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Fig. 1 Upper abdominal simulation model for gastric hemorrhage detection
(a) Anatomical range of the upper abdomen, extending from the fifth rib at the right midclavicular line to the level of the L3 vertebra. (b) Construction

of the gastric model, composed of the gastric wall, gastric fluid, and a hemorrhagic sphere embedded within the upper abdominal environment.

(c) Schematic diagrams of the three electrode configurations and their corresponding stimulation sequences. The three columns on the left show, in

order, the electrode arrangements and current injection pathways for the double-layer annular electrode configuration, the four-layer interlaced

annular electrode configuration, and the front-to-back opposing double-plane array configuration. The two columns on the right illustrate the size of

the hemispherical haemorrhagic area within the gastric cavity, as well as models under different gastric filling conditions.
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Fig.2 Numerical simulation results
(a) Three-dimensional reconstruction results obtained using three different electrode configurations under three gastric fluid filling conditions (1/3,
2/3, and full stomach) and two hemorrhage volumes (15 ml and 40 ml). (b) Image correlation coefficient (/CC) and structural similarity index (SSIM)
values corresponding to a hemorrhage volume of 15 ml. (¢) /CC and SSIM values corresponding to a hemorrhage volume of 40 ml. GJ: gastric juice.
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Fig. 3 Simulation results under different noises
(a) Under a dual-plane electrode configuration, simulation results for three hemorrhage volumes comparing the reconstruction stability of the
conventional TK-N algorithm and the proposed TK-N-RCC algorithm under three conditions: noise-free, with 40 dB noise, and with 30 dB noise.
(b) Image correlation coefficient (/CC) and structural similarity index (SSI/M) values of the reconstructed images.
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Fig. 4 Experimental setup

(a) Upper abdominal experimental model: constructed by pouring agar solution into a 3D-printed upper abdominal mold and demolding after

solidification. (b) A total of 32 Ag/AgCl electrodes were attached to the outer wall of the 3D-printed model. The hemorrhagic sphere model was

fabricated using agar casting. (c) Experimental data acquisition system.
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Fig. 5 Experimental results

(a) Reconstruction results under different simulated hemorrhage conditions by attaching hemispherical phantoms of various sizes to mimic bleeding.

Two scenarios were considered: a full-stomach state and an empty-stomach state. (b) The reconstructed hemorrhage volumes were calculated and

compared with the preset reference values, where V1-V5 denote five preset volume levels of the simulated hemorrhagic spheres.
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Fig. 6 Animal experimental setup
(a) Setup of the experimental system. (b) Placement of the electrode

patches. (c) Positioning localization using CT imaging.
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Fig.7 Animal experimental imaging results

(a) 3D-gEIT reconstructed images. (b) 3D-gEIT reconstructed volume and spatial average conductivity.
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Graphical abstract

3D-gEIT for monitoring gastroesophageal variceal bleeding
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Abstract Objective Gastric hemorrhage is one of the most common and life-threatening emergencies of the
upper digestive tract. Early identification and continuous monitoring are essential for reducing rebleeding rates
and mortality, particularly within the critical early hours after onset. Although endoscopy and radiological
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imaging can accurately localize bleeding sites, these approaches are invasive, resource-intensive, and unsuitable
for continuous bedside monitoring. Electrical impedance tomography (EIT), as a noninvasive and radiation-free
functional imaging technique, offers real-time visualization of conductivity distribution and has the potential for
detecting intragastric bleeding based on the electrical contrast between blood and surrounding gastric tissues. In
this study, a three-dimensional gastric EIT (3D-gEIT) framework is proposed to achieve noninvasive, real-time,
and dynamic monitoring of gastric hemorrhage, with emphasis on spatial localization and quantitative volume
assessment. Methods A three-dimensional upper-abdominal simulation model incorporating the stomach,
gastric wall, gastric contents, and surrounding tissues was established. Three electrode configurations, namely the
dual layer ring, the four layer staggered ring, and the opposed dual plane array, were designed and systematically
compared to evaluate their influence on depth sensitivity and spatial resolution. Based on the Tikhonov-Noser
hybrid regularization scheme, a region-clustering constraint was introduced to develop the TK-Noser-RCC
algorithm. This approach aggregates spatially adjacent elements with similar conductivity variations, thereby
enhancing structural continuity and suppressing isolated noise artifacts. To validate the proposed framework, an
upper-abdominal physical phantom was constructed using agar to simulate background tissue conductivity.
Hemispherical high-conductivity inclusions with volumes ranging from 10 ml to 50 ml were attached to the inner
gastric wall to mimic localized bleeding under different gastric filling states. Boundary voltages were acquired
under a 120 kHz excitation current and reconstructed using the TK-Noser-RCC algorithm. Furthermore, an in vivo
animal experiment was performed using a porcine model with adult-scale abdominal dimensions. A total of 100 ml
of autologous blood was injected incrementally into the stomach to simulate progressive gastric hemorrhage, and
time-difference EIT reconstruction was conducted at each injection stage to assess the dynamic system response
under physiological conditions. Results Simulation results demonstrated that the opposed dual-plane electrode
array achieved superior depth sensitivity distribution and spatial resolution. For a 40 ml hemorrhage model, the
average ICC and SSIM improved by 55.9% and 38.8% compared with the dual-layer ring configuration, and by
64.0% and 39.5% compared with the four-layer staggered configuration. The proposed region-clustering
constraint significantly enhanced reconstruction stability. Under added Gaussian noise of 40 dB and 30 dB, /CC
values remained approximately 0.85, indicating effective artifact suppression and preservation of boundary
integrity. In physical phantom experiments, reconstructed hemorrhage volumes increased approximately linearly
with the preset hemispherical volumes, and the reconstructed high-conductivity regions closely matched the actual
bleeding locations. Both empty-stomach and full-stomach conditions were evaluated, demonstrating that the
opposed dual-plane configuration maintained stable imaging performance across varying gastric contents. In the
animal experiment, reconstructed low-impedance regions expanded progressively with increasing injected blood
volume. The spatial localization of the hemorrhage remained stable throughout the procedure, and no significant
artifacts were observed. Quantitative analysis showed that reconstructed volume and average conductivity
variation exhibited an approximately linear growth trend with injected blood volume, confirming the sensitivity of
the system to dynamic intragastric conductivity changes. Conclusion The proposed 3D-gEIT framework
enables quantitative reconstruction of gastric hemorrhage volume and spatial distribution with improved depth
sensitivity, structural continuity, and noise robustness compared with conventional EIT approaches. By integrating
optimized electrode configuration and a region-clustering-constrained reconstruction algorithm, the system
provides stable dynamic monitoring under both controlled phantom conditions and in vivo physiological
environments. This method offers a noninvasive, real-time, and low-cost imaging strategy for early diagnosis,

postoperative monitoring, and bedside surveillance of gastric bleeding.

Key words gastric bleeding, three-dimensional electrical impedance tomography (3D-EIT), regional clustering
constraint, image reconstruction, noninvasive monitoring
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