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Fig. 1: Schematic concept of ingestible gas sensor for measuring inflammatory 

biomarker in the GI tract
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• Electrochemical NO sensor can detect the NO from inflamed tissues and NO 
generated by an NO inducer in the intestine

• In vitro detection of IBD in large animal model with ingestible electronics

• Duty cycling approach for handling warm-up issue of electrochemical NO 
sensor

CONTACT INFORMATION

Clinical challenges:

• State-of-the-art diagnosis of inflammatory bowel disease (IBD), e.g. Crohn's 
disease (CD) and ulcerative colitis (UC), with endoscopic procedure and 
tissue biopsy

• Procedures are invasive, require sedation and pose the risk of organ 
perforation and bleeding

• Two decades ago, it was discovered that nitric oxide (NO) concentrations in 
gas aspirated during colonoscopy were more than 100 times higher in 
patients diagnosed with UC than controls

• Problem: Analyzing NO from urine or exhaled air can not distinguish the 
origin of its production (e.g., lung inflammation or intestinal inflammation)

• In situ detection of NO promising diagnostic tool for IBD

• Work presents in situ detection of NO by means of a capsule-like 
electrochemical gas sensor

• Female Yorkshire swines (60-80kg) used for in vivo experiments

Engineering challenges:

• Electrochemical gas sensors require a long warm-up time (NO: ~20h) and 
require high power consumption when turned on

• Ingestible electronics have limited battery capacity and discharge power

Fig. 2: a) Exploded view of the capsule-like gas sensor module, (b) optical image of the 

gas sensor with the PCB, and (c) optical image of the encapsulated module.
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Fig. 4: Schematic of the intestine 

clamping model with individual 

compartments.

DESIGN OF THE CAPSULE-LIKE GAS SENSOR’S DRIVING CIRCUIT
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Fig. 3: Circuit diagram of the electrochemical gas sensor driving unit

• Ischemia via clamping of mesenteric blood 
supply

• Reperfusion through intestinal 
inflammation and injury

• Three compartments in intestine:
“Ischemia /Reperfusion Injury”, “Healthy” 
and “Control”

• Compartments segmented using clamps 
(black lines)

• Placement of two TGSM in each 
compartment

IN VIVO MEASUREMENT IN HEALTHY COMPARTMENT

Fig. 5: Continuous in vivo NO monitoring in the healthy compartment followed by an in 

vitro NO bump test. The experiment demonstrates that the sensor continues to function 

after its long-term placement in vivo.

Fig. 6: In vivo continuous NO monitoring in control compartment. NO inducer 

(Vitaminerals 122 Nox-NHF) serves as positive control solution.

POWER CONSUMPTION OPTIMIZATION

Fig. 8: In vitro characterization of the electrochemical NO sensor: Regular switching on 

and off the sensors with predefined duty cycle and period. Sensor reaches steady state 

depending on combination of period time and duty cycle. As soon as the steady state of 

the measuring current is reached, the sensor can perform measurements.

Fig. 7: In vivo continuous NO monitoring in Ischemia/Reperfusion Injury compartment. 

Strong increase in NO after start of reperfusion in both experiments a)/b). 
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IN VIVO MEASUREMENT IN CONTROL COMPARTMENT

IN VIVO MEASUREMENT IN ISCHEMIA/REPERFUSION INJURY  
COMPARTMENT

RESULTS

a) Duty cycle = ~5%, Period: ~60s 

b) Duty cycle = ~5%, Period: ~300s 

c) Duty cycle = ~10%, Period: ~300s 

c) Duty cycle = ~5%, Period: ~600s 
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