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Introduction: Accurate early diagnosis of a gastrointestinal anastomotic leak remains a

challenge. When an anastomotic leak develops, the electrical properties of the tissue un-

dergoing inflammatory processes change, resulting from the extravasation of inflamma-

tory fluid and cellular infiltration. The method described here intends to provide a novel

early anastomotic leak warning system based upon measurable changes in tissue

impedance nearby an acute inflammatory process.

Methods: A biodegradable Mg-alloy was compared with a nonabsorbable stainless steel

(STS) electrode connected to a wireless recording system for impedance measurement.

In vitro measurements were made in physiological solutions and small animal (eight

mice) and large animal (eight pigs) models with an anastomotic leak simulated by an

open colotomy. Measurements were made at 10 mm intervals from the open colon at

baseline and up to 120 min comparing these with a sutured colonic wound and normal

tissue.

Results: In-vitro biodegradable magnesium electrode impedance evaluation showed

good sensitivity to different media due to its environmental corrosion properties.

The impedance of an acidic environment (1.06 � 0.02 kU for citric acid) was twice

that of phosphate-buffered saline (PBS) (0.64 � 0.008 kU) with a distinction between

Normal Saline (0.42 � 0.013 kU) and PBS (0.64 � 0.008 kU). This was in contrast to

the performance characteristics of the control STS electrodes, where impedance in

an acidic environment was lower than saline or PBS (citric acid:0.76 � 0.01 kU

versus PBS: 1.32 � 0.014 kU). In a mouse model simulating an anastomotic leak,

there was a significant increase in impedance after 120 min when compared with

controls (99.7% increase versus 9.6% increase, respectively; P < 0.02). This effect was

confirmed in a pig model when relative impedance measurements of the leak and

control groups were compared (1.86 � 0.46 versus 1.07 � 0.02, respectively;

P < 0.027).
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Conclusions: Electrophysiological measurement shows diagnostic sensitivity for a gastro-

intestinal leak with potential clinical utility in the postoperative detection of early intra-

abdominal sepsis. Further investigation of biodegradable tissue sensors capable of moni-

toring an early anastomotic leak is required.

ª 2022 Elsevier Inc. All rights reserved.
Introduction first by in vitro experimentation and then in two in vivo anas-
Anastomotic leak (AL) remains a feared complication after

colorectal cancer surgery with an incidence variably re-

ported between 6% and 10%1 and with deleterious effects on

perioperative morbidity and mortality, length of hospital

stay, rate of hospital readmission, patient quality of life and

overall health economics.2-4 Early diagnosis and manage-

ment are crucial in reducing AL-related morbidity and

mortality where there may be confusion with other poten-

tial causes of postoperative fever and pain and where early

radiology may be either equivocal or nonspecific.5 There is

general agreement that early detection of AL with timely

intervention reduces overall hospital mortality.6 In the

modern environment of enhanced recovery, early enteral

feeding and early discharge from hospital, a high index of

suspicion for the diagnosis of AL is required, as its diagnosis

is oftentimes based on subtle deviations in the post-

operative course of the patient, which can precede more

overt signs of sepsis.7

There have been many reports describing the predictive

factors associated with AL and equally a variety of tests

designed for early diagnosis, including serological markers,

inflammatory cell ratios, and directed radiologic imaging.8-10

The current etiopathogenesis of AL is debated implicating a

complicated interaction between ischemia, inflammation,

the immune response, and the gut microbiome.11 During the

earliest phase of AL the release of mediators will result in

focal pH changes and oxidative stress, which alters the

electrical properties of the immediate vicinity of an inflam-

matory process. As there is an increase in tissue edema,

hyperemia, and cellular infiltration, there is a concomitant

increase in electrical conductivity due to an abundance of

charge-carrying ions. The inflammatory process can there-

fore be observed via measurement of local tissue bio-

impedance, which typically decreases around inflamed

tissue as has been shown in a variety of tissue models.12,13 In

order to exploit the use of tissue impedance as a marker of

inflammation, we report in this study two different types of

electrodes used for bioimpedance measurement: (1) A clin-

ically approved nonabsorbable stainless steel (STS) alloy

electrode and (2) A biodegradable magnesium alloy elec-

trode, which has the advantage that it can be used for a

short period of time after which it will degrade without

leaving any foreign elements in situ. Further, the use of an

implantable magnesium electrode is compatible with

laparoscopy-assisted and robot-assisted techniques, which

predominate modern GI surgery.

As overall impedance changes are modulated by inflam-

matory tissue, we aimed to provide support for the concept of

early detection of an anastomotic leak based upon the per-

formance characteristics of impedance recording electrodes,
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Materials and Methods

The conduct of the study and its analysis was approved by the

Tel Aviv University Ethics Committee Division of the Rabin

Medical Center, Israel, with the in vivo animal experiments

separately approved by the Rabin Institutional Animal Care

and Use Committee (IACUC as 022-b13153-010118, 2018). After

initial experimentation in mice, a separate approval notice

was sought for the establishment of a porcine model (IACUC

as 011-b15077-10-13-2019; 2019). All animal experimentation

and protocols were conducted in accordance with the previ-

ously published Animal Research: Reporting of In Vivo Exper-

iments (ARRIVE) guidelines.14 The principle of testing is based

upon the detection of an AL (or physiological processes lead-

ing to AL) by a change in the electrical impedance of

extravasated fluid as measured by electrodes strategically

placed in the perianastomotic area.15,16

Electrodes, impedance measurement, and experimental
groups

Two types of electrodes were used throughout the experi-

ments. The first type is standard stainless steel electrodes

currently used for temporary cardiac pacing, and the second

type is biodegradable magnesium electrodes that were used

because of their specific properties. These electrodes have

been proven to be good electrical conductors with acceptable

sensitivity for detecting impedance in different media.17

Electrodes were constructed of thin (0.3 mm diameter) metal

cables insulated by silicone/polyethylene tubing, with an

exposed length of 10 mm. Electrodes were made of either

stainless steel (AE MYO/WIRE, PA) or RESOLOY magnesium

alloy (Fort Waine Metal, IA), a resorbable, flexible alloy with

Mg-Dy-Nd, Zn, and Zr elements.18 To provide better flexibility,

the electrodes were fashioned with 7 � 0.1 mmwire cables for

use in larger animals as shown in Figure 1. For impedance

measurement, a small sine-wave current between 6 and 60 nA

(at least two orders of magnitude lower than the maximum

safe electrode applied current) at a selectable frequency be-

tween 0.1 and 32 Hz was passed through the electrode.

The voltage drop on the electrode-tissue junction was

recorded with a sampling rate of 250 Hz. The electrode was

connected to a biomedical sensitive analog to digital converter

(ADS1299, Texas Instruments, USA), and datawere relayed to a

laptop computer. Impedance was calculated in accordance

with Ohm’s Law by dividing the RMS (root mean square)

voltage drop on the electrode by the current applied. Bio-

impedance measurements with both types of electrodes were
ary of Health and Social Security de ClinicalKey.es por Elsevier en octubre 19, 
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Fig. 1 e Magnesium alloy electrode as used in the study. (A) The electrode is insulated with silicone tubing prior to

implantation for in vivo use. (B) Three electrodes are weaved onto an absorbable Vicryl mesh for long-term implantation.

Scale bar e 10 mm. (C) Active electrode before implantation (Upper Image) and after 7 days in physiological conditions (Lower

Image). Scale bar e 1 mm.
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established in three separate experimental groups (one in vitro

and two in vivo). For in vitromeasurement, the electrodes were

immersed in 400mL of four different solutions, including 0.9%

NSaline, PBS (SigmaeAldrich, Israel) at pH7.4, 0.1MCitricAcid,

and 0.1MNaHCO3. Normal saline and PBSwere both chosen as

media simulating the physicochemical conditions within

healthy tissues. Citric acid was chosen to replicate the acidic

environment surrounding an AL, and sodium bicarbonate was

used to assess electrode measurements across the pH range.

Electrodes were cut to length, cleaned and degreased by im-

mersion in acetone and ethanol, and then mounted on 3D-

printed spacers that ensured that they remained parallel and

equidistant. Electrode pairs were immersed in the different

solutions for a 30 min period of initial conditioning prior to

impedance measurements. Impedance was measured in 3 s

intervals for 30 s (10measurements per electrode/solution). All

electrodes were examined afterward with an optical stereo-

scope (100 Mag) for signs of degradation or corrosion.

Two animal species (mice and pigs) were used as small

and large models. To minimize variability in a small sample,

only female mice were used. Eight C57BL/six mice (Harlan,

Israel) were anesthetized with Ketamine (100 mg/Kg)-Xyla-

zine (10 mg/Kg) injection. In the mouse model, a group was

established (the Leak Group) with a deliberate injury of both

the cecum and the gastric wall with the electrodes implanted
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
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intraperitoneally. In the control (Nonleak) group, electrodes

were similarly implanted into a normal colon and stomach.

For the porcine model, eight domestic female pigs (BioTech

Farm, Naan Israel) weighing between 60 and 75 Kg were ob-

tained and initially allowed food and water ad libitum. The

study was limited to female pigs for practical reasonsethe

animal facility made only female pigs available, and the GI

surgical procedure in male pigs is further complicated

because of the anatomy of male pig genitalia. The day prior to

surgery, they were fasted but had free access to fluid. One

hour prior to their procedure, they were administered IM

Cefoxitin (40 mg/Kg) and then sedated with tiletamine/zola-

zepam (5 mg/Kg), xylazine (2.25 mg/Kg), and atropine

(0.03 mg/Kg). In these animals, the descending colon was

mobilized and delivered. The colon was opened on its anti-

mesenteric border over a 2 cm distance. In the control arm,

the colotomy was closed with a single layer of continuous 5/

0 Vicryl, whereas in the experimental group, the colonic

wound was left open.

For the purposes of measurement, electrodes were

implanted using a syringe and needle tunneled seromuscu-

larly to avoid inadvertent luminal entry. Separate electrodes

were positioned at different distances from the colotomy

(10 mm, 20 mm, 30 mm, and >80 mm away), with the most

distant electrode regarded as representative of normal tissue
Health and Social Security de ClinicalKey.es por Elsevier en octubre 19, 
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(referred to as intact tissue). Electrical impedance was

measured at the time of implantation and then 30, 60, and

120 min after intervention. Measurements in both species

were repeated with a minimum of 10 impedance measures

taken and with reporting of the average. At the completion of

these measurements, the animals were sacrificed by rapid

injection of a lethal dose of KCl (75-150 mg/Kg).

Statistical analysis

Analysis was performed with Matlab (The MathWorks, Natick,

MA) software. Normality test was applied to experimental data

before utilization of statistical tests based on the normal distri-

bution of the results (ANOVA, t-test). To verify that the data is

normal Kolmogorov-Smirnov test of normality was applied to

pooled data of experiments with the same treatment. P

values > 0.05 were considered normal. All values in the results

section are recorded as mean � standard deviation. In all box

plots,x represents themeanvalue.Mice impedancecomparison

was made using a two-tailed t-test. Comparisons of the means

for the different distance points with each electrodeweremade

usingaone-wayANOVAwiththeBonferroni-Holmcorrection.A

P value < 0.05 was considered statistically significant.
Fig. 2 e In vitro impedance measurements with a

biodegradable Mg and a nonbiodegradable stainless steel

alloy electrode in different media (Phosphate-buffered

saline, Normal saline, Sodium bicarbonate solution, and

Citric Acid solution). Values are recorded for three separate

measurements.
Results

Magnesium electrodes can provide tissue monitoring over
days

The extent of degradation of the Mg electrode was assessed

first. In this respect, implanted electrodes have a balance be-

tween flexibility and longevity, whereas thicker electrodes,

which last longer, have a greater rigidity that makes them less

suitable for longer-term implantation. Our 300 mm diameter

cable remained functional for more than 5 days, but by this

time, 24 (�10)% of the cable threads were shown to be

corroded and broken.

Impedance measurement can indicate chemical,
environmental changes

In the initial in vitro experiment, there was a high sensitivity

for the detection of impedance in different media with both

the Mg and STS electrodes. The Mg electrode, however,

consistently showed better discrimination between the solu-

tions used.With theMg electrode, themeasured impedance of

Citric acid was 1.06 � 0.02 kU, whereas it was 0.64 � 0.008 kU

for PBS (P < 3 � 10�6) and 0.42 � 0.013 kU for normal saline

(P < 0.002). This permitted discrimination of the solutions at

the same pH and showed a progressive increase in the

impedance measurement the more acidic the environment.

By contrast, the STS electrodes showed a reverse effect with

differences in impedance measurement between PBS and

Citric acid (1.32 � 0.014 kU versus 0.76 � 0.01 kU, P < 0.04,

respectively) and overall lower impedance measurements in

more acidic environments. Of note, while the magnesium

electrode was able to distinguish acidic from alkaline solu-

tions (1.06 � 0.02 kU citric acid versus 0.26� 0.005 kU, P< 0.02),

the STS electrode was unable to make this distinction
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Libr
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differences are shown graphically in Figure 2.

Impedance change is indicative of a leak in the small animal
model

The first in vivo model was established in eight mice with

impedancemeasurementsmade at baseline and from then up

to 2 h after the relevant surgical intervention (Leak versus

sutured GI tissue). Comparisons were made with measure-

ments from electrodes implanted in the wall of the intact

bowel (Control group). In the Leak group, Mg electrodes

recorded a baseline impedance of 0.7 � 0.32 kU and an

impedance of 0.61 � 0.68 kU in intact tissue. After 60 min, the

impedance of the Leak group increased to 1.23 � 0.91 kU

compared with 0.76 � 0.32 kU recorded from intact tissue.

Impedance achieved a steady state by 120 min with a mea-

surement of 1.41 � 0.40 kU in the Leak group versus

0.67 � 0.41 kU from intact tissue (P < 0.025). There was also a

significant percentage increase in impedance measurement

noted in the leak model when compared with the sutured

control group (99.7% versus 9.6%, respectively; P < 0.02). These

changes are shown graphically in Figure 3.

Spatial impedance characterization of different electrodes
following leak induction

After our initial experience with the mouse model, a second

in vivo porcine model was established. In this case, electrodes

were implanted at different distances from the epicenter of

the leak (10 mm, 20 mm, and 30 mm away) with comparisons

made with the sutured group. The impedance measured

from intact tissue was also compared. As with the mouse

model, a similar increase in impedance was observed in the

porcine model. The absolute impedance of electrodes

implanted in the animals was between 1.97 kU and 2.34 kU.

For comparing animals over time, relative impedance was

used (impedance measured divided by the baseline imped-

ance). No difference was evident in the baseline measure-

ments between the leak and the control groups (1.06 � 0.02

versus 1.0 � 0.01, respectively); however, there was a
ary of Health and Social Security de ClinicalKey.es por Elsevier en octubre 19, 
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Fig. 3 e Impedancemeasurements with the Mg electrode in

the mouse model (Leak versus Intact tissue). n [ 8,

*indicates P < 0.025.
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significant increase in recorded impedance after 120 min in

the Leak group when compared with the controls (1.85 � 0.46

versus 1.06 � 0.02, respectively; P < 0.02; Figure. 4B). For this

model, the Leak group showed a 75% increase in impedance

measurement, whereas there was only a 6% increase noted in

the control group.
Fig. 4 e Pig leak model. (A) Shows the positioning of electrodes in

sutured (three electrodes are placed at 10 mm, 20 mm, and 30 m

(>80 mm away from the epicenter) is implanted onto intact tiss

120 min after leak induction. n [ 8. (C) Relative impedance mea

leak induction. n [ 8. *indicates P < 0.05, **indicates P < 0.01
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Comparisons have been made between the simulated leak

model, the sutured colonic laceration, and normal tissues at a

range of distances and times after the intervention. These

differences are shown in Table 1 and graphically represented

in Figure 4. With the Mg electrode, after 2 h the impedance

measurement of 10 mm from a colonic leak was significantly

higher than that measured 10 mm from a sutured colonic

laceration (1.859 þ 0.46 versus 1.065 þ 0.02; P ¼ 0.027) and

higher than that recorded from intact tissue (P ¼ 0.009).

Equally, the impedance measured 10 mm from a sutured

laceration was significantly higher than that of normal tissue

(P ¼ 0.011). All comparisons between groups measured

>10 mm from the surgical epicenter of intervention were not

statistically different. By contrast, the STS electrode recorded

a decrease in impedance near a simulated leak with signifi-

cant differences between the leak and the sutured laceration

groups at 10 mm and at 20 mm from the intervention

(P ¼ 0.015 and 0.025, respectively). There were significant dif-

ferences inmeasured impedance between the Leak group and

intact tissue over 10, 20, and 30 mm (P ¼ 0.013, 0.022, and 0.07,

respectively). Equally, significant differences were evident

over 10, 20, and 30 mm between the sutured laceration and

intact tissue (P ¼ 0.004, 0.009, and 0.013, respectively).
relation to a colonic laceration, which is either left open or

m distance from the epicenter). A distant electrode

ue. (B) Relative impedance measurements of Mg electrodes

surements of stainless steel (STS) electrodes 120 min after

. Refer to Table 1 for summary of all P values.
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Table 1 e Relative impedance values for Mg and STS
electrodes in the three different groups (Colonic leak,
sutured colonic laceration, and normal intact tissue) at
different distances from the surgical intervention
recorded at 120 min.

A. Mg
electrode

Distance Leak
model

Sutured laceration
(n ¼ 4 pigs)

P
values

10 mm 1.859 (0.46) 1.065 (0.02) 0.027

20 mm 1.304 (0.497) 1.016 (0.02) 0.17

30 mm 0.957 (0.088) 1.003 (0.01) 0.21

B. STS

electrode

Distance Leak model Sutured laceration

(n ¼ 4 pigs)

P

values

10 mm 0.903 (0.06) 1.001 (0.002) 0.015

20 mm 0.906 (0.068) 1.001 (0.01) 0.025

30 mm 0.928 (0.09) 1.005 (0.006) 0.08

The means of three measurements are presented. The standard

deviation is in brackets.

The relative impedance of intact tissue with the Mg electrode was 1

(�0.008) and for the STS electrode 1.032 (�0.007).
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Discussion

Anastomotic leaks may have devastating consequences

increasing mortality and leading to substantial morbidity and

functional disturbance that impairs patient quality of life.

Early diagnosis, particularly during a subclinical phase, re-

mains a challenge but is necessary in order to reduce

morbidity and mortality. Experienced surgical assessment

alone tends toward a high sensitivity for AL diagnosis, but

with a comparatively low specificity.19 Techniques involving

serial CRP measurements, the measurement of a range of in-

flammatory biomarkers in blood, and peritoneal drain

fluid20,21 or prospective scoring instruments22 have all been

tried in an attempt at earlier diagnosis. The analysis of drain

fluid in particular20 does not provide a definitive diagnosis and

has not generally been used in clinical practice. With mini-

mally invasive surgery routinely used in colorectal resection

and with enhanced recovery programs centered around

shorter hospital stay, some of these tests lack clinical utility

for an AL, which occurs after discharge and hence outside the

hospital setting.9 As far as we are aware, this is the first study

to use an implanted biodegradable sensor for the detection of

a colonic leak.

It is accepted that the buffering capacity of varied immer-

sion solutions will affect the degree of in vitro corrosion and

that in physiologic conditions, the pH will influence mea-

surements via the bicarbonate/carbonic anhydrase buffer

system. Our preliminary experiments show that biodegrad-

able Mg electrodes are more reliable than nonabsorbable

stainless steel (STS) electrodes in detecting impedance

changes in an environment mimicking that around an anas-

tomotic leak (AL). The performance of magnesium electrodes
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Libr
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in acidic and alkaline environments would suggest their po-

tential utility in the detection of either gastric or colonic leaks.

The design of the electrode offered excellent flexibility with

easy handling and implantation. Initial in vitro experimenta-

tion confirmed early absorption of the electrode with consis-

tent discrimination by the Mg electrode for different

physiological solutions at the same pH and an increase in

impedance in more acidic environments. An inverse rela-

tionship between pH and impedance was found with the STS

electrodes.

The in vivo data in the mouse model consistently showed

an increase in impedance, which reached a steady state at 2 h

around a simulated GI leak when compared with measure-

ments made near a sutured GI laceration or in normal tissue.

In this leak model, changes in impedance displayed a pattern

of spatial and temporal variation. Similar changes were

confirmed in the porcine model, where the closer the place-

ment of the Mg electrode to the leak site, the greater the in-

crease in recorded impedance. By contrast, the STS electrodes

showed impedance reduction near a leak when compared

with measurements near a sutured laceration or from intact

tissue. These differences remained evident with the STS

electrode at some distance from the leak site.

Themagnesium electrode was able to reliably detect a leak

10 mm from the epicenter of the GI intervention. As the

circumference of the GI tract can be up to 60 mm and the

surgeon cannot precisely predict where a leak might develop,

it currently remains unclear whether that 10 mm distance is

sufficient for clinical purposes. In this regard, both the length

and thewidth of the sensor can bemodified, where in the case

of bowel with a circumference of 60mm, using a sensor that is

30 mm long, for example, the maximum distance from the

sensor that would be uncovered would only be 15 mm. In

addition, as the impedance recorded by the electrode is a

proxy measurement for inflammation and edema, there will

naturally be an enhanced detection as the inflammatory

process spreads. Moreover, the presence of such an electrode

will enable the added recording of myoelectric data indicative

of the sorts of functional changes in the tissue properties with

an AL, which are typically disrupted along the entire circum-

ference of the GI tract.23 Future studies will examine these

potential advantages of electrode warning systems in a larger

animal series.

The principle behind the measurement of impedance for

the diagnosis of AL relies upon the observation that there are

noted differences between healthy and inflamed tissues.12,13

In particular, there is an expected increase in the electrical

conductivity of inflammatory tissue resultant from the

exudation of conductive fluids around a cellular infiltrate.

Bioimpedancemeasurement has been widely used to monitor

tissue remodeling24 and is an inexpensive, minimally invasive

option capable of characterizing the different electrical prop-

erties of a range of tissues through varying physiological and

pathological states.25,26 This approach has specifically been

used to detect the presence of inflammation in the breast,27 in

bronchial asthma and inflammation28,29 and around dental

implants.30 Our results suggest the effect recorded by the

electrode is indeed tissue remodeling: the porcine model

showed impedance change in-line with acidic environment

although the content of the colon is likely alkaline, as stress
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autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

https://doi.org/10.1016/j.jss.2022.04.041
https://doi.org/10.1016/j.jss.2022.04.041
https://doi.org/10.1016/j.jss.2022.04.041


b e n - d a v i d e t a l � e a r l y d e t e c t i o n o f an a s t omo t i c l e a k s 55
factors such as interleukins and lactic acids are secreted from

the affected tissue. Our findings are similar to those reported

by DeArmond et al.15,16 using an electrolyte-gated resistance

detection method in rats where steel electrodes were placed

adjacent to an artificially created punch gastrotomy wound.

The method of DeArmond, however, requires the tissue to be

perforated, followed by continuous irrigation of the GI tract

with an electrolyte solution, whereas our design is simpler to

establish andmore readily represents real-life conditions, and

it is capable of providing early detection of severe inflamma-

tion, critical for clinical efficacy. In the DeArmond model,

hypertonic saline was instilled via a small cervical esoph-

agotomy, resulting in a consistent reduction in measured

resistance around the point of a leak when compared with

measurements recorded by electrodes placed near a sutured

gastrotomy. In their study, although there was a high sensi-

tivity for the detection of very small leak volumes, there was

considerable baseline variability, most likely a consequence of

poor insulation either from omental adherence or electrode

entanglement. Further, their approach was not particularly

user-friendly, necessitating a reopening of the celiotomy after

each set of resistance measurements had been taken in order

to evacuate the peritoneum of its electrolyte solution.

There are several limitations to our study. For technical

reasons, only female specimens were used in the animal

study. Further human studies will enroll subjects from both

sexes. Furthermore, although our data showed impedance

differences between normal tissue, a sutured laceration, and a

point of intestinal leakage, it is appreciated that a small

colotomy is not equivalent to the pathophysiology of an AL

and that the system will need to determine the bioimpedance

of a normal inflammatory process around a healing anasto-

mosis in order to establish diagnostic sensitivity. This chal-

lenge might be addressed in a clinical study where

bioimpedance sensors monitor the healing of anastomoses

over time. Input and output impedances are also a source of

measurement error and may vary with each system.31 The

physical factors affecting variable electrical conductivity in

complex tissues, the degree of inflammation and the optimal

electrode positioning, as well as the application and compat-

ibility with robotic and laparoscopic procedures, will all need

to be further investigated so as to ascertain working sensi-

tivity thresholds for a leak diagnosis.32

Conclusions

Our preliminary animal experiments show that impedance is

an early, reliable marker for anastomotic leaks. A biodegrad-

able Mg electrode may be sensitive in recording impedance

near a simulated colonic leak with the capacity to degrade

after the monitoring period is complete. The placement of

perianastomotic electrical impedance sensors may provide a

continuous and sensitive mechanism for monitoring the local

tissue environment and could be developed as an early

warning detector for patients at higher risk of an anastomotic

leak. The utilization of bioresorbable electrodes would appear

to be a compelling method to detect an AL early, potentially

circumventing serious complications and minimizing the

impact a leakmight have on patient outcomes. Given the wide
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of 
2022. Para uso personal exclusivamente. No se permiten otros usos sin autori
availability of biodegradable, biocompatiblemagnesiumalloys

alongwith their low cost (when comparedwith thehigh cost of

patient imaging and ancillary management after a confirmed

AL), it is anticipated that these electrodes could be integrated

into GI surgical management as an early warning system.
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