44 127 (0.82;1.72) 7757 58.14 (46.42; 74.71 65.86 (49.75; 19.68 18.58 (15.32;
(0.34; (0.95; (54.66; 69.87) (57.03; 81.96) (13.31; 21.83)
2.52) 1.93) 100.48) 92.13) 26.05)

450  0.67 0.52(0.22;0.82) 136 1.14 (0.73;1.55) 67.14 55.14 (43.26; 63.67 58.86 (45.97; 21.83 18.74 (15.13;
(0.41; (1.02; (48.62; 67.03) (50.17; 71.74) (16.66; 22.35)
0.93) 1.69) 85.67) 77.17) 27.01)

Values are given as means (95% confidence interval). Glucose and lactate concentrations are given as mmol/L. Glycerol and pyruvate concentrations are

given as pmol/L.
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extent™], more data are needed to firmly evaluate the translational potential of these
findings. Infection and inflammation have previously been correlated with decreased
antimicrobial tissue concentrations in other settings”'’. However, all pigs in the
present study had a presumed good intestinal blood supply without any influence of
fibrotic or inflamed intestine tissue. Therefore, future studies assessing the effect of
influenced blood flow, inflammation, fibrosis, atherosclerosis etc. on the ischemic
metabolites and antimicrobial concentrations in larger animal studies are warranted.
Finally, we investigated the ischemic and cefuroxime properties in relation to a
sutured anastomosis. The use of stapled anastomoses has increased over the past years
and results from the present study cannot directly be extrapolated to stapled
anastomoses.

CONCLUSION

In conclusion, we found that only colon anastomosis induced increased
lactate/pyruvate ratios and decreased glucose concentrations, suggesting that colon
anastomoses are more vulnerable to ischemia. Moreover, we found a similar T>MIC (8
pg/mL) in all the investigated compartments. Sufficient cefuroxime intestine
concentrations were reached within 10 min after administration and were maintained
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Table 3 The mean concentration of ischemic metabolites for both non-anastomosis and anastomosis colon

Glucose Lactate Glycerol Pyruvate Lactate/pyruvate

. Colon Colon Colon Colon Colon

Time Colon . Colon .. Colon . Colon . Colon .

anastomosis anastomosis anastomosis anastomosis anastomosis

10 2.63 0.58 (0.23; 0.93) 1.65 3.22(1.21;523) 99.86 (72.69;  118.00 (55.70;  115.71(79.45; 85.83 (31.36; 16.02  61.18 (11.78;
(1.06; (1.36; 127.02) 180.30) 151.98) 140.31) (11.05;  110.57)
4.21) 1.94) 21.00)

30 221 0.62 (0.19;1.05) 1.60 2.85(0.98;4.72) 96.29 (70.78;  114.50 (56.00;  104.29 (81.34; 86.83 (40.02; 1656  43.94 (18.28;
(1.15; (1.38; 121.79) 173.00) 126.83) 133.64) (12.16;  69.59)
3.27) 1.82) 20.95)

50 213 0.75 (0.07;1.42) 1.48 243(0.95;391) 91.29 (65.75;  110.50 (55.85;  91.57 (75.05;  78.00 (37.62; 1721 44.01 (14.62;
(1.12; (1.21; 116.82) 165.15) 108.10) 118.38) (11.91;  73.41)
3.14) 1.74) 22.52)

75 2.09 0.92 (-0.01; 1.36 207 (1.01;3.13) 89.00 (69.11;  92.33 (42.55; 81.71 (70.21;  76.33 (41.95; 1714  35.87 (13.91;
(1.02;,  1.86) (1.07; 108.89) 142.11) 93.22) 110.72) (12.41;  57.84)
3.16) 1.66) 21.88)

105  1.73 0.77 (0.08; 1.45) 1.29 206 (1.23;2.88) 93.71 (69.64;  91.17 (47.73; 75.00 (62.82;  76.17 (43.34; 17.96  37.02 (14.28;
(1.14; (1.06; 117.79) 134.60) 87.18) 109.00) (13.26;  59.75)
2.31) 1.51) 22.67)

135 155 0.65 (0.12;1.18) 1.35 214 (1.46;2.81) 99.00 (68.25;  99.17 (54.54; 71.86 (57.66;  81.17 (41.82; 2051  40.10 (12.97;
(1.10; (1.08; 129.75) 143.80) 86.06) 120.50) (13.46;  67.24)
1.99) 1.62) 27.55)

165 154 0.53 (0.22;0.84) 1.52 240 (1.47;332) 95.00 (65.60;  94.67 (51.95; 75.14 (57.85;  84.33 (47.06; 2210 39.03 (15.89;
(1.04; (1.21; 124.40) 137.39) 92.44) 121.61) (1474, 62.17)
2.05) 1.84) 29.46)

210 153 0.43 (0.15; 0.70)  1.89 246 (1.91;3.00) 103.43 103.83 (62.12;  88.00 (63.70; ~ 87.50 (43.41; 2357  41.06 (18.57;
(0.65; (1.50; (64.19;,142.67)  145.55) 112.30) 131.59) (16.49;  63.54)
2.41) 2.29) 30.65)

270 1.00 0.48 (0.09; 0.88) 2.07 2,51 (1.97;3.06) 100.00 (66.94; 114.50 (69.08;  94.86 (60.15;  88.67 (45.00; 21.90  41.39 (17.54;
(0.56; (1.75; 133.06) 159.92) 129.57) 132.34) (16.58;  65.25)
1.43) 2.39) 27.21)

330 151 0.70 (-0.36; 2.59 290 (1.85;3.96) 9457 (74.34;  109.83 (69.68;  104.43 (70.89; 82.5 (49.76; 2234 39.43 (23.56;
(035  1.75) (1.92; 114.80) 149.98) 137.97) 115.24) (15.05;  55.30)
2.68) 3.27) 29.63)

450  0.62 0.15 (0.11; 0.20) 2.49 289 (1.54;4.23) 8043 (59.32;  110.67 (63.49;  94.00 (52.20; 75.17 (43.75; 2244 4055 (28.83;
(0.28; (2.19; 101.53) 157.84) 135.80) 106.59) (18.23;  5227)
0.96) 2.78) 26.65)

Values are given as means (95% confidence interval). Glucose and lactate concentrations are given as mmol/L. Glycerol and pyruvate concentrations are
given as umol/L.

Table 4 The time with concentrations above the minimal inhibitory concentration (8 pug/mL) in min for plasma and for both anastomosis

and non-anastomosis ileum and colon

Compartment Non-anastomosis Anastomosis P values
Plasma 116 (96; 135) - -

Tleum 120 (101; 140) 116 (97; 136) 0.61
Colon 126 (106; 145) 128 (108; 148) 0.77

Time shown as means (95% confidence interval).

for approximately 2 h.
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Table 5 Pharmacokinetic parameters for plasma and for both non-anastomosis and anastomosis ileum and colon

Compartment Non-anastomosis Anastomosis P value
Plasma AUC (min pg/mL) 4849 (4003; 5786)" - -
Ileum AUC (min pg/mL) 3678 (2786; 4570) 3327 (2436; 4219) 0.28
Colon AUC (min pg/mL) 4219 (3327; 5110) 3542 (2622; 4462) 0.61
Plasma C,,, (pg/mL) 147 (131; 163)" - -
Tleum C,, (ng/mL) 51 (35; 66) 46 (30; 62) 0.65
Colon C,,,,, (g/mL) 58 (42; 74) 39 (22; 56) 0.08
Plasma T, (min) 10 (5; 15)° = =
Tleum T, (min) 28 (23; 32) 28 (23; 32) 1.00
Colon T, (min) 25 (20; 30) 33 (27; 38) 0.03
Plasma T, ;, (min) 58 (44;73) - -
Tleum T, ,, (min) 54 (39; 68) 52 (37; 66) 0.70
Colon T, , (min) 53 (38; 67) 66 (52; 81) 0.02
Tleum AUC; o/ AUC i 0.74 (0.57; 0.91) 0.68 (0.50; 0.85) 0.56
Colon AUCsqe/ AUC jpema 0.90 (73;1.07) 0.72 (0.53; 0.90) 0.12

AUC, Cmax, Tmax, and T1/2 are given as means (95% confidence interval).

2P = 0.01 for comparison with all compartments but not non-anastomosis colon.

PP < 0.01 for comparison with all compartments.

AUC: Area under the concentration-time curve from; C,,,: Peak drug concentration; T,,,.: Time to C,,.; Ty ,: Half-life; AUC;;sg.o/ AUC54,: Area under

the concentration-time curve ratio of tissue/plasma.

100
— Non-anastomosis colon
R --- Anastomosis colon
— Non-anasomosis ileum
80 1 --- Anastomosis ileum
60

40 |- S [ PO S -

B BP

Mean lactate/pyruvate ratio

— Cut-off Ischemia level
20 L /‘F’::}—c;»‘:_’_j _______
0 T T T T T T T T T T T T T T T T T 1
0 100 200 300 400
Time (min)

Figure 1 The mean lactate/pyruvate ratios for anastomosis and non-anastomosis ileum and colon. The ischemic cut-off of 25 is marked with a
dotted line. Bars represent 95% confidence interval.
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Figure 2 The mean ischemic metabolite concentration differences (%) between anastomosis and non-anastomosis (anastomosis/non-
anastomosis) ileum and colon. Bars represent 95% confidence interval. MIC: Minimal inhibitory concentration.
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Figure 3 Mean cefuroxime concentration-time profiles for anastomosis and non-anastomosis ileum and colon. The dotted line represents the
cefuroxime clinical breakpoint minimal inhibitory concentration for Escherichia coli (8 pg/mL). Bars represent 95% confidence interval.
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ARTICLE HIGHLIGHTS

Research background

Anastomotic leakage is a serious complication following gastrointestinal surgery and
is associated with increased morbidity and mortality. The etiology of anastomotic
leakage is multifactorial, and to some extent, is not fully understood.

Research motivation

Previous studies have suggested that the etiology is due to three main factors: healing
disturbances, communication between intra- and extra-luminal compartments, and
infection. However, no studies have previously investigated ischemic metabolites in
anastomotic intestine tissue and the intestine antimicrobial concentrations.

Research objectives
To evaluate ischemic metabolites and cefuroxime concentrations in both anastomosis
and non-anastomosis ileum and colon in a porcine model.

Research methods

Eight healthy female pigs were included. Microdialysis catheters were placed for
sampling ischemic metabolites and cefuroxime concentrations in both anastomosis and
non-anastomosis ileum and colon. Cefuroxime 1.5 g was administered as an
intravenous infusion over 15 min.

Research results

Only the colon anastomosis induced mean ischemic lactate/pyruvate ratios above 25
(ischemic cut-off) throughout the entire sampling interval, and simultaneously
decreased glucose concentrations. The mean time for which cefuroxime concentrations
were maintained above the clinical breakpoint minimal inhibitory concentration for
Escherichia coli (8 ng/mL) ranged between 116-128 min across all the investigated
compartments, and was similar between the anastomosis and non-anastomosis ileum
and colon. For all pigs and in all the investigated compartments, a cefuroxime
concentration of 8 g/ mL was reached within 10 min after administration.

Research conclusions

Administering 1.5 g cefuroxime 10 min prior to intestine surgery seems sufficient, and
effective concentrations are sustained for approximately 2 h. Only colon anastomosis
was locally vulnerable to ischemia.

Research perspectives

The present study demonstrates that microdialysis can be used to investigate ischemic
metabolites and cefuroxime concentrations in both anastomosis and non-anastomosis
intestines. This method may therefore have the potential to result in a better future
understanding of anastomotic leakage.
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