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Abstract
AIM: To determine the splanchnic blood flow and oxy-
gen uptake in healthy-subjects and patients and to re-
late the findings to body-composition.

METHODS: The total splanchnic blood flow (SBF) and 
oxygen uptake (SO2U) were measured in 20 healthy 
volunteers (10 women) and 29 patients with suspected 
chronic intestinal ischemia (15 women), age 40-85 
years, prior to and after a standard meal. The method 
is based on the Fick principle using the continuous infu-
sion of an indicator (99mTechnetium-labelled mebro-
fenin) and catheterization of an artery and the hepatic 
vein. An angiography of the intestinal arteries was 
performed during the same investigation. A whole-body 
dual-energy x-ray absorptiometry scan was performed 

in healthy volunteers to determine body composition.

RESULTS: Angiography revealed no atherosclerotic le-
sions in the intestinal arteries. The mean baseline SBF 
was 1087 mL/min (731-1390), and this value increased 
significantly to 1787 mL/min after the meal in healthy 
volunteers (P  < 0.001). The baseline SBF in patients 
was 1080 mL/min, which increased to 1718 mL/min 
postprandially (P  < 0.001). The baseline SBF was inde-
pendent of age, sex, lean body mass and percentage of 
body fat. The mean meal-induced increase in SBF was 
equal to 282 mL/min + 5.4 mL/min × bodyweight, (P  
= 0.025). The SO2U in healthy volunteers and patients 
was 50.7 mL/min and 48.0 mL/min, respectively, and 
these values increased to 77.5 mL/min and 75 mL/min 
postprandially, respectively. Both baseline and post-
prandial SO2U were directly related to lean body mass. 
Age and sex exerted no impact on SO2U. 

CONCLUSION: A direct correlation between body 
weight and the postprandial increase in SBF was ob-
served. The effect of body weight should be considered 
in the diagnosis of chronic intestinal ischemia. 
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INTRODUCTION
Hepatic and total splanchnic blood flow (SBF) can be 
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quantified using the Fick principle with the continuous 
infusion of  an indicator, the catheterization of  the liver 
vein and subsequent blood sampling. This method has 
been thoroughly described in the literature[1,2], and it has 
been validated[3]. SBF is used for the investigation of  
splanchnic oxygen uptake (SO2U) or liver metabolism[4] 
and the examination of  the liver clearance of  endo-
gen substances and pharmaceuticals[5]. This method is 
used in Scandinavian countries as a diagnostic tool for 
chronic intestinal ischemia (CII)[6,7]. SBF is measured at 
baseline and after a meal to quantify the meal-induced 
SBF response.

The diagnosis of  CII is based on the inability to en-
hance SBF after a standard meal, and an increase less 
than 250 mL/min is abnormal[6-8]. Reference values for 
SBF are based on few and often young individuals with-
out consideration of  their body composition or the mor-
phology of  their intestinal arteries[6,8,9]. The lack of  this 
information is deplorable because atherosclerotic lesions 
in the intestinal arteries are commonly observed in a pop-
ulation of  otherwise healthy middle-aged individuals[10,11]. 
Furthermore, patients suffering from CII are frequently 
severely underweight[7,12], and the large variation in the 
anthropometrics of  individuals may influence SBF values. 
Therefore, investigations are required to explore the asso-
ciation between SBF, SO2U, age, and body composition.

The present study determined the SBF and SO2U 
prior to and after a standard meal in a group of  middle-
aged healthy volunteers with angiography-proven nor-
mal intestinal arteries. This study also related SBF and 
SO2U values to anthropometric measures of  the body 
in healthy volunteers and in a cohort of  patients with 
suspected chronic intestinal ischemia due to weight loss 
and abdominal pain but with angiography-proven normal 
intestinal arteries.

MATERIALS AND METHODS
Ethical approval 
The protocol was performed under a license from the 
Ethical Committee, Central Denmark Region, and the 
Danish Data Protection Agency. Individually signed in-
formed consent forms were obtained according to the 
Helsinki Ⅱ declaration. No complications or side effects 
were encountered in the study. Twenty healthy volunteers 
aged 40-70 year (10 women) participated in the present 
study. None of  the volunteers exhibited any signs of  car-
diovascular disease, abdominal complaints or weight loss 
one year prior to the investigation. Apart from appendec-
tomy n = 2, no former abdominal surgery was performed 
in any of  the volunteers. A total of  180 patients with 
suspected CII were routinely referred for SBF measure-
ments due to weight loss and abdominal pain from June 
2002 to October 2011. Patients with a digital subtraction 
angiography that revealed three normal intestinal arteries 
were included in the present study for comparison only. 
Therefore, 32 patients participated in the study; 31 (97%) 
patients suffered from postprandial abdominal pain, and 
25/32 had experienced unintentional weight loss (mean 

10.4 kg). Three patients were excluded: two patients due 
to ischemic colitis as verified on biopsy and one patient 
due to pulmonary cancer that had metastasized to the 
ventricle and colon. Table 1 presents the anthropometric 
data of  the healthy volunteers and patients. 

All of  the healthy volunteers and patients underwent 
the following protocol.

Catheterization 
Subjects underwent catheterization of  the femoral artery 
and vein in the morning following an overnight fast us-
ing the Seldinger technique under local analgesia. A 5F 
sheath was used for the artery, and a 7F sheath was used 
for the vein. The venous catheter (Schwan-Ganz, Ed-
wards, CA, United States) was placed in a central hepatic 
vein using fluoroscopy, and the arterial catheter (pigtail 
catheter, Cordis, NJ, United States) was positioned in the 
abdominal aorta. 

SBF and SO2U
The SBF equals the hepatic blood flow in normal sub-
jects, and it was measured using a standardized protocol 
of  the indirect Fick principle with 99mTechnetium la-
beled Bridatec (Mebrofenin®, GE Healthcare, Suluggia, 
Italy) [99mTc-Mebrofenin (MBF)] as the indicator. This 
method was originally introduced by Bradley[1], and it 
was used with corrections for unsteady state and small 
urinary excretion of  99mTc-MBF, as recommend by 
Henriksen et al[2].

Briefly, a bolus injection of  99mTc-MBF was admin-
istered followed by a constant infusion at 2.02 mL/min 
(range: 1.96-2.17 mL/min), which equaled an infusion 
rate of  0.323 MBq/min. Less than 80 MBq was used in 
total. An equilibration period of  20 min was interposed 

883 February 14, 2013|Volume 19|Issue 6|WJG|www.wjgnet.com

Zacho HD et al . Total splanchnic blood flow: Reference values

All results are given as mean and range. The P value is the difference 
between healthy volunteers and patients. CII: Chronic intestinal ischemia; 
LBM: Lean body mass; BSA: Body surface area; BMI: Body mass index; NA: 
Not available.

Table 1  Demographic data from 20 healthy volunteers 
and 29 patients suspected of chronic intestinal ischemia but 
normal intestinal arteries

Healthy volunteers Patients suspected of 
CII, normal angiography

Female Male Female Male P  value
n  = 10 n  = 10 n  = 15 n  = 14

Age (yr) 53.8 54.5 63 60.4
0.01

(40-64) (43-69) (44-85) (45-76)
Weight (kg) 72 83 57.9 74.9

0.02
(55.0-92.0) (65.0-94.8) (34.0-114) (52.0-98.0)

Height (cm) 165 177 165 176
0.88

(160-170) (170-188) (153-172) (170-186)
BMI (kg/m2) 26.5 26.6 21.4 24

0.02
(21.2-34.5) (21.7-30.6) (12.5-41.9) (15.0-31.6)

Body fat (%) 34.4 21.9
NA NA

(28.0-48.2) (13.1-29.4)
LBM (kg) 47.4 65.5

NA NA
(39.6-54.6) (55.8-70.6)

BSA (m2) 1.81 2.01 1.61 1.89
0.02

(1.56-2.07) (1.77-2.16) (1.25-2.29) (1.64-2.19)



before blood samples were collected to obtain steady 
state measurements. Splanchnic plasma flow (SPF) was 
calculated as SPF = E/(Ca-Cv), where E is the hepato-
biliary excretion rate of  99mTc-MBF, which equals the 
corrected infusion rate[2]. Ca and Cv are the concentra-
tions of  99mTc-MBF in the abdominal aorta and the 
hepatic vein, respectively. The level of  99mTc-MBF in 
plasma samples was determined using a Cobra Ⅱ Auto-
Gamma counter (Packard Bioscience Company, Frank-
furt, Germany). At least 10  000 counts were obtained and 
corrected for decay, background and dead time.

SBF was calculated as SPF/(1-hematocrit fraction). 
The splanchnic oxygen uptake (SO2U) was calculated as 
hemoglobin × (arterial oxygen saturation-hepatic venous 
oxygen saturation) × SBF × 1.34 mL O2/g of  hemoglo-
bin. The blood samples were analyzed using an ABL 700 
series (Radiometer Medical A/S, Brønshøj, Denmark), 
which was operated according to the manufacturer’s in-
structions.

Blood samples were taken from a central hepatic 
vein and the abdominal aorta simultaneously every ten 
minutes during the first hour. A mean baseline value was 
calculated. The participants ingested a 4000 kJ/400 mL 
standard liquid meal that consisted of  33% protein, 33% 
carbohydrates and 33% fat after one hour. Blood samples 
were collected every ten minutes for an additional hour, 
and blood glucose levels were measured at each sampling 
time as a control of  gastric emptying and intestinal ab-
sorption. The extraction fraction (EF) of  99mTc-MBF 
was calculated as (Ca-Cv)/Ca.

The wedged and free hepatic vein pressures were 
measured using a capacitance transducer at the end of  
the session to exclude the presence of  portal hyperten-
sion and resulting porto-systemic shunting. The mean 
gradient wedged-to-free hepatic vein pressure was 2.5 
mmHg (range 1-5 mmHg).

Angiography
An angiography was performed during the same session 
via a 4F pigtail catheter in the abdominal aorta as a con-
trol for the morphology of  the intestinal arterial blood 
supply. The angiography included an antero-posterior 
and lateral horizontal abdominal projection to visualize 
the individual origin of  the mesenteric artery branches. 
Iomeprol (Iomeron® 200 mg iodine/mL, Bracco, Milan, 
Italy; 15 mL for each image) was used as a contrast agent, 
and a total of  45 mL was administered on average.

Each artery was classified as normal (0%-9% lumen 
reduction) or exhibiting slight stenosis (10%-49% lumen 
reduction), moderate stenosis (50%-69% lumen reduc-
tion), significant stenosis (70%-99% lumen reduction) or 
occlusion. The investigator who evaluated the angiog-
raphies was blinded to the results of  the SBF, and both 
positive and negative controls were included.

Dual-energy x-ray absorptiometry-scanning
Only healthy volunteers were subjected to a dual-energy 
x-ray absorptiometry (DEXA) scan. Body composition, 
which was evaluated as the percentage of  body fat and 

fat-free mass, was measured using whole-body scanning 
in a Delfi Discovery A S/N 70879 and software version 
12.6 (Hologic, MA, United Stastes) for quantification. 
Each participant was immobilized in supine position 
during evaluation with the arms and legs away from the 
body. The equipment was calibrated daily according to 
the manufacturer’s instructions.

Statistical analysis
Statistical analysis was performed using STATA®11 (Stata-
Corp LP, Station, Texas, United States). All results are 
presented as mean values, SD and ranges. Paired and un-
paired Student’s t tests were used for intergroup compari-
sons. Relationships between variables were analyzed using 
linear or multiple linear regression analysis and repeated 
measurements when appropriate. A P value < 0.05 was 
considered statistically significant.

RESULTS
The average values and ranges of  SBF and SO2U dur-
ing fasting and after the meal are presented in Table 2. 
Significant differences (P < 0.01) between these values 
were observed at baseline and after the standard meal. 
The mean body weight among patients (65.4 kg) was 
significantly (P = 0.016) smaller than the group of  
healthy volunteers (77.5 kg). Eleven of  the 29 patients 
were underweight [defined as body mass index (BMI) < 
20]. None of  the healthy volunteers were underweight. 
However, no differences in the mean baseline SBF were 
observed between patients (1080 mL/min) and healthy 
volunteers (1087 mL/min) (P = 0.95) or the mean post-
prandial SBFs, which were 1718 mL/min in patients and 
1787 mL/min in healthy volunteers. Figure 1 presents the 
mean SBF and standard deviation as a function of  time 
in healthy volunteers and the patient group.

Healthy volunteers
Visceral arteriography revealed no significant stenotic 
vessels or occlusions in the group of  healthy volunteers. 
A slight stenosis (10%-49% lumen reduction) of  the celi-
ac artery was present in five cases. The presence of  these 
minor stenoses did not impact the SBF at baseline (1001 
mL/min, P = 0.31) or alter the postprandial increase (648 
mL/min, P = 0.49). Baseline SBF and SO2U values did 
not change over time (1045 mL/min to 1068 mL/min, P 
= 0.89 and 48 mL O2/min to 50 mL O2/min, P = 0.66, 
respectively). Variations in SBF were significantly larger 
between individuals than within individuals (P = 0.002), 
and the mean baseline SBF was 1087 mL/min (range 
731-1390 mL/min), which increased to 1787 mL/min 
(range 1387-2343 mL/min) postprandially (P < 0.001). 
The corresponding SO2U increased from 50.7 mL O2/
min (range 32.1-84.5 mL O2/min) to 77.5 mL O2/min 
(range 49.1-118.9 mL O2/min) (P < 0.01).

The baseline values and the increase in SBF after meals 
were independent of  age, sex, body weight, body surface 
area, and lean body mass in the group of  healthy volun-
teers. However, SO2U differed significantly between gen-
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postprandial increase in SBF. Each additional kg in body-
weight would augment the postprandial increase by 5.4 
mL/min. No significant difference between genders or 
any relationship to age was observed. Baseline and post-
prandial SO2U values were 48.0 mL O2/min and 75.0 mL 
O2/min, respectively, and these values in patients did not 
differ significantly from the healthy volunteers (P = 0.48 
and P = 0.68). Patients also exhibited a significant differ-
ence between genders in postprandial SO2U (P = 0.03).

DISCUSSION
Despite the redundancy in the visceral circulation, with 
its numerous interconnections between the three abdom-
inal arteries, the celiac trunk, and the superior and infe-
rior mesenteric arteries, symptoms of  CII ultimately arise 
when the genuine and collateral arteries can no longer 
accommodate the postprandial oxygen demand. There-
fore, investigations of  the morphology of  the intestinal 
arteries cannot stand alone; functional tests that evaluate 
the physiological consequences are required[12]. An un-
derstanding of  splanchnic hemodynamics and SO2U in 
healthy volunteers is crucial. None of  the healthy volun-
teers with stable weight exhibited a BMI < 20. Therefore, 
a group of  patients who underwent SBF measurements 
due to a suspicion of  CII with weights of  34 to 114 kg 
and angiography-proven normal intestinal arteries served 
as a control group. The mean baseline SBF of  1087 mL/
min and the increase to 1787 mL/min after the ingestion 
of  a standard meal that was observed in this study are 
consistent with Madsen et al[8], who performed a study in 
a comparable population of  healthy volunteers but with-
out knowledge of  arterial morphology.

Previous investigations of  SBF have been performed 
in volunteers who were 20 to 30 years of  age. This age 
group is not representative of  the population of  inter-
est for CII. These studies reported a total splanchnic 

ders (P = 0.001). This difference disappeared when gender 
was corrected for lean body mass (P = 0.99). Therefore, 
the gender-related differences in baseline SO2U and the 
postprandial increase were solely attributed to the gender-
related difference in lean body mass (P = 0.001). Lean 
body mass did not influence SBF. Therefore, the SO2U 
increase was accommodated by a larger oxygen extraction 
from the blood, which lowered hepatic venous blood satu-
ration (data not shown).

The percentage of  body fat influenced baseline SO2U, 
but it did not influence the postprandial increase (P = 
0.003). The baseline SO2U decreased by 4.4 mL/min for 
a five percent increase in body fat percentage.

Figure 2 illustrates the EF as a function of  time in 
each healthy volunteer. The arrow indicates the time of  
the standard meal. The mean EF of  99mTc-MBF de-
creased significantly (P < 0.01) from 0.46 to 0.39 during 
the baseline period. A steep drop in EF from 0.39 to 0.24 
(P < 0.01) and an increase in SBF were observed 20 min 
after the meal. The EF did not change thereafter.

Patients 
Figure 3A presents the mean baseline SBF for individual 
patients and healthy volunteers as a function of  weight. 
Two of  the patients exhibited high baseline SBF values 
(2740 and 2781 mL/min). Figure 3B presents the post-
prandial increase in SBF in individuals as a function of  
weight. One of  the outliers with hyperperfusion at base-
line experienced a decreased SBF after the meal; this indi-
vidual had the negative increase in Figure 3B.

The increase in baseline and postprandial SBF did not 
depend on weight (P = 0.47 and P = 0.12, respectively). 
However, weight did exert a significant (P = 0.025) im-
pact on the postprandial increase but not the baseline 
SBF in all individuals (n = 49) independent of  health sta-
tus. Therefore, an average person weighing 60 kg would 
demonstrate a 605 mL/min (95%CI: 510-701 mL/min) 

Healthy volunteers Patients suspected of CII, normal 
angiography

Female Male Female Male P  value
n  = 10 n  = 10 n  = 15 n  = 14

Fasting plasma glucose (mmol/L) 5.7 5.8 5.7 5.6 0.59
(5.1-6.9) (5.2-6.9) (4.5-11.6) (4.7-7.5)

Postprandial plasma glucose (mmol/L) 6.8b 7.2b 7.0b 7.2b 0.27
(5.9-7.8) (6.3-8.8) (5.4-12.1) (5.9-9.9)

Mean fasting SBF (mL/min) 1044 1129 1040 1123 0.95
(731-1319) (800-1390) (619-2781) (429-2740)

Mean postprandial SBF (mL/min) 1731b 1844b 1581b 1863b 0.54
(1386-1987) (1485-2343) (906-2340) (1332-3163)

Postprandial rise in SBF (mL/min) 686 714 542 707 0.47
(515-915) (314-1145) (-441-1014) (293-1325)

Mean fasting oxygen consumption (mL/min) 43.4 58.1 44.5 51.8 0.48
(32.1-53.8) (40.5-84.5) (34.6-76.1) (15.2-78.2)

Mean postprandial oxygen consumption (mL/min)  65.5b  89.6b  68.3b  82.2b 0.63
(49.1-84.0) (60.1-118.9) (46.2-104.7) (45.0-118.2)

Table 2  Results of glucose, splanchnic blood flow and oxygen consumption from 20 healthy volunteers and 29 patients suspected 
of chronic intestinal ischemia but normal intestinal arteries

All results are given as mean and range. The P value is the comparison difference between healthy volunteers and patients. bP < 0.001 vs fasting values. CII: 
Chronic intestinal ischemia; SBF: Splanchnic blood flow.
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plasma flow of  900 mL/min during fasting[4,9,13], which 
corresponds to an SBF of  1500 mL/min given a normal 
hematocrit. These flow values are 35% higher than the 
results in the present study. Although we did not observe 
an age-related effect in participants aged 40 to 85 years, 
age may be a factor in comparisons of  young adults to 
middle-aged and elderly individuals.

The frequent presence of  atherosclerotic changes 
in asymptomatic 60- to 70-year-old adults renders the 
knowledge of  arterial morphology in a study population 
essential. However, this knowledge has been neglected 
in previous studies. The present study demonstrated no 
atherosclerosis in any mesenteric arteries in healthy vol-
unteers, and only patients with normal intestinal arteries 
were included.

Healthy volunteers demonstrated no correlation be-
tween SBF and body composition, which was described 
as body weight, body surface area and lean body mass. 
This result contrasts a previous study[8] in which both 
baseline SBF and SO2U were directly related to the body 
surface area. One reason for this discrepancy may be that 
the ranges of  body surface area or lean body mass in the 
healthy volunteers in the present study were too small 
to detect a correlation. This limitation was encountered 
because of  the use of  a group of  patients with a weight 
range from 34 to 114 kg. The inclusion of  weight in the 
analysis further augmented the postprandial increase by 
5.4 mL/min for each kg bodyweight. Even patients who 
weighed 34 kg, which represented the lightest patient at 
our clinic, should have experienced a mean postprandial 
SBF increase of  465 mL/min (95%CI: 275-656) us-
ing this calculation. The exclusion of  two patients with 
hyperperfusion at baseline slightly changed these values 
(the mean postprandial SBF increased 4.9 mL/min for 
each kg of  bodyweight). These results support previous 
studies[6,8], which have reported that all individuals should 
demonstrate a postprandial response larger than 250 mL/
min independent of  body weight. However, the present 

study recommends the consideration of  body weight 
when postprandial SBF is used to diagnose CII.

Interestingly, weight did not influence baseline SBF. 
A minor tendency toward an increase in baseline SBF of  
2.2 mL/min (95%CI: -1.6 to 6.1, P = 0.25) for each kg 
increase in body weight was observed. However, a signifi-
cant correlation between weight and baseline SBF must be 
rejected.

A significant difference in SO2U between genders 
was observed in both groups. These differences between 
genders were uniquely correlated to the differences in 
lean body mass in the healthy volunteers who underwent 
a DEXA scan. This difference may also apply to the pa-
tient group, but this group did not undergo DEXA scans. 
Therefore, the correlation of  gender differences in SO2U 
to differences in body mass remains unknown in this 
group. The whole-body DEXA scan can reveal the body 
composition in each region of  the body. A large total lean 
body mass is closely associated with a large truncal lean 
body mass, which may explain the increased demand for 
oxygen in the splanchnic territory that was observed in 
the present study.

The observed decrease in the EF of  99mTc-MBF in 
healthy volunteers was most pronounced in the 20 min fol-
lowing the meal. This decrease is an inherent consequence 
of  the Fick principle in which the EF decreases with an 
increase in flow according to the following formula: SPF 
= E/(Ca-Cv). However, the decrease in EF throughout 
the baseline period, which was characterized by a constant 
SBF, remains unexplained. The decrease in EF during 
continuous infusion has been observed previously in pigs[3] 
and patients with fatty liver and cirrhosis[2]. This observa-
tion may be due to the limited capacity of  hepatocytes to 
process 99mTc-MBF from the blood to the bile.

International guidelines[14,15] on CII suggest the exclu-
sive use of  investigations that describe the morphology 
of  the intestinal arteries for the diagnosis of  CII. The 
diagnostic criteria include a combination of  relevant 
symptoms, such as postprandial abdominal pain and 
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min after the meal. 

2.5

2.0

1.5

1.0

0.5

0
0          20          40          60          80         100        120      140
                                       Time (min)

SB
F 

×
 1

03  (
m

L/
m

in
)

Patients suspected of CII but with normal 
angiography of the intestinal arteries (n  = 29)
Healthy volunteers (n  = 20)

Figure 1  Splanchnic blood flow ± SD at each sampling time. The standard 
meal of 4000 kJ was served after 60 min. CII: Chronic intestinal ischemia; SBF: 
Splanchnic blood flow.

Zacho HD et al . Total splanchnic blood flow: Reference values



887 February 14, 2013|Volume 19|Issue 6|WJG|www.wjgnet.com

weight loss, and at least two significant stenoses/occlu-
sions in the intestinal arteries. This approach ignores the 
well-documented knowledge of  the frequent presence 
of  inconsequential arterial stenosis[11,16,17]. Furthermore, 
patients with single-vessel disease or non-occlusive mes-
enteric ischemia are neglected.

The major drawbacks of  physiological investigations, 
such as SBF measurements or tonometry, are that these 
techniques are often time consuming[18,19] and invasive. 
Therefore, the use of  non-invasive investigations, such as 
duplex ultrasound (DUS) and MRI, are widely used. The 
wide availability and non-invasive nature of  DUS make 
it an attractive screening tool. The overall accuracy, sen-
sitivity and specificity for the identification of  stenotic or 
occluded vessels for both the CA and the SMA are above 
90% compared to DSA[20]. The meal-induced differences 
in blood flow velocity responses and the resistivity index 
in the celiac and superior mesenteric arteries can be as-
sessed using DUS[21] as a surrogate marker for blood flow 
in healthy young volunteers. However, the calculation of  

blood flow volume is dependent on an accurate cross-
sectional area of  the vessel, which is difficult to obtain 
using DUS, especially in the intestinal arteries, and this 
area is almost impossible to obtain in patients with dis-
seminated atherosclerosis. Therefore, DUS exhibits a 
disadvantage because only the morphology of  the vessels 
is examined. Another major disadvantage of  DUS is the 
requirement of  an experienced examiner because obesity 
and overlying bowel gas may compromise the results and 
the lack of  the visualization of  the inferior mesenteric 
artery.

MRI has demonstrated promising results for the quan-
tification of  blood flow in the portal and superior mesen-
teric veins[22,23], and MR angiography has a short acquisi-
tion time (17 s)[24]. Another promising study reported the 
possible quantification of  small bowel perfusion for the 
differentiation of  normal individuals from patients with 
CII[25]

. However, the capability of  a functional assessment 
of  CII using MRI has not been applied in a clinical setting 
despite the promise of  previous reports. This fact assigns 
the measurement of  SBF as one of  a few clinical appli-
cable investigations for the functional evaluation of  CII.

In conclusion, the present study recommends the 
consideration of  body weight in the diagnosis of  CII us-
ing the postprandial increase in SBF.
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Chronic intestinal ischemia is characterized by postprandial abdominal pain and 
weight loss. Atherosclerosis of the intestinal arteries is the most common cause 
of chronic intestinal ischemia. However, the rich collateral blood supply in the 
intestines may further develop in the presence of arterial stenosis to provide an 
adequate blood flow despite the significant stenosis of the intestinal arteries. 
Therefore, the application of physiological testing is required. The measurement 
of the splanchnic blood flow prior to and after a meal allows for an assessment 
of the physiological consequences of arterial stenosis in the intestines.
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Reference values for the total splanchnic blood flow and splanchnic oxygen 
uptake are lacking. The effect of body size and body composition should be 
considered because the majority of patients are underweight.
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morphology of the intestinal arteries or the possible effect of body composition. 
An intestinal angiography and a whole-body dual-energy X-ray absorptiometry 
scan were performed in each of the healthy volunteers in the present study. A 
group of patients was included as a second group to achieve a weight range 
that represented individuals with very low bodyweight. All patients exhibited a 
completely normal angiography of the intestinal arteries. The splanchnic blood 
flow during fasting was independent of age, sex, body weight and body compo-
sition, but the meal-induced increase was directly related to body weight.
Applications
The study suggests that the meal-induced increase in splanchnic blood flow is 
directly related to body weight. This relationship should be considered in the 
diagnosis of chronic intestinal ischemia based on splanchnic blood flow mea-
surements.
Terminology
Chronic intestinal ischemia is a clinical entity that is characterized by abdominal 
pain after eating. The pain causes the patient to eat smaller meals at longer 
intervals, which often leads to weight loss. The total splanchnic blood flow 
equals the blood flow through the liver, which can be calculated using the Fick 
principle.
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Figure 3  Postprandial increase in splanchnic blood flow for each indi-
vidual as a function of bodyweight. A: Baseline splanchnic blood flow (SBF): 
the linear correlation between bodyweight and baseline SBF is given by the 
equation. SBF = 858 mL/min + 3.2 mL/min × bodyweight, the correlation is 
however not significant (P = 0.35); B: Postprandial increase in SBF: the linear 
correlation between bodyweight and the postprandial increase in SBF can be 
described by the equation: SBF (increase) = 282 mL/min + bodyweight × 5.4 
mL/min (P = 0.025). △ : Female patients with normal angiography; ▲ : Male 
patients with normal angiography; 〇 : Healthy female volunteers; ● : Healthy 
male volunteers. 
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cially with regard to the functional aspects of the chronic mesenteric ischemia. 
The study design is valid and the data is sufficient.
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