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a b s t r a c t 

Background: Endoscope tips are heated by their electrical and illuminating components. During the pro- 

cedure, they might get in close or even direct contact with intestinal tissues. 

Objective: To assess endoscope tip and tissue temperature as well as histopathologic changes of gastroin- 

testinal (GI) tissues when exposed to the heated tip of GI endoscopes. 

Methods: The endoscope tip temperatures of four GI endoscopes were measured for 30 minutes in a 

temperature-controlled chamber. The temperature of ex vivo porcine GI tissues was measured for 5-, 15-, 

and 120-minute exposure to endoscope tips within a climate chamber to control environmental factors 

(simulation of fever as worst-case). Exposed tissues were histopathologically examined afterward. Control 

samples included untreated mucosa, tissue samples exposed to endoscope tips for 120 minutes, as well 

as tissue samples thermally coagulated with a bipolar high-frequency probe. 

Results: Actual endoscope tip temperatures of 59 to 86 °C, dependent on the endoscope type, were mea- 

sured. After 10 to 15 minutes, the maximum temperatures were reached. Maximum tissue temperatures 

of 44 to 46 °C for 5 and 15 minutes, as well as up to 50 °C for 120 minutes, were recorded dependent 

on tissue and endoscope type. No direct heat-induced histopathologic tissue alterations were observed in 

the 5- and 15-minute samples. 

Conclusions: Both clinically relevant and a worst-case control were tested. Even though elevated temper- 

atures were recorded, no heat-related tissue alterations were detected. This overall supports the safety 

profile of GI endoscopy; however, the study findings are limited by the ex vivo setting (no metabolic 

tissue alterations accessible, no blood flow) and small sample number. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

I

s

S

n

p

a

s

t

l

S

w

t

c

a

f

t

n

p

v

h

0

(

ntroduction 

Direct visualization and access of tools by minimally inva- 

ive techniques has boosted medical care during the past century. 

tarting with rigid fiberoptic endoscopes, the state-of-the-art is 

ow flexible video endoscopes. The two fundamental functions are 

ersistently providing an image (implemented by video camera) 

nd sufficient illumination (implemented by so-called cold light 

ources such as xenon gas or light-emitting diode [LED]). Inherent 

o electric components is heat generation due to energy loss. Also, 

ight emission results in heat. 
∗ Address correspondence to: Luise Jäger, Ambu Innovation GmbH, Karl-Drais- 

trasse 4B, 86159 Augsburg, Germany. 

E-mail address: luja@ambu.com (L. Jäger) . 
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The video function is implemented by chip-on-tip technology 

ithout major developments in the past years. On the other hand, 

o overcome the disadvantages of traditional illumination by a 

old-light source at the processing unit and light-guiding cables 

long the endoscope (including low durability, high cost, and noisy 

an cooling 1 due to extreme heat generation by the light to up 

o 750 °C 

2 ), illumination can be achieved by LEDs at the tip. The 

ewest technology, these LEDs create only a little heat contrary to 

ast lightbulb 1 and standard xenon gas light sources 3 while pro- 

iding sufficient illumination. 3 

For clinical areas such as otorhinolaryngology, endoscope tip 

emperatures and associated tissue effects have been studied, and 

 dependency on light source; endoscope dimensions; angula- 

ion; and most importantly, distance, was documented. 3–5 Re- 

orted temperatures range between 44 °C to around 100 °C. It has 

een long established that relatively low temperatures can lead to 
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rreversible tissue damage given extended exposure times 6 ; for ex- 

mple, complete epidermal necrosis after 3 hours at 45 °C on hu- 

an epidermis or 6 minutes at 50 °C on porcine skin. Extent and 

iming of heat damage has been widely studied for tumor tis- 

ue with respect to thermal ablation treatment. 7 , 8 The commonly 

ccepted threshold for irreversible and immediate cell damage is 

0 °C; that is, coagulation necrosis, whereas the extent of tissue 

amage at lower temperatures is a function of exposure time. 8 

Data on both gastrointestinal (GI) flexible endoscopes as well 

s GI mucosa damage with regard to temperatures are scarce. As 

utlined above, increased temperatures and/or tissue damage oc- 

ur with minimal distance and prolonged exposure times. Thus, 

he clinical relevance for GI flexible endoscopy appears small be- 

ause endoscopes are normally not in contact with the tissue sur- 

ace and rarely hold still. Nevertheless, in some clinical procedures 

uch as duodenoscopy, but also as use error, an endoscope tip can 

et in proximity or even make contact with GI mucosa for a cer- 

ain duration. In conjunction with the relatively new illumination 

ffered by LEDs, we report on the first assessment of heat damage 

o GI mucosa surfaces by flexible GI endoscope tips. An ex vivo 

orcine setting was chosen to create a controlled, easy-to-access 

etup in combination with simulation of worst-case conditions: 

everish tissue baseline temperature, no blood flow, prolonged ex- 

osure times, direct contact, and simultaneous temperature mea- 

urement. As a first step in assessment, these advantages outweigh 

he shortcomings of an ex vivo setting such as the inability to ac- 

ess metabolic changes. 

aterials and Methods 

ndoscope tip temperatures 

The surface temperature of the endoscope tips due to heat 

issipation of the electronic components was measured on air 

o determine the heating curve of the distal tip. The measure- 

ents were done at 40 °C in a climate chamber. For the gastro- 

cope (Ambu 

R © aScope TM Gastro; Ambu A/S, Ballerup, Denmark) 

nd colonoscope (prototype; Ambu, A/S), 3 temperature sensors 

ere attached: 1 at one of the LEDs (ie, the hottest point), 1 at the 

order of the tip in between the two LEDs the second one (ie, the 

ottest point but without exposure to light), 1 opposite the sec- 

nd one (ie, heat dissipation across the tip). Two duodenoscopes 

ere measured (a standard duodenoscope [prototype] and a mod- 

fied duodenoscope based on Ambu 

R © aScope TM Duodeno [Ambu 

/S, Ballerup, Denmark], modified to 4-fold increase LED current 

nput by an external power supply), with the 3 sensors attached to 

he LED, to the lateral side, and to the backside of the tip at the 

evel of the objective. 

The testing protocol was straightforward. After attaching all 

ensors, the endoscopes were acclimatized within a temperature- 

ontrolled cabinet (Universal Oven; Memmert GmbH + Co. KG, 

chwabach, Germany) at 40 °C. Then, the power of the operating 

nit was turned on (ie, camera and LEDs running) and tempera- 

ures were continuously measured for 30 minutes, followed by 10 

inute cool-down (ie, camera and LEDs off). 

issue exposure and temperatures 

The porcine organs (esophagus, stomach fundus region, duode- 

um, and centripetal colon coils) of 3 animals each (German lan- 

race swine, mean weight = 110.9 ± 23.7 kg) were collected from 

 slaughterhouse in the early morning stored and transported on 

ce trimmed for experiments at the study site. Tissue thickness 

as measured and images of the samples taken. The tissue sam- 

les were individually stored in plastic boxes to minimize mechan- 

cal influence on the mucosa during further handling as well as to 
2

void desiccation. All boxes were put into the climate chamber at 

nce to allow for acclimatization and thereafter timely conduct of 

he experiments 

All equipment for exposure of tissue to endoscope tips was ar- 

anged within a climate chamber (Konstant-Klimakammer; Mem- 

ert GmbH + Co. KG) with controlled temperature and relative hu- 

idity. Conditions inside were monitored by calibrated measuring 

quipment (Testo North America, West Chester, Pennsylvania). 

The displaying unit Ambu 

R © aBox TM 2 Ambu A/S, Ballerup, Den- 

ark for all endoscopes except the modified duodenoscope that 

as used with Ambu 

R © aBox TM Duodeno Ambu A/S, Ballerup, Den- 

ark was switched on for at least 15 minutes to allow for equi- 

ibrium heating of the endoscope tip as defined in the first part 

f the study and in line with other studies. 2 , 9 The following en- 

oscopes were tested on representative tissues: a gastroscope on 

tomach and esophagus Ambu 

R © aScope TM Gastro a colonoscope 

n colon tissue (prototype), a duodenoscope on duodenal tissue 

prototype), and a modified duodenoscope on duodenum (modified 

mbu 

R © aScope TM Duodeno). 

One temperature sensor was guided alongside the endoscope 

o measure the temperature at the mucosal surface in a defined 

istance from the endoscope tip (T tissue,1 ). A second sensor was 

uided through the agar-agar gel to measure the temperature at 

he lower side of the tissue, right underneath the endoscope tip 

T tissue,2 ). The 5% w/v agar-agar gel, mimicking the surrounding 

ntestinal structures, was prepared following. 10 Reproducible en- 

oscope and temperature sensor positions were achieved by a 3- 

imensional-printed, multicomponent, customized fixation jig. The 

astroscope and colonoscope were directed vertically toward the 

issue surface (ie, touching with circular frontal plane of endoscope 

ip), whereas the duodenoscopes were oriented laterally (ie, touch- 

ng the endoscope tube). The experimental setup is displayed in 

upplemental Figure 1. 

The tissue sample was placed onto the agar-agar gel to monitor 

 tissue,2 . When a baseline temperature of 40 °C ±0.5 °C was reached 

simulation of fever), exposure to the endoscope tip was started 

anually via a screw mechanism that lowered the endoscope tip 

ntil it came into contact with the tissue sample. Temperatures 

nd relative humidity were continuously measured. 

Two different potentially clinically relevant exposure times 

ere defined to account for time-dependency of possible tissue 

amages: 5 minutes (n = 2) and 15 minutes (n = 2). A 120-minute 

ample (n = 1) served as long-term exposure control. For each tis- 

ue sample, after the exposure time had elapsed, the endoscope 

as removed from the mucosa, and the tissue sample was im- 

ediately collected from the jig and chamber. The position of 

he contact area of the endoscope tip with the mucosa was indi- 

ated by incisions at the edges of the tissue sample. Subsequently, 

he tissue samples were pinned on cork plates with the mu- 

osal side facing upward and submersed upside down in neutrally 

uffered 4% formaldehyde solution (Roti Histofix 4%; Carl Roth 

mbH + Co. KG, Karlsruhe, Germany) for fixation for > 24 hours at 

oom temperature (see Supplemental Figure 2). The time span be- 

ween end of exposure and submersion into formaldehyde solution 

as set to 15 minutes. Samples were sent in for histopathologic 

xamination. 

For additional negative and positive control samples, the tis- 

ue was acclimatized within the climate chamber as well, put into 

he jig, and baseline temperatures were recorded. For the nega- 

ive control sample, no further treatment was done. The positive 

ontrol sample tissue was created by 7 seconds’ coagulation of the 

ucosal surface using a bipolar high-frequency probe (Injection 

oldProbe; Boston Scientific, Marlborough, Massachusetts) with 

orcedCOAG, Effect 7, VIO3 (Erbe Elektromedizin GmbH, Baden- 

ürttemberg, Germany). They were processed for pathologic ex- 

mination as described above. 
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istopathologic evaluation 

Formalin-fixed tissue samples were trimmed to a size of 

pproximately 2 cm × 2 cm, using the markings indicating the 

osition of the contact area of the endoscope tip with the mucosa. 

o ensure that the contact area of the mucosa with the endoscope 

ip was represented in the subsequently prepared histology sec- 

ions, the trimmed tissue sample was exhaustively serially cut into 

pproximately 1-mm thick parallel tissue slabs, oriented vertically 

o the mucosal surface (see Supplemental Figure 2). Maintaining 

he orientation and sequence of their section surfaces, the tissue 

labs were then routinely embedded in paraffin and the paraffin 

locks were serially sectioned into approximately 3-μm thick 

ections. From each section stack, histological section pairs with 

 vertical distance of approximately 300 μm between the sections 

ere selected, mounted on glass slides, and routinely stained 

ith hematoxylin and eosin (HE), Giemsa, and Masson’s trichrome 

tain, respectively (thus producing parallel, vertical histologic tis- 

ue section planes of 30 0–70 0 μm distance covering the complete 

issue sample). Histopathologic evaluation was performed by a 

athologist (A.Bl.) in a blinded fashion (ie, without knowledge of 

he treatment of the examined sample sections). 

tatistical analysis 

Mean (SD), maximum, and minimum temperatures were calcu- 

ated. Due to the preliminary study character, no further statistical 

nalysis was performed. 

esults 

ndoscope tip temperatures 

The temperatures of 4 endoscopes per type without tissue con- 

act were measured in a benchtop setting. In Figures 1 and 2 , the 

bsolute maximum and the course of the relative increase of tem- 

eratures are displayed at tissue-contacting locations for the gas- 

roscope and colonoscope at the LED and for the duodenoscopes at 

he lateral side. The data of all 3 sensors per endoscope at distinct 

ime points is provided in Supplemental Table 1, Supplemental Ta- 

le 2, and Supplemental Table 3 for sensors 1, 2, and 3, respec- 

ively. 
igure 1. Absolute maximum temperatures at endoscope contact points. Four measureme

re shown for all endoscopes; that is, for gastroscope and colonoscope, the temperatures

he results of the sensor at the lateral side are shown. 

3 
At the gastroscope’s LED, an average maximum temperature of 

8.8 °C ±3.7 °C was measured (range = 76.8–84.4 °C). This reflects 

n increase of 39 °C related to the ambient temperature of 40 °C. 

imilar results were obtained for the colonoscope. At the colono- 

cope’s LED, an average temperature of 81.2 °C ±1.8 °C was mea- 

ured (range = 79.8–83.8 °C). This reflects an increase of 41 °C re- 

ated to the ambient temperature of 40 °C. For both endoscopes, the 

aximum temperatures were reached after around 10 minutes. 

At the duodenoscope’s lateral side, an average maximum tem- 

erature of 58.7 °C ±4.3 °C was measured (range = 54.9–64.8 °C). 

his reflects an increase of 18 °C related to the ambient tempera- 

ure of 40 °C. In contrast, at the same location but on the modified 

uodenoscope, an average maximum temperature of 86.2 °C ±1.0 °C 

as measured (range = 84.9–87.3 °C). This reflects an increase of 

6 °C related to the ambient temperature of 40 °C, hence a 2.5-fold 

ncrease compared with the normal duodenoscope. The maximum 

emperatures were reached after about 10 to 15 minutes for the 

uodenoscope and the modified duodenoscope, respectively. 

issue temperatures and histologic examination 

The tissue thickness varied across the different types of porcine 

I tissue as shown in Table 1 . Stomach was the thickest tissue with 

p to 4.8 mm and colon the thinnest. However, the thinnest sam- 

le was recorded in duodenum at just 1.5 mm. 

The maximum temperatures at the tissue surface next to the 

ndoscope tip reached between 43.2 and 49.1 °C ( Figure 3 A). At the 

ower side of the tissue, the maximum temperatures ranged be- 

ween 40.2 and 50.5 °C ( Figure 3 B). Note that the measured tem- 

eratures depend on scope and tissue type (ie, thickness) as well 

s exposure time. 

Because the start criterion for measurement was a baseline tis- 

ue temperature of 40 °C ±0.5 °C, the start temperature could differ 

p to 1 °C among samples. To account for this potential difference, 

he relative change in temperature was investigated. For each mea- 

urement, the measured temperatures were normalized against the 

aseline tissue temperature at start of measurement, resulting in 

he relative temperature change ( �T). For each tissue and endo- 

cope, �T is shown in Figure 4 . 

The temperatures rose continuously over time, with a fast ini- 

ial increase and a steadier state later. To better compare tissue 

emperatures across tissues, the mean temperatures (SD) were ex- 
nts per endoscope are individually shown. The sensors at the tissue-contacting area 

 of the sensor at the light-emitting diode are shown, and for the duodenoscopes, 



L. Jäger, E. Morales-Orcajo, A. Gager et al. Current Therapeutic Research 98 (2023) 100693 

Figure 2. Endoscope tip temperature increase in a benchtop setting. Within the climate chamber, temperature change ( �T) relative to chamber temperature. (A) Gastroscope, 

sensor at light-emitting diode (LED). (B) Colonoscope, sensor at LED. (C) Duodenoscope, sensor at lateral side (objective). (D) Modified duodenoscope, sensor at lateral side 

(objective). Mean (SD) is displayed as well as single experiments (n = 4). 

Table 1 

Tissue thickness across the different types of porcine gastrointestinal tissue. Each sample was mea- 

sured when trimmed. 

Stomach (n = 5) Esophagus (n = 5) Colon (n = 5) Duodenum (n = 10) 

Mean (SD), mm 4.6 (0.3) 3.3 (0.4) 1.7 (0.2) 1.9 (0.2) 

range, mm 4.1–4.8 2.8–3.8 1.6–2.0 1.5–2.1 
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racted for 5, 30, and 60 seconds and 2, 3, 4, 5, 10, 15, and 120

inutes (see Supplemental Tables 4 and 5). 

The temperature at the lower side of stomach tissue did not 

mmediately increase as fast as in the other tissues, and the over- 

ll temperature increase was the lowest among all tissues. Because 

tomach was the thickest tissue in the study (4.1–4.9 mm; other 

issues ∼3 mm [esophagus] or 1–2 mm [colon and duodenum]), 

t took some time for heating to be recognized by the relatively 

arther sensor. One sample, 15_1, stands out and influences both 

ean and SD. Variability of (repeated) measurements is discussed 

urther below. 

The heating pattern by the tissue surface sensor was differ- 

nt for colon compared with the other tissues. That sensor was 

uided alongside the endoscopes and thus was heated during equi- 

ibrium heating of the endoscope before the start of measure- 

ents. Upon tissue contact, the intrinsic heat of the sensor was 

nstantly removed as can be seen for all but the colon samples. 

ecause colon was the thinnest tissue, “cooling” of the sensor by 

he tissue apparently took a bit more time, resulting in a decrease 

f T tissue,1 during the first 20 seconds of measurement. There- 

fter, the heating of the colon surface happened as for the other 

issues. 

Comparing the two duodenoscope settings, the more powerful 

ight of the modified duodenoscope resulted in higher increase in 

ean temperature (for T tissue,1 , maximum �T was 5.0 vs 5.4 °C, and 

or T tissue,2 , maximum �T was 3.3 vs 5.7 °C, for the prototype nor- 
4 
al duodenoscope and the modified duodenoscope, respectively). 

verall, repeated measurements resulted in similar heating pat- 

erns across all tissues, endoscopes, and sensor positions. 

Gross and histopathologic evaluation of untreated control sec- 

ions of the esophagus, gastric fundus, duodenum, and colon re- 

ealed an overall well-preserved, regular mucosal histoarchitecture 

ith mainly intact surface epithelium. Except for oligofocal lym- 

hoplasmatic cell infiltrations present in the propria and the sub- 

ucosa of gastric, duodenal, and colonic tissue samples in a few 

ases, there was no evidence of relevant pathological alterations. 

Thermal coagulation of the mucosal surface of tissue samples 

ith a bipolar HF probe for 7 seconds uniformly caused focal, well- 

emarcated, circular mucosal lesions that were approximately 2 

m in diameter and of white-greyish color with a central loss 

f mucosal tissue lined by a thin (0.5 mm wide), slightly ele- 

ated wall-like rim ( Figure 5 ). Histopathologically, these lesions 

resented as focal, sharply demarcated thermal denaturations lim- 

ted to the upper parts of the mucosal layer (ie, not reaching into 

he submucosa). The lesions showed thinning of the mucosa to ap- 

roximatively 50% to 70% of its original height, complete loss of 

he surface epithelium in the center of the lesion, and marked heat 

enaturation of the adjacent and underlying mucosa. Direct heat- 

nduced tissue alterations were characterized by an overall com- 

action of the tissue along with conformational changes of cells 

nd nuclei, including loss of normal cytoarchitecture, cell shrink- 

ge, marked cytoplasmic basophilia with loss of intracellular detail, 
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Figure 3. Maximum tissue temperatures measured. (A) Temperature at tissue surface next to the endoscope tip (T tissue,1 ). (B) Temperature at the lower side of the tissue 

underneath the endoscope tip (T tissue,2 ). 
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ndistinct cell borders, loss of cell nuclei and of intranuclear struc- 

ure, as well as compression and shrinkage of the interstitial space 

ith occasional hyalinization of delicate connective tissue fibers 

se Figures 6 , 7 , and 8 ). 

Macroscopic and histopathologic findings in tissue samples ex- 

osed to a direct contact with the endoscope tip for 2 hours (120 

inutes) varied in esophageal, gastric, duodenal, and colon tissue 

amples, as well as in different experimental settings ( Figures 5 , 

 , 7 , and 8 ). In esophageal tissue samples, a 120-minute expo- 

ure to the gastroscope caused only a moderate thinning of the 

eight of the epithelium (particularly of the stratum corneum) of 

he esophageal mucosa compared with the adjacent tissue areas 

likely due to mechanical compression), but no relevant histomor- 

hological alterations indicative of direct thermal injury. In gastric, 

uodenal, and colon tissue samples, a 2-hour-contact of the mu- 
5 
osa with the gastroscope, duodenoscope, or colonoscope, respec- 

ively, caused a macroscopically apparent imprint of the mucosal 

urface (corresponding to the shape of the contact surface of the 

ndoscope), due to the passing of mucosal folds and compression 

f the mucosa ( Figures 5 , 6 , 7 , 8 ). In corresponding histologic sec-

ions, the mucosa in these areas was thinned, with incomplete loss 

f the epithelium and variable degradation of the superficial mu- 

osa characterized by an irregularly reduced interstitial, cellular, 

nd nuclear stainability with a homogeneously pale-eosinophilic 

ppearance and loss of structural details ( Figures 7 and 8 ). Com- 

ared with the bipolar HF probe and the 120-minute exposure 

ontrol tissue samples, a 5- or 15-minute exposure to the endo- 

cope tips did not reproducibly induce similar; that is, relevant his- 

omorphological alterations clearly attributable to isolated thermal 

ffects in any of the examined tissues or experimental setups. 
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Figure 4. Tissue temperatures for 5-minute exposure. (A, C, E, G, J) Temperature at tissue surface (T tissue,1 ) next to the endoscope tip. (B, D, F, H, K) Temperature at the 

lower side of the tissue underneath the endoscope tip (T tissue,2 ). Stomach (A and B) and esophagus (C and D) were exposed to gastroscope (Ambu® aScope TM Gastro, Ambu 

A/S; Ballerup, Denmark). Colon (E and F) was exposed to colonoscope (prototype). Duodenum (G and H) was exposed to duodenoscope (prototype). Duodenum (J and K) 

was exposed to modified duodenoscope (based on Ambu® aScope TM Duodeno, Ambu A/S; Ballerup, Denmark, more powerful light). Mean (SD) is displayed as well as single 

experiments (5 minutes [n = 2], 15 minutes [n = 2], and 120 minutes [n = 1]). �T = Temperature change relative to start temperature per experiment. 

6
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Figure 5. Representative images of the mucosal surface of formalin-fixed tissue samples of porcine duodenum. Duodenum without manipulation (control [CON]), after focal 

ex vivo thermal coagulation (7 seconds) with a bipolar high-frequency probe (BHFP) and following ex vivo exposure to the lateral side of a duodenoscope tip (modified 

duodenoscope based on Ambu® aScope TM Duodeno; Ambu A/S, Ballerup, Denmark,) for 120 minutes, 15 minutes, and 5 minutes. Note the circular, sharply demarcated 

loss of superficial tissue and the thermal coagulation of deeper mucosa layers (white-tan color) after BHFP-exposure (encircled by a dashed white line). After 120 minutes’ 

exposure, the surface of the mucosa in the contact area to the endoscope tip was markedly compressed, whereas exposure for 15 or 5 minutes did not cause comparable 

alterations. 

Figure 6. Histology of the mucosal surface of porcine tissue samples of the esophagus and the stomach (fundus region) (paraffin sections of formalin-fixed tissue). Esophagus 

and stomach without manipulation (control [CON]), after focal ex vivo thermal coagulation (7 seconds) with a bipolar high-frequency probe (BHFP), and following ex vivo 

exposure to the gastroscope tip (Ambu® aScope TM Gastro; Ambu A/S, Ballerup, Denmark) for 120 minutes, 15 minutes, and 5 minutes. ∗Note the loss of the superficial 

epithelial tissue and the thermal coagulation of the adjacent mucosa after BHFP exposure. hematoxylin and eosin (HE). Scale bar = 100 μm. 

7 
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Figure 7. Histology of the mucosal surface of porcine duodenal tissue samples (paraffin sections of formalin-fixed tissue). Duodenum without manipulation (control [CON]), 

after focal ex vivo thermal coagulation (7 seconds) with a bipolar high-frequency probe (BHFP), and following ex vivo exposure to the lateral side of a duodenoscope tip for 

120 minutes, 15 minutes, and 5 minutes. ∗Note the loss of the superficial tissue and the thermal coagulation of the adjacent mucosa after BHFP exposure. After 120 minutes 

of exposure to the duodenoscope tip, the vertical height of the colonic mucosa is reduced and there is variable degradation of the superficial mucosa. hematoxylin and eosin 

(HE). DS = duodenoscope (prototype, Ambu A/S); MDS = modified duodenoscope (based on Ambu® aScope TM Duodeno; Ambu A/S, Ballerup, Denmark). Scale bar = 100 μm. 

Figure 8. Histology of the mucosal surface of porcine colon tissue samples (paraffin sections of formalin-fixed tissue). Colon without manipulation (control [CON]), after 

focal ex vivo thermal coagulation (7 seconds) with a bipolar high-frequency probe (BHFP), and following ex vivo exposure to the tip of a colonoscope (prototype, Ambu 

A/S, Ballerup, Denmark) for 120 minutes, 15 minutes, and 5 minutes. ∗Note the loss of the superficial tissue and the thermal coagulation of the adjacent mucosa after BHFP 

exposure. After 120 minutes’ exposure, the vertical height of the colonic mucosa is reduced and there is marked, focally extended degradation of the mucosa. hematoxylin 

and eosin (HE). Scale bar = 100 μm. 
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iscussion 

The overall clinical safety of endoscopic procedures, irrespective 

f illumination concept, is generally accepted and further substan- 

iated by this study. Following direct contact with endoscope tips, 

nly minimal tissue alterations on cellular level were detected 

n clinically relevant samples (5- and 15-minute exposure). The 

emperature-over-time display shows that there is a fast initial in- 

rease that reaches a steady state after approximately 300 seconds 

s observed before. 3 , 4 The maximum recorded tissue temperatures 

re below the endoscope tip temperatures. This is in part due to 

he heat transfer from the endoscope to the tissue. In other words, 

hen the endoscope makes contact with tissue, the same amount 

f heat is dissipated through a larger mass (ie, tissue sample and 
8 
gar-agar phantom) reaching a lower equilibrium temperature. 

owever, it must be noted that the hottest point of the endoscope; 

hat is, directly at the LEDs, was not accessible to temperature 

ensors and consequently, tissue temperatures were measured at 

 certain distance from the hottest point (T tissue,1 at the tissue 

urface next to the endoscope tip, T tissue,2 at the lower side of 

he tissue underneath the tip and LEDs). The hottest points of the 

ndoscopes were measured in a benchtop setting and revealed 

ncreases of 18 °C for the duodenoscope up to around 40 °C and 

otter for the gastroscope, colonoscope, and modified duodeno- 

cope. In contrast, much lower increases in tissue temperature 

ere recorded (4.4–6.2 °C, dependent on endoscope and tissue 

ype). This difference can be attributed to heat distribution and 

ocation of the sensor. Heat distribution in biological tissue is a 
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p

omplex topic that has been addressed in various models, starting 

ith the basic work by Pennes 11 and further, more sophisticated 

evelopments. 12 , 13 However, there is consensus that the heat- 

ransfer capability of biological tissue is low 

13 and accordingly, 

emperature gradients are steep with increasing distance from the 

eat source. Thus, measuring temperatures only a few millimeters 

rom the heating source will result in markedly reduced recorded 

emperatures. However, closer positioning of metal temperature 

robes could have interfered with the tissue heating by inherent 

eating of the sensor and heat dissipation along the metal wire. 

ecause the hottest point was not accessible to the sensor, a 

omputational model was developed to simulate the heat transfer 

rom GI endoscopes to tissue (not shown). In the measurements, 

he temperature sensor T tissue,1 was located approximately 3 mm 

rom the hottest point of the tissue; that is, in front of the LEDs. 

he simulation pointed toward a steep gradient of temperature of 

bout 4 °C/mm between the sensor and the hottest point. There- 

ore, we estimate the single hottest point on the tissue surface to 

e up to 12 °C higher than the values reported in Figure 3 A. 

In contrast, the whole exposure zone was accessible to 

istopathologic examination. And as mentioned above, no relevant 

irect heat-induced tissue alterations were observed. Also due to 

he fact that heat-transfer is low and accordingly slow, the 120- 

inute sample was included in this study as an additional con- 

rol to allow for more heating and thus more damage. Besides a 

ariable, focally extended degradation of the superficial mucosa 

n the area in contact with the endoscope tip, no histomorpho- 

ogic lesions comparable to those observed in the bipolar high- 

requency probe-positive control sample were detected. Because 

astrointestinal mucosa heals rapidly following superficial injury, 14 

t can be assumed that tissue alterations as observed in this study 

ill have no persisting negative effect on patients. 

Just recently, a study on thermal tissue damage by chromoen- 

oscopy was published. 15 They report relatively low tissue temper- 

tures ( < 40 °C) for nonstained mucosa with the standard illumi- 

ation source. However, the tissue baseline temperature was only 

t 24 °C, thus neither representing physiologic (37 °C) nor feverish 

onditions (40 °C) as in our study. Also, the exposure times were 

uch shorter than in this test (1–10 seconds) and the endoscopes 

sed were different. Noticeably, much higher temperatures were 

ecorded for stained mucosa, indicating that the light absorption 

f the tissue is an important factor in tissue heating and associ- 

ted damage. 

As mentioned, heat dissipation in biological tissue is a complex 

opic due to a variety of influencing factors; for example, heat re- 

oval by blood flow 

12 , 13 also called heat sink effect. 16 In thermal 

umor ablation, this causes a reduction in ablation zones. 16 How- 

ver, thermal damage is an unwanted effect in endoscopy, hence 

ooling by blood circulation would be favorable. Because the tis- 

ue experiments were performed in a nonperfused ex vivo model, 

ven lesser tissue effects are anticipated in vivo. Besides intrin- 

ic cooling by the blood perfusion, in clinical application, there is 

lso gas insufflation (air or carbon dioxide) and rinsing during en- 

oscopy. The GI lumen has to be constantly insufflated to keep it 

xpanded. 17 Rinsing of the lens and the area under treatment is 

lso repeatedly performed to maintain best possible visualization 

hroughout the procedure. Both insufflation and rinsing will have 

 cooling effect—and that was not present in the ex vivo setting of 

ur study. This further contributes to the more serious scenario of 

he ex vivo experimental setting. 

Variability in the single courses of temperature measurement 

ight be due to sensor positioning issues and manual handling 

f the fixation jig. For the endoscope tip temperature measure- 

ents, the sensors were attached manually to the endoscopes, 

eaving room for slight variations in position. Similarly, the sen- 

or for T tissue,2 was manually guided through the agar-agar gel 
9

nd because it was exchanged after 4 measurements, the sensor 

ad to be newly positioned. It is possible that it stuck out a lit- 

le, measuring closer to the heat source and accordingly measur- 

ng higher values, and being pushed back to its normal position 

hroughout subsequent measurements. Minor differences in sensor 

osition can result in marked differences in temperatures because 

he spatial gradient of temperature and heating is steep as outlined 

bove. 

Overall, the negative controls proved that no visible degradation 

ccurred that could impede analysis of the test samples, whereas 

he 120-minute control samples displayed degradation of the 

uperficial mucosa, corresponding to mechanical compression and 

eat transfer to the tissue occurring during the long exposure du- 

ation. Some artifacts were detected across most samples that were 

ttributed to the direct contact; that is, mechanical pressure, of 

he endoscope tip to the mucosal surface. Contact was established 

anually while avoiding excessive pressure. However, secured 

ontact was favored over sparing the mucosa because minimal 

istance of endoscope to tissue would have resulted in an insulat- 

ng air layer and ultimately have disturbed the measurements. 

Regarding the applied experimental setup in general, it has to 

e emphasized that histopathological examination of ex vivo tissue 

amples is suitable for detection of immediate, direct physical tis- 

ue damage due to exposure to mechanical and/or thermal insults 

such as thermal denaturation of proteins or crushing of tissue), 18 

hereas indirect and subsequent effects on cells in vivo, leading to 

ellular dysfunction with delayed cellular degeneration and/or cell 

eath, cannot be unreservedly reliably captured. 

Regarding the clinical relevance, in gastroscopy and 

olonoscopy, the endoscope tip would not be in frontal, full 

ontact with the tissue if the endoscope is used according to 

ormal clinical practice. The endoscope is supposed to provide 

ive images of the GI tract but in frontal contact, nothing can be 

een. Also, the clinical procedures require the endoscope to move 

round for inspection of the organs. Stable positioning is only 

equired for very short periods of time during, for example, polyp 

esection. Thus, the conditions of this study represent worst-case 

cenarios such as a user error (eg, user leaves the endoscope in 

irect contact) or device failure situations (eg, the endoscope gets 

tuck, the angulation is blocked and therefore tissue contact can- 

ot be resolved, or no image display due to a disrupted connection 

o the display unit and therefore the user does not notice that the 

ndoscope is in direct tissue contact). Overall, these scenarios are 

ery remote options, yet they need to be considered to ensure the 

afety and performance of the device during procedures. 

In contrast, in duodenoscopy, the endoscope may be left in one 

osition for an extended period of time compared with other GI 

rocedures due to advanced interventions. 19 , 20 The duodenoscope 

rovides access to the major papilla and thereby to the gall bladder 

nd pancreas. Whereas interventions are performed inside these 

wo organs, the duodenoscope “outside” them will stay still. As the 

amera is side-viewing, images can be obtained even when the lat- 

ral or the back side of the duodenoscope tip is in contact with the 

ucosa. 

Testing an endoscope with enhanced power supply provides an 

stimate of effects by other sources of illumination as utilized in 

ther endoscopes that were not part of this study. Clinical scenar- 

os necessitating enhanced illumination encompass diagnostic pro- 

edures involving visual assessment and transillumination proce- 

ures. 

onclusions 

In this study, it was established that heat transfer from the 

erein tested endoscope tips did not cause damage to ex vivo 

orcine GI tissues in clinically potentially relevant conditions. That 
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s despite the fact that the endoscope tips are heated up to 80 °C 

t their hottest point. However, because assessment of metabolic 

ffects at the cellular level was not possible further studies are 

eeded. It is also important to consider possible heat-related risks 

f possible damage from the endoscope tip during actual clinical 

xaminations. 

onflicts of Interest 

L. Jäger, E. Morales-Orcajo, A. Bader, and A. Dillinger are em- 

loyees of Ambu Innovation GmbH. A. Gager and A. Blutke per- 

ormed the histopathologic examination of the tissue samples as 

art of the diagnostic service offered by the Institute of Veterinary 

athology of Ludwig-Maximilians Universitaet München, charging 

he regular price for samples submitted for histopathology. The au- 

hors have indicated that they have no other conflicts of interest 

egarding the content of this article. 

cknowledgments 

The authors thank their working students, Marina Huber, 

amideh Dorri, and Kirena Mueller, for their support during the 

onducting and evaluation of the experiments. 

L. Jäger was responsible for conceptualization, methodology, in- 

estigation, formal analysis, writing (original draft preparation), 

nd project administration. E. Morales Orcajo was responsible for 

onceptualization, methodology, visualization, formal analysis, and 

riting (reviewing and editing). A. Gager was responsible for 

ethodology, investigation, and writing (reviewing and editing). A. 

ader was responsible for conceptualization, methodology, supervi- 

ion, and writing (reviewing and editing). A. Dillinger was respon- 

ible for conceptualization, methodology, and writing (reviewing 

nd editing). A. Blutke was responsible for methodology, investi- 

ation, supervision, and writing (reviewing and editing). 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.curtheres.2023. 

00693 . 

eferences 

1. Brüggemann D, Blase B, Bühs F, Dreyer R, Kelp M, Lehr H, Oginski S, Schlegel S.

Endoscope with distal LED for illumination. IFMBE Proc. 39 IFMBE . 2013:2107–
2110. doi: 10.1007/978- 3- 642- 29305- 4 _ 553/COVER . 

2. Yavuz Y, Skogås JG, Güllüo ̌glu MG, Langø T, Mårvik R. Are cold light sources 

really cold? Surg Laparosc Endosc Percutan Tech . 2006;16:370–376. doi: 10.1097/ 
01.SLE.0 0 0 0213711.32805.15 . 
10 
3. Tomazic PV, Hammer GP, Gerstenberger C, Koele W, Stammberger H. Heat de- 
velopment at nasal endoscopes’ tips: danger of tissue damage? A laboratory 

study. Laryngoscope . 2012;122:1670–1673. doi: 10.1002/LARY.23339 . 
4. Pan J, Tan H, Shi J, Wang Z, Sterkers O, Jia H, Wu H. Thermal Safety of En-

doscopic Usage in Robot-Assisted Middle Ear Surgery: An Experimental Study. 
Front Surg . 2021;8:135. doi: 10.3389/FSURG.2021.659688/BIBTEX . 

5. Ito T, Kubota T, Takagi A, Watanabe T, Futai K, Furukawa T, Kakehata S. Safety of
heat generated by endoscope light sources in simulated transcanal endoscopic 

ear surgery. Auris Nasus Larynx . 2016;43:501–506. doi: 10.1016/J.ANL.2015.12.014 . 

6. Moritz AR, Henriques FC. Studies of Thermal Injury: II. The Relative Importance 
of Time and Surface Temperature in the Causation of Cutaneous Burns ∗ . Am 

J Pathol . 1947;23:695. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1934304/ . 
accessed October 5, 2022 . 

7. Vanagas T, Gulbinas A, Pundzius J, Barauskas G. Radiofrequency ablation of 
liver tumors (I): biological background. Medicina . 2010;46:13 Page46 (2010) 13. 

doi: 10.3390/MEDICINA46010 0 02 . 

8. Wood BJ, Ramkaransingh JR, Fojo T, Walther MM, Libutti SK. Percutaneous tu- 
mor ablation with radiofrequency. Cancer . 2002;94:443–451. doi: 10.1002/CNCR. 

10234 . 
9. Hensman C, Hanna GB, Drew T, Moseley H, Cuschieri A. Total radiated power, 

infrared output, and heat generation by cold light sources at the distal end 
of endoscopes and fiber optic bundle of light cables. Surgical Endoscopy . 

1998;12:335–337 12:4(2014). doi: 10.10 07/S0 0464990 0665 . 

0. Agafonkina Iv, Belozerov AG, Berezovsky YM, Korolev IA, Pushkarev Av, 
Tsiganov DI, Shakurov Av, Zherdev AA. Thermal Properties of Biological 

Tissue Gel-Phantoms in a Wide Low-Temperature Range. Journal of Engi- 
neering Physics and Thermophysics . 2021;94:790–803 3. 942021. doi: 10.1007/ 

S10891- 021- 02356- Z . 
11. H.H. PENNES. Analysis of Tissue and Arterial Blood Temperatures in the Resting 

Human Forearm, 10.1152/Jappl.1948.1.2.93. 1 (1948) 93–122. doi: 10.1152/JAPPL. 

1948.1.2.93 . 
2. Zhang Q, Sun Y, Yang J. Bio-heat response of skin tissue based on three- 

phase-lag model. Scientific Reports . 2020;10:1–14 2020 10:1. doi: 10.1038/ 
s41598- 020- 73590- 3 . 

3. Ma J, Yang X, Sun Y, Yang J. Thermal damage in three-dimensional vivo bio- 
tissues induced by moving heat sources in laser therapy. Sci Rep . 2019;9:10987. 

doi: 10.1038/S41598- 019- 47435- 7 . 

14. S.J. Hagen, Mucosal defense: gastroduodenal injury and repair mechanisms, 
(n.d.). doi: 10.1097/MOG.0 0 0 0 0 0 0 0 0 0 0 0 0775 . 

5. Hiramatsu Y, Utsumi T, Higuchi H, Hayashi J, Horimatsu T, Nikaido M, Nakan- 
ishi Y, Shimizu T, Muto M, Seno H. Thermal tissue damage caused by new 

endoscope model due to light absorption. J Gastroenterol Hepatol . 2022;37. 
doi: 10.1111/JGH.15963 . 

16. Pillai K, Akhter J, Chua TC, Shehata M, Alzahrani N, Al-Alem I, Morris DL. Heat 

Sink Effect on Tumor Ablation Characteristics as Observed in Monopolar Ra- 
diofrequency, Bipolar Radiofrequency, and Microwave, Using Ex Vivo Calf Liver 

Model. Medicine . 2015;94:e580. doi: 10.1097/MD.0 0 0 0 0 0 0 0 0 0 0 0 0580 . 
17. E.S. Dellon, J.S. Hawk, I.S. Grimm, N.J. Shaheen, The use of carbon dioxide for 

insufflation during GI endoscopy: a systematic review, Gastrointest Endosc. 69 
(n.d.) 843–849. doi: 10.1016/j.gie.2008.05.067 . 

18. Shinmura K, Ikematsu H, Kojima M, Nakamura H, Osera S, Yoda Y, Hori K, 
Oono Y, Ochiai A, Yano T. Safety of endoscopic procedures with monopolar 

versus bipolar instruments in an ex vivo porcine model. BMC Gastroenterol . 

2020;20:1–6. doi: 10.1186/S12876- 020- 1176- 9 . 
9. Olsson G, Arnelo U, Swahn F, Törnqvist B, Lundell L, Enochsson L. The 

H.O.U.S.E. classification: a novel endoscopic retrograde cholangiopancreatogra- 
phy (ERCP) complexity grading scale. BMC Gastroenterol . 2017;17. doi: 10.1186/ 

S12876- 017- 0583- Z . 
0. Buxbaum J, Sahakian A, Ko C, Jayaram P, Lane C, Yu CY, Kankotia R, Laine L.

Randomized trial of cholangioscopy-guided laser lithotripsy versus conven- 

tional therapy for large bile duct stones (with videos). Gastrointest Endosc . 
2018;87:1050–1060. doi: 10.1016/J.GIE.2017.08.021 . 

https://doi.org/10.1016/j.curtheres.2023.100693
https://doi.org/10.1007/978-3-642-29305-4_553/COVER
https://doi.org/10.1097/01.SLE.0000213711.32805.15
https://doi.org/10.1002/LARY.23339
https://doi.org/10.3389/FSURG.2021.659688/BIBTEX
https://doi.org/10.1016/J.ANL.2015.12.014
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1934304/
https://doi.org/10.3390/MEDICINA46010002
https://doi.org/10.1002/CNCR.10234
https://doi.org/10.1007/S004649900665
https://doi.org/10.1007/S10891-021-02356-Z
https://doi.org/10.1152/JAPPL.1948.1.2.93
https://doi.org/10.1038/s41598-020-73590-3
https://doi.org/10.1038/S41598-019-47435-7
https://doi.org/10.1097/MOG.0000000000000775
https://doi.org/10.1111/JGH.15963
https://doi.org/10.1097/MD.0000000000000580
https://doi.org/10.1016/j.gie.2008.05.067
https://doi.org/10.1186/S12876-020-1176-9
https://doi.org/10.1186/S12876-017-0583-Z
https://doi.org/10.1016/J.GIE.2017.08.021

	Preclinical Assessment of Tissue Effects by Gastrointestinal Endoscope Tip Temperature
	Introduction
	Materials and Methods
	Endoscope tip temperatures
	Tissue exposure and temperatures
	Histopathologic evaluation
	Statistical analysis

	Results
	Endoscope tip temperatures
	Tissue temperatures and histologic examination

	Discussion
	Conclusions
	Conflicts of Interest
	Acknowledgments
	Supplementary materials
	References


