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Abstract: 

Background: Patients with chronic mesenteric ischemia (CMI) often undergo extensive 

investigations before the diagnosis is established. In the case of single vessel pathology, the 

diagnosis has been particularly challenging. Upper endoscopy is a common initial 

investigation in these patients, but is often false negative, except in the presence of ischemic 

ulcers.  

 

Aim: We aimed to investigate the utility of Laser Doppler Flowmetry (LDF) and Visible 

Light Spectroscopy (VLS) in detecting microcirculatory changes in patients with CMI during 

upper endoscopy.  

 

Material and method: In a single center, prospective study, 104 patients were evaluated for 

mesenteric ischemia during a 24 months period. Forty-six were diagnosed with CMI caused 



by atherosclerosis and were examined with both VLS and LDF during upper endoscopy. 

Results were compared with 39 individuals with normal intestinal circulation. Treatment 

response was evaluated. 

 

Results: Mucosal capillary hemoglobin oxygen saturation (SO2), relative hemoglobin (rHb) 

amount, flow and velocity were significantly reduced in patients with CMI, compared to 

controls (p<0.001). Even patients with single vessel pathology had significant changes in the 

microcirculation. The sensitivity of the variable SO2 measured by VLS for diagnosing CMI 

was 91% and the specificity 69% with a cut-off value of 79%, calculated with ROC curve 

analysis. A combination of SO2 and rHb increased the test sensitivity and specificity.  

 

Conclusion: The CMI patients have a significantly reduced microcirculation in the stomach 

compared with the control group. The results suggest that VLS and LDF should be included 

when performing an upper endoscopy in patients with suspected CMI. 

 

Keywords: chronic mesenteric ischemia; acute mesenteric ischemia; laser doppler flowmetry; 

visible light spectroscopy; upper endoscopy 

 

  



Introduction 

 

Symptoms of chronic mesenteric ischemia (CMI) are diverse and often mimic those of other 

diseases [1]. The classical triad of symptoms; postprandial abdominal pain, food aversion and 

weight loss is not always present in its entirety [2, 3]. Consequently, patients may undergo 

extensive and repeated investigations to exclude other, more common diseases before the 

diagnosis of CMI is established.  

Upper endoscopy is a common initial examination in patients presenting with upper 

abdominal complaints [4]. However, upper endoscopy can only help in diagnosing CMI in the 

presence of ischemic ulcers [5]. This is seldom present in this patient group, and the risk for 

progression to a potentially lethal state of acute mesenteric ischemia (AMI) increases [1, 6, 7].  

Combining upper endoscopy with laser doppler flowmetry (LDF) and visible light 

spectroscopy (VLS) may aid the endoscopist to detect CMI at an early stage. VLS has been 

utilized in the evaluation of mucosal ischemia in CMI, however, the sensitivity and specificity 

have been questioned [6, 8, 9]. A combination of LDF and VLS to diagnose CMI has not 

previously been explored.  

Our aim in this study was to examine whether the simultaneous use of LDF and VLS 

during upper endoscopy influences the sensitivity and specificity in diagnosing CMI. 

Furthermore, we wished to find out if the microcirculation in the stomach and duodenum was 

affected in the patients with single artery disease.  

 

 

  



Material and methods 

 

The study was designed as a single center, case-control study, and conducted at Oslo 

University Hospital during a 24 months period from September 2016 to September 2018. 

Patients were referred from either primary health care or from other hospitals. All patients 

were subjected to a detailed clinical examination and CT angiography, before discussion in a 

multidisciplinary panel including vascular surgeons and interventional radiologists. The 

suspicion of CMI was based on symptomatology, CT angiography findings (≥ 50% stenosis 

or occlusion) and exclusion of common differential diagnosis such as ulcer disease, 

cholelithiasis, pancreatitis, inflammatory bowel disease and malignancy. An informed written 

consent was obtained from all patients. The inclusion and exclusion criteria are listed in Table 

1. 

Controls were randomly included from a list of patients awaiting upper endoscopy. 

There was no information on the patency of the intestinal arteries in these patients, and it was 

assumed that all subjects in the control group had a normal intestinal circulation. The control 

subjects were referred for upper endoscopy on suspicion of gastroesophageal reflux disease, 

ulcer disease or control of Barrett’s esophagus. None of the control patients complained of 

weight loss, food aversion or postprandial abdominal pain. The same exclusion criteria were 

applied for both groups.  

The study protocol was approved by the Regional Committees for Medical and Health 

Research Ethics in South-Eastern region of Norway (REK sør-øst B 2016/682) and registered 

in the ClinicalTrials.gov Protocol Registration and Results System (NCT02914912). 

 

Measurements 



All patients and control subjects underwent Gastroscopy Assisted Laser doppler flowmetry 

and visible light Spectroscopy (GALS) after at least 6 hours of fasting. The endoscopic 

investigation was performed to the horizontal part of the duodenum. Three physicians were 

present during all endoscopic examinations. All endoscopies were performed by an 

experienced gastroenterologist and the measurements performed by two vascular surgeons. To 

reduce the inter-observer variation, all measurements were performed by the same team of 

physicians. The measurement points were chosen carefully, considering the arterial supply of 

the stomach and duodenum by the branches of the coeliac trunk and superior mesenteric 

artery. Two separate measurements were performed at each anatomical site; the horizontal 

part of duodenum, the descending part of the duodenum, the pylorus and the lesser curvature 

of the stomach. Furthermore, three points were examined along the greater curvature of the 

stomach (Figure 1). A mean of the values from each anatomical region was used in the 

statistics. 

During the procedure, peripheral oxygen saturation was measured in all patients 

receiving benzodiazepines or analgesics and was kept > 95%. Air insufflation was kept at a 

minimum, and no spasmolytic agent was administered.  

A 2.6 mm “Oxygen 2 See” (O2C) microprobe, LM-10 (O2C, LEA Medizintechnik, 

Giessen, Germany), was passed through the working channel of an Olympus flexible 

gastroscope (Figure 1). The O2C combines LDF and VLS. This allows for simultaneous 

measurement of flow (red blood cell flux) and velocity and a combined arterial and venous 

saturation of hemoglobin (µHbSO2) as well as a relative hemoglobin-amount (µHbcon).  

A view of the spectrum of oxyhemoglobin was used as a visual aid to evaluate the 

quality of the measurements and to identify movement and pressure artifacts (Figure 1). 

Unstable or fluctuating recordings were discarded, and the measurements repeated. We kept 

the absorption spectra of oxyhemoglobin well above 50% of the arbitrary unit scale during 



examinations. An ambient light correction prior to recording allowed us to keep the examined 

area illuminated and maintain a visual contact of the O2C micro probe throughout the 

examination. Minor adjustments in placement of the probe against the mucosa were made if 

the probe lost contact with or was pressed too hard against the mucosa.  In the case of a 

change in ambient lighting during a recording, the recording automatically restarted with a 

new ambient light correction. A standard measurement protocol was used with 10 seconds of 

continuous measurements at each anatomical position (Figure 1). 

 

Statistics 

Sample size was calculated to 36 patients in each group. This was based on a pilot study 

estimating a clinically significant difference in saturation between the two groups of 10% and 

a standard deviation of 15%. Significance level was set at 5% and a power of 80% was 

applied. 

Normally distributed data are presented as mean values with standard deviations or 

median values with range, unless other is specified. For continuous outcome variables 

independent Student’s t test and Mann-Whitney U test were applied. Wilcoxin Signed ranks 

test was used to investigate the change after intervention. The statistical significance was set 

at 5% (p < 0.05).  

Test performance at different cut-off levels were explored using receiver operating 

characteristics (ROC) curve and sensitivity and specificity for diagnosing CMI was 

calculated. A perfect test would yield an area under the ROC curve of 1 and a test with no 

discrimination would give <0.5. The ROC analysis was applied to explore different 

combinations of LDF and VLS values after normalization. 

Statistical analysis was performed using IBM SPSS Statistics version 25 (IBM Corp. Armonk, 

NY). 



 

Results 

 

During a period of 24 months, a total of 104 patients were referred to the Department of 

Vascular Surgery, Oslo University Hospital, Aker, for evaluation of mesenteric ischemia 

(Figure 2). Of these, 46 patients were included in the study. Of the remaining 58 not eligible 

for inclusion, 13 had celiac artery compression syndrome (CACS), an external compression of 

the celiac artery by the arcuate ligament without atherosclerotic changes, eight were 

asymptomatic on referral (incidental find of changes to the intestinal arteries on CT 

angiography), 17 presented with AMI, and 18 had no significant changes to the intestinal 

arteries on CT angiography. Two patients refused to undergo upper endoscopy. 

The median age of the included patients was 75 (53-89) years. Baseline characteristics 

of the patients and the individuals in the control group are given in Table 2, and 

characteristics regarding symptoms and vessel pathology in CMI patients are given in Table 

3. The classic triad of symptoms (postprandial abdominal pain, food aversion and weight loss) 

was found in 68% (n=31) of the patients. Median duration of symptoms before diagnosis was 

12 months (2-192), and during that time 71% (n=33) had an upper endoscopy, negative for 

ischemia in all cases. The mean weight reduction in patients was 10 kg (±7 kg). 

All patients and control subjects tolerated GALS well and would repeat the 

examination if necessary. There were no procedural adverse events. Ischemic ulcers were 

found in three of the patients during endoscopy. The mean examination time of GALS was 10 

minutes (range 7-22 minutes). We acquired 4400 measurements of each of the four variables 

(µHbSO2, µHbcon, flow and velocity) in each patient.  

In the patients with CMI, the measurements of the areas supplied by the gastric 

arteries along the lesser curvature and the areas supplied by the gastroepiploic and short 



gastric arteries along the greater curvature and fundus, demonstrated a statistically significant 

reduction in microcirculation compared with the control group. This reduction in the 

microcirculation was detected by both LDF and VLS variables (Table 4).  

In the horizontal and descending part of duodenum, the evaluation of the 

microcirculation by VLS showed a statistically significant reduction in the CMI patients 

compared with the controls. The variables measured by LDF, i.e., flow and velocity, did not 

differ significantly between patients and controls in this area (Table 4).  

When examining the means of all measurement points in the stomach and the 

duodenum, we found a statistically significant reduction in all four variables in the CMI 

patients compared with the control group (Table 4).  

The CA was stenotic or occluded in 39 (85%) of the patients, 37 of which had 

pathology in SMA and/or IMA as well. A statistically significant reduction in VLS 

measurements was found in both the duodenum and stomach in these patients, but only in the 

stomach using LDF. A mean of all measurement points showed a statistically significant 

reduction by both VLS and LDF compared to the control group. The seven patients (15%) 

without affection of the CA had significantly lower values in the duodenum, measured by 

VLS and significantly lower µHbSO2, µHbcon and velocity when examining a mean of all areas 

as compared to the control group.  

In eight patients, CTA showed isolated atherosclerotic stenosis or occlusion in only 

one of the three mesenteric arteries (CA=2; SMA=5; IMA=1). Analyzing these patients with 

only single vessel pathology, the reduction in microcirculation measured by VLS was still 

statistically significant compared with the control group (Table 5; mean all areas).  

Using the ROC analysis, we found that out of the four measurement variables, the 

saturation gave the best test performance with an area under the curve of 0.88, a sensitivity of 

91% and specificity of 69% when applying a cut-off value of 79% SO2 (Table 6).  A 



combination of SO2 and relative hemoglobin after normalization gave an area under the curve 

of 0.93, with an increase in sensitivity to 96% and specificity to 72%. Both tests performed 

best by taking a mean of all measurement points (Figure 3 and 4).   

Of 46 patients diagnosed with CMI, two died prior to intervention, five declined 

invasive treatment and 39 were referred to treatment (Figure 5). The significance of the 

intestinal artery stenosis was questioned by the intervention radiologist in six patients referred 

to treatment. A non-significant pressure gradient measurement during digital subtraction 

angiography (DSA) (<10 mmHg) was found in these patients, and no intervention performed 

[1, 10]. Otherwise treatment was PTA + stent (n=26) or open surgery with aortomesenteric 

bypass (n=7).  

Symptom relief was achieved in 97% (n=32) of the treated patients, with a mean 

follow-up of 12 months (3-21 months). One patient (PTA+stent in SMA) required 

reintervention after 6 months. A post-operative GALS and follow-up duplex ultrasound could 

be performed in 64% (n=21) of the treated patients after 3 months; 20 patients with symptom 

relief and one patient with no clinical improvement. Follow-up duplex ultrasound did not 

show any residual stenosis (peak systolic velocity SMA=<2,7m/s; CA=<2,0 m/s), and all by-

passes were patent. An increase in µHbSO2 was found in 75% (n=15) of the successfully 

treated patients. No improvement was found in 25% (n=5). There was a reduction in µHbSO2 

in the one patient without symptom relief, despite a successfully treated SMA on duplex 

ultrasound.  

 

Discussion 

The main finding in the present study was that the CMI patients have a significant reduction 

in the microcirculation detected in the stomach and duodenum by VLS. All four examined 

variables were reduced in the CMI patients. However, LDF failed to show significant 



reduction in flow and velocity between CMI and control patients in the duodenum. We found 

VLS to be superior to LDF, with highly significant differences at all examined areas in CMI 

patients compared with the control group.  

VLS is a relatively new technique, and few studies have been published exploring its 

utility in mesenteric ischemia [11]. LDF, on the other hand, has been applied to study the 

microcirculatory changes and ischemia in the gastrointestinal tract for a long time [12, 13, 14, 

15]. A low specificity of VLS has been considered a major limitation of the utility of the test 

[6, 11]. LDF has, however, been criticized for being too sensitive to movement artefacts [12]. 

A simultaneous use of these two modalities has not previously been reported in examining 

patients with suspected CMI, and the present study is thus the first to apply this strategy.   

The combination of VLS and LDF did not improve the utility of the tests in our study, 

but this could be due to a small sample size. However, the ROC curve analyses for sensitivity 

and specificity for the combined effect of both VLS measurement variables (µHbSO2 and 

µHbcon), increased the sensitivity and specificity of the test from 89% and 61% to 95% and 

70%, respectively. The SO2 cut-off is higher than in previous studies and could have been 

caused by a different device used for measurements [6, 8]. The sensitivity and specificity are 

higher than reported by Noord et al. They are, however, still too low to be utilized to identify 

CMI patients as candidates for treatment. Nevertheless, the results may be sufficient to be 

used by the endoscopists to strengthen the suspicion of CMI, thereby encouraging further 

diagnostic workup. The present cut-off values were chosen to increase the sensitivity at the 

disadvantage of the test specificity. A high sensitivity has been argued to be more important 

than a high specificity especially when there are few negative consequences of a false positive 

test and the disease has low prevalence [11, 16]. 

With a reduction in perfusion to an area, as caused by a stenosis or occlusion of the 

intestinal arteries, the first compensating mechanism is an increase in the oxygen extraction 



rate. This is measured indirectly by VLS and could explain why VLS and not LDF displayed 

significantly lower values in the duodenum, in the patients compared to controls in our study. 

Furthermore, as only 46% of the patients had affection of the inferior mesenteric artery, a 

collateral circulation through arc of Riolan could also improve the circulation to the 

duodenum in patients with SMA and CA pathology.    

It has previously been commented that the intestinal ischemia may be patchy and the 

measurements of microcirculation with LDF and VLS may miss the anatomical locations with 

reduced microcirculation [8]. However, in our study, we found that a significant stenosis or 

occlusions in the intestinal arteries seem to result in an on average global reduction in 

microcirculation of the stomach and intestine in the patients with CMI. This finding is despite 

the development of an extensive collateral circulation in these patients [1]. Taken into 

consideration that these measurements are performed in a resting state/fasting, one may 

presume that during episodes of increased metabolic demand as during/after a meal, the 

deficit in the microcirculation in the patients with CMI may be more pronounced.  

Another interesting finding in our study is that the patients with single vessel 

pathology (n=8), regardless of which one of the three vessels that are stenosed or occluded, 

have a significantly lower µHbSO2, µHbcon and flow compared to the control group. This 

challenges the prevailing opinion that at least two of the three intestinal arteries must be 

stenotic or occluded for a patient to be symptomatic [1, 17, 18]. The number of studies 

verifying presence of ischemia, especially in single artery disease, is limited, and hence the 

diagnosis has been controversial [19]. A major challenge has been to identify the patients with 

single vessel pathology who would benefit from revascularization. The prevalence of 

intestinal artery stenosis is increasing with age and, based on the limited data available, is 

reported to be up to 18% in patients aged 70 years or more [20, 21, 22]. 



The demonstrated improved sensitivity and specificity by combining µHbSO2 and 

µHbcon suggest a possible clinical value of routine VLS measurements during upper 

endoscopy to evaluate the microcirculation when no other cause of the abdominal complaints 

has been found, especially if the patient has cardiovascular risk factors. A positive VSL-test 

then warrants a CT angiography and could save patients from a delayed diagnosis and in 

certain cases prevent progression to AMI. In some studies, more than 50% of patients 

diagnosed with AMI (thrombus) have reported previous symptoms of CMI [7, 23, 24].  

Clinical suspicion based on a typical presentation of symptoms in addition to a CT 

angiography is the current diagnostic approach for CMI at most centers, including Oslo 

University Hospital [1]. Some selected hospitals have access to and use a functional test in 

addition to CT angiography, such as tonometry, total splanchnic blood flow (SBF) or VLS [6, 

8, 9, 11, 18]. SBF is an invasive method for measurement of mesenteric and hepatic blood 

flow before and after a test meal. It has high sensitivity and specificity as a diagnostic test of 

CMI in patients with multi-vessel CMI, but unfortunately there is no significant postprandial 

increase in blood flow in patients with single vessel CMI [11]. For a new method to have 

practical clinical value, it should be readily available, affordable, easy to use, fast and fail-

safe. GALS seems to fulfil many of these criteria, however, the challenge lies in standardizing 

the cut-off values for µHbSO2, µHbcon, flow and velocity for the diagnosis of CMI.  

In accordance with the study protocol and regional ethics committee approval no 

finding during upper endoscopy or results thereof influenced the treatment decision making. 

Hence, despite significant findings on both CTA and GALS, a pressure gradient not fulfilling 

the criteria for CMI during DSA led to no intervention in six patients. These are being 

followed in the out-patient clinic, offered conservative treatment and would be eligible for 

treatment with progression of the atherosclerotic disease.    



Improvement in VLS measurement variables (µHbSO2 and µHbSO2+con), was found in 

75% of the controlled patients with symptom relief after intervention. The lack of 

improvement in the remaining 25% could be explained by a short period of time from 

treatment to control or be due to random error as the number of patients controlled after 

intervention is low. 

The present study has limitations due to its small sample size and single center 

inclusion. As a small referral center, blinding was not possible, and it may have contributed to 

measurement bias.  

Patients evaluated on suspicion of CMI were significantly older than the controls. 

Furthermore, there was no CT angiography or other evaluation of the patency of the intestinal 

arteries in the control group. None of the control patients reported symptoms of CMI, and the 

prevalence of asymptomatic atherosclerotic stenosis of the intestinal arteries in patients under 

65 years is less than 3% [22]. Based on this, an approval for CT angiography of the control 

patients was not obtained from the ethics committee, although this would have improved the 

study. Despite a low number of subjects in the study, the finding of a significant difference in 

the microcirculation between the patients and controls supports the assumption that the 

control group had patent intestinal arteries.  

This study represents an important contribution to the ongoing discussion concerning 

CMI in vascular, radiological and gastroenterological specialties.  

 

Conclusion 

The present study indicates that GALS may be applied to detect ischemic changes of the 

microcirculation in patients with CMI. Patients with CMI in our study have a global reduction 

in the microcirculation of the stomach and duodenum detected by VLS.  Furthermore, patients 

with single artery stenosis or occlusion may have reduced microcirculation in the stomach and 



duodenum, regardless of vessel occluded. To increase the sensitivity, these results suggest that 

GALS should be included when performing an upper endoscopy in patients with suspected 

CMI. 

  



 

 

Table 1: Inclusion and exclusion criteria. 

 

 

 

 

 

 

  

Inclusion criteria Exclusion criteria 

A CT angiographic verification of 

atherosclerotic stenosis of one or more 

intestinal arteries and ≥2 of the following 3 

symptoms 

- Weight loss 

- Postprandial pain 

- Change in eating habits 

Acute mesenteric ischemia  

External compression on the arteries 

Unable to obtain consent 

Unwilling or unable to perform endoscopy  



 

 

 

Variable CMI Control p-value 

 
n=46 n=39 

 

Age (years) 75 (53-89) 60 (20-82) <0.001 

Height (cm) 168 (9) 169 (9) 0.544 

Weight (kg) 63 (15) 74 (16) 0.001 

BMI 22 (5) 26 (5) <0.001 

Female 30 (65) 21 (54) 0.292 

    

Single platelet 33 (71) 8 (21) <0.001 

Double platelet 8 (17) 2 (5) 0.082 

Statin 39 (84) 11 (28) <0.001 

    

Smoking history 41 (90) 23 (59) 0.001 

Ischemic heart disease 18 (39) 8 (21) 0.065 

Atrial fibrillation 8 (17) 1 (3) 0.027 

Stroke/TIA 7 (15) 4 (10) 0.503 

Diabetes mellitus 12 (26) 5 (13) 0.131 

Hypertension 30 (65) 10 (26) <0.001 

Lung disease 12 (26) 7 (18) 0.375 

Intermittent claudication 14 (30) 0 <0.001 

 

Table 2: Baseline characteristics of patients with CMI and control subjects. Values presented 

as mean (SD) or median (range) or absolute numbers with percentages.  



Patient characteristics n=46 (%) 

Reporting weight loss 38 (82) 

Weight loss (kg)a 10 (7) 

Abdominal pain 44 (96) 

Postprandial abdominal pain 35 (76) 

     Debut <30 minutes after a meal 25 (54) 

     Debut >30 minutes after a meal 10 (21) 

     Duration of abdominal pain <30 minutes 5 (10) 

     Duration of abdominal pain 30-60 minutes 9 (20) 

     Duration of abdominal pain >60 minutes  21 (45) 

Diarrhea/obstipation/nausea 31 (68) 

Changes in eating habits 37 (80) 

Triad of symptoms 31 (68) 

  

Single vessel pathology:  8 (17) 

Two-vessel pathology 22 (48) 

Three-vessel pathology 16 (35) 

Celiac artery 39 (85) 

Superior mesenteric artery 40 (87) 

Inferior Mesenteric artery 21 (46) 

Previous CMI treatment (endovascular intervention) 7 (15) 

Previous CMI treatment (open surgery) 2 (4) 

Time from debut until diagnosis (months)b 12 (2-192) 

 



Table 3: Presenting symptoms, signs and angiography findings in patients with CMI. Values 

are given in absolute numbers (percentage). aValue presented as mean (SD). bValue presented 

as median (range). 

  



  Duodenum Pylorus and 

lesser curvature 

Greater 

curvature 

Total all areas 

Variable CMI 

(n=46) 

Control 

(n=39) 

Mean 

(SD) 

p-value Mean 

(SD) 

p-

value 

Mean 

(SD) 

p-value Mean 

(SD) 

p-value 

SO2 CMI  60 (14) <0.001 76 (10) <0.001 71 

(11) 

<0.001 69 (9) <0.001 

Control 76 (8) 84 (6) 82 (6) 81 (4) 

rHb CMI 77 (7) <0.001 75 (8) <0.001 78 (9) <0.001 77 (6) <0.001 

Control 87 (7) 83 (8) 86 (8) 85 (5) 

Flow CMI 301 

(73) 

0.42 264 

(58) 

0.001 255 

(66) 

0.001 273 

(51) 

0.001 

Control 313 

(65) 

314 

(74) 

318 

(97) 

315 

(57) 

Velocity CMI 39 (4) 0.19 33 (4) <0.001 35 (4) 0.001 36 (3) <0.001 

Control 40 (4) 37 (3) 38 (4) 38 (3) 

 

Table 4: Mean values for the three examined areas and a mean of all areas in CMI patients 

and controls. Oxygen saturation in percent. Relative hemoglobin amount, flow and velocity in 

arbitrary units.  

  



Single Vessel  Total all areas 

Variable Patient  

CMI (n=8) 

Control (n=39) 

Mean (SD) p-value 

SO2 CMI  72 (8) <0.001 

Control 81 (4) 

rHb CMI 77 (6) <0.001 

Control 85 (5) 

Flow CMI 270 (42) 0.041 

Control 315 (57) 

Velocity CMI 36 (2) 0.086 

Control 38 (3) 

 

Table 5: Mean measurements (SD) of saturation, relative hemoglobin amount, flow and 

velocity of all examined areas in patients with single vessel pathology.  

  



 Duodenum Pylorus, lesser 

curvature 

Greater curvature All areas 

SO2 76 (89/59) 83 (78/61) 81 (83/61) 79 (91/69) 

SO2+rHb 99 (96/59) 100 (80/57) 100 (85/62) 97 (96/72) 

 

Table 6: Cut-off values calculated using the ROC curve in percent for saturation (SO2) and in 

relative units for the combination of saturation and relative hemoglobin amount (rHb). 

Values presented for different regions in the stomach and duodenum, and with a mean of all 

measurement areas. Sensitivity and specificity are presented in percent in parenthesis. 

  



Figure legends 

 

Figure 1A: "Oxygen 2 see" microprobe close to the pylorus, as viewed through an endoscope. 

Figure 1B: Measurement points in the duodenum and stomach. Figure 1C: Recordings in a 

control subject with the absorption spectra of oxyhemoglobin on the left-hand side (red), with 

saturation, relative hemoglobin, flow and velocity on the right-hand side. Lead time of 4 

seconds was applied to obtain stable recordings, before a 10 second recording period.  

 

Figure 2: Flow chart of the inclusion process AMI: Acute mesenteric ischemia. CMI: Chronic 

mesenteric ischemia. CACS: Celiac artery compression syndrome. 

 

Figure 3: Receiver operating characteristic (ROC) curve of a mean of all measurements in 

both the stomach and duodenum, displaying saturation, relative hemoglobin, flow and 

velocity. Area under the curve (AUC) is given for each of the four variables. 

 

Figure 4: Receiver operating characteristic (ROC) curve of measurements in different areas 

of the stomach and duodenum, as well as a mean of all measurement points for a combination 

of both VLS values (SO2+rHb). Area under the curve (AUC) is given for each of the four 

variables.   

Figure 5: Flow chart of patient outcome. DSA: Digital subtraction angiography. CMI: 

Chronic mesenteric ischemia 
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Figure 2: Flow chart of the inclusion process AMI: Acute mesenteric ischemia. CMI: Chronic 

mesenteric ischemia. CACS: Celiac artery compression syndrome. 
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Figure 3: Receiver operating characteristic (ROC) curve of a mean of all measurements in 

both the stomach and duodenum, displaying saturation, relative hemoglobin, flow and 

velocity. Area under the curve (AUC) is given for each of the four variables. 

  



 

 

 

Figure 4: Receiver operating characteristic (ROC) curve of measurements in different areas 

of the stomach and duodenum, as well as a mean of all measurement points for a combination 

of both VLS values (SO2+rHb). Area under the curve (AUC) is given for each of the four 

variables.   

  



 

 

Figure 5: Flow chart of patient outcome. DSA: Digital subtraction angiography. CMI: 

Chronic mesenteric ischemia 
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