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Chapter 1

Aims and outline



INTRODUCTION

Gastrointestinal ischemia results from a mismatch of blood supply to the main gastroin-
testinal arteries and the oxygen demand to maintain adequate metabolism. Three aortic
branches supply blood to the gastrointestinal tract: the celiac artery, the superior mesenteric
artery, and the inferior mesenteric artery. One of the main causes of chronic gastrointestinal
ischemia (CGI) is stenotic or occlusive disease of the supplying gastrointestinal arteries. For
a long time it was thought that only occlusive disease of two or more gastrointestinal arter-
ies could lead to CGI. The introduction of functional testing has played a pivotal role in the
diagnosis of CGI. Functional testing has shown that CGI is more common than previously
thought because it can also be caused by single vessel disease. Further studies showed that
a majority of patients with single vessel disease had sustained response after adequate treat-
ment. Moreover, functional testing seems to be pivotal to select patients who will benefit
from treatment, whether the cause is single- or multi-vessel disease.

Aims

In this thesis we aimed to study different aspects of diagnosis and treatment of CGI. We
studied the predictive value of functional testing in diagnosis of CGl, and determined the
diagnostic accuracy of a new minimally invasive technique to detect ischemia in order to
optimize the diagnosis of CGI. Furthermore, we assessed the risk factors for atherosclerotic
disease of the abdominal arteries, being one of the main causes of CGI. We also evaluated
the clinical success of revascularization in single vessel disease and response to vasodilation
therapy in patients with non-occlusive CGl.

Patients clinically suspected of CGlI may present with typical symptoms such as postprandial
pain resulting in fear of eating and subsequently weight loss, however they can also present
with less typical symptoms such as exercise related pain, diarrhea, and nausea. The classic
triad of CGlI, consisting of postprandial pain, weight loss, and an abdominal bruit, is present
in only around 20% of patients diagnosed with CGI. Thus, based on presenting symptoms
and signs, CGI remains a clinical challenge, and currently there is no single test, which is
sensitive and specific enough to diagnose CGI. Therefore, the proposed diagnostic approach
in patients clinically suspected of CGI includes radiologic imaging of the celiac artery and
the mesenteric arteries, and a functional test for assessment of mucosal perfusion. Radio-
logic imaging may identify gastrointestinal arterial stenosis, and a functional test may detect
gastrointestinal mucosal ischemia. In chapter 2 we assess the diagnostic value of items from
history and physical examination, radiological imaging and tonometry as a functional test for
the diagnosis of CGl.



Tonometry is not widely used as a functional test in the diagnosis of CGI because of its time
consuming and invasive nature. Recently, visible light spectroscopy (VLS) was introduced as
a new and minimally invasive technique to detect mucosal ischemia. VLS enables measure-
ments of mucosal capillary hemoglobin oxygen saturation during endoscopy. First studies
using VLS measurements in diagnosis of patients with CGl showed that lowered mucosal oxy-
gen saturation could be used to detect ischemia in these patients. In chapter 3 we present
the results of a study, which was designed to prospectively evaluate the diagnostic accuracy
of VLS for detection of ischemia in a large cohort of patients clinically suspected of CGl.

In a second large cohort we evaluated the treatment response of patients clinically suspected
of CGI who were selected for treatment with a standard diagnostic work-up including radio-
logical imaging, and VLS, and additionally we determined predictors of positive response to
treatment in these patients. The results of this study are shown in chapter 4.

A single artery stenosis is generally not considered to cause CGl due to the abundant collat-
eral circulation of the splanchnic vascular bed. Furthermore, stenosis of a single gastrointes-
tinal artery is highly prevalent in the general -asymptomatic- population. Nevertheless, the
concept that single artery stenosis never induces CGl is currently being challenged. Firstly,
functional studies using gastrointestinal tonometry or endoscopic VLS, have consistently
observed signs of mucosal ischemia in a proportion of patients with single artery disease,
with a correlation with symptoms. Secondly, several studies have reported clinical success
of treatment in patients with single vessel disease. The introduction of functional testing can
help to indentify those with single artery stenosis who would benefit most from treatment.
In chapter 5 we evaluate the clinical success rates of revascularization of a stenosis of either
the celiac artery or superior mesenteric artery in patients with unexplained refractory gastro-
intestinal symptomes.

CGl is in the majority of cases caused by narrowing of the gastrointestinal arteries, with
atherosclerosis being the most common underlying cause. Atherosclerosis is a generalized
disease, and any ischemic event in a certain vascular bed is a strong independent risk factor
for a new cardiovascular event. Studies focused on a cardiovascular work-up of classical risk
factors for atherosclerosis in patients with CGl are missing. Therefore, in chapter 6 we present
the results of a case-control study, which was designed to determine the contribution of
classical atherosclerotic risk factors to atherosclerotic CGl, and the mortality risk in treated
patients.

Occlusive disease of the gastrointestinal arteries is one of the most common causes of CGl.
However, the introduction of dedicated functional tests for detection of mucosal ischemia
by means of gastrointestinal tonometry and VLS has shown that the spectrum of CGI may

also include patients without macrovascular pathology, defined as having non-occlusive CGlI.
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Non-occlusive CGl is thought to be caused by a chronic state of hypoperfusion, either related
to vasospasm of the small branches of gastrointestinal arteries, atherosclerotic disease of the
gastrointestinal microvascular arteries, or hyposaturation either as a result of low cardiac out-
put or hypo-oxygenation due to severe anemia or pulmonary failure. In theory, patients with
non-occlusive CGl as a result of hypoperfusion could benefit from vasodilating medication.
Chapter 7 discusses clinical characteristics of this particular group as well as the effective-

ness of vasodilating medication.

Ischemic colitis accounts for half of all forms of gastrointestinal ischemia. It results from an
inadequate blood flow to the colon to meet the metabolic demands of the colon. This could
be due to occlusion of the mesenteric arteries, mechanical obstruction or systemic low flow
states. Endoscopy and histopathology often show nonspecific abnormalities in diagnosis of
ischemic colitis. A potential marker may be hypoxia inducible factor 1 alpha (HIF-1 alpha),
which is induced by hypoxia. HIF-1 alpha could be a marker, which can help us with an early
diagnosis of ischemic colitis, and start of adequate treatment. In chapter 8 we compare the
expression of HIF-1 alpha in normal colon, ischemic colitis, as well as in Crohn’s disease (CD),
ulcerative colitis (UC), and infectious colitis. Furthermore, we investigated if there is a correla-
tion between the degree of inflammation and expression level of HIF-1 alpha.

Finally in chapter 9 you will find a summary and discussion of the main findings of the stud-
ies presented in this thesis. Moreover, suggestions for future studies are also discussed in this

chapter.
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ABSTRACT

Background & aims: The diagnosis of chronic gastrointestinal ischemia (CGIl) remains a clini-
cal challenge. We aimed to assess the diagnostic value of clinical features, visualization of the
gastrointestinal arteries and evaluation of mucosal perfusion in patients clinically suspected
of CGl.

Methods: 186 patients referred for suspicion of CGI were prospectively included and fol-
lowed. All patients had an extensive diagnostic work up, including visualization of the gas-
trointestinal arteries with CT-, MR- or conventional angiography, and mucosal perfusion with
tonometry. The reference standard for CGI was persistent clinical response after adequate
therapy. The diagnostic value of individual and combined tests was assessed with multivari-
able logistic regression analysis.

Results: 116 (62%) patients were diagnosed with CGI.In a multivariable model solely based on
clinical features, the strongest predictors for CGl were presence of postprandial pain, weight
loss per month in kg, concomitant cardiovascular disease, and presence of an abdominal
bruit. However, this model showed limited discriminative ability for presence or absence of
CGl (c-statistic 0.62). Adding radiological imaging to the prediction model improved the dis-
criminative ability substantially (c-statistic 0.81). Adding tonometry to the prediction model
further improved the discriminative ability of the model (c-statistic 0.90). The combination
of clinical features and tonometry with a c-statistic of 0.88 approximated the discriminative
ability of the latter model.

Conclusion: Clinical features alone have a limited value to correctly assess CGl. Visualization
of the gastrointestinal arteries and evaluation of mucosal perfusion substantially improve
the diagnosis of CGI. The strongest diagnostic contribution comes from mucosal perfusion

assessment.



INTRODUCTION

The diagnosis of chronic gastrointestinal ischemia (CGI) remains challenging to establish.
Postprandial pain is thought to be the typical presenting symptom for chronic gastrointes-
tinal ischemia (CGlI). This pain causes fear of eating, which results in reduced intake and con-
sequent weight loss. However, patients with CGl can also present with less typical symptoms
as exercise-related abdominal pain, diarrhea and nausea. Physical examination may reveal
an abdominal bruit and low body mass index (BMI).™* The combination of postprandial pain,
weight loss and an abdominal bruit is known as the ‘classical’ triad of CGl, but recent studies
in larger cohorts of CGI patients have shown that this triad is only present in around 20%
of CGlI patients.>*” Consequently, based on presenting symptoms and signs, CGIl remains a
difficult diagnosis to establish.

Currently, there is no single test which is sensitive and specific enough to diagnose CGI. The
proposed diagnostic approach for patients clinically suspected of CGl includes radiological
imaging of the celiac trunc and mesenteric arteries, and a functional test for mucosal per-
fusion.*®° Radiologic imaging may identify gastrointestinal arterial stenosis, which can be
visualized by means of computed tomography angiography (CTA), magnetic resonance
angiography (MRA), duplex ultrasound, or conventional digital subtraction angiography
(DSA). 2810 A functional test may detect low oxygen saturation within areas of the gastro-
intestinal mucosa. Twenty-four hour gastrointestinal tonometry has been shown to be an
accurate functional test for mucosal perfusion, enabling identification of a considerable
proportion of patients with CGI.> "

The relative contribution of these diagnostic modalities for the assessment of patients with
possible CGI is unknown. In the present study we therefore aimed to assess the diagnostic
value of items from history and physical examination, radiological imaging, and functional
testing for the diagnosis of CGI.

METHODS

Consecutive patients with a clinical suspicion of CGl were included after informed consent,
and prospectively followed. All patients were seen in a single tertiary referral center with a
catchment area of 4.4 million subjects. In all patients more common causes of upper gastro-
intestinal complaints had been excluded by upper endoscopy, colonoscopy, and abdominal
ultrasound or abdominal computed tomography. Suspicion of CGl was defined as having at
least two of the following characteristics: 1) postprandial upper abdominal pain, 2) unex-
plained weight loss (> 5% of standard weight), and 3) significant stenosis of at least one of
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the gastrointestinal arteries on radiological evaluation. The Institutional Review Board of the
Erasmus MC- University Medical Center approved the study.

Standard diagnostic work-up

All consecutive patients referred to our center with suspicion of CGl were prospectively
evaluated and all data were collected in a prospective manner. All patients underwent a stan-
dard work up by means of a thorough medical and physical examination, and an extensive
questionnaire concerning clinical complaints and medical and family history. All patients
underwent radiological evaluation by means of CTA, MRA and/or conventional angiography
to visualize the gastrointestinal arteries (celiac artery, superior mesenteric artery and inferior
mesenteric artery) in combination with a 24-h gastric and jejunal tonometry. A significant
stenosis of the abdominal arteries was defined as a luminal reduction of >70 %. Gastroin-
testinal tonometry was performed to assess mucosal PCO, measurements, both in fasting
and postprandial state with gastric and jejunal catheters. All patients had meals at standard
times during gastrointestinal tonometry: liquid compound meal (400 ml) (12.00 p.m.), bread
meal (18.00 p.m.), breakfast (8.00 a.m.), liquid compound meal (10.00 a.m.) and dinner (12.00
p.m.) 2. The patients were instructed to eat their meals within 15 minutes. The criteria for a
pathologic response was a gastric or jejunal PCO, > 12.0, 13.6 and 10.6 kPa after breakfast
(or bread meal), dinner or compound solution, respectively as described previously'. A
positive (abnormal) tonometry test was defined as: 1) a pathologic response after 3 or more
meals, or 2) a combination of one or two pathologic responses after meals combined with a
median PCO, > 8.0 kPa in between meals. This was all done according to previously published
standards'".

Consensus and definitive diagnosis of CGI

Medical history, complaints, and the results of all diagnostic procedures were discussed in a
dedicated multidisciplinary team consisting of a vascular surgeon, intervention radiologist
and gastroenterologist, all specialized in CGI. The discussion resulted in a final expert-based
consensus diagnosis of CGl or non-CGl. Patients with the diagnosis CGI had either occlusive
or non-occlusive CGl. Non-occlusive CGl was defined as mesenteric ischemia in the absence
of significant vascular stenoses, such as can be observed in low-flow states in patients with
insufficient cardiac output. Patients diagnosed with occlusive CGl were offered revascular-
ization of the vascular obstruction by either surgery or by endovascular stent placement.
Patients diagnosed with non-occlusive CGl were offered medical treatment with vasodilation
therapy, consisting of isosorbide dinitrate 20 or 40 mg od. In case of side effects or no clinical
improvement after 4 weeks use of isosorbide dinitrate 40 mg od, the isosorbide dinitrate was
replaced by ketanserin 20 mg or 40 mg od for the same period of time. Conservative treat-
ment was considered in patients diagnosed with CGl who declined intervention or were not-
eligible for interventional therapy. In these patients proton pomp inhibitors were prescribed
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to decrease metabolic demand of the stomach and proximal gastrointestinal tract. All patients
diagnosed with CGI were prospectively followed up at the out-patient clinic with scheduled
visits at six weeks, three months, six months and one year after treatment for assessment of
clinical status and repeated duplex ultrasound scanning of the gastrointestinal arteries. After
this period, patients were assessed once yearly at our out-patient clinic or referred for yearly
clinical assessment by their referring physician. The referring physicians were instructed to
report recurrent symptoms, and were asked to present and / or confirm follow-up data at the
end of the follow-up period. The definitive CGI diagnosis was made after persistent relief of
symptoms on long-term follow-up of at least 12 months after initiation of therapy. Persistent
relief of symptoms was defined as: complete disappearance of postprandial pain and / or
weight gain or weight stabilization after therapeutic intervention. Patients diagnosed by the
expert panel as not having CGI had no intervention and were discharged from follow-up.
Follow-up data of these patients was obtained by means of a survey, which was conducted
by contacting the primary care or referring physician. The survey focused on current health
status, presence of any persisting symptoms, abdominal weight, further diagnostic proce-
dures, and events such as hospital admission and death. The definite diagnosis non-CGl was
only made if patients did not encounter gastrointestinal ischemia-related morbidity and / or
mortality at follow-up of at least 12 months. During follow-up, patients could switch from an
initial diagnosis of CGI to a final diagnosis of non-CGl in case of persistent complaints after
technical successful revascularization and treatment with vasodilating agents, or from an
initial diagnosis of non-CGl to a final diagnosis of CGl in case of occurrence of gastrointestinal
ischemia-related complications or death during follow-up. The latter was seen in none of the
patients at the definite diagnosis. The definitive diagnosis assessed at follow-up was used in
the current analyses.

Statistical analysis

Missing observations were imputed five times with multiple imputation.'*'> We used the
areg.impute algorithm, which works with R software.'® The imputation models used all the
variables that we considered as potential predictors and the diagnosis CGI (yes/no). Patient’s
characteristics were compared using Mann-Whitney U test or X? test. Univariable and mul-
tivariable associations of the candidate predictors with CGI were quantified with logistic
regression analysis. The associations were estimated as regression coefficients and odds
ratios. For the univariable analysis the following patients characteristics were studied: age,
gender, reported weight loss, weight loss per month, which is defined as the total amount
of weight loss (in kg) a patient had from symptom onset divided by the period (in months)
in which the weight loss occurred, postprandial pain, exercise related pain, diarrhea, nausea,
smoking, family history of cardiovascular disease, known cardiovascular disease, presence
of abdominal bruit, BMI after complaints, the classical triad, results of radiologic evaluation
(significant stenosis yes/no) and gastrointestinal tonometry (ischemia present yes/no). For
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the multivariable analysis we developed three models: model A (clinical model) consisted
of clinical features only, i.e. clinical model. Clinical features were defined as items obtained
from medical history including complaints of abdominal angina, questionnaire and physical
examination; subsequently, we assessed the additional value of radiological evaluation in
correctly diagnosing of CGl. This additional value was assessed compared to a model with
only clinical features, so model B included predictors of model A together with radiological
evaluation added; model Cincluded the predictors of model B and tonometry results added.
A third model C included predictors of model B together tonometry. Further, we developed
alternative models to assess the added diagnostic value of tonometry on top of the clinical
features and to assess the value of single- and multivessel stenosis separately in models B and
C. For the clinical model (model A), we considered seven variables, in agreement with the rule
of thumb to use no more than one variable per ten outcomes in the less frequent outcome
category."” In our case the less frequent outcome category consisted of patients without CGlI
(n=70).Based on the literature and clinical knowledge, we chose typical symptoms and signs
of CGl and risk factors for atherosclerosis, namely postprandial pain, weight loss per month,
BMI, family history of cardiovascular disease, smoking, concomitant cardiovascular disease,
and presence of an abdominal bruit. Starting with a model using these seven variables, vari-
able selection was performed using backward elimination with p-value <0.20. We used a rela-
tively high p-value, because stepwise elimination with the standard p-value (0.05) may lead
to a loss of information by excluding important predictors. Selection with higher p-values
is considered a sensible alternative, which increases the power of selecting true predictors
and excluding only those variables with small effects.®. If a predictive model is developed in
a relatively small dataset as in our case, the model performance estimated in that dataset is
too optimistic. This “optimism” is a well-known phenomenon in prediction research.”'® We
used bootstrapping to assess the optimism in c-statistic and to assess a shrinkage factor.’®%,

The discriminative ability of the model was estimated with a measure of concordance, the
c-index. The c-index indicates to which extent patients with CGI can be distinguished from
patients without CGI. This means: in case of two random patients one of them having CGl and
the other one not having CGl; the c-statistic gives a higher probability for having CGI to the
patient who actually has CGl than to the patient who does not have CGl. The c-statistic shows
how well a model can distinguish between a patient with CGl and a patient without CGI. The
c-statistic is identical to the area under the receiver operating characteristic (ROC) curve for
a dichotomous outcome.”



RESULTS

Patients

From June 2006 to January 2009, 186 patients were referred for evaluation of suspected CGl
and included in the present study (Figure 1; flow chart of the study). The median age was 63
(range 17 - 87) years and 69(37%) patients were male (Table 1). After initial diagnostic work-
up, a consensus diagnosis CGl was made in 128 (69%) patients. Majority of patients with the
consensus diagnosis of occlusive CGI (n = 99) were offered intervention by vascular surgery
or endovascular revascularization. One patient was not found eligible for intervention and
received conservative treatment. Four patients underwent first endovascular treatment, but
surgical intervention was followed at a later stage, leading to persistent relief of symptoms in
all four. Five patients suspected of occlusive CGI had no, or non-significant, arterial stenosis
at angiography. The latter patients were then defined as non-occlusive CGI. Thus, eventu-
ally from 128 patients who initially had the consensus diagnosis CGl, 99 occlusive, and 29
patients non-occlusive, the diagnosis of occlusive and non-occlusive CGI was established in
94 and 34 patients, respectively. Of occlusive CGI patients, 93 (99%) had endovascular (n =
66) or surgical intervention (n = 27), and 1 patient had conservative treatment. All 34 patients
with non-occlusive CGI received conservative treatment, usually consisting of vasodilatory

medication (Figure 1).

Table 1: Patient characteristics for the total group, CGI patients and non-CGl patients.

Patient characteristics Total group CaGl Non-CGI
n=186 n=116 n=70
Age (years)* 63 (49-71) 63 (50-74) 60 (47 -70)
Male gender 69 (37) 42 (36) 27 (39)
Reporting weight loss 133 (72) 87 (75) 46 (66)
Weight loss (kg/month)* 1.0 (0.7-2.5) 1.0 (0.7-3.0) 1.0 (0.6-2.5)
Postprandial pain 132 (71) 90 (78) 42 (60)
Exercise related pain 70 (38) 44 (38) 26 (37)
Nausea 76 (41 46 (40) 30 (43)
Diarrhea 49 (26) 25 (22) 24 (34)
Smoking 132 (71) 81 (70) 51 (73)
Family history CVD 80 (43) 49 (42) 31 (44)
QD 78 (42) 53 (46) 25 (36)
Abdominal bruit 4 (22) 32 (28) 9 (13)
BMI (kg/m?)* 219 (19.1-25.7) 222 (19.0-25.0) 213 (19.4-26.0)
Classical triad 24 (13) 19 (16) 5 (7)
Stenosis 108 (58) 89 (77) 19 (27)
Abnormal tonometry 123 (66) 107 (92) 16 (23)

n (%) unless indicated otherwise;

* values are median (25-75 percentile); data calculated only in patients with weight loss

BMI = body mass index; CVD = cardiovascular disease; CGl = chronic upper gastrointestinal ischemia;
Classical triad = combination of postprandial pain, weight loss and presence of abdominal bruit

19



Referred for evaluation of possible CGI (n = 186)

Standard work up

(Medical history, physical examination, CTA/MRA/DSA, 24- hour tonometry)

Multidisciplinary team
Consensus diagnosis

Treatment”

CGIn =128 (69%)*

Non-CGI n =58 (31%)
No intervention

—| Follow-up > 12 months |—

n=116(62%)

n =70 (38%)

Improved® Not improved* No ischemic events Ischemic event®
n=116 n=12 n=>58 n=0
Definite diagnosis CGI Definite diagnosis non-CGI

Figure 1: Flow-chart of the study

CGI = Chronic gastrointestinal ischemie;

CTA = computed tomography angiography;
MRA = magnetic resonance angiography;
DSA = digital subtraction angiography;

TM = 24-hours gastric and jejunal tonometry;
a 99 (77%) with occlusive CGl; 29 (23%) with non-occlusive CGlI

b Occlusive CGI: intervention: n = 98; stent placement (n = 75), in 4 patients this was followed by surgery
and in 5 patients no stenosis was seen during angiography and these patients were treated as non-

occlusive ischemia); surgery (n = 23); conservative treatment in 1 patient
Non-occlusive CGl; vasodilating agents (n = 24); conservative treatment (n = 10)

¢ Symptoms improvement; stent placement 62/66, surgery 26/27; vasodilating agents 21/24; other 6/10

d Symptoms unchanged despite

adequate treatment, 12

e Non ischemia related morbidity and mortality occurred during the follow-up

A definite diagnosis of CGl was made if a patient was free of symptoms after adequate therapy for at
least 12 months of follow-up; A definite diagnosis of non-CGl was made if a patient was not diagnosed or

hospitalized with ischemia related morbidity or mortality after follow-up
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After a median follow-up of 21 (range 12 - 44) months, the definitive diagnosis CGl was con-
firmed in 116 patients (62% of total, 91% of initial CGI group). Relief from postprandial pain
was achieved in 93% of patients with occlusive CGl and 88% of patients with non-occlusive
CGl. After treatment, weight gain or weight stabilization occurred in 93% and 74% of patients
with occlusive and non-occlusive CGlI, respectively. Five patients, who received endovascular
or surgical revascularization, did not experience symptom improvement during follow-up
despite technical successful revascularization: three of these patients were treated for single
vessel stenosis, and two for multivessel stenosis. In seven patients who were treated for non-
occlusive CGl symptoms did also not improve. Therefore, in total 12 (9%) patients switched
from the diagnosis CGI tot non-CGl after follow-up. (Figure 1).

Follow-up in these patients showed spontaneous improvement in three patients, a diagnosis
of Giardia infection in one, celiac disease in one, and Helicobacter pylori gastritis in one patient,
which were all successfully treated. In five patients symptoms persisted without an alterna-
tive diagnosis on follow-up. One patient was lost in follow-up. Moreover, during follow-up in
none of the patients with the consensus diagnosis non-CGl, ischemia related morbidity was
noted. The definitive diagnosis occlusive CGl was diagnosed in 89 (77%) and non-occlusive

Table 2: Patient characteristics of CGI patients with occlusive and non-occlusive disease.

Patient characteristics CGl

Occlusive Non-occlusive

n=89 n=27

Age (years)* 63 (51-74) 63 (45-71)
Male gender 33 (37) 9 (33)
Reporting weight loss 65 (73) 22 (82)
Weight loss (kg/month)* 1.2 (0.7-3.0) 1.0 (04-2.4)
Postprandial pain 68 (76) 22 (82)
Exercise related pain 30 (34) 14 (52)
Nausea 34 (38) 12 (44)
Diarrhea 20 (23) 5 (19)
Smoking 64 (72) 17 (63)
Family history CVD 36 (40) 13 (48)
cvD 40 (45) 13 (48)
Abdominal bruit 28 (32) 4 (15)
BMI (kg/m?)* 220 (19.0-25.0) 225 (18.9-25.6)
Classical triad 16 (18) 3 (11)
Stenosis 89 (100) 0
Abnormal tonometry 80 (90) 27 (100)

n (%) unless indicated otherwise;

* values are median (25-75 percentile); data calculated only in patients with weight loss

BMI = body mass index; CVD = cardiovascular disease; CGl = chronic upper gastrointestinal ischemia;
Classical triad = combination of postprandial pain, weight loss and presence of abdominal bruit;

** two-tailed significance
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Table 3: Univariable association of patient’s characteristics and test results with presence of CGI.

Patient characteristics Coding CGl Non-CGI OR* 95 % CI*
n=116 n=70
Age** 49-71 years - - 134  0.90-1.98
Gender Female 74 (63%) 43 (37%) 111 0.60-2.04
Male 42 (61%) 27 (39%)
Weight loss Yes 87  (65%) 46 (35%) 157 0.85-2.89
No 29 (55%) 24 (45%)
Weight loss** 0.7-2.5 kg/month B B 135 0.95-1.91
Postprandial pain Yes 90  (68%) 42 (32%) 231 1.25-4.26
No 26 (48%) 28 (52%)
Exercise related pain Yes 44 (63%) 26 (37%) 1.03 0.56-1.91
No 72 (62%) 44 (38%)
Diarrhea Yes 25 (51%) 24 (49%) 0.53 0.29-0.97
No 91 (66%) 46 (34%)
Nausea Yes 46 (61%) 30 (39%) 088  047-162
No 70 (64%) 40 (36%)
Smoking Ever smoked 81  (61%) 51 (39%) 088  048-1.63
Never smoked 34 (64%) 19 (36%)
Family history CVD Yes 49 (61%) 31 (39%) 1.08 0.59-2.0
No 57 (63%) 34 (37%)
CvD Yes 53 (68%) 25 (32%) 151 0.82-2.79
No 63 (58%) 45 (42%)
Bruit Yes 32 (78%) 9 (22%) 258  140-476
No 82 (58%) 59 (42%)
BMI ** 19.1-25.7 kg/m? - - 0.93 0.59-1.47
Classical triad Yes 19 (79%) 5 (21%) 255  091-7.6
No 97 (60%) 65  (40%)
Radiologic evaluation Stenosis 90  (83%) 19  (17%) 929  4.69-1842
No stenosis 26 (34%) 51 (66%)
Tonometry Normal 3 (7%) 43 (93%) 2856 11.22-72.76
Abnormal 107 (87%) 16 (13%)

CGl = chronic upper gastrointestinal ischemia; BMI = body mass index; CVD = cardiovascular disease;
Classical triad = combination of postprandial pain, weight loss and presence of abdominal bruit

* based on 5 completed datasets;

** continuous variable, odds ratios are shown for an increase in values equal to the interquartile range

CGl was diagnosed in 27 (23%) patients. Single vessel stenosis was present in 57 (64%) and
multi vessel in 32 (36%) patients diagnosed with occlusive CGI. The characteristics of patients
with occlusive and non-occlusive CGI were similar (Table 2). In 2 (7%) patients diagnosed
with non-occlusive CGl, clinical significant cardiac dysfunction was diagnosed on additional
cardiological evaluation. None of the patients with non-occlusive CGI presented with clinical
gastrointestinal bleeding.
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Univariable and multivariable analysis

Overall, 1.3% of required data were missing. This in particular pertained to information the
timing of weight loss, presence or absence of a family history of cardiovascular disease, body
mass index, and tonometry assessment. In patients presenting with clinically suspected
“acute-on-chronic” clinical signs of gastrointestinal ischemia, tonometry was not performed;
these patients had intervention without delay. The univariable associations of the clinical
parameters, radiologic evaluation and tonometry with CGl are shown in Table 3. Postprandial
pain (OR 2.3), weight loss (OR 1.6), an abdominal bruit (OR 2.6), a known medical history
of cardiovascular disease, (OR ratio 1.5) and presence of the ‘classical’ triad (OR 2.6), were
univariably strongly associated with presence of CGl. However, the combined ‘classical’ triad
was only found in 16% of patients diagnosed with CGIl. The multivariable analysis showed
that the clinical features postprandial pain, weight loss in kg per month, concomitant cardio-
vascular disease, and presence of an abdominal bruit were the strongest predictors for the
diagnosis CGl. These predictors were included in model A yielding a c-statistic of 0.69. Adding
the results of radiologic imaging to this model (model B), improved the discriminative ability
to a c-statistic of 0.83. Further addition of tonometry (model C) resulted in a further improve-
ment of discriminative ability of the prediction model to a c-statistic of 0.93 (see Table 4).
The ROC-curves related to the three models are shown in Figure 2. The shrinkage factors
estimated with bootstrapping were 0.73, 0.91 and 0.92, for model A, model B and model C
respectively. The optimism corrected c-statistic after bootstrapping was 0.62, 0.81 and 0.90
for model A, model B and model C, respectively. An alternative model was fitted including the
clinical features and results of tonometry, which also resulted in a high discriminative ability

of the model (c-statistic of 0.88 after correction for optimism).

Table 4: Multivariable associations between predictors and presence of CGl.

Predictors Model A Model B Model C

B OR 95%Cl B OR 95%Cl B OR 95%Cl
Postprandial pain 089 243 1.23-480 102 276 1.26-6.05 145 4.25 1.63-11.10
Weight loss (kg/month) 017 119  096-147 017 119 0.94-1.50 029 1.34 0.94-192
Bruit 081 224 098-5.13 028 133 0.52-339 0.51 1.67 0.46 - 6.00
CvD 046 159  083-3.02 047 159 0.76-3.33 0.1 1.12 0.44-282
Stenosis 221 919 444-19.00 1.65 520 206-13.14
Abnormal tonometry 378 4366 1252-152.19
Intercept -0.66 -1.82 -4.61
c- statistic* 0.62 0.81 0.90

OR = odds ratio; Cl = confidence interval; CGI = chronic gastrointestinal ischemia; CVD = cardiovascular
disease; 3 = regression coefficient;
* after correction for optimism
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indicated for the three models

We developed a diagnostic model only comprising of the predictors from the ‘classical’ triad
(alternative model A) showing a weak discriminative ability for the diagnosis of CGI (c-statistic
0.63). Besides, we also developed alternative models B and C that included radiologic evalua-
tion as no, single, or multivessel stenoses. The alternative models B and C showed c-statistics

of 0.82 and 0.91 after correction for optimism.

DISCUSSION

We assessed the value of medical history, physical examination, vascular and functional as-
sessment for the diagnosis of CGl in a large group of patients suspected for CGI. The diagnos-
tic value of clinical features was limited. Adding radiological evaluation and gastrointestinal
tonometry substantially improved the accuracy of diagnosis. This in particular pertained to

functional testing by means of gastrointestinal tonometry.

The univariable analysis conducted in our prospective cohort demonstrated that postprandial
pain, weight loss in kg per month, an abdominal bruit, the presence of the‘classical’triad, and a
known medical history of cardiovascular disease, had strong association with presence of CGl.
Earlier studies have shown that postprandial pain and weight loss are the most prevalent symp-
toms in CGl patients.”*” Hence, symptoms earlier described as ‘atypical’ for CGl, i.e. exercise re-
lated pain, nausea and diarrhoea, are indeed not predictive for the correct diagnosis. However,
the overall capacity to correctly predict the presence or absence of CGI on clinical features is
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only limited. As earlier described the clinical signs of CGl may vary among patients with CGI. For
instance, the ‘classical triad of angine abdominal; i.e. a combination of postprandial epigastric
pain, loss of weight caused by fear of eating, and an epigastric bruit, is only present in a minority
of patients such as in 16% of our cohort.2 22 The “classical triad” is strongly predictive of CGl, but
the absence of the triad does not rule out CGl. Similarly, a diagnostic model only comprising of
the predictors from the‘classical’ triad had a weak discriminative ability for the diagnosis of CGI.
In daily clinical practice, a history of abdominal angina and physical examination alone cannot
be used to diagnose, or rule out CGI.

Postprandial pain is one the most prevalent symptoms in patients with CGI. In daily clini-
cal practice, different types of postprandial can be identified. However, because of the fact
that multiple clinical features might represent CGl, we decided to use postprandial pain as a
‘simplified’ and clear clinical symptom, guided by outcomes of earlier research. Postprandial
pain ‘in general’ is a common symptom, i.e. in functional disorders as gastroparesis, but in
these cases this is often not combined with significant weight loss and / or stenosis of at least
one of the gastrointestinal arteries. In our opinion, postprandial pain as a “simplified” clinical
symptom still represents a strong clinical predictor of CGI. The majority of CGI patients in our
cohort are female. This is however in line with earlier reports of larger cohorts of CGl patients
which show that between 60 and 70% of patients are female. 36723

Radiological evaluation and gastrointestinal tonometry improved the diagnostic value
substantially. Especially the addition of gastrointestinal tonometry, i.e. a functional test for
mucosal perfusion, increases the ability to discriminate between patients with and without
CGI. Moreover, we developed alternative models B and C using the presence of no stenosis,
single- or multivessel stenosis of the gastrointestinal arteries after radiologic evaluation.
These alternative models seem to have comparable discriminative ability for diagnosis of
CGl with original model B and C, where the presence or absence of gastrointestinal arterial
stenosis was used as a solely predictor.

The results of our study show that combining clinical features with functional testing by
means of gastrointestinal tonometry approximates the diagnostic value of the combination
of clinical features, radiological imaging and tonometry (c-statistics of 0.88 and 0.90 in the
models, respectively). This finding show that tonometry can be used prior to radiological
imaging in patients suspected of CGl The advantage of an initial functional test for mucosal
perfusion is that potential complications of radiological imaging, such as contrast allergy,
exposure to radiation, and renal toxicity can be avoided in a proportion of patients. In pa-
tients with confirmed pathological mucosal perfusion, radiological imaging is needed to
distinguish between occlusive and non-occlusive disease to determine accurate treatment.
In addition, cardiological (re-) evaluation of patients with the diagnosis non-occlusive CGl
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seems important, as in 7% of these patients significant cardiac dysfunction was diagnosed.
An earlier published study already showed that gastrointestinal hypoperfusion is one of the
first signs related to decreased cardiac output caused by cardiac valve disease and / or heart
failure, which can be detected by Gl tonometry.?*

The present study has several limitations. First, the reference diagnosis was not blinded for pre-
dictors. In fact, the test results that were used to derive the consensus diagnosis, were also stud-
ied for their association with CGI. However, the consensus diagnosis was only used for baseline
treatment decisions, whereas the reference diagnosis was defined as persistent clinical response
during long-term follow-up after adequate treatment. Moreover, a definite diagnosis of non-CGl
was made if a patient was not diagnosed or hospitalized with ischemia related morbidity or
mortality after at follow-up. From the 58 patients who had the consensus diagnosis of non-CGl,
none of them suffered from ischemia related morbidity or mortality during the follow-up. The
consensus diagnosis CGl was made in 128 patients, in 12 patients the consensus diagnosis
CGl was changed in non-CGl as the reference diagnosis (false positive result of 9%) as in these
patients this diagnosis was not confirmed. These data showing an acceptable low false negative
and false positive results, and is comparable with earlier published results using this work-up.*
.25 Secondly, the number of patients is relatively small for prediction research, although our
cohort with 116 CGlI patients is the largest CGI cohort reported in literature so far. Against this
background, we consider this study a first analysis of diagnostic test performance for CGI. Our
model should be validated in other cohorts. Thirdly, most clinicians will only consider CGI after
exclusion of a variety of other conditions, and often only if the classical triad of postprandial
pain, weight loss, and an abdominal bruit are present. Thus, patients evaluated for CGI gener-
ally represent a highly selected population. This also pertains to our patients, although we do
have a somewhat different setting. Our medical center is a tertiary referral center for a large
region in the Netherlands, covering approximately 4.4 million inhabitants. During the past 6
years we have set up a referral program for patients suspected of CGI. The awareness among
referring clinicians and the clinical expertise of our program lower the threshold for referral and
CGl evaluation, and thus reduce the selection process prior to referral. A considerable amount
of patients with unexplained postprandial and/or abdominal pain, with or without weight loss
referred from this region by general practitioners, medical specialists or other departments from
the same medical center were considered eligible for evaluation of CGIl. Nevertheless, not all
patients in our region with these symptoms have been included, some might have been missed,
and therefore a selection bias has to be taken into account.

In conclusion, clinical features alone have limited value to correctly diagnose CGl. Radio-
logical imaging of the gastrointestinal arteries and a functional test, such as gastrointestinal
tonometry, substantially improve correct diagnosing and allow good to excellent case detec-
tion in populations at risk.
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ABSTRACT

Background: The diagnosis of chronic gastrointestinal ischemia (CGI) remains a clinical chal-
lenge. Currently, there is no single and simple test with a high sensitivity available. Visible
light spectroscopy (VLS) is a new technique that non-invasively measures mucosal oxygen
saturations during endoscopy.

Objective: The diagnostic accuracy of VLS for detection of ischemia in a large cohort of
patients.

Design: Prospective study, adherence to the Standards for reporting of diagnostic accuracy.
Setting: Tertiary referral center.

Patients: Consecutive patients referred for evaluation of possible CGI.

Interventions: Patients underwent VLS next to the standard work-up consisting of evalua-
tion of symptoms, gastrointestinal tonometry and abdominal CT- or MR-angiography.

Main outcome measures: VLS measurements and the diagnosis CGl as established with the
standard work-up.

Results: In 16 months, 121 patients were included: 80 in a trainee data set, followed by 41
patients in a validation data set. CGl was diagnosed in 89 (74%) patients. VLS cut-off values
were determined based on the diagnosis CGl, and applied in the validation data set and the
results compared to the gold standard, resulting in a sensitivity and specificity of VLS of 90%
and 60%. Repeated VLS measurements showed improvement in 80% of CGI patients after
successful treatment.

Limitations: Single center study, only 43% of patients had repeated VLS measurements after
treatment.

Conclusions: VLS during upper endoscopy is a promising, easy to perform, minimally inva-
sive technique to detect mucosal hypoxemia in patients clinically suspected for CGI, showing
excellent correlation with the established ischemia work-up.
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BACKGROUND AND AIMS

The diagnosis of chronic gastrointestinal ischemia (CGIl) remains a challenge in clinical
practice. For a long time, CGl was considered to be a very rare disease, only presenting in
patients with multiple stenotic abdominal arterial disease. The introduction of gastrointesti-
nal tonometry (TM) as the first functional test and one of the major keys in diagnosing CGlI,
has changed this view. Several studies with TM have shown that CGl is a clearly identifiable
disease identity which can occur both in the presence of multi-vessel as well as single ves-
sel abdominal arterial stenosis (1-3). Currently, a combination of clinical signs, radiological
evaluation of abdominal arterial vascular anatomy and a functional test (TM) is the proposed
diagnostic work-up in this particular patient group (1, 3, 4). However, TM is only used in a
limited number of dedicated centers with a CGI program, which means that the majority of
potential CGI patients are still assessed without functional testing. Unfortunately, the wider
use of gastrointestinal TM is hampered by its cumbersome and invasive nature.

Visible light spectroscopy (VLS) is a relatively new technique that enables non-invasive
measurements of mucosal capillary hemoglobin oxygen saturations during endoscopy (5).
The technique uses white light delivered by a fiberoptic probe via the endoscope to directly
measure intra-mucosal hemoglobin saturation, relying on the marked difference in absorp-
tion spectra of oxygenated and deoxygenated hemoglobin. This saturation reflects the
adequacy of mucosal perfusion and should therefore, in theory, be lowered in CGI. VLS could
be of great value as a new and less invasive diagnostic tool in patients suspected of CGl,and a
recent pilot study using VLS in a few CGlI patients showed promising results (6). We therefore
prospectively evaluated the diagnostic accuracy of VLS for detection of ischemia in a large
cohort of patients clinically suspected for CGI, and evaluated by means of the ‘gold standard’

proposed diagnostic work up.

METHODS

Consecutive patients which were referred for evaluation of possible CGI to the department
of Gastroenterology and Hepatology of a tertiary care center (Erasmus MC - University Medi-
cal Center) were asked to participate in the current study and prospectively included after
informed consent. In all patients more common causes of upper gastrointestinal symptoms
had been previously excluded by upper endoscopy, colonoscopy, abdominal ultrasound
and / or CT- or MRA. Suspicion for CGl was defined as fulfilling at least two of the follow-
ing criteria: 1) presence of postprandial pain, 2) otherwise unexplained weight loss (> 5%),
and / or 3) significant stenosis of at least one of the gastrointestinal arteries on previous
radiological evaluation. The potential value of VLS as a diagnostic test and the cut-off values

31



were determined in a trainee data set and these established cut-off values were validated in
a validation data set. Mucosal saturation measurements during VLS were compared with the
diagnosis of CGl. The study was approved by the Institutional Review Board of the Erasmus
MC- University Medical Center. For this diagnostic study, we adhered to the Standards for
reporting of diagnostic accuracy (STARD) Initiative (7).

Standard diagnostic work-up

Prolonged (24 hour) gastric and jejunal TM in combination with CTA or MRA to visualize the
gastrointestinal arteries (celiac artery (CA), superior mesenteric artery (SMA) and inferior
mesenteric artery (IMA)) were performed as standard diagnostic work-up. TM was performed
using a standardized protocol, as described previously, enabling mucosal CO, measurements
both in fasting and postprandial state with gastric and jejunal catheters (1). A significant
stenosis of the abdominal arteries was defined as a luminal reduction of >70 %. Medical
history, symptoms, physical exam, and the results of all diagnostic procedures except the
VLS readings were discussed in a multidisciplinary team consisting of a vascular surgeon,
intervention radiologist and gastroenterologist, all specialized in CGI, and a consensus di-
agnosis was made, classifying individual patients as either having (1) no arterial stenosis, no
ischemia, (2) arterial stenosis, no ischemia, (3) non-occlusive mesenteric ischemia (NOMI) (4)
occlusive ischemia. The diagnosis NOMI and occlusive gastrointestinal ischemia, codes (3)
and (4), were together defined as CGI. The multidisciplinary team was blinded to the results of
the VLS measurements, and thus based the consensus diagnosis on the combination medical
history, physical examination, angiography, and TM. The team was aware of the fact that each
of these parameter could be associated with both false-negative and false—positive find-
ings of TM and for reason based the consensus diagnosis on the total presentation. For the
purpose of this study, we used both the baseline consensus working diagnosis, and also the
follow-up history into account. Patients with occlusive CGI were offered revascularization of
the vascular obstruction by either open surgery or by endovascular stent placement. Patients
diagnosed with NOMI were offered medical treatment with vasodilation therapy, following a
strict protocol using isosorbidedinitrate or ketanserin tartrate, in a maximum dose of 40 mg
od. A definitive diagnosis of CGl was made after persistent relief of symptoms on follow-up
after intervention or medical therapy.

Upper endoscopy and visible light spectroscopy measurements

VLS was performed during upper endoscopy, with continuous monitoring of peripheral
oxygen saturation and heart rate. In standard fashion, midazolam intravenously (dose 2.5-
5 mg), if necessary combined with fentanyl (0.05 mg), was used for conscious sedation.
Furthermore, butylscopolamin (20 mg) was administered intravenously before start of VLS
measurements to prevent luminal spasms. Peripheral saturation was kept above 94% and
oxygen was administered intra-nasally if necessary to maintain this saturation level during
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the VLS measurements. Measurements were made using a fiberoptic catheter-based visible
light spectroscopy oximeter (T-Stat 303 Microvascular Oximeter, Spectros, Portola Valley,
California, USA). This catheter was passed through the accessory channel of the endoscope
after irrigation of the target area to remove any bile remnants. The probe was positioned
approximately 1 to 5 mm above the mucosa (Figure 1). Similar to peripheral external satura-
tion measurements, the reading showed small rapid variations consistent with true changes
in saturation as well as reader variation due to small changes in the position of the probe.
For VLS measurements, the probe was positioned close, perpendicular to the mucosa under
direct saturation measurement. The actual measurement started once a stable reading was
obtained with less than 5% variation in panel read-out. We then averaged three repeated
readings per site as actual, most accurate reflection of mucosal saturation at that site. This
was repeated at five different locations: descending duodenum, duodenal bulb, antrum,
corpus and distal esophagus. The latter five locations were standardized in the way that in
every patient the same anatomical locations were used. Subsequently, tonometer catheters
were inserted in order to perform TM. The VLS technique measures the percent saturation
of hemoglobin in the mucosa, relying on the marked difference in the absorption spectra of
oxyhemoglobin and deoxyglobin (6, 8). With a lower total hemoglobin, the balance between
oxyhemoglobin and deoxyglobin remains the same. All VLS measurements were performed
by the same gastroenterologist (PM) who was kept blinded for the actual readings. The VLS
measurements were noted and analysed by a research fellow (DvN). Both, the gastroenter-
ologist and research fellow were unaware of and blinded to radiologic and TM results.

Figure 1. VLS measurements using a fiberoptic catheter-based visible light spectroscopy oximeter. The
catheter is passed through the accessory channel of the endoscope and positioned approximately 1to 5
mm above the mucosa.
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Follow-up and repeated VLS measurements

All patients diagnosed with ischemia visited the out-patient clinic at six weeks, three months,
six months and one year after treatment for assessment of clinical status and repeated du-
plex ultrasound scanning of the gastrointestinal arteries. Patients diagnosed as not having
ischemia, diagnosis code (1) and (2), had no intervention and were discharged from follow-
up. Follow-up of the latter patients was however obtained by means of a survey which was
conducted by contacting the primary care or referring physician 12 months after diagnostic

evaluation.

All patients treated for CGl were asked to have repeated upper endoscopy with VLS mea-
surements between 6 - 12 months after treatment. The repeated VLS measurements were
performed following the same protocol as described earlier. The results of repeated VLS
measurements were defined ‘normalized’ when mucosal saturation(s) were > cut-off levels.
The endoscopist (PM) and the research fellow (AS) noting and analyzing the repeated VLS
results, were both blinded for the outcome after therapy.

Statistical analysis

In the ‘trainee data set’the mean saturations between CGI patients and non-CGl patients and
between single and multi-vessel CGIl patients were compared with Student T-test. Test per-
formances at different levels were investigated, and for each cut-off, the positive (PPV) and
negative predicted value (NPV), as well as the sensitivity and the specificity for diagnosing
CGl were calculated and in addition the odds ratio and the c-statistics were estimated. The
c-statistics is a measure of discrimination, in this case the ability to distinguish patients with
CGl from those without. The c-statistics is in our case equal to the area under the receiver-op-
erating characteristic curve (AUQC), a perfect discrimination is indicated by AUC=1 and a poor
discrimination is indicated by an AUC equal to or smaller than 0.5. Logistic regression analysis
was used to combine these into one useful guiding rule. Saturations were determined per
location; patients with missing saturations were excluded from analysis with relation to that
location as described in the tables. In case of missing saturation measurements, the impact
of missing data was studied comparing the patient characteristics between patients with
missing and without missing saturation measurements with either a chi-2 test or Student T-
test. Statistical analysis was performed using the SPSS 16.0 program (SPSS Inc. Chicago, IL). A
P-value <0.05 was considered statistically significant (all two-tailed). The diagnostic accuracy
of the established cut-off values was validated in the ‘validation data set’ group. The same
tests were used as described above.
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RESULTS

During a period of 16 months (December 2007- March 2009), 131 patients were referred
for evaluation of possible CGI. Ten patients refused informed consent and were therefore
excluded from further evaluation. So, 121 patients were included in the present study. The
first 80 patients were included in the trainee data set en the next 41 patients in the validation
data set. CGI was diagnosed in 58 (73%) patients in the trainee data set and in 31 (76%)
patients in the validation data set, see Table 1 for patient characteristics and presenting
symptoms. The proportion of patients with ischemia was not significantly different before
and after exclusion of patients with missing saturation measurements. No adverse events
occurred during both the standard diagnostic work-up and the VLS measurements. In one
patient within the trainee data set, VLS measurements were not possible because of agitation

during endoscopy.

Endoscopy and VLS measurements

No patients had clear signs of endoscopic abnormalities compatible with acute gastrointesti-
nal ischemia. During VLS measurements, mean peripheral oxygen saturation were compara-
ble in both groups, in both groups 95.9% (ranges 95-100% in the trainee data set and 95-98%
in the validation data set). In the total data set, the mean hemoglobin (8.3 mmol/l) in the
non-ischemia group did not differ from the mean hemoglobin (7.9 mmol/l) in the ischemia
group, p=0.31.The distribution of saturation levels did not diverge from a normal distribution
(test for normality p=0.15). The mean saturation in the gastric corpus and antrum, as well as
the duodenal bulb, and descending duodenum and the overall mean saturation from all five
locations, were significantly decreased in CGIl patients as compared to non-CGl patients in
the overall patient group (n=121) (Table 2). Odds ratios (95% Cl) and c-statistics (95% Cl) are
presented in Figure 2 and Table 3. Comparing VLS measurements in single and multi-vessel
disease in the overall patient group (n=121), multi-vessel patients showed a significantly
decreased saturation in the gastric corpus and antrum, as well as the duodenal bulb and the
overall mean saturation (Table 4). The results of all patients (n=121) showed that patients
without stenosis had significantly higher overall saturation levels (P=0.01), compared to
patients with single vessel stenosis or multi-vessel stenosis, irrespective of the diagnosis
gastrointestinal ischemia. In the ischemia patients, no significant differences were found
comparing mucosal saturation levels in patients without stenosis, i.e. NOMI patients, with
the stenotic single- or multi-vessel ischemia patients (P=0.40). A sensitivity analysis includ-
ing all patients, including those with missing saturation measurements, did not change the

estimates substantially.

Trainee data set and validation data set

Based on the significantly decreased saturation values in CGI patients in the trainee data

set, cut-off saturation levels for ischemia were calculated for the antrum (63%), duodenal
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Table 1. Patient characteristics and presenting symptoms, data given as numbers of patients

(percentages) or mean (range).

Trainee data set n=80

Validation data set N=41

Age (years)

Gender M/F

Postprandial pain

Exercise related pain

Diarrhea

Weight loss

Weight loss (kg)

BMI (kg/m?)

Abdominal complaints
Duration of complaints (months)
Risk factors for CVD:

*  smoking

*  otherrisk factors*
Ischemia

*  Single vessel stenosis:
CA/SMA

*  Multi-vessel stenosis:
CA+SMA /CA+IMA /SMA+IMA
CA+SMA+IMA

e NOMI

59 (17-86)
30/50
57 (71%)
32 (40%)
20 (25%)
61 (76%)
75(1-32)
223(14.7-35.5)
74 (93%)
25(1-312)

21(36%)
13/11
6
12(21%)

61(21-86)
19/22
29(71%)
17 (42%)
8(20%)
25 (61%)
7.6 (3-30)
22.8(15-37.3)
41(100%)
23(2-144)

20 (49%,
21(
31¢

20 (65%,

3(10%)
0/2/0
1
8 (26%)

M=male, F=female, BMI=body mass index, CVD=cardiovascular disease, * including diabetes mellitus,
obesity, hypertension, hyperlipidemia, hyperhomocysteinemia and familial history for cardiovascular
disease, CA=celiac artery, SMA=superior mesenteric artery, IMA=inferior mesenteric artery, NOMI=non-

occlusive mesenteric ischemia

Table 2. VLS mucosal saturation in different locations during upper endoscopy in patients with and
without ischemia (mean (SD), in percentages), trainee data set (n=80), validation data set (n=41) and total

data set (n=121).

Distal Corpus Antrum Duodenal bulb  Descending Overall

esophagus duodenum
Trainee Ischemia 60.2(40)n=58 62.1(56)n=55 629 (54)*n=51 589(52)*n=52 544(6.7)*n=58 59.8(3.4)*n=49
data set Noischemia 62.3(53)n=19 649(334)n=18 656(3.8)*n=20 62.6(44)*n=20 59.2(4.1)*n=21 62.8(23)*n=16
Validation  Ischemia 63.1(38)n=29 626(3.8)n=31 64.2(3.7)n=31 60.1(42)n=28 53.1(5.1)*n=31 60.7 (2.4) n=26
data set Noischemia 64.3(54)n=10  650(63)n=10 66.8(55n=10  61.1(6.3)n=9 583(7.1)*n=10 62.9(5.5)n=9
Total Ischemia 61.2(42)n=87 623(5.0*n=86 63.4(4.8)*n=85 59.3(49)*n=80 53.9(6.2*n=89 60.1(3.1)*n=75
data set Noischemia 63.0(53)n=29 649(45)*n=28 66.0(44)*n=30 62.1(50)*n=29 589(5.2)*n=31 62.8(3.7)* n=25

SD = standard deviation
*P <0.05

bulb (62%) and descending duodenum (58%) (Figures 3A-C). Measurements were consid-

ered positive for ischemia when the measured saturation in the antrum, duodenal bulb or

descending duodenum was lower than the cut-off value used in each location. There were

no significant differences regarding presenting symptoms of patients between the data sets.

If any of the 3 locations yielded a positive test, indicating ischemia, VLS measurements were

classified pathological. Overall, pathological VLS measurements were found in 32 (78%) pa-
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Figure 2. Receiver operating characteristic curve with VLS mucosal saturation in the different
measurement locations.

Table 3. Odds for ischemia and c-statistics for ischemia in different locations, trainee data set (n=80),
validation data set (n=41) and total data set (n=121).

Distal esophagus ~ Corpus Antrum Duodenal bulb  Descending duodenum

Trainee dataset ~ Odds ratio (95%CI)  0.89 (0.79-1.02) 0.89(0.80-1.00)  0.89(0.79-1.00) 0.84(0.73-0.96) ~ 0.85(0.75-0.95)
c-statistics (95%Cl)  0.61(0.45-0.77 0.64(0.51-0.77)  0.65(0.51-0.78)  0.70(0.57-0.84)  0.72(0.60-0.84

0.91(0.83-1.01

) ) )
) ) )
Validationdata  Odds ratio (95%Cl) 1.0 (0.99-1.01 0.88(0.75-1.05)  0.84(0.68-1.03) 0.95(0.81-1.13)  0.84(0.71-0.98
) ) )
) ) )
) 0.59(0.46-0.72 ) )

) ( )
) (t )
set c-statistics (95%Cl) 058 (0.34-0.82) 0.64(0.41-0.86) 0.71(0.48-0.94) 0.61(0.36-0.86) 0.77 (0.55-0.99)
Total data set Odds ratio (95%Cl ) 0.89(0.81-0.98) 0.88(0.79-0.97) 0.88(0.79-0.97)  0.84(0.77-0.93)

c-statistics (95%(Cl ) 0.65(0.53-0.76)  0.67 (0.55-0.78)  0.67 (0.55-0.80)  0.75 (0.65-0.85)

tients. Comparing VLS results with the diagnosis of ischemia based on previously established,
above-specified criteria, the sensitivity and specificity of VLS measurement were 90% and
60%, with a PPV and NPV of 88% and 67%, respectively.

Follow-up and repeated VLS measurements

After a mean follow-up of 10 (range 1-32) months following intervention, 80 (90%) of the
total 89 patients diagnosed with ischemia were free of symptoms. During follow-up, none
of the patients with a non-CGI working diagnosis developed ischemia or died of ischemic
complications, nor did any of these patients develop progressive symptoms compatible
with CGl. Thirty-eight (43%) patients had repeated VLS measurements after treatment. The
patient characteristics and clinical outcome after treatment were similar for the patients
consenting and refusing repeated VLS measurements. Twenty-nine (76%) patients were free
of symptoms, 7 (18%) had persistent symptoms, and 2 (6%) patients had recurrent symptoms
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Table 4. VLS mucosal saturation in different locations during upper endoscopy in single- and multi-vessel
stenosis patients (mean (SD), in percentages), trainee set (n=_80), validation set (n=41) and total data set
(n=121).

Distal esophagus ~ Corpus Antrum Duodenalbulb ~ Descending duodenum  Overall
Traineedata  Single vessel ~ 59.2 (4.5) n=28 632(52)n=26  65.1(5.6)*n=25 59.7(55)n=23  56.1(5.6)n=29 60.6 (3.1) n=20
set Multi-vessel  60.4 (3.9) n=22 608(58)n=20 614 (45)*n=21 57.7(5.6)n=21 54.0(74)n=22 59.0(3.5) n=19
Validation Single vessel 629 (4.3) n=23 627 (45)n=24  643(36)*n=24 595(43)n=24  53.0(54)n=24 60.4(3.2)*n=23
data set Multi-vessel ~ 63.5 (2.4) n= 61.0(4.7)n= 589(63)*n=3  589(1.2)n= 55.1(5.2)n= 596 (2.0)*n=3
Total dataset Singlevessel  60.9 (4.7) n=51 62.9(4.8)*n=50 647 (47)*n=49 59.6 (4.9)*n=46  54.7(5.7)n=53 60.5 (3.1)* n=53
Multi-vessel ~ 60.8 (3.9) n=25 60.8(5.6)n=23 61.1(46)*n=24 57.8(54)*n=23  542(7.1)n=25 589 (3.4)* n=25

SD = standard deviation
*P <0.05

after initial clinical success. Among the patients who had become symptom-free, repeated
VLS measurements showed normalization in 19 (66%) patients, improvement in 4 (14%),
and no change in 6 (20%) patients, compared to 0, 0 and 9 (100%) patients with persistent
symptoms, respectively (P = 0.00).

DISCUSSION

Abdominal arterial stenosis is not uncommon and the widespread use of abdominal CT- and MR
make clinicians with increasing frequency encounter these lesions. Nevertheless, the demonstra-
tion that an arterial stenosis is associated with CGI remains a clinical challenge (9). Single as well
as multi-vessel disease often remains asymptomatic, due to the presence of abundant abdominal
arterial collateral circulation. Only those patients with significant vascular stenosis in combination
with insufficient collateral circulation will develop clinical ischemia (3, 10). Unfortunately, the di-
agnosis is in these cases often missed due to lack of sensitive diagnostic tests. The diagnosis of CGI
and the subsequent decision for intervention can not be based on the results of an individual test.
The diagnostic approach in patients referred for evaluation of possible CGI focuses on identifica-
tion of abdominal arterial stenosis and demonstration of GI mucosal ischemia. At our institution,
the current diagnostic strategy is a combination of radiological evaluation of vascular anatomy
and functional testing by means of gastrointestinal TM to detect gastrointestinal mucosal isch-
emia. A diagnosis of presence or absence of CGl is then made in a dedicated multidisciplinary
team, based on the combination of symptoms and medical history, and additional test results
including gastrointestinal TM. However, despite its good sensitivity for diagnosing mucosal isch-
emia, TM is an invasive and cumbersome technique which is not generally accepted as regular
diagnostic method and also requires 24 hour hospital admission.

The results of the current study show that VLS during upper endoscopy, measuring mucosal ox-
ygenation in a resting situation, can be used as an alternative diagnostic test in this particularly
difficult patient group. Our data show a similar or even higher sensitivity, with a lower specific-
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Figure 3. Stem-and-leaf plot for VLS measurements in ischemia and non-ischemia patients. Dots
represent outliers.

A antrum (cut-off saturation level 63 %)

B duodenal bulb (cut-off saturation level 62 %)

ity, of VLS as compared to TM (1, 10). We have assessed the VLS performance in several ways:
1) compared the current proposed standard approach 2) by assessing VLS performance in a
confirmation cohort, and 3) by showing improved VLS measurements after successful interven-
tion. Normalization of mucosal oxygenation was seen during the repeated VLS measurements
in majority of patients after successful treatment. The latter finding underlines even more that
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lowered VLS measurements are associated with clinically evident mucosal ischemia, which can
be reversed by adequate treatment. The fact that VLS is easy to perform could lead to a change
in approach in patients clinically suspected for CGI, which is likely to allow more institutions and
gastroenterologists to consider and test for this condition. The follow up of patients without
established ischemia showed that no patients with CGI had been missed. This is of the utmost
clinical importance, as earlier studies have shown that undiagnosed and therefore untreated

ischemia correlates with evident morbidity and mortality (3, 4).

In a pilot study using VLS during endoscopy to evaluate the diagnostic value of VLS in CGI
patients, Friedland et al. presented three CGI patients with 3-vessel stenosis and substantially
decreased mucosal oxygenation from 19 to 50% in the duodenum. Endovascular treatment of
the gastrointestinal arteries resulted in improvement of mean mucosal oxygen saturation in
these CGlI patients from 51 to 64% on repeated VLS measurements. In the same study, ‘normal’
mucosal hemoglobin oxygen saturation values were presented, obtained from 30 patients.
These 'normal’ mucosal saturation values as presented in the latter study are similar to our find-
ings in patients with patent gastrointestinal arteries and no CGl, i.e. diagnosis code 1, showing
mean mucosal saturation values of 68 (56 — 83) and 64 (56 — 73), respectively in both studies (6).

The present study included 121 patients, clinically suspected of CGl and is therefore the first
large cohort study using VLS for the diagnosis of mucosal ischemia. In the current study a

significant lower saturation was shown in ischemia patients as compared to non-ischemia
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patients in duodenum, antrum, corpus and overall mean saturation (in five locations). Only
the distal esophagus did not show decreased saturation measurements in ischemia patients,
which can be explained by the fact that the esophagus is not vascularized by one of the
abdominal arterial arteries (TC, SMA or IMA). Overall mucosal saturation measurements were
also decreased in patients with single vessel stenosis without ischemia, as compared to the
‘normal values’ presented by Friedland et al (6). We experienced a gradual lowered overall
mucosal saturation level comparing the measurements in patients with no abdominal artery
stenosis, single vessel and multi-vessel stenotic abdominal arteries irrespective of the diag-
nosis ischemia. In patients with ischemia, there were no differences in patients with occlusive
and non-occlusive (NOMI patients) CGl. Collateral circulation is often affected in this area of
the gastrointestinal tract, giving rise to abnormal functional testing which can be used for
diagnosis (3). These findings support the theory that VLS indeed measures lowered oxygen
saturations, indicating a lowered capacity of collateral abdominal circulation.

A limitation of our study was the fact that the gold standard was based on a multidisciplinary
decision on standard work-up consisting of evaluation of symptoms, gastrointestinal TM
and abdominal CT- or MR-angiography. To partially overcome this, a definitive diagnosis of
CGl was made after persistent relief of symptoms on follow-up after intervention or medical
therapy. This was a less-than-ideal gold standard, but currently most reliable way to establish
a diagnosis. Another limitation of the present study is the possibility that mucosal ischemia
is patchy and could be missed with repeated point measurements. Assessment of the
gastroduodenal mucosa by means of a very large number of repeated point measurements
might in theory increase the diagnostic yield of VLS, this remains to be established in future
research. In the current setting, VLS performed similar to TM in defining patients with or
without mucosal ischemia. Furthermore, the possibility remains that ischemia only occurs
in response to increased metabolic demand, such as after a meal. All patients were fasting
because of the nature of the test as performed during endoscopy. In theory, in patients with
less pronounced blood flow impairment, VLS measurements might show low-normal or even
normal mucosal saturation measurements in the resting situation. However, we demonstrate
with our findings that VLS can also detect the less pronounced musocal blood flow reduction
in this range. Postprandial VLS measurements, for example in stomach with jejunal feeding,
would be of great interest and is considered for further research. Unfortunately, only in 43%
of patients endoscopy and VLS measurements were repeated after treatment. However, the
patient characteristics and clinical outcome of treatment were comparable in the patients
who had and who did not have repeated measurements, in this way minimizing bias.

In conclusion, VLS measurement of mucosal oxygenation during endoscopy is a promising
technique for detection of actual mucosal hypoxemia reflecting ischemia in patients suspected
for chronic gastrointestinal ischemia. The technique is easy to perform, can be operated in any

endoscopy unit and shows excellent correlation with the established diagnostic methods.
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ABSTRACT

Background: Chronic gastrointestinal ischemia (CGl) is more common than previously
thought. The aim of this study was to evaluate the treatment response in patients with oc-
clusive CGl who were selected for treatment by means of radiological imaging of the gastro-
intestinal arteries and visible light spectroscopy (VLS) measurement for detection of mucosal
hypoxia. Moreover, we determined predictors of response to treatment in these patients.
Methods: Consecutive patients referred for evaluation of suspected CGIl were prospectively
included. All patients had an extensive diagnostic work up, including visualization of the
gastrointestinal arteries, and assessment of mucosal perfusion by means of visible light spec-
troscopy (VLS). Treatment response was evaluated in patients with occlusive CGlI. Predictors
for positive response were assessed using multivariate logistic regression analysis.

Results: From November 2008 to January 2011, 212 were included: occlusive CGl was di-
agnosed in 107 (50%) patients, 96 (90%) of them were offered treatment. After a median
follow-up of 13 months data concerning treatment response were available for 89 (93%)
patients: 62 (70%) patients had sustained response during follow-up. Response rate was 64%
in patients with single artery disease, and 80% of those with multi-artery disease (P = 0.151).
Pre-treatment reported weight loss (OR 1.93), presence of an abdominal bruit (OR 2.36), and
a corpus mucosal saturation level < 56% (OR 4.84) were the strongest predictors for a positive
treatment response.

Conclusion: Treatment of CGI diagnosed by means of a multimodality approach provides a
substantial long-term response rate. Weight loss, abdominal bruit, and low corpus mucosal
saturation can be used to determine which patients benefit most from the treatment. This
emphasizes the role of multimodality assessment of CGI, including VLS measurement to
detect mucosal hypoxia, for optimal selection of patients eligible for treatment.
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INTRODUCTION

Chronic abdominal symptoms are quite common, as are vascular stenoses of the gastrointes-
tinal arteries. (1-5) Against this background, and in the absence of a single diagnostic test, the
diagnosis of chronic gastrointestinal ischemia (CGl) can be challenging. Current diagnostic
approaches include assessment of the medical history, imaging of the gastrointestinal
arteries, and assessment of gastrointestinal mucosal perfusion by means of tonometry or
visible light spectroscopy (VLS).(6, 7) The latter combined approach aims to make a proper
diagnosis, and to select patients who will benefit from treatment.

We previously showed that medical history and physical examination were poor predictors
for the presence of CGI. Addition of radiological evaluation and in particular functional test-
ing by means of tonometry substantially improved the accuracy of diagnosis.(8) Despite its
additional value, tonometry is not widely used because of its time consuming and invasive
nature. VLS has recently been introduced as a new minimally invasive technique to detect
mucosal hypoxia in patients clinically suspected of CGI.(9, 10)

VLS enables noninvasive measurements of mucosal capillary hemoglobin oxygen saturation
during endoscopy.(9, 11) In a previous study, cut-off values for different locations in the stom-
ach and duodenum were determined.(9) VLS measurement was shown to be a promising
technique for detection of mucosal hypoxia in patients suspected of CGI(9), and its excellent
correlation with tonometry indicates that VLS can be used instead of tonometry to detect

mucosal ischemia.

The aim of this study was to evaluate the response to treatment, including response predic-
tors, in a large, independent population of patients suspected of CGl and assessed by means
of vascular imaging and VLS.

METHODS

All consecutive patients with a clinical suspicion of CGI referred to the Erasmus MC were
included after informed consent, and prospectively followed. The Institutional Review Boards
of the Erasmus Medical Center. The study accorded with the STROBE guidelines for reporting
cohort studies. Only patients with written informed consent entered the present study. The
Erasmus MC is a tertiary referral center with a catchment area of 4.4 million subjects with a
dedicated CGI program, run by the collaborative departments of Gastroenterology and Hepa-
tology, Interventional Radiology, and Vascular Surgery. In all patients, more common causes
of upper abdominal complaints had been excluded by upper endoscopy, colonoscopy, and

45



abdominal ultrasound or abdominal computed tomography. Patients were clinically defined
as suspected for CGl if they had unexplained abdominal pain or unexplained weight loss (>
5% of standard weight), and a 270% of at least one of the main gastrointestinal arteries on
radiological evaluation

Standard diagnostic work-up

All patients underwent a standard work up by means of a thorough medical and physical
examination, and an extensive questionnaire concerning clinical complaints and medical
and family history. All patients underwent radiological evaluation by means of CT- and MR
angiography and/or conventional angiography to visualize the gastrointestinal arteries
(celiac artery, superior mesenteric artery and inferior mesenteric artery) in combination with
VLS measurement. A significant stenosis of the abdominal arteries was defined as a luminal
reduction of >70 %. Mucosal saturation was measured using a fiberoptic catheter-based
VLS oximeter (T-Stat 303 Microvascular Oximeter, Spectros, Portola Valley, California, USA)
during upper endoscopy as described earlier.(9) This catheter was passed through the ac-
cessory channel of the endoscope after irrigation of the target area to remove any bile and
food remnants. Peripheral saturation was kept > 94% during the procedure, and oxygen was
administered intranasally if necessary. Moreover, butylscopolamin (20 mg) was administered
intravenously before start of VLS measurement to prevent luminal spasms. The cut-off values
for mucosal hypoxia were < 58% for the descending duodenum, < 62% for the duodenal
bulb and < 63% for the gastric antrum, as was determined in our prior study. (9) The mucosal
oxygen saturation was determined with repeated assessment in steady state at multiple
locations in the descending duodenum, duodenal bulb, the gastric antrum, gastric corpus,
and esophagus, and then averaged per site. Mucosal ischemia was defined as detection of
mucosal hypoxia at one or more of the above mentioned locations. (9)

Consensus diagnosis of occlusive CGl

Medical history, complaints, and the results of all diagnostic procedures were discussed in a
dedicated multidisciplinary team consisting of a vascular surgeon, intervention radiologist
and gastroenterologist, all specialized in CGI. The discussion resulted in a final expert-based
consensus diagnosis of occlusive CGl or non-CGl. The consensus diagnosis of occlusive CGlI
was made in presence of 1) a clinical suspicion of CGlI, 2) a significant stenosis (> 70%) in at
least one of the gastrointestinal arteries, and 3) detection of mucosal ischemia by means of
VLS measurement. Occlusive CGl was classified as either due to single artery or multi-artery
disease depending on the number of arteries involved. A single stenosis in the inferior
mesenteric artery was not considered to be associated with CGI. Patients diagnosed with
occlusive CGl were offered surgical or endovascular revascularization.
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Follow-up and response

All patients diagnosed with CGl were prospectively followed at the out-patient clinic with
scheduled visits at six weeks, three months, six months and one year after treatment for as-
sessment of clinical status and repeated duplex ultrasound scanning of the gastrointestinal
arteries. After this period, patients were assessed once yearly either at our own out-patient
clinic or referred for yearly clinical assessment by their referring physician. The referring
physicians were instructed to report recurrent symptoms, and were asked to present and /
or confirm follow-up data at the end of the follow-up period. If patients were treated at their
referring hospital, follow-up data were obtained in the same manner. Sustained response was
defined as self reported complete or > 50% disappearance of postprandial pain, nausea and
other major complaints, and persistent weight gain or stabilization during long-term follow-
up of at least 6 months after the therapeutic intervention. Loss of response was defined as
an initial positive response to treatment, but with loss of this response during follow-up
despite patent gastrointestinal arteries evaluated by renewed CTA. Primary non-responders
were defined as patients who did not have any symptom improvement despite technically
successful revascularization. Patients diagnosed as non-CGl were discharged from regular
follow-up. Long term follow-up data of the latter patients was obtained by means of a survey
which was conducted by contacting the primary care or referring physician and the patient.
The survey focused on current health status, presence of any persisting symptoms, further
diagnostic procedures, and events such as hospital admission or death.

Patients diagnosed as non-CGl were discharged from the out-patient-clinic. Follow-up data
of these patients were obtained by means of a survey which was conducted by contacting
the primary care or referring physician and the patient. The survey focused on current health
status, presence of any persisting symptomes, further diagnostic procedures, and events such
as hospital admission or death.

Statistical analysis

Patient’s characteristics were compared using Student’s t-test, Mann-Whitney U test or X2 test.
For the univariate analysis the following patients characteristics were studied: age, gender,
reported weight loss of any magnitude, weight loss per month (defined as the total amount
of weight loss (in kg) a patient had from symptom onset divided by the period (in months) in
which the weight loss occurred), postprandial pain, exercise related pain, diarrhea, nausea,
smoking, family history of cardiovascular disease, known cardiovascular disease, presence
of abdominal bruit, BMI after complaints, the classical triad, results of radiologic evaluation
(single or multi-artery stenosis), and VLS measurements in duodenum, duodenal bulb, an-

trum, corpus, and oesophagus.
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With respect to VLS, test performances at different cut-off levels were investigated, and for
each cut-off value the c-statistics were estimated. The c-statistics is a measure of discrimina-
tion, in this case the ability to distinguish patients who had a persistent positive response to
treatment versus those who did not. The c-statistics is equal to the area under the area under
the receiver-operating characteristic curve (AUC).

Based on literature and clinical knowledge we used for multivariate analysis the factors with
a p-value < 0.20 which were positively associated with positive treatment response. Subse-
quently, these factors were used to design a multivariate model. For multivariate analysis the
following clinical predictors were used: reported weight loss, smoking, presence of an ab-
dominal bruit, single or multi-artery stenosis, and corpus mucosal saturation levels. Akaike’s
Information Criteria (AIC) was used to compare the goodness of fit between models. The area
under the ROC curve (the c-statistics) was calculated to compare discrimination abilities of
the models between response and non-response. The model with the lowest AIC and the
highest c-statistics was considered the most desirable model. Hereafter non-significant fac-
tors were included one-by-one to test for model improvement. In the final model interaction
terms were checked.

RESULTS

Patient characteristics

From November 2008 to January 2011, 212 patients were referred for evaluation of suspected
CGl and included in the present study (Figure 1; flow chart of the study). The mean age was
59 (range 19 - 87) years and 62 (29%) patients were male; see Table 1. After initial diagnostic
work-up, a consensus diagnosis of CGl was made in 107 (50%) patients: 67 (63%) and 40 (37%)
patients with single and multi-artery disease, respectively. Patients diagnosed with occlusive
CGl were significantly older and more often female than those diagnosed not having CGI, P =
<0.001 and P =0.002, respectively. Furthermore, the univariate analysis showed that reported
weight loss, postprandial pain, a family history of cardiovascular disease (CVD), presence of
classical triad, and an abdominal bruit during physical examination were univariably strongly
associated with occlusive CGI; see Table 1.

Treatment and follow-up

Consensus CGl was defined in 107 patients and 96 (90%) patients received revascularization;
see Figure 1. The remaining 11 (10%) did not receive treatment due to either refusal (n = 5),
or presence of severe co-morbidity (n = 6). Follow-up data were available for 93/96 patients
(97%) with a median follow-up of 13 (interquartile range (IQR) 7 - 19) months. Four patients
presented with an acute-on-chronic gastrointestinal ischemia, and died shortly after treat-
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Suspicion of CGI
n=212
Standard work-up®

Multidisciplinary team
Consensus diagnosis

Non-CGI° Occlusive CGI°
n=105 n=107
Treatment® No intervention®
n =96 n=11
Excluded due to no FU' ]
n=3
Non-sustained response” Sustained response’
n=27 n=62

Figure 1: Flow-chart of the study

CGl = Chronic gastrointestinal ischemie; FU = follow-up

a Standard work-up: history taking, radiological imaging (CTA or MR angiography or digital subtraction
angiography)

b 107 (50%) with occlusive

¢ 105 (50%) with non CGlI

d Occlusive CGl: intervention: n = 96; stent placement (n = 59), surgery (n = 23); percutaneous
transluminal angiography angioplasty (n = 6), anticoagulative agent (n=1)

e No intervention: refusal of patient (n =6), conservative treatment because patients were not eligible for
treatment due to co-morbidity (n=15).

f Sustained response: complete or > 50% disappearance of postprandial pain, nausea and other major
complaints presented at the time of the analysis, and weight gain or stabilization after therapeutic
intervention

g Non-sustained response (n = 26); primary non-responders (n = 19), loss of response (n = 7): initially
responded positive to treatment, but symptoms recurred despite technical successful intervention

h Lost during follow-up (n =3), deceased shortly after intervention due to acute-on-chronic
gastrointestinal ischemia (n = 4)
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Table 1: Patient characteristics patients with occlusive CGl, and non-CGl

Patient characteristics Total group Occlusive CGI Non-CGI P-value
n=212 n=107 n=105

Age (years)* 59  (19-87) 63 (20-87) 55 (19-82) <0.001
Male gender 62 (29 21 (20) 41 (39 0.002
Period complaints (months)** 16 (8-36) 13 (7-27) 18 (11-36) 0.158
Abdominal pain 198 (94) 101 (95) 97 92) 0.381
Reporting weight loss 123 (58) 7 (66) 52 (50) 0.013
Weight loss (kg/month)** 15  (0.83.0 15 (0.8-3.9) 13 (0.6-2.5) 0.111
Postprandial pain 144 (68) 81 (76) 63 (60) 0.014
Exercise related pain 61 (29) 26 (24) 35 (33) 0.146
Nausea 78 (37) 39 (36) 39 (37) 0917
Diarrhea 40 (19) 17 (16) 23 (22) 0.263
Smoking 130 (62) 70 (65) 60 (58) 0.248
Family history CVD 96 (47) 56 (55) 40 (39) 0.021
CvD 110 (52) 62 (58) 48 (46) 0.075
Ulcus 7 (3) 5 (5) 2 (2) 0.259
Abdominal bruit 37 (18) 30 (28) 7 (7) <0.001
BMI (kg/m?)** 232 (201-267) 225 (19.6-257) 235  (20.3-28.0) 0.065
Classical triad 19 9) 17 (16) 2 () <0.001
Single artery 118 (56) 67 (63) 51 (49) -
Multi-artery 44 (21) 40 (37) 4 4 <0.001

Laboratory evaluation**

GFR (ml/min.) 78 (62-90) 73 (60-90) 83 (65-90) 0.017
Albumin 4 (4247 44 (41-47) 45 (43-47) 0.025
Lactate 17 (1320 16 (1.3-2.0) 17 (1.3-2.0) 0.857
CRP 20 (1.0-5.0) 20 (1.0-5.0) 20 (1.0-4.0) 0.780
D-dimeer 05 (0.3-0.9) 0.6 (0.4-1.1) 0.3 (0.2-0.6) <0.001
Anti-trypsin 16 (8-29) 14 (7-28) 17 (9-32) 0.255

CGI = chronic gastrointestinal ischemia; CVD = cardiovascular disease; * values shown in mean (range);
** values shown in median (IQR)

ment due to the sequelae of transmural necrosis. These patients were not included in the
analysis due to lack of follow-up data. Thus, long-term follow-up data were available for 89
patients, of which 59 (66%) patients had single artery disease, and 30 (34%) had multi-artery
disease. In the 89 patients, endovascular revascularization was performed in 65 patients,
surgical revascularization in 23 patients, and one patient was treated with anticoagulative
agent (acenocoumarol) because the cause of the stenosis was neither atherosclerosis nor
vasculitis. Endovascular therapy was performed by means of stent placement in 59 patients,
and transluminal angioplasty in six patients. In one patient it was uncertain whether the
stenosis in the celiac trunk was secondary to atherosclerosis or a celiac artery compression
syndrome (CACS), and initially this patient was treated with endovascular stent placement.
Within three months after intervention this patient presented with recurrent complaints, and
digital subtraction angiography (DSA) showed a fractured stent. The patient was then offered
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Table 2: Patient characteristics responders and non-responders with occlusive disease

Patient characteristics Total group Responder Nonresponder  P-value
n=89 n=62 n=27

Age (years)* 63 (20-87) 64 (20-87) 62 (31-86) 0.532
Male gender 20 (23) 14 (23) 6 (22) 0.970
Period complaints (months)** 14 (7-32) 14 (7-36) 14 (9-24) 0.989
Abdominal pain 84 (94) 59 (95) 25 (93) 0.637
Reporting weight loss 59 (66) 44 (71) 15 (56) 0.157
Weight loss (kg)** 8 (4-15) 8 (4-17) 8 (6-13) 0.950
Weight loss (kg/month)** 15 (0840 15 (0.8-4.8) 13 (0735) 0.485
Postprandial pain 63 (71) 44 (71) 19 (70) 0.955
Exercise related pain 24 (27) 15 (24) 9 (33) 0.372
Nausea 33 (37) 24 (39) 9 (33) 0.629
Diarrhea 16 (18) 1" (18) 5 (19) 0.930
Smoking 59 (66) 44 (71) 15 (56) 0.157
Family history CVD 44 (52) 28 (48) 16 (64) 0.165
CvD 52 (58) 38 61) 14 (52) 0.406
Ulcus 4 (5) 4 (7) 0 (0) 0310
Abdominal bruit 28 (32 23 (37) 5 (19) 0.083
BMI (kg/m?)** 227 (194-256) 231 (18.8-25.9) 224 (19.5-25.0) 0.867
Classical triad 15 (17) 11 (18) 4 (15) 0.735
Single artery 59 (66) 38 (61) 21 (78) -
Multi-artery 30 (34) 24 (39) 6 (22) 0.130

Laboratory evaluation**

GFR (ml/min.) 75 (60-90) 73 (52-90) 78 (66-89) 0.344
Albumin 44 (41-47) 44 (40-46) 44 (42-49) 0.135
Lactate 16 (1.3-20) 17 (1.3-2.1) 15 (1.3-20) 0.673
CRP 2 (1.0-5.0) 20 (1.0-6.0) 1.0 (1.0-3.0) 0.022
D-dimeer 06  (03-1.1) 0.6 (04-1.2) 04  (03-1.1) 0.252
Anti-trypsin 13 (7-28) 12 (6-28) 18 (10-28) 0.796

CGl = chronic gastrointestinal ischemia; CVD = cardiovascular disease; * values shown in mean (range);
** values shown in median (IQR)

surgical cleavage of the ligament, but the surgical revascularization did not lead to recurrent
relief of symptoms. Restenosis occurred in 11 patients: six suffered from in-stent restenosis,
of whom five had again symptom improvement after an additional revascularization proce-
dure, while one of them died because of acute-on-chronic gastrointestinal ischemia due to
in-stent restenosis, one patient suffered from occlusion of a surgical bypass, and died due to
acute-on-chronic gastrointestinal ischemia, and four patients suffered from stent fracture, in
one of them followed by CACS release as mentioned above.

Morbidity and mortality

Complications due to revascularization procedures occurred in 20 out of 89 (23%) (Table 3). Of
the 89 patients, eleven (12%) died during follow-up: due to in-stent-restenosis and occlusion
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of surgical bypass leading to death due to acute-on-chronic gastrointestinal ischemia (n=2),
due to pulmonary carcinoma (n = 6), severe COPD and pneumonia (n = 1), neuroendocrin
tumor (n =1), and unknown cause (n =1).

Clinical success rate

In this section we present the positive response rate of patients with clinical suspicion of
CGIl who were selected for treatment by means of a standard diagnostic work-up including
imaging of the gastrointestinal arteries and VLS measurement. Sixty-two (70%) of 89 treated
patients had a sustained response during follow-up. The clinical response rate was 38 / 59
(64%) in patients with single artery disease, and 24 / 30 (80%) in those with multi-artery
disease (P =0.151). Twenty-seven (30%) patients did not have a sustained response: 20 (74%)
primary non-responders, and seven (26%) secondary non-responders, i.e. patients who
developed loss of response.

VLS measurements

The mean mucosal saturations in the esophagus, gastric corpus, antrum, duodenal bulb, and
descending duodenum were significantly lower in patients with occlusive CGl compared to
non-CGl; see Table 4. In responders the median mucosal saturation level in the gastric corpus
was significantly lower than in non-responders; see Table 4. Using a mucosal saturation cut-
off value of 56% the area under the curve for distinction of treatment responders was 0.69
(95% confidence interval 0.57-0.81).

Predictors of positive treatment response

The difference in characteristics of responders and non-responders of patients treated for
occlusive CGl are shown in Table 2. We used the following parameters for multivariate logistic
regression: reported weight loss (OR 1.96, 95% Cl 0.77-4.99), abdominal bruit (OR 2.60, 95%
Cl 0.86-7.79), smoking (OR 1.96, 95% Cl 0.77-4.99), single- or multi-artery disease (OR 2.21,
95% Cl 0.78-6.26), and corpus measurement < 56% (OR 5.52, 95% Cl 1.19-25.72). Multivari-
ate logistic regression showed that the model based on reported weight loss (OR 1.93, 95%
Cl 0.72-5.17), presence of abdominal bruit (OR 2.36, 95% Cl 0.75-7.36), and low baseline
corpus mucosal saturation (OR 4.84, 95% Cl 1.02-22.95) had the lowest AIC (104.63). These
parameters were the strongest predictors for a positive treatment response. Other models
which were tested included a combination of the variables weight loss, smoking, bruit, single
or multi-artery disease, and corpus saturation < 56% and the AIC’s ranged from 105.00 to
110.04). The chance of a positive response with different combination of the predictors is
shown in Table 5. In patients without weight loss, without abdominal bruit, and with a corpus
saturation > 56%, the response rate was shown to be less than 50%. In patients with any one
of the predictors present, the chance of response ranged between 65% and 80%, and the
chance of response was > 85% in patients with all three predictors present.
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Table 3: Complications of revascularization

Complication Endovascular Surgical
n =65 n=23

Access site
Hematoma
Nerve damage
Thrombosis

8
1
1

AV malformation 1 -
Pseudoaneurysm 1
2

Stenosis a. brachialis

Cardiovascular

Stroke 1 -
Atrioventricular block - 1
Abdominal

lleus - 1
Splenic infarction - 1
Respiratory

Respiratory failure - 1

Table 4: VLS mucosal saturation in different locations during upper endoscopy

Patient characteristics Descending duodenum  Duodenal bulb  Antrum Corpus Distal esophagus

Total group, n =212
Occlusive CGIn =107 51 (5.7)* 57 (64 62 (53)* 59 (6.2* 62 (4.1)*

Non-CGln =105 59 (5.5) 63 (47)* 65 (43)* 64 (53)* 65 (4.6)*

Treated patients, n =89
Responders n =62 50 (6.3) 56 (67) 62 (53) 59 (6.7)* 62 (4.2)

Non-responders n =27 51 (5.5) 58 (55) 63 (47) 62 (48)* 63 (3.7)

Values are shown in mean (SD). * P < 0.001; ** P = 0.05

Follow-up of non-CGl patients

Follow-up in patients who were diagnosed as not having CGI showed symptom resolution in
28 (26%), either spontaneously (n=19), or after cholecystectomy (n =2), after polypectomy in
colon ( n =1), after treatment with proton pump inhibitor (n =2), eradication of Helicobacter
pylori (n =1), after treatment of ascites as complication of liver cirrhosis (n =1), correction of
hyperthyroidia (n = 1), and nephrectomy for renal cell carcinoma (n =1). None of the non-
CGl patients with the consensus diagnosis was during a median follow-up of 23 (IQR 14-29)
months diagnosed with ischemia-related morbidity or mortality.

53



Table 5: Chance of response including weight loss, bruit, corpus measurement < 56% as predictors

Chance of response ~ Weight loss Bruit Corpus measurement < 56%
<50% n=18 Absent Absent Absent
65%-80% n=6 Absent Present Absent
n=2 Absent Absent Present
n=31 Present Absent Absent
>85% n=13 Present Present Absent
n=4 Absent Present Present
n=10 Present Absent Present
n=5 Present Present Present
DISCUSSION

We evaluated the treatment response in a large cohort of patients clinically suspected for
CGl, who were selected for treatment based on a standardized diagnostic work-up including
radiological imaging and VLS measurements. A sustained response was reached in 70% of pa-
tients, after a follow-up period of 13 (interquartile range (IQR) 7 — 19) months. Pre-treatment
weight loss, presence of an abdominal bruit, and corpus mucosal saturation below 56% were
the strongest predictors of a positive response to treatment. Presence of > 2 predictors was
associated with a response rate of over 85%, whereas the absence of all three predictors was
associated with a treatment response below 50%.

The prevalence of abdominal arterial stenoses in the asymptomatic population ranges from
0.1%-10%, (2) (4, 12), depending on the age, (1) ethnic background, (12) and the presence of
vascular stenosis elsewhere in the body. (13, 14) In patients with abdominal arterial stenosis
clinical significant gastrointestinal ischemia is in majority of cases prevented by the often
abundant abdominal arterial collateral circulation. Detecting one or multiple artery steno-
sis in patients with abdominal symptoms may thus be merely a coincidental finding, and
identifying those patients who will benefit from revascularization of a single artery stenosis
remains a clinical challenge. Careful patient selection is the key to success of revasculariza-
tion treatment in this patient population. It was recently shown that patient selection based
on symptoms only is highly inaccurate, as the presenting symptoms are aspecific for CGI,(8)
and only a minority of patients has the classic triad of symptoms such as postprandial pain,
weight loss and an abdominal bruit. (15). The addition of mucosal perfusion measurements
to the diagnostic work-up in patients suspected for CGl, has been shown to be pivotal to

achieve acceptable diagnostic accuracy rates. The latter resulting in higher success rates
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after revascularization, especially in the even more challenging, and often disputed, group of
patients with single abdominal arterial stenosis. (6, 8, 15). We previously assessed the use of
VLS for detection of mucosal hypoxia , with a direct comparative study with the current ‘gold
standard’tonometry (9,15-17). Thresholds for normal saturations in the duodenum, duodenal
bulb, and antrum were established.(9) The presented study is so far the largest cohort us-
ing VLS measurement for assessing mucosal hypoxia in diagnosis of this group of patients.
The mean saturations of duodenum, duodenal bulb, antrum, corpus and oesophagus were
significantly lower in CGI patients than in non-CGI patients. The measured differences were
in line with the earlier reports, thereby confirming the discriminative value of VLS. This study
shows that including VLS measurements, as a direct measurement of mucosal hypoxemia, in
the diagnostic work-up leads to an overall acceptable diagnostic yield and response rate. The
latter being comparable to the diagnostic yield and response rate achieved by tonometry (6,
15). However, the use of tonometry in daily clinical practice is hampered by its time consum-
ing nature, and additional burden for the patients. VLS measurement is less invasive, less
time consuming than tonometry, and is easily accessible in every modern endoscopy unit.
This may lower the threshold for physicians to analyse patients with chronic unexplained
abdominal pain and an abdominal arterial stenosis for the presence of CGI

Furthermore, we determined predictors for a positive treatment response. After multivariate
analysis, a corpus saturation level below 56% was one of the strongest predictors of a positive
treatment response. The other two predictors were abdominal bruit, and reported weight
loss of any magnitude. An abdominal bruit and weight loss, were already identified as being
associated with a consensus diagnosis of CGl in earlier reports. (8, 15) Based on these three
predictors, a model was made showing that the chance of a positive treatment response can
be stratified to the number of predictors present. Especially the presence of 2 predictors
or the absence of any predictor was of discriminative value with a > 85% versus a < 50%
response rate respectively. These predictors can support the selection of patients for treat-
ment, especially in patients with considerable comorbidity or single artery disease.

This study has several limitations. Firstly, the median follow-up period was only13 (IQR 7 - 19)
months, to be defined as mid-term follow-up. Long-term follow-up data are needed to evalu-
ate if the one-year response rate will be maintained. Secondly, the majority of patients who
were diagnosed as non-CGl did not have an intervention. Ideally, all patients should have
been treated to correlate treatment response to baseline VLS measurements and other pa-
rameters. However, this approach was considered ethically inacceptable due to the results of
earlier studies and potential complications. Furthermore, follow-up showed that none of the
patients with the consensus diagnosis of non-CGl developed any signs of ischemia-related
morbidity or mortality during follow-up. This implies that the consensus diagnosis of non-CGl

was correct in the majority of patients. Thirdly, patients were referred to a tertiary care centre
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with a special interest for vascular disorders of the gastrointestinal tract. The consensus
diagnosis CGl was reached in half of the studied patient population. Given the potential for
referral bias, the results must be interpreted with caution and may not be extrapolated to all
general gastroenterology practices, as test characteristics may be different when applied to a
population with a low prevalence of CGI

In conclusion, this study shows that a multi-diagnostic work-up, including VLS measurement
as direct mucosal hypoxemia test, provides an acceptable diagnostic yield and response rate.
This emphasizes the role of a direct mucosal hypoxemia measurement for assessment of
CGl and selection of patients for treatment. Moreover, reported weight loss, presence of an
abdominal bruit, and a lowered corpus mucosal oxygen saturation with VLS are the strongest
predictors of a positive response to restoring vascular patency. These parameters can poten-

tially be used to determine which patients benefit most from treatment.
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ABSTRACT

Objectives: We determined the prevalence of classical risk factors for atherosclerosis and
mortality risk in patients with CGI.

Methods: A case-control study was conducted. Patients referred with suspected CGl under-
went a standard work-up including risk factors for atherosclerosis, radiological imaging of
abdominal vessels and tonometry. Cases were patients with confirmed atherosclerotic CGI.
Controls were healthy subjects previously not known with CGI. The mortality risk was calcu-
lated as standardized mortality ratio derived from observed mortality, and was estimated
with ten-year risk of death using SCORE and PREDICT.

Results: Between 2006 and 2009, 195 patients were evaluated for suspected CGI. After a
median follow-up of 19 months, atherosclerotic CGl was diagnosed in 68 patients. Controls
consisted of 132 subjects. Female gender, diabetes, hypercholesterolemia, a personal and
family history of cardiovascular disease (CVD), and current smoking are highly associated
with CGI. After adjustment, female gender (OR 2.14 95 % Cl 1.05-4.36), diabetes (OR 5.59,
95% Cl 1.95-16.01), current smoking (OR 5.78, 95% Cl 2.27-14.72), and history of CVD (OR
21.61, 95% Cl 8.40-55.55) remained significant. CGI patients > 55 years had a higher median
ten-year risk of death (15% vs. 5%, P = 0.001) compared to controls. During follow-up of 116
person-years, standardized mortality rate was higher in CGl patients (3.55; 95% Cl 1.70-6.52).
Conclusions: Patients with atherosclerotic CGI have an increased estimated CVD risk, and
severe excess mortality. Secondary cardiovascular prevention therapy should be advocated
in patients with CGI.
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INTRODUCTION

Chronic gastrointestinal ischemia (CGlI) is in the majority of cases caused by narrowing of
the gastrointestinal arteries, with atherosclerosis being the most common underlying cause.
[1-2] Subsequent cardiovascular disease (CVD) preventive therapy is not considered standard

care.

The conventional risk factors for atherosclerosis are: male gender, age, diabetes mellitus,
smoking, hypertension, hypercholesterolemia, medical history of previous CVD, positive
family history of (premature) CVD, obesity, and physical inactivity.[3-4] Any ischemic event is
a strong independent risk factor for a new cardiovascular event.[5-8] [9-11]

Although CGl is considered a manifestation of atherosclerosis, studies focused on a cardio-
vascular work-up of classical risk factors for atherosclerosis in patients with CGI are missing.
Previous case series have reported inconsistent findings. A wide range of distribution of clas-
sical risk factors for atherosclerosis has been reported in the baseline characteristics of case
series: a 10-93% prevalence of hypercholesterolemia, 64-92% of hypertension, and 36-72% of
previous coronary artery disease.[1, 12-18] The primary objective of this case-control study
was to determine the contribution of classical atherosclerotic risk factors to atherosclerotic
CGl, and the secondary objective was to assess the mortality risk in treated patients.

METHODS

A case-control study was conducted. The Institutional Review Boards of the Erasmus Medical
Center and the Eindhoven hospitals approved the study. Only patients with written informed
consent entered the present study. Control subjects from the DiaGene Study population
served as controls.[19] DiaGene is a case-control study, including patients with diabetes
(cases) and subjects without a previous history of diabetes (controls). The DiaGene is con-
ducted in three general hospitals in Eindhoven, The Netherlands, Controls were recruited
via an advertisement in different local news papers. Subjects could participate in the study if
they were not known with diabetes. Upon registration and after giving their written informed
consent, they received an invite to one of the participating medical centers. They completed
a questionnaire concerning cardiovascular risk assessment, medical and family history for
CVD, medication use, and smoking. Fasting blood samples were drawn and body mass index
and blood pressure were determined. After obtaining all the information concerning car-
diovascular risk assessment, there was no follow-up of the controls. In the current study, we
included the first 132 consecutive subjects who responded for the DiaGene study as controls,
i.e. subjects without diabetes. None of these controls were diagnosed with CGI.
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Case selection

Consecutive patients with suspected CGl referred to our tertiary center for evaluation were
considered for inclusion. Patients with intravascular atherosclerotic CGl were included as

cases. The full description of the selection of the cases is described below.

Diagnostic work-up including cardiovascular diagnostic work up

All patients referred with suspected CGl underwent a thorough medical and physical exami-
nation, including ECG and with extensive questioning concerning cardiovascular risk assess-
ment, clinical complaints, weight before complaints, medical and family history for CVD using
a structured questionnaire. During physical examination, height and weight were measured.
From all patients referred with suspected CGlI, venous blood samples were obtained after
9-hours fasting for measurement of serum cholesterol, triglycerides, LDL-cholesterol, HDL-
cholesterol, and blood glucose. Documented coronary artery disease included at least one
of the following criteria: history of cardiac angina, myocardial infarction (MI), percutaneous
coronary intervention (PCl), or coronary artery bypass graft surgery (CABG). Documented
cerebrovascular accident included a diagnosis of transient ischemic attack (TIA) or ischemic
stroke. Documented peripheral arterial disease consisted of intermittent claudication previ-
ous treatment such as angioplasty, endovascular stent placement, peripheral arterial bypass
graft or atherectomy. Hypercholesterolemia was considered present when subjects reported
hypercholesterolemia, and/or used a statin in the absence of CVD, and/or when LDL-cho-
lesterol or total cholesterol was above the 95™ percentile for age and gender. Hypertension
was defined as known with hypertension or using anti-hypertensive medication or a systolic
blood pressure >140 mmHg or a diastolic blood pressure >90 mmHg. Diabetes mellitus was
defined according to WHO criteria or use of blood glucose lowering agents.

Next to thorough medical and physical examination, all patients suspected for CGl underwent
radiological evaluation by means of abdominal CT- or MR angiography, and/or conventional
angiography to visualize the gastrointestinal arteries (celiac artery, superior mesenteric artery
and inferior mesenteric artery) in combination with functional testing for mucosal perfusion

by means of a 24-h gastric and jejunal tonometry as described before, [2, 20-21]

Consensus diagnosis and definite diagnosis of CGl

Medical history, complaints, and the results of all diagnostic procedures were discussed in a
dedicated multidisciplinary team consisting of a vascular surgeon, intervention radiologist
and gastroenterologist, all specialized in CGI. [21] The discussion resulted in a final expert-
based consensus diagnosis of CGl or non-CGl. The consensus diagnosis of CGl was made in
presence of 1) a clinical suspicion of CGl, 2) a significant stenosis (> 70%) in at least one of
the gastrointestinal arteries, and 3) detection of mucosal ischemia by means of 24-h gastric
and jejunal tonometry. Patients with a consensus diagnosis CGl were classified as hav-
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ing either occlusive or non-occlusive CGl. Non-occlusive CGI, also called i.e non-occlusive
mesenteric ischemia (NOMI), was defined as gastrointestinal ischemia in the absence of
significant vascular stenosis. Patients with occlusive disease were classified as either having
an intravascular stenosis, or extravascular compression due to the celiac-artery compression
syndrome (CACS) (see Figure 1). Patients diagnosed with NOMI, vascular arteritis and CACS
were excluded from the present analyses. All remaining patients with CGIl were diagnosed

Suspicion of CGI
n=195
Standard work-up

Multidisciplinary team
Consensus diagnosis

Non-CGlI Cal
n=64* n=131
Stenotic CGI® Exclusion:
n=77 NOMI, n = 30
CACS,n=23
Stenosis due to arteritis. n =
Follow-up Intervention and follow-up
. d b
Not improved Improved
Definite diagnosis of non- Definite diagnosis of CGI®
CGI n=68
n=73

Figure 1: Flow-chart of the study

CGl = chronic gastrointestinal ischemia ; NOMI = non-occlusive mesenteric ischemia ; CACS= celiac artery
compression syndrome ; CAC = celiac artery compression without ischemia

2 Stenotic CGl = CGl in presence of intravascular atherosclerotic stenosis; treated with endovascular stent
placement or surgery

Symptoms improvement

¢A definite diagnosis of CGl was made if a patient was free of symptoms after adequate therapy for at least
12 months of follow-up;

4Symptoms unchanged despite adequate treatment, n =9

¢ A definite diagnosis of non-CGl was made if a patient was not diagnosed or hospitalized with ischemia
related morbidity or mortality after follow-up and if symptoms did not improve despite adequate
treatment. * CAC,n=7
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with intravascular stenotic or atherosclerotic CGl. These patients were considered eligible for
endovascular or surgical revascularization. All treated patients were prospectively followed at
the out-patient clinic with regular visits. [21] The definite diagnosis of atherosclerotic CGl was
made after persistent relief of symptoms during long-term follow-up of at least 12 months
after initiation of therapy.[21] Patients with definite atherosclerotic CGIl were included as cases

in the current study.

Estimation of ten yeatrs risk of death due to cardiovascular disease

The ten-year mortality risk was estimated in patients without a history of cardiovascular
event, with the SCORE risk system, and for patients with previous Ml and CABG the PREDICT
risk score was used. The PREDICT risk score has been developed for estimating the 6-year
mortality risk after hospitalization for acute Ml or unstable angina. It is based on factors such
as age, ECG at the time of hospitalization, comorbidities and renal function. There is no risk
score for estimating the ten-year risk of death due to cardiovascular event for patients with
peripheral artery disease or with a cerebrovascular event in the past. We estimated the ten-
year mortality in patients with a history of stroke or TIA by using the risk of death at ten years
for these patients as described in the DUTCH transient ischemic Trial.[22]

Baseline measurements

Venous blood was sampled after 9-hours fasting for measurement of serum cholesterol,
triglycerides, LDL-cholesterol, HDL-cholesterol, and blood glucose. Kidney function was cat-
egorized according to classification established by the National Foundation Kidney Disease
Outcomes Quiality Initiative. [23]

Ten year mortality risk and absolute mortality

For the secondary objective we estimated the mortality risk in patients with atherosclerotic
CGI by estimating the ten-year risk of death due to CVD as well as calculating the all cause
mortality as standardized mortality ratio.[24] We calculated the expected mortality during
follow-up using age and sex specific mortality rates of the Dutch population. The ten-year
risk of death due to CVD was determined for cases and controls by means of the SCORE risk
chart.[25] For patients with a history of a cardiac event, in particular myocardial infarction or
CABG, the PREDICT risk score[26] was used to estimate the ten-year risk of death due to CVD.
This risk score system was originally developed for estimating the 6-year mortality risk after
hospitalization for acute M| or unstable angina. The latter score system is based on factors
such as age, ECG at the time of hospitalization, comorbidities and renal function. We estimat-
ed the ten-year mortality risk by deducing it from the 6-year mortality. The PREDICT project
showed that cancer mortality increased to 15% in 2-6 years. Subsequently, for estimating
the ten-year mortality risk due to CVD alone, we corrected the calculated ten-year mortality
risk for the 15% of estimated mortality risk due to cancer related mortality. Currently, there
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is no risk score for estimating the ten-year risk of mortality due to stroke. A recent cohort
study reported the survival of stroke patients in the DUTCH transient ischemic attack Trial.
[22] The cumulative risk of death at ten years was 47% for patients who presented with stroke
at baseline and 34% for those with TIA. We used these estimations for ten-year mortality in
patients with a history of stroke or TIA. Thus, the median (IQR) estimated ten-year risk of
death due to a cardiovascular event was assessed using the SCORE and PREDICT risk scores,
while the mortality risk in patients with a history of a cerebrovascular event were based on
data from the DUTCH transient ischemic attack trial.[22]

Statistical analyses

Continuous data were described as mean (range), and median (interquartile range (IQR)) in
case of skewed data, and percentages were given for categorical data. Mean values between
patients with atherosclerotic CGl and controls were compared with student’s T-test or Mann
Whitney U-test and categorical data were compared with Chi-square test or Fisher’s exact
test. All cause mortality was calculated as standardized mortality ratio as described previ-
ously.[24] We calculated the 95 percent confidence interval of the standardized mortality
ratio assuming a Poisson distribution of the observed number of deaths and using exact
limits. A two-sided p-value below 0.05 was considered significant. Missing data of each vari-
able were not included in the analysis for that specific variable. Crude and adjusted OR’s and
their 95 % confidence interval were estimated using logistic regression models.

RESULTS

Between January 2006 and September 2009, a total of 195 patients were referred for evalu-
ation of CGI; see Figure 1. A consensus diagnosis of CGI was reached in 131 cases (67% of
all referred); 77 (59%) had atherosclerotic CGI and were offered revascularization, After a
median follow-up of 19 (interquartile range 9.50-27.50) months the definite diagnosis of
atherosclerotic CGl was confirmed in 68 patients, i.e. these patients improved after treatment,
and these were used as cases in this study; see Figure 1. The remaining nine patients did
not have symptom improvement after revascularization and therefore were not classified
as having a definite diagnosis of atherosclerotic CGI. They were excluded from cases. From
68 patients who underwent revascularization: 59 (87%) had percutaneous revasculariza-
tion, eight (12%) had surgical revascularization, and one (1%) patient died due to acute-
on-chronic gastrointestinal ischemia before treatment. Autopsy results showed extensive
gastrointestinal arterial atherosclerotic disease. There were no differences in age, gender,
history of cardiovascular disease, and risk factors for atherosclerosis between patients who
underwent percutaneous revascularization or surgery. Thirty-six (53%) patients had single
vessel stenosis, and 32 (47%) patients had multi-vessel stenosis. The controls consisted of 132
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subjects. Patients’ and controls’ characteristics are listed in table 1. Overall, 1.7% and 0.7% of

required data concerning CGl cases and controls, respectively, were missing. This in particular

pertained to systolic and diastolic blood pressure levels and glucose, total cholesterol, LDL-,

HDL- cholesterol, and triglyceride levels.

Table 1 Crude OR’s in patients with atherosclerotic CGl and controls

Patient characteristics CGIn=68 Controlsn=132 Crude OR
Age? 67 (57-75) 66 (63-72) 0.98 (0.94-1,00)
Female Gender 47 (69%) 63 (%) 245 (1.32-4.55)**
Diabetes 14 (21%) 7 (5%) 463 (1.77-12.11)**
Hypercholesterolemia 26 (38%) 32 (24%) 1.94 (1.03-3.64)*
Hypertension 46 (68%) 81 (61%) 1.32 (0.71-2.44)
Smoking
Never 13 (19%) 52 (39%) 1.00 Reference
Former 25 (37%) 17 (13%) 191 (0.90-4.02)
Current 30 (44%) 63 (48%) 5.88 (2.48-14.00)***
CcvD 35 (52%) 7 (5%) 18.94 (7.72-46.47)%*
Family history of CVD 35 (52%) 43 (33%) 2.20 (1.21-4.00)**
Cholesterol lowering agents 32 (47%) 23 (17%) 421 (2.19-8.11)***
Anti-hypertensive agents 36 (53%) 39 (30%) 268 (1.46-4.92)***
Current BMI (kg/m?)? 219  (19.3-24.3) 258 (24.1-28.1) 0.76 (0.69-0.84)**
Kidney function®
Normal or mildly 53 (78%) 119 (90%) Reference
decreased
Low 15 (22%) 13 (10%) 2.59 (1.15-5.83)*
Total cholesterol (mmol/l) 43 (3.6-5.0) 5.2 (4.7-5.9) 043 (0.31-0.61)***
LDL-cholesterol (mmol/l) 22 (1.8-2.8) 35 (3.04.0) 0.27 (0.17-0.42)***

CVD = cardiovascular disease; BMI= body mass index; OR = odds ratio; OR is presented with 95% Cl

Data are presented as mean (range), unless otherwise specified; > Median (IQR 25-75); OR are reported
with 95 %Cl * = P-value < 0.05; ** = P-value < 0.01; *** = P-value < 0.001; * Normal or mildly decreased =
GFR 60 - > 90 ml/min/ 1-73m?, Low = GFR < 90 ml/min/ 1-73m? Family history of premature cardiovascular
disease is defined as cardiovascular disease in a first degree relative younger than 60 years
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Univariate and multivariate analysis

The healthy subjects of the DiaGene Study served as a control population in the current
study. As mentioned in the Methods section, fasting blood samples were drawn from all
controls after recruiting. Five percent of these controls were diagnosed with de novo diabetes
mellitus at inclusion. Diabetes, current smoking, history of CVD, hypercholesterolemia, fam-
ily history of CVD, the use of cholesterol lowering agents, and anti-hypertensive agents were
positively associated with atherosclerotic CGl. Females are more likely than males to have
atherosclerotic CGI. The crude univariate analyses of the distribution of classical risk factors in
patients with atherosclerotic CGl and controls are presented in Table 1. The odds ratio’s (OR)
remained significant for female gender, diabetes and current smoking after further adjust-
ment of the selected risk factors for gender, diabetes, hypercholesterolemia, current smok-
ing, family history of CVD, and kidney function. (see Table 2). The OR for CVD was attenuated
after adjustment for gender (OR 21.61, 95% confidence interval 8.40-55.55).

Atherosclerotic CGl cases had a median weight loss prior to referral of 9 kg (IQR 6-12 kg).
The median period of weight loss was six (IQR 3.8-12.0) months. The BMI of patients with
atherosclerotic CGl was median (IQR) 24.9 (22.2-28.2) (kg/m?) prior to the start of abdominal
complaints, and it decreased to median 21.9 (19.3-24.3) (kg/m?) at the time of the analysis.
LDL cholesterol levels were lower in patients with atherosclerotic CGl compared to controls
(see Table 1). Similarly, patients with atherosclerotic CGI had lower systolic blood pressure
levels than in the controls, although well within the normal range (data not shown). There
was no difference in HDL-cholesterol, triglycerides and glucose between patients with ath-
erosclerotic CGl and controls (data not shown).

There was no difference in the prevalence of risk factors for atherosclerosis between athero-
sclerotic CGl cases with single- versus multi-vessel stenosis (data not shown). The prevalence
of risk factors between patients with atherosclerotic CGl and a history of CVD, and those
without a history of CVD is presented in Table 3. Comparing the distribution of risk factors
between male and female with atherosclerotic CGI, female had a significant lower BMI than
male (median 21.1,1QR 17.6-23.3 vs. 23.5, IQR 21.1-27.2, P < 0.05), respectively. There were no

other gender differences concerning the prevalence of risk factors.

Mortality risk

The data for estimating the death risk were available in 63 (93%) out of 68 CGI cases, and 124
(94%) out of 132 controls. The ten-year mortality risk due to cardiovascular disease was higher
in CGl cases than controls, median (IQR) 8 % (2-28) versus 5% (4-8), P = 0.06, respectively. The
median (IQR) ten-year mortality risk in CGI cases >55 years was significantly higher than in
controls, 15% (5-37) versus 5% (4-8), respectively; P = 0. 001.
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Table 2: Multivariate analysis adjusted for selected risk factors

Patient characteristics OR? 95% Cl
Female gender 2.14 (1.05-4.36)*
Diabetes 5.59 (1.95-16.01)**
Hypercholesterolemia 1.81 (0.88-3.74)
Hypertension 1.20 (0.58-2.45)
Smoking
Never 1.00 Reference
Former 1.71 (0.76-3.88)
Current 5.78 (2.27-14.72)**
Family history of CVD 1.94 (0.98-3.86)
Kidney function
Normal or mildly 1.00 Reference
decreased
Low 2.52 (0.98 -6.49)

CVD = cardiovascular disease; OR = odds ratio; Cl = confidence interval

2 Adjusted for gender, diabetes, hypercholesterolemia, hypertension, current smoker, family history of CVD,
and kidney function * = P-value < 0.05; ** P-value < 0.001; Family history of premature cardiovascular disease is
defined as cardiovascular disease in a first degree relative younger than 60 years

Table 3: Patient characteristics and risk factors for atherosclerosis in atherosclerotic CGl patients with and without

history of CVD
Patient characteristics With history of CVD Without history of CVD
n=35 n=33
Age, years 70 (62-77) 65 (51-73)
Male gender 14 (40%) 7 (21%)
Diabetes 12 (34%)t 2 (6%)
Hypercholesterolemia 18 (51%)* 8 (24%)
Hypertension 27 (77%) 19 (58%)
Smoking
Never 5 (14%) 8 (24%)
Former 14 (40%) 1 (33%)
Current 16 (46%) 14 (43%)
Family history of premature CVD 20 (57%) 15 (46%)
Cholesterol lowering agent 23 (66%) 1 9 (27%)
Anti-hypertension agents 24 (69%)t 12 (36%)
Current BMI (kg/m?) 226 (20.3-267) 213 (18.0-23.3)
Total cholesterol (mmol/) 43 (3.0-4.8) 44 (3.6-5.1)
LDL-cholesterol (mmol/l) 2.1 (1.7-2.8) 24 (1.9-3.9)

CVD = cardiovascular disease; BMI= body mass index; Data are presented as median (IQR 25-75), unless otherwise
specified; P-values are for controls vs. atherosclerotic CGI; * p < 0.05 t p < 0.01; Family history of premature
cardiovascular disease is defined as cardiovascular disease in a first degree relative younger than 60 years
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During a mean follow-up of 7.4 (range 0 - 31) months., a total of 10 deaths were observed,
this was equal to 116 person-years in the CGI group. Three deaths took place within 3 months
after the visit to our clinic as a result of acute gastrointestinal ischemia (percutaneous revas-
cularization =1, surgery = 1, and death before treatment = 1). The remaining seven patients
(percutaneous revascularization n = 6, surgery n = 1) died due to cancer (carcinoma of the
sinus piriformis (n = 1), adenocarcinoma of the small intestine (n =1), and lung cancer (n =1)),
fatal MI (n =1), terminal heart failure (n =2), and from an unknown cause (n =1). The all cause
mortality relative to the Dutch population standardized for age and calendar period was 3.55
(95 percent confidence interval, 1.70 to 6.52, P = 0.001). After excluding 3 deaths that took
place within 3 months after the visit to our clinic as a result of acute gastrointestinal ischemia,
we observed 7 deaths in 116 person years: the SMR of these patients with atherosclerotic CGI
was 2.48 (95 percent confidence interval, 1.01- 5.11, P = 0. 025). This severe excess mortality
resulted of three patients dying from cancer (carcinoma of the sinus piriformis, adenocar-
cinoma of the small intestine, and lung cancer), one patient having a fatal Ml, two having
terminal heart failure, and one dying from an unknown cause.

DISCUSSION

Our study firstly showed that atherosclerotic CGl is associated with classical risk factors for
atherosclerosis. Current smoking, diabetes, hypercholesterolemia, history and family history
of CVD, and use of cholesterol lowering agents and anti-hypertensive agents are more preva-
lent in patients with atherosclerotic CGI. After adjusting for multiple risk factors diabetes,
current smoking, and previous CVD were significantly associated with atherosclerotic CGI.
Female preponderance is confirmed and remains striking. Secondly, our study shows that
patients over 55 years of age with atherosclerotic CGI have a high risk of ten-year cardio-
vascular mortality. This was confirmed during follow-up by severe excess mortality. Patients
with atherosclerotic CGl are at risk for CVD, and this advocates the strong need to consider
secondary preventive therapy in patients with atherosclerotic CGI.

These results are even more striking considering the fact that most patients lost a substantial
amount of weight before the baseline measurement. The measured levels of cholesterol,
glucose and blood pressure in patients with atherosclerotic CGl were nearly normal. This
difference can partly be explained by marked weight loss in most patients with CGL,[1, 27] as
weight loss is the initial treatment option for hypercholesterolemia, hypertension and hyper-
glycaemia. Moreover, the use of cholesterol lowering agents and anti-hypertensive agents
were significantly higher in patients with atherosclerotic CGl comparing to controls. Fifty-two
percent of patients with atherosclerotic CGl had known CVD, and therefore they were already
treated with cholesterol lowering agents and anti-hypertensive agents. Therefore, weight
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loss and higher use of statins in CGI patients, resulted in lower LDL cholesterol levels (see
Table 1). Similarly, the weight loss and higher use of anti-hypertensive drugs in CGI patients
resulted in lower systolic blood pressure levels than in the controls, although well within the

normal range (data not shown).

Previous case series comparing endovascular or surgical treatment for CGI, have reported
a wide range of prevalences of risk factors for atherosclerosis. [1, 12-18] The prevalences
of risk factors for atherosclerosis has been reported in the baseline characteristics of case
series: a 10-93% prevalence of hypercholesterolemia, 64-92% of hypertension, and 36-72% of
previous coronary artery disease.[1, 12-18] This may have been due to several factors. Firstly,
except for one study,[16] patients with CACS were not excluded from the analysis of data in
these study cohorts. Secondly, all studies so far were uncontrolled. We evaluated the risk fac-
tors for atherosclerosis systematically at the time of analysis in our study, including medical
and family history, and laboratory evaluation. Moreover, we used an age-matched control

group to compare the prevalence of risk factors for atherosclerosis.

The healthy control subjects of the DiaGene Study served as a control population in the
current study. The controls were selected on absence of previous diabetes, yet 5% was di-
agnosed with diabetes de novo at inclusion. This DiaGene cohort is comparable in age, BMI,
and hypertension to two other population based studies in the Netherlands: the ERGO study
[28]which consists of residents of a suburb in Rotterdam, and The Hoorn Study[29] which is
a separate cohort of older Dutch subjects. As such, the DiaGene cohort represents the age-

matched general Dutch population.

A remarkable predominance of female gender in patients with atherosclerotic CGl was ob-
served. This is in line with earlier reports of larger cohorts of CGl patients.[1, 12, 14, 18] Earlier
case series reveal high prevalence CACS in women,[30-32] however we excluded patients
with CACS in our study. The female preponderance with comparable CVD risk factors, sug-
gests a female specific anatomical or other susceptibility for ischemia due to intestinal vas-
cular narrowing. Possible explanations for the female preponderance in CGI patients could
be that women with chronic abdominal pain are more often referred to medical specialists,
or have less potential for collateral circulation and therefore are more prone to develop CGI.

Patients with atherosclerotic CGl had a marked excess mortality during follow-up. The severe
excess mortality resulted from CVD and cancer, both related to risk factors for atherosclerosis
such as smoking. This observed mortality was in line with the estimated risk scores. The ten-
year risk of death in all patients was estimated by combining the SCORE, the PREDICT score,
and the DUTCH transient ischemic Trial. For the PREDICT score, missing ECG data at the time
of the primary CGl event can have resulted in an underestimation of 10 year mortality risk and

70



thus have led to a risk underestimation in the cases. By combining the different risk scores,
we have estimated that patients with atherosclerotic CGl are at higher risk of cardiovascular
mortality than controls. Taken together, the risk scores seem to have produced valid high risk
estimations, as illustrated by the observed excess mortality.

This study has several limitations. First, our study is a single center study. Second, patients
evaluated for CGIl usually represent a highly selected population. Likely, patients who had
more severe atherosclerotic disease were more likely to be referred for evaluation. And most
clinicians will only consider CGl after exclusion of a variety of other conditions. Our depart-
ment has a different setting. During the past 6 years we have set up a referral program for
patients suspected of CGI. The awareness among referring clinicians and the clinical expertise
of our program lowers the threshold for referral and CGl evaluation, and thus reduces the
selection process prior to referral. Third, it is a relatively small group for evaluating risk factors
for atherosclerosis, the cases included 68 patients with atherosclerotic CGI. Larger studies are
therefore needed to confirm these results. And fourth, the observational nature of the study
is a limitation, but the incidence of CGl is so low that decades of patient inclusion would be
required for a sufficiently powered randomized trial.

Conclusions

Patients with atherosclerotic CGI have a significant risk for cardiovascular mortality, result-
ing from more prevalent classical risk factors for atherosclerosis. Based on these results and
previously reported cases series, we would advocate CVD preventive therapy consisting of
personalized life-style optimalization, statins, antihypertensives on indication, and after
successful revascularization and recovery of intestinal mucosal low dose aspirin should be
considered. Future research, most likely observational, is needed to observe a positive effect
of the secondary prevention therapy in these patients.
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ABSTRACT

Objective: A proportion of patients with unexplained gastrointestinal symptoms may suffer
from chronic gastrointestinal ischemia (CGI) secondary to a single gastrointestinal artery
stenosis. We therefore evaluated the success rates of revascularization of either the celiac
or superior mesenteric artery in patients with unexplained gastrointestinal symptoms and
confirmed mucosal ischemia.

Methods: In this prospective cohort study, all patients with unexplained gastrointestinal
symptoms referred to our hospital for analysis of CGI, had a standard work-up consisting
of history taking and physical examination, imaging of gastrointestinal arteries, and evalua-
tion for mucosal ischemia with either tonometry or visible light spectroscopy. A consensus
diagnosis of CGI was made after a multidisciplinary assessment of the results by gastroen-
terologists, vascular surgeons, and radiologists. Patients with a consensus diagnosis of CGI
were offered endovascular or surgical revascularization, as appropriate. Clinical response was
defined as >50% relief of symptoms experienced by the patient.

Results: A consensus diagnosis of CGl was made in 71/103 patients. Follow-up after revascu-
larization was available in 68 patients (median follow-up 19 = 13 months). The response rate
to revascularization was 46/68 (67%). A non-H. pylori, non-NSAID related gastric ulcer, and a
symptom pattern compatible with dyspepsia were identified as predictors of a positive re-
sponse to revascularization. An IBS symptom pattern and BMI > 30 were negative predictors.
Conclusion: Unexplained gastrointestinal symptoms should be evaluated for CGI, and those
with a single gastrointestinal artery stenosis and confirmed mucosal ischemia may greatly

benefit from revascularization.
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INTRODUCTION

Gastrointestinal symptoms are common in the general population. Although the vast major-
ity of patients do not seek medical evaluation for their symptoms, a considerable group of
patients however do so, utilizing a significant proportion of health care resources. Failure to
respond to empirical therapy, or the presence of alarm features such as unexplained weight
loss, nocturnal symptoms, suggestive family history, or age, help in selecting patients for
additional investigations such as blood and stool tests, endoscopy with or without biopsies,
or additional imaging[1, 2, 3]. Following the proposed diagnostic algorithms[1, 2, 3], a major-
ity of patients is diagnosed with a functional gastrointestinal syndrome such as functional
dyspepsia or irritable bowel syndrome. Functional disorders are defined by the presence of
a specific pattern of symptoms attributed to a specific region of the gastrointestinal tract, in
the absence of any structural, systemic, or metabolic disease likely to explain the symptoms.
In daily practice, managing patients with investigated functional disorders who are refractory
to the initial management strategies can be challenging.

Not uncommonly, an isolated stenosis of the celiac artery (CA) or the superior mesenteric
artery (SMA) is detected in patients with gastrointestinal symptoms. This finding presents a
clinical challenge, for the current paradigm is that a single stenosis of the CA or the SMA is
unlikely to cause chronic gastrointestinal ischemia given the abundant collateral circulation
of the splanchnic vascular bed. Furthermore, stenoses of a single gastrointestinal artery are
highly prevalent in the general -asymptomatic- population, ranging from 10-20%. [4, 5, 6, 7,
8, 9] The celiac artery is by far the most frequently affected artery, being the site of a single
artery stenosis in 80%.[4] Currently, a single artery stenosis is generally not considered to be
a structural disease likely to explain the gastrointestinal symptoms. Hence, revascularization
procedures are usually not offered to patients with unexplained abdominal symptoms and a
single artery stenosis.

This concept is currently being challenged, given the promising clinical success rates that
have been reported in some studies for celiac artery revascularization in patients with the
celiac artery compression syndrome (CACS), i.e. external compression of the celiac artery
by the median arcuate ligament. The considerable variation in the reported success rates of
revascularization in patients with CACS may be greatly related to patient selection for treat-
ment.[10, 11,12, 13] Indeed, the symptoms of chronic gastrointestinal ischemia are aspecific
and no single symptom can predict who will respond to revascularization. [14] However, it
has recently been shown that assessment of mucosal ischemia with a functional test, being
either tonometry or visible light spectroscopy, significantly enhances the diagnostic accu-
racy of detecting gastrointestinal ischemia and, hence, increases the clinical success rate of
revascularization. [15, 16, 17]
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Based on these new insights, we propose that patients with confirmed mucosal ischemia
may benefit from revascularization of a single gastrointestinal artery stenosis. We therefore
evaluated the clinical success rates to revascularization of a stenosis of either the celiac
artery or superior mesenteric artery in patients with unexplained refractory gastrointestinal

symptoms.

METHODS

Study population

Patients referred to our tertiary care center in a period from January 2006 to October 2010 for
analysis of chronic gastrointestinal ischemia based on a single artery stenosis in either the CA
or the SMA were prospectively included in this study. Approval for the study was obtained
from the Medical Ethical Committee of the Erasmus MC University Medical Center Rotterdam,
The Netherlands.

Baseline evaluation

At baseline, all patients had a standardized diagnostic work-up consisting of history taking
and physical examination, imaging of the gastrointestinal arteries with either CT- or MR-
angiography and/or conventional catheter angiography, and testing for mucosal ischemia
with either 24-hour tonometry or visible light spectroscopy [14, 15, 16]. An upper endoscopy
was performed in all patients with standard biopsies of the duodenum, gastric antrum, and
corpus. Biopsies from the gastric corpus and antrum were used to detect Helicobacter py-
lori. Patient demographics analysis included age, gender, BMI at presentation, baseline and
follow-up symptoms such as pain (abdominal, postprandial and/or exercise-related), bowel
dysfunction (diarrhea or constipation), weight loss (in kg), bruit, ulcer observed at upper
endoscopy, past medical history, and risk factors for atherosclerosis (current or past tobacco
smoking, diabetes, hypertension, dyslipidemia, and positive family history for cardiovascular
disease). Hypertension was defined as systolic blood pressure >140 mmHg and/or diastolic
pressure >90 mmHg. Dyslipidemia was defined as LDL-C >4.2 mmol/L or HDL-C <0.9 mmol/L.
Additional blood tests included thyroid stimulating hormone (TSH), C-reactive protein, lac-

tate, calcium, complete blood count, electrolytes, and liver functions tests.

Diagnosis

During a multidisciplinary assessment of the diagnostic results by a gastroenterologist,
vascular surgeon and radiologist, a consensus diagnosis of chronic gastrointestinal ischemia
was made if i) the presence of a significant (=50%) single artery stenosis of either the CA or
the SMA was confirmed, ii) the patient had at least one of the following symptoms: (post-
prandial) abdominal pain, weight loss, diarrhoea, and iii) mucosal ischemia was detected by
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24-hour tonometry or visible light spectroscopy. In patients with CA stenosis, the diagnosis
of CACS was established if CTA demonstrated focal narrowing of the proximal celiac artery
with poststenotic dilatation and indentation on the superior aspect of the celiac artery, creat-
ing a hook-shaped contour of the celiac artery. The characteristic kinking in the absence of
calcifications distinguishes this condition from other causes of celiac artery stenosis such as
atherosclerosis[19]. Since these imaging features are exaggerated on expiration, an addition-
al catheter angiography of the celiac artery in inspiration and expiration was performed in
unclear cases. Only patients with a consensus diagnosis of chronic gastrointestinal ischemia
were treated by either surgical or endovascular revascularization. Patients not meeting the
criteria for the diagnosis of chronic gastrointestinal ischemia were sent back to the referring
physician.

Treatment

Patients with atherosclerotic stenosis of the CA or SMA were primarily treated by percuta-
neous transluminal angioplasty (PTA) with endovascular stent placement (Palmaz Blue,
Cordis Cooperation). Recurrent in-stent stenoses were treated by PTA. Patients with recurrent
restenoses or stenoses deemed unfit for primary endovascular revascularization (e.g., occlu-
sion) were treated by bypass surgery. The majority of patients diagnosed with CACS were
treated by surgical division of the median arcuate ligament to decompress the celiac artery.
A small number of patients with CACS were treated by PTA and stenting of the CA. Procedural
details collected were the specific vessel treated, type of treatment, access location, as well as

procedure-related morbidity and mortality.

Follow-up

The effects of treatment were evaluated at 3-month intervals using a standard questionnaire.
If symptoms recurred, the date of recurrence was registered. Stent patency was evaluated
with abdominal ultrasound 3-6 months following the primary procedure. Patients who pre-
sented with recurrent symptoms during follow-up were evaluated with CTA to assess the
patency of the stent or bypass.

Outcome measures

The primary outcome measure was response of dyspeptic symptoms to revascularization,
defined as at least 50% relief of presenting symptoms as experienced by the patient. Patients
were classified as responders, primary non-responders, or loss of responders. Responders
were defined as either a sustained positive response to treatment or if symptom recurrence
was relieved after treatment of an observed restenosis. Primary non-responders were defined
as patients who did not respond to revascularization in spite of adequate patency of the
treated artery at follow-up. Loss of response was defined as the recurrence of symptoms in
spite of patency of the stent or bypass at follow-up. Other outcome measures were interven-
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tion-related morbidity and mortality, primary and secondary patency of stent or bypass, and

symptom free survival.

Statistical analysis

Depending on the distributional properties, outcome measures were expressed as means
+SD. Outcome of therapy was analysed with the student’s t-test. Differences in baseline char-
acteristics were determined by the x? test. Univariate analysis for calculation of predictors of
response was performed with logistic regression. Statistical significance was defined as p <
0.05.

RESULTS

Patient characteristics

A total of 103 patients with unexplained gastrointestinal symptoms and a single artery
stenosis were analysed. All patients underwent an upper endoscopy during the standard
work-up prior to the measurement of mucosal ischemia with VLS or tonometry. A non-H.
pylori, non-NSAID ulcer was observed in four patients (4%). Eight patients were referred for
remaining symptoms after Helicobacter pylori eradication. Biopsies taken at upper endoscopy
during work-up showed H. pylori in only one of these patients. Seventy-six percent of the
patients used or have used a PPI for a minimal period of 2 weeks. NSAIDs were used by 37%
of patients. A colonoscopy was performed in 56/103 (54%) ranging from 43% in patients with
dyspeptic symptoms to 69% in patients with symptoms compatible with IBS. Blood and stool
tests were unrevealing. Abdominal imaging consisting of CT/MRI was performed in 82% of
cases. Analysis of all previous investigations excluded more common disorders as the cause
of the gastrointestinal symptoms.

Of the 103 patients, 93 presented with a CA stenosis and 10 with an SMA stenosis. The etiol-
ogy of the CA stenosis was atherosclerosis in 53 patients (57%), celiac artery compression
syndrome (CACS) in 36 patients (39%), Takayasu’s arteritis in one patient (1%), fibromuscular
dysplasia in one patient (1%), and unknown in two patients (2%). All cases of SMA stenosis
were atherosclerotic. A consensus diagnosis of chronic gastrointestinal ischemia was reached
in 73/103 patients (71%). With regard to the stenotic lesions, 37/54 patients (69%) presenting
with an atherosclerotic CA stenosis, 24/35 patients (69%) with CACS, 4/4 patients (100%) with
a CA stenosis of other etiology, and 8/10 patients (80%) with an SMA stenosis were diagnosed

with chronic gastrointestinal ischemia.
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Primary treatment

A total of 69/73 (95%) patients diagnosed with ischemia were treated. Follow-up was avail-
able for 68 patients. The characteristics of these patients are provided in Table 1. Of the four
patients who were not treated, three patients refused treatment, and one had an underlying
condition which was treated first with good effect on the symptoms (Waldenstrom's disease).
Of the 35 patients with an atherosclerotic CA stenosis, 33 (94%) patients were treated with
CA stenting and two (6%) patients received an antegrade aortohepatic bypass after a techni-
cally unsuccessful endovascular procedure. Twenty-two patients diagnosed with CACS were
treated by surgical division of the median arcuate ligament to decompress the celiac artery.

Table 1. Baseline characteristics of patients diagnosed with chronic gastrointestinal ischemia

All patients diagnosed with CGI receiving

All non-CGl patients

Responders versus all non-

revascularization treatment (n=68) (n=54)¢ CGl patients
Responders (n=46)  Non-responders (n=22) p-value OR (95%Cl)

Patient characteristics

Age (y) 57+17 57+15 58+17 0.893 1.00(0.98-1.02)
Female 57% 73% 67% 0.385 1.43(0.64-3.20)
Hypertension 27% 18% 37% 0.215 0.58 (0.25-1.37)
Smoking 51% 41% 41% 0.299 1.52(0.69-3.34)
Dyslipidemia 24% 27% 41% 0.195 0.91(0.65-1.26)
Diabetes 6.5% 4.5% 4% 0334 236(041-13.52)
BMI (kg/m?) 22+34 23146 24+50 0.519 0.90 (0.82-1.0)
Obesity (BMI >30) 2% 5% 17% 0.015* 0.11(0.01-0.89)
CvD 44% 32% 39% 0.775 1.12(0.51-2.48)
Family history of CVD 44% 68% 57% 0.282 1.07 (0.71-1.61)
Presenting symptoms

Abdominal pain 91% 100% 94% 0.580 0.65 (0.14-3.05)
Postprandial pain 72% 86% 72% 0.877 0.93(0.39-2.21)
Exercise related pain 48% 55% 37% 0.368 1.44(0.65-3.18)
Nausea 46% 36% 43% 0.742 1.14(0.52-2.50)
Diarrhea 22% 27% 26% 0.545 0.75(0.30-1.90)
Constipation 9% 18% 17% 0.216 0.46 (0.13-1.59)
Reporting weight loss 63% 68% 59% 0.738 1.15(0.52-2.54)
Weight loss (kg) 772 7+66 6+6.0 0.501 1.02(0.96-1.08)
Abdominal bruit 22% 9% 13% 0.265 1.8(0.63-5.22)
Classic triad of CGl 16% 9% 7% 0.228 2.19(0.60-8.00)
Gastric ulcer 9% 0% 0% 0.028* 2.26(1.81-2.83)

Data are presented as percentages or as mean * SD. Differences were determined by the x? test and

univariate odd ratio’s were calculated with logistic regression. Statistical significance was defined as p <

0.05 (*). Hypertension was defined as systolic blood pressure > 140 mmHg and/or diastolic pressure > 90

mmHg. Dyslipidemia was defined as LDL > 4.2 mmol/L and/or HDL < 0.9 mmol/L. CVD = cardiovascular
disease; CGI = chronic gastrointestinal ischemia; non-CGl patients were those who did not receive the
consensus diagnosis of CGl or those patients who received the consensus diagnosis of CGI but who had

no response to revascularization treatment
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The patient with CA stenosis due to fibromuscular dysplasia was treated with PTA only. The
patient with Takayasu’s arteritis was treated with CA stenting. Of the two patients with a CA
stenosis of unknown etiology, one was treated with PTA and the other with CA stenting. All
patients with an SMA stenosis were treated with SMA stenting. The overall technical success
rates for endovascular therapy or surgical revascularization were 95% and 100%, respectively.
As mentioned, the two patients with an unsuccessful endovascular procedure received an

antegrade aortohepatic bypass.

Clinical success

Of the 68 revascularized patients with follow-up, 53 (78%) responded after primary treatment
(median follow-up of 19 + 13 months). However, during follow-up 12 patients developed
recurrent symptoms, lowering the primary clinical success rate to 60%. Of the patients with
a loss of response, 7/12 showed a restenosis, which was treated in five patients (3 surgical
bypasses and 2 CA stents). This second attempt of revascularization was clinically successful
in three patients. Fifteen patients did not have instant symptom relief to the first treatment.
Six of these patients had a persistent stenosis at follow-up, which was treated in five patients
(2 CA stents, 2 bypasses, and 1 CACS release). This treatment was clinically successful in an

additional two patients. The overall secondary success rate was 46/68 (68%).

The clinical success rates according to the site of stenosis are provided in Table 2. The suc-
cess rate for revascularization of the SMA was slightly, though not significantly, higher than
the success rate for revascularization of the CA (75% vs 67%, OR 1.8 95%Cl 0.5-6.8; p=0.636).
There was no difference in clinical success rates between treatment of an atherosclerotic CA
stenosis or CACS (both 68%). If a second procedure was attempted in case of a restenosis, the
clinical response rate was 5/10 (50%). Success of revascularization was not dependent on the
use of PPI, NSAIDs or H. pylori status.

Table 2. Clinical success rates for single gastrointestinal artery revascularization

Location Clinical success rate

Celiac artery

Atherosclerosis 23/34 (68%)

Celiac artery compression syndrome 15/22 (68%)
Non-specified 2/4 (50%)

Overall 40/60 (67%)
Superior mesenteric artery 6/8 (75%)
Overall 46/68 (67%)
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Patency

After a median follow-up of 19 + 13 months, restenosis occurred in 13 patients (22%) after CA
revascularization, whereas none was observed after SMA revascularization. Restenosis was
accompanied by stent fracture (n=6; 18% of all primary stenting procedures), intimal hyper-
plasia/thrombus (n=3), a remaining CA stenosis after CACS release (n=2), bypass graft throm-
bosis (n=1), or following PTA without stent placement (n=1). In 3/6 patients stent fracture in
the CA was due to previously unrecognised CACS. The overall restenosis rate was 29% after

primary endovascular revascularization, and 13% after primary surgical revascularization.

A total of 11 secondary procedures were performed for recurrent symptomatic stenosis of
the CA. Five of the six patients with CA stent fracture were treated by aortohepatic bypass
surgery. The three patients with in-stent restenosis due to intimal hyperplasia/thrombus were
treated by in-stent PTA. The two patients with persistent CA stenosis after CACS release were
treated by CA stenting. Thrombosis of one of the two primary aortohepatic bypass grafts
required repeated thrombolysis and PTA of a stenosis at the distal anastomosis. The overall
primary and secondary patency rates were 80% and 91%, respectively (median follow-up of
17 £ 14 months).

Complications

Complications were reported in 26/68 (38%) of treated patients (Table 3). There was no
procedure related mortality (death within 30 days of the procedure). During follow-up six
patients died due to metastasized pulmonary carcinoma (n=4), stroke (n=1), or old age (88
yrs; n=1). The brachial artery approach (n=32) for endovascular therapy was associated with
a higher complication rate as compared to the femoral artery approach (n=13; 44% vs 15%,
OR 4.3 95%Cl 0.8- 22.7; p=0.085) and included two stroke.

DISCUSSION

This study demonstrates that patients with otherwise unexplained gastrointestinal symp-
toms, a significant stenosis of either the celiac artery or the superior mesenteric artery, and
confirmed mucosal ischemia may greatly benefit from revascularization of a single gastro-
intestinal artery. These findings offer new opportunities to treat this challenging patient
population.

Gastrointestinal ischemia as a consequence of stenosis of a single gastrointestinal artery is
considered to be rather uncommon. Furthermore, the prevalence of a single artery stenosis
in the asymptomatic population ranges from 10-20%, [6, 7, 8, 20] depending on the age,[4]
ethnic background,[6] and the presence of vascular stenosis elsewhere in the body. [21, 22]
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Table 3. Complications of gastrointestinal artery revascularization

Complication Endovascular (n=43)  Surgical (n=36)
Respiratory

Pneumonia 1 2
Pneumothorax - 1

Cardiovascular

Stroke 2 -
Atrial fibrillation - 1
Abdominal

lleus - 2

Bowel perforation - 1

Post-operative bleeding - 1

Splenic infarction 1

Access site

Hematoma

Dissection

Pseudoaneurysm

Thrombosis
AV-fistula
Nerve damage

=[N |= NN —= |

Allergic reaction

Gastroesophageal reflux 1

Detecting a single artery stenosis in patients with abdominal symptoms may thus be merely
a coincidental finding, and identifying those patients who will benefit from revascularization
of a single artery stenosis remains a clinical challenge. [11, 13, 23] Careful patient selection
is the key to success of revascularization treatment in this patient population. Although
high success rates may be achieved if only patients with the classic triad of symptoms, i.e.
postprandial pain, bruit, and severe weight loss, are revascularized, [12] the prevalence of
this classic triad in the present study was only 16% in responders and 9% in non-responders.
Thus, in line with previous findings [16], the majority of patients who respond to revascu-
larization lack the supposedly classic triad of symptoms. Therefore, selection of patients for

revascularization solely based on symptoms results in under- or overtreatment.

With a lack of clinical, endoscopic[24], and radiologic predictors of successful outcome of
revascularization of single artery stenoses, and the absence of a discriminative biochemical
test, functional tests for mucosal ischemia are pivotal in the diagnostic work-up of patients
suspected of chronic gastrointestinal ischemia. The use of functional tests such as tonom-
etry or visible light spectroscopy substantially improves the ability to discriminate between
patients who respond to revascularization treatment and those who do not [14, 15, 16, 25].
Gastrointestinal tonometry appears to be an accurate functional test to detect gastrointes-
tinal ischemia, with a sensitivity and specificity of 78% and 92%, respectively [16, 25, 26].
An alternative for tonometry is visible light spectroscopy, with a 90% sensitivity and a 60%
specificity for detecting mucosal ischemia [15, 27]. As compared with tonometry, visible light

84



spectroscopy is less invasive, less time-consuming, and therefore more patient friendly. In
our study, treatment success of patients selected with a positive tonometry test was slightly,
though not significantly, higher than for a positive spectroscopy test (73% vs 60%). This may
be related to the higher specificity of tonometry as compared to spectroscopy for the detec-
tion of mucosal ischemia[15, 25].

In the present study, a functional test for mucosal ischemia was part of the standard diagnostic
work-up for all patients presenting with abdominal symptoms and a single gastrointestinal
artery stenosis. Interestingly, using this approach, selection of patients for revascularization
based on a positive test for mucosal ischemia resulted in relief of symptoms in two-thirds of
patients. This challenges the current belief that single artery stenoses cannot be symptomatic
and should not be revascularized.

It is unknown whether the non-responding patients have symptoms attributable to other
gastrointestinal disorders, or whether the mucosal ischemia in these patients is not resolved
by revascularization of a macrovascular stenosis. In previous studies we have shown that the
functional test improves in 80-100% of patients who responded to revascularization, whereas
no improvement in muocal oxygen saturation was observed in patients who did not experi-
ence relief of symptoms despite patent arteries.[15, 17] Mucosal ischemia may persist in a
subset of patients after successful revascularization, due to a coinciding pathophysiologic
mechanism, such as microcirculatory insufficiency. However, strong evidence to substantiate
this hypothesis is currently lacking.

Goals of treatment are symptom relief and restoration of normal weight and nutritional sta-
tus. In contrast to chronic gastrointestinal ischemia based on stenosis of *2 gastrointestinal
arteries, single artery stenosis is not associated with the progression to acute gastrointestinal
ischemia.[28] Hence, the burden of symptoms must be weighed against the risks of therapeu-
tic intervention. Technical success, patency, and complication rates reported in the current
study were comparable to those previously reported.[16, 29] Although both the surgical and
the endovascular revascularization procedures carried no mortality in this study, the overall
morbidity rate was 38%. The majority of the complications were access-related and resolved
without persistent consequences, but 4 patients (6%) developed irreversible neurological
damage. The brachial artery approach is considered to be an anatomical advantageous route
to the origins of the gastrointestinal arteries. However, the brachial approach was associ-
ated with more, albeit not significantly, severe complications than the femoral approach in
patients undergoing endovascular revascularization. Given these potential complications of
revascularization procedures, conservative measures such as frequent small meals, use of
PPI, and analgesics, are advised as the first management option for patients with only mild
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symptoms of chronic gastrointestinal ischemia based on a single artery stenosis, whereas
revascularization procedures should be reserved for the patients with a high disease burden.

Earlier reports on single artery stenoses have mainly focussed on the celiac artery compres-
sion syndrome (CACS). This syndrome is characterized by external compression of the celiac
artery at the level of the diaphragm by the median arcuate ligament or celiac plexus, limiting
blood flow particularly during expiration. [30] For CACS, there is still a debate whether the
pain is of neurogenic or vascular origin. Some consider the pain originating from compres-
sion of the periarterial celiac nerve plexus, in which case patients may benefit from the
neurolysis and transection of the periaortic ganglionic tissue during open CACS release.[31,
32] However, the similarities in success rates for retroperitoneal endoscopic release of CACS
[33], in which most of the celiac plexus remains intact, for open surgical CACS release, and for
endovascular revascularization of atherosclerotic CA stenoses, supports the vascular origin
of the symptoms.

This study has several limitations. First, it was conducted in a tertiary care centre for vascular
disorders of the gastrointestinal tract. The consensus diagnosis of chronic gastrointestinal
ischemia was reached in 71% of the studied patient population. Given the potential for
referral bias, the results must be interpreted with caution and may not be extrapolated to all
general gastroenterology practices. Second, a placebo effect of single artery revasculariza-
tion cannot be ruled out in this prospective cohort study. However, the success percentage
of 67% is much higher than the placebo effect observed in controlled studies of functional

gastrointestinal disorders.[34, 35]

In summary, the findings of the present study show that patients with unexplained refractory
gastrointestinal symptoms should be evaluated for gastrointestinal ischemia, and that those
with a single gastrointestinal artery stenosis and confirmed mucosal ischemia may greatly

benefit from revascularization.

86



REFERENCES

10
1

13
14

20

21

22

23

24

Tack J, Talley NJ. Gastroduodenal disorders. Am J Gastroenterol 2010;105:757-63.

Spiller RC, Thompson WG. Bowel disorders. Am J Gastroenterol 2010;105:775-85.

Sperber AD, Drossman DA. Functional abdominal pain syndrome: constant or frequently recur-
ring abdominal pain. Am J Gastroenterol 2010;105:770-4.

Roobottom CA, Dubbins PA. Significant disease of the celiac and superior mesenteric arter-
ies in asymptomatic patients: predictive value of Doppler sonography. AJR Am J Roentgenol
1993;161:985-8.

Jarvinen O, Laurikka J, Sisto T, et al. Atherosclerosis of the visceral arteries. Vasa 1995;24:9-14.
Park CM, Chung JW, Kim HB, et al. Celiac axis stenosis: incidence and etiologies in asymptomatic
individuals. Korean J Radiol 2001;2:8-13.

Bron KM, Redman HC. Splanchnic artery stenosis and occlusion. Incidence; arteriographic and
clinical manifestations. Radiology 1969;92:323-8.

Hansen KJ, Wilson DB, Craven TE, et al. Mesenteric artery disease in the elderly. J Vasc Surg
2004;40:45-52.

Derrick JR, Pollard HS, Moore RM. The pattern of arteriosclerotic narrowing of the celiac and
superior mesenteric arteries. Ann Surg 1959;149:684-9.

Lord RS, Tracy GD. Coeliac artery compression. BrJ Surg 1980;67:590-3.

Geelkerken RH, van Bockel JH, de Roos WK, et al. Coeliac artery compression syndrome: the effect
of decompression. BrJ Surg 1990;77:807-9.

Reilly LM, Ammar AD, Stoney RJ, et al. Late results following operative repair for celiac artery
compression syndrome. J Vasc Surg 1985;2:79-91.

Evans WE. Long-term evaluation of the celiac band syndrome. Surgery 1974;76:867-71.

Sana A, Vergouwe Y, van Noord D, et al. Radiological imaging and gastrointestinal tonometry add
value in diagnosis of chronic gastrointestinal ischemia. Clin Gastroenterol Hepatol 2011;9:234-41.
Van Noord D, Sana A, Benaron DA, et al. Endoscopic visible light spectroscopy: a new, minimally
invasive technique to diagnose chronic Gl ischemia. Gastrointest Endosc 2011;73:291-8.

Mensink PB, van Petersen AS, Geelkerken RH, et al. Clinical significance of splanchnic artery
stenosis. BrJ Surg 2006;93:1377-82.

Mensink PB, van Petersen AS, Kolkman JJ, et al. Gastric exercise tonometry: the key investigation
in patients with suspected celiac artery compression syndrome. J Vasc Surg 2006;44:277-81.
Drossman DA, Corazziari E, Delvaux M, et al. Rome llIl: The Functional Gastrointestinal Disorders.
In: McLean VA, ed.: Degnon Associates 2006:885-93.

Horton KM, Talamini MA, Fishman EK. Median arcuate ligament syndrome: evaluation with CT
angiography. Radiographics 2005;25:1177-82.

Levin DC, Baltaxe HA. High incidence of celiac axis narrowing in asymptomatic individuals. Am J
Roentgenol Radium Ther Nucl Med 1972;116:426-9.

Valentine RJ, Martin JD, Myers SI, et al. Asymptomatic celiac and superior mesenteric artery
stenoses are more prevalent among patients with unsuspected renal artery stenoses. J Vasc Surg
1991;14:195-9.

Glockner JF. Incidental findings on renal MR angiography. AJR Am J Roentgenol 2007;189:693-700.
Mihas AA, Laws HL, Jander HP. Surgical treatment of the celiac axis compression syndrome. Am J
Surg 1977;133:688-91.

Van Noord D, Biermann K, Moons LM, et al. Histological changes in patients with chronic upper
gastrointestinal ischaemia. Histopathology 2010;57:615-21.

87



88

25

26

27

28

29

30

31

32

33

34

35

Otte JA, Geelkerken RH, Oostveen E, et al. Clinical impact of gastric exercise tonometry on diagno-
sisand management of chronic gastrointestinal ischemia. Clin Gastroenterol Hepatol 2005;3:660-6.
Otte JA, Huisman AB, Geelkerken RH, et al. Jejunal tonometry for the diagnosis of gastrointestinal
ischemia. Feasibility, normal values and comparison of jejunal with gastric tonometry exercise
testing. Eur J Gastroenterol Hepatol 2008;20:62-7.

Friedland S, Benaron D, Coogan S, et al. Diagnosis of chronic mesenteric ischemia by visible light
spectroscopy during endoscopy. Gastrointest Endosc 2007;65:294-300.

Wilson DB, Mostafavi K, Craven TE, et al. Clinical course of mesenteric artery stenosis in elderly
americans. Arch Intern Med 2006;166:2095-100.

Oderich GS, Bower TC, Sullivan TM, et al. Open versus endovascular revascularization for chronic
mesenteric ischemia: risk-stratified outcomes. J Vasc Surg 2009;49:1472-9 e3.

Loukas M, Pinyard J, Vaid S, et al. Clinical anatomy of celiac artery compression syndrome: a
review. Clin Anat 2007;20:612-7.

Harjola PT. A Rare Obstruction of the Coeliac Artery. Report of a Case. Ann Chir Gynaecol Fenn
1963;52:547-50.

Snyder MA, Mahoney EB, Rob CG. Symptomatic celiac artery stenosis due to constriction by the
neurofibrous tissue of the celiac ganglion. Surgery 1967,61:372-6.

van Petersen AS, Vriens BH, Huisman AB, et al. Retroperitoneal endoscopic release in the manage-
ment of celiac artery compression syndrome. J Vasc Surg 2009;50:140-7.

Talley NJ, Tack J, Ptak T, et al. Itopride in functional dyspepsia: results of two phase Ill multicentre,
randomised, double-blind, placebo-controlled trials. Gut 2008;57:740-6.

Wong WM, Wong BC, Hung WK, et al. Double blind, randomised, placebo controlled study of
four weeks of lansoprazole for the treatment of functional dyspepsia in Chinese patients. Gut
2002;51:502-6.



Chapter 7

Vasodilation therapy for patients
with non-occlusive chronic
gastrointestinal ischemia: a
prospective pilot-study

A. Sana MD', L.M.G. Moons MD PhD’, E.V. Rouwet MD PhD? T.W. Galema MD PhD?,
A. Moelker MD PhD* D. Van Noord MD PhD', P.B.F. Mensink MD PhD?, Ernst J. Kuipers

MD PhD'»

Departments of Gastroenterology and Hepatology', Vascular Surgery? Cardiology?,
Interventional Radiology*, Internal Medicine®, Erasmus MC - University Medical Center,

Rotterdam, The Netherlands

Provisionally accepted in World Journal of Gastroenterology 2012



ABSTRACT

Aim: To evaluate therapeutic effect of vasodilating medication in patients with mucosal isch-
emia and patent gastrointestinal arteries (non-occlusive chronic gastrointestinal ischemia).
Methods: Patients referred to our tertiary unit for evaluation of CGl were prospectively
included. Patients were diagnosed with non-occlusive CGl if both symptoms and functional
testing were compatible with CGIl, but gastrointestinal artery stenoses were absent. Patients
were treated with escalating doses of isosorbide dinitrate (ISD; 20 or 40 mg od), followed by
ketanserin (KTS; 20 or 40 mg od) if ISD was not successful or tolerated. Clinical response was
defined as complete or partial relief of predominant presenting symptoms.

Results: Over a period of 3.5 years, 353 patients were referred with suspected CGI. Non-
occlusive CGIl was diagnosed in 47 (13%) patients: 17 (36%) males, mean age 57 (29-77)
years. Vasodilation therapy was advised in 39 (83%) patients. One patient refused using ISD.
Sustained response was achieved in 5 (13%) patients treated with ISD (median follow-up 29
months). Of 33 non-responders to ISD, 27 (82%) were treated with KTS. One patient was lost
during follow-up. Two (8%) of them had a sustained response (median follow-up 11 months)
after KTS. Two other patients had repeated positive response after reintroducing ISD. Per
protocol analysis showed an overall therapeutic response of (9/31) 29%.

Conclusion: Vasodilating medication is of benefit to one third of patients with non-occlusive
CGI. RCT’s are needed to optimize effectiveness of vasodilating agents, and predict therapeu-
tic response.

920



INTRODUCTION

In recent years chronic gastrointestinal ischemia (CGI) has gained recognition as one of the
causes of otherwise unexplained chronic abdominal pain'. Ischemia is the result of dimin-
ished oxygen supply to target organs due to obstructive disease of the arteries and veins
as well as due to systemic low flow state, anemia or pulmonary disease. Intestinal ischemia
is caused by insufficient blood flow to the stomach and intestines, which in most cases is
caused by significant atherosclerotic narrowing of the main gastrointestinal arterial branch-
es. However, the introduction of functional tests to evaluate mucosal perfusion, such as
gastrointestinal tonometry># and visible light spectroscopy®®, has shown that the spectrum
of CGI may also include patients without macrovascular pathology, i.e. non-occlusive CGI.

Non-occlusive mesenteric ischemia (NOMI) is a common phenomenon encountered in ICU
patients, which is thought to be caused by prolonged splanchnic hypoperfusion. The exact
mechanisms leading to this condition are not clearly understood, and it is observed that
many different pathologic conditions can be complicated by NOMI i.e. abdominal or cardiac
surgery, sepsis, cardiac failure, renal disease, and patients being dialyzed, abdominal com-
partment syndrome, or gastrointestinal arterial spasm secondary to medication”'2. NOMI is
the cause of acute mesenteric ischemia in 20% to 30% of cases and is associated with high

mortality rates!'?,

The detection of mucosal ischemia with functional tests in patients with chronic abdominal
pain in the absence of macrovascular pathology suggests that there may also be a chronic
state of splanchnic hypoperfusion, analogous to NOMI in the critical care setting. Several
conditions and pathophysiologic mechanisms may account for non-occlusive CGl. In a series
of patients with non-occlusive CGl, vasospasm of the gastrointestinal arteries was observed
during angiography!.Furthermore, in patients with chronic heart failure, splanchnic hypo-
perfusion has been found at low levels of exercise!'®. In theory, patients with non-occlusive
CGl could benefit from vasodilating medication!.

Currently, there are no published data on this particular group of patients. Hence, the aim of

this study was to assess the effectiveness of vasodilating medication in patients diagnosed

with non-occlusive CGl.
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METHODS

Population

The study was performed within a tertiary care program for diagnosis and treatment of CGl at
a university referral center. All data of consecutive patients referred for evaluation of CGl were
prospectively included after informed consent. The Institutional Review Board of the Erasmus
MC- University Medical Center approved the study.

Standard diagnostic work-up

In all patients the more common causes of upper gastrointestinal complaints had been ex-
cluded by upper endoscopy, colonoscopy, and abdominal ultrasound or computed tomog-
raphy. All patients evaluated for suspected CGl underwent a standard work-up by means of a
thorough medical and physical examination, and an extensive questionnaire on complaints
and medical and family history. Visualization of the gastrointestinal arteries (celiac artery,
superior mesenteric artery and inferior mesenteric artery) was performed in all patients by
means of CT or MR angiography, and / or conventional angiography.

Detection of mucosal ischemia

Mucosal perfusion was assessed by means of 24-hour gastric and jejunal tonometry or visible
light spectroscopy. Tonometry was performed according to a standardized protocol for mu-
cosal CO, measurements with gastric and jejunal catheters both in fasting and postprandial
state, as described previously™'™. A positive (abnormal) tonometry test was defined as: 1)
a pathologic response after 3 or more meals, or 2) a combination of one or two pathologic
responses after meals combined with a median PCO, > 8.0 kPa in between meals.

As per march 2009 tonometry was replaced by visible light spectroscopy measurements as the
functional diagnostic test in the standard work-up of all patients, because of the non-invasive-
ness of visible light spectroscopy measurements and comparable sensitivity as tonometry!.
Mucosal saturation was measured using a fiberoptic catheter-based visible light spectroscopy
oximeter (T-Stat 303 Microvascular Oximeter, Spectros, Portola Valley, California, USA) during
upper endoscopy. This catheter was passed through the accessory channel of the endoscope
after irrigation of the target area to remove any bile and food remnants. ¢ The recently vali-
dated cut-off values of 58% for the descending duodenum, 62% for the duodenal bulb and 63%
for the gastric antrum were used for the detection of mucosal ischemia'®. Measurements were
considered to be positive for ischemia when the measured saturation in the antrum, duodenal
bulb, or descending duodenum was lower than the cut-off value used in each location'.

Diagnosis of non-occlusive ischemia

During a multidisciplinary assessment of the diagnostic results by gastroenterologists, vascular
surgeons and interventional radiologists, a consensus diagnosis of non-occlusive CGI was
based on: 1) presence of symptoms suggestive of CGl, 2) absence of macrovascular pathology
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at gastrointestinal artery imaging, and 3) detection of mucosal ischemia with functional testing
(positive tonometry or visible light spectroscopy), and 4) adequate exclusion of other causes
of abdominal pain. Absence of macrovascular pathology was defined as three completely
patent gastrointestinal arteries, and absence or minor atherosclerotic changes of the arteries
on CT- or MR angiography. If, after re-evaluation of the imaging, suspicion persisted of even
non-significant atherosclerotic narrowing in any gastrointestinal artery, a conventional digital
subtraction angiography of the gastrointestinal arteries was performed to exclude stenosis.

Vasodilating medication regimen for non-occlusive CGI

Patients with a consensus diagnosis of non-occlusive CGl were offered medical treatment
with vasodilating medication consisting of isosorbide dinitrate (ISD) 20 or 40 mg od as the
first-line therapy. If there were side effects or no clinical improvement after four weeks the
first-line therapy was ceased and replaced by the second-line treatment. As second-line treat-
ment ISD was replaced by ketanserin (KTS) 20 mg or 40 mg od. If the symptoms persisted
after a second period of four weeks the patients was classified as non-responder.

Follow-up

All patients diagnosed with non-occlusive CGl were assessed on an outpatient basis four
weeks after the start of vasodilating medication, after any change in medication, and at
3-month intervals thereafter. Clinical response was defined as complete or partial relief of the
major presenting symptoms, i.e. pain relief, weight gain or weight stabilization, and relief of
diarrhoea or nausea. Symptoms and any side effects of vasodilating medication were noted.
The clinical response of each patient to the vasodilating medication was independently
reviewed by three reviewers (AS, LM, and ER). In case of disagreement, the particular case

was re-evaluated until a consensus was reached.

Cardiological assessment

During standard work-up, all patients underwent an electrocardiogram (ECG). Patients
diagnosed with non-occlusive CGl, who did not have a cardiological assessment including
Doppler echocardiography in the previous 6 months, were referred for evaluation of cardiac
function. All data on cardiac function, i.e. ECG and Doppler echocardiography outcomes,
were reviewed by an independent cardiologist (TG).

Statistical analysis

Continuous data were expressed as mean, standard deviation, and range; categorical data
were expressed as percentages. Categorical data of responders and non-responders to
vasodilating medication were compared using the Fisher’s exact test. A p-value of a = 0.05
(all-two sided) was considered statistically significant. The overall treatment response was as-
sessed using per protocol analysis. The effect was evaluated in patients who actually followed
through the treatment algorithm and from whom the follow-up data were available.
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RESULTS

From October 2006 to April 2010, 353 patients were referred for evaluation of suspected CGlI.
Macrovascular pathology was absent in 101 patients. Non-occlusive CGl was diagnosed in 47
patients: 13% of total group, 47% of patients with normal gastrointestinal arteries.

Characteristics of patients diagnosed with non-occlusive CGI

The mean age was 57 (range 29 - 77) years, with 17 (36%) males. The most commonly
reported complaints were abdominal pain, postprandial pain, and weight loss (Table 1).
Smoking was reported in 21 (45%) patients and 26 (55%) patients reported having a positive
family history of cardiovascular disease (CVD). Twenty patients (43%) were known with CVD,
and another five patients (11%) reported having cardiac disease, including heart failure (n =
3), aortic valve disease (n = 1), and arrhythmia (n =1). Twelve out of 47 (26%) patients with
the consensus diagnosis of non-occlusive CGI were younger than 50 years. Only 2 of these
patients (4% of the total group) had a history of CVD and one patient (2% of the total group)
had DM. The median MDRD GFR was 83 (interquartile range 70-90) ml/min/ 1-73m?.

Vasodilating medication: effect and side-effects

First-line vasodilation therapy was offered to 39/47 (83%) patients, and 38/39 (97%) patients
actually initiated first-line treatment, because one patient refused medication because of
earlier reported multiple allergies to medication. Eight patients had other treatment (see
Table 2). All 38 patients received ISD as first-line treatment. Ten out of 38 (26%) patients ini-
tially responded to the first-line medication, but this medication was stopped in five patients
due to side effects (n = 3) or temporary response (n = 2). First-line medication produced a
sustained response in 5/38 (13%) patients with a median follow-up of 29 (interquartile range
(IQR) 21- 39) months (see Figure 1).

Twenty-seven out of 33 (82%) eligible patients received second-line treatment. In six patients
second-line treatment was not initiated (see Figure 1 and Table 3). Follow-up data were avail-
able for 26/27 (96%) patients (Figure 1), as one patient was lost during follow-up. After a
median follow-up of 11 (IQR range 5 -18) months, 4/26 (15%) had a sustained response, while
22/26 (85%) did not have any symptom improvement. Two of these four patients initially
responded to ISD, but had recurrence of symptoms after 9 and 12 months, respectively. Both
of these patients switched to a second-line treatment with KTS, but without clinical response.
Eventually, in these two patients reintroduction of ISD resulted in a positive sustained re-
sponse at mean follow-up of 9 months. Thus, of the 26 patients who received second- line
treatment and from whom follow-up data were available, two (8%) of them had positive clini-
cal response to KTS, and another two had repeated positive response after reintroducing ISD.
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Table 1: Baseline characteristics of patients diagnosed with non-occlusive CGI

Patient characteristics Non-occlusive CGI
n=47

Age (years)* 57 (29-77)
Male gender 17 (36%)
Reporting weight loss 30 (64%)
Weight loss (kg/month)** 15 (0.5-2.8)
Abdominal pain 44 (94%)
Postprandial pain 35 (75%)
Exercise related pain 16 (34%)
Nausea 17 (36%)
Diarrhea 1" (23%)
Smoking 21 (45%)
Family history CVD 26 (55%)
Cardiovascular disease 20 (43%)
DM 9 (19%)

* mean age (range); ** median (IQR range); CGI = chronic gastrointestinal ischemia;
CVD = cardiovascular disease; DM = diabetes mellitus

Table 2: Characteristics of patients not receiving vasodilating agents

Category Total Other treatment Follow-up
n=38
Cardiac dysfunction n=4 Pericarditis constrictiva, n =1 Symptoms resolved greatly after treatment

Symptoms caused by forward failure,n =3 Already received maximum treatment

Pneumonia n=1 Symptoms resolved after treatment

Side effect of other n=1 Digoxin use after heart transplantation Refused cooperation

drug

Exercise related n=2 Symptoms occurred after extensive Symptoms under control with sufficient fluid
exercise intake before and during exercise

Taken together, 39 patients were advised to use ISD. Using per protocol analysis 8 patients
were excluded from the analysis; one patient refused ISD due to earlier reported allergy, one
patient who received second-line treatment was lost during follow-up, and six patients did
not receive second-line treatment. Thus, 31 patients actually received first and second-line
treatment and complete follow-up data was available in these patients (see Figure 1). Per pro-
tocol analysis shows that 9/31 (29%) patients had sustained response after first or second-line
treatment (see Figure 1). There were no statistically significant difference in baseline charac-
teristics between the responders and non-responders. Furthermore, treatment outcome was
not related to the functional test to detect mucosal ischemia: 5/19 patients (26%) assessed by
tonometry and 4/20 (20%) patients selected with visible light spectroscopy had a sustained
response to vasodilating agents (P = 0.35).

Side effects of vasodilation therapy were reported in 15/38 (39%) patients on ISD, and 4/27
(15%) patients who received KTS (see Table 4). The most common side effects reported were
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headache (53% vs. 50%) and dizziness (20% vs. 25%) in patients ISD and KTS, respectively. In
total 3/38 (8%) of patients who used ISD stopped medication because of moderate to severe
side effects and refused to use second-line treatment (see Table 2).

Cardiological assessment and other treatments

Eight out of 47 patients (17%) with non-occlusive CGl received other treatment than vasodi-
lating agents (Table 3). The multidisciplinary team did not advise vasodilating agents in these
patients because their complaints were thought to be caused by cardiac dysfunction, lung
dysfunction due to pneumonia, or side effects of other medication. Moreover, in two patients
the complaints of non-occlusive CGI occurred after extensive exercise.

All patients underwent ECG as part of the standard diagnostic work-up. In 22/50 patients
diagnosed with non-occlusive CGI, additional cardiological assessment was performed. No
differences were observed in the prevalence of arrhythmia, myocardial infarction, left ven-
tricular dysfunction, or valve dysfunction between the responders to vasodilating medica-
tion and the non-responders (data not shown).

DISCUSSION

In this study we aimed to assess the effectiveness of vasodilating medication in patients
diagnosed with non-occlusive CGI. Treatment of 39 patients with an escalating dose of
vasodilating medication resulted in symptom relief in almost one-third of patients. Addi-
tional evaluation of cardiac function did not reveal a decreased cardiac output as the cause

of splanchnic hypoperfusion.

Since recent years the use of a functional test for detecting mucosal ischemia is gaining more
and more territory in the diagnostic work-up of patients suspected with CGI. Functional test-
ing by means of tonometry or visible light spectroscopy improves the selection of patients
with actual CGIl and those are likely to benefit from the revascularization 2678 We have
identified a subgroup of patients who presents with symptoms suggestive of CGl, who show
mucosal ischemia on functional testing, but have patent gastrointestinal arteries on imaging.
This entity is called non-occlusive CGI, and this is observed in 13-20% of patients analyzed for
CGI 25 It is suggested that these patients might benefit from vasodilating medication.

To our knowledge, only one other study described the effects of vasodilating agents, includ-
ing, nitrates, ketanserin, nicorandil and doxazosin, in patients with non-occlusive CGI'.
In this prior study, 63% of patients experienced a >50% pain reduction in response to at
least one vasodilating drug. By comparison, in the present study a sustained response to
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NOMI

n =47
No vasodilating medication ®
Cardiac dysfunction, n = 4
Exercise related, n =2
Pneumonia, n =1
Side effect other drugs, n =1
p
- J Eligible for 1st line
medication °
n=39
N \
Refusal due to reported
allergy ©
n=1
o J
N
Sustained response ¢ Non-sustained response ©
n=5 n=233
J
2nd line treatment * Expectative ¢
n=27 n=6
Lost during follow-up " ]
n=1
Sustained response ' Non-sustained
n=4 response

n=22

Figure 1: Flow-chart of response to medication

2: Symptoms improved after treatment for pericarditis constructiva (n=1), caused by forward failure, and
already received maximum therapy (n=3). Symptoms occurred after extensive exercise (n=2). Abdominal
symptoms improved after treatment for pneumonia (n = 1). Abdominal symptoms developed due to use of
digoxin after heart transplantation (n=1).

b: Isosorbide dinitrate n = 39

¢ One patient refused medication because of earlier reported multiple allergies to medication, and was
excluded from further analysis.

d: Sustained response = pain free and/or weight stabilization/weight gain or free from other major complaints
such as nausea and/or diarrhea

¢: Change of medication despite initial symptom improvement due to side effects (n = 3), temporary response
(n=2), and non responders after first-line treatment (n = 28)

f: Ketanserin (n = 27)

9: Symptom improvement after coronary artery bypass graft (n=1),symptoms improved after treatment of liver
abscess (n = 1). Spontaneous resolvement (n = 1). Refusing or not eligible for second line treatment (n = 3).

" One patient was lost in follow-up and is excluded from further analysis.

i: Sustained response after ketanserin (n = 2). Second-line treatment without positive response, isosorbide
dinitrate was reintroduced and patients had repeated positive response (n = 2)
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Table 3: Characteristics of six patients not receiving second-line treatment

Category Total ~ Other treatment Follow-up
n=6
Refusal n=3  Due toside effects after using ISD
Other diagnosis n=2  Patientunderwent CABG, n=1 Symptoms resolved
Treated for liver abscess, n =1 Symptoms resolved
Spontaneous n=1 Nausea was major symptom and resolved
resolvement spontaneously

CABG = coronary artery bypass grafting, ISD = isosorbide-dinitrate

Table 4: Side effects of vasodilating agents

Side effects Isosorbide dinitrate Ketanserin
n=15 n=4
Headache 8 (53%) 2 (50%)
Dizziness 3 (20%) 1 (25%)
Headache and dizziness 3 (20%) 1 (25%)
Nausea 1 (7%) 0 -

vasodilating medication was obtained in 29% of cases. This discrepancy in success rates may
relate to differences in study methods. First, in the current study, the clinical response to
treatment was evaluated independently by three reviewers, two of them were not involved
in the treatment of these patients. Second, in our study patients were selected with either
tonometry or visible light spectroscopy, whereas all patients were selected with tonometry
in the prior one. Although a positive tonometry test was associated with a higher response
rate than a positive visible light spectroscopy measurement (26% vs 20%), this difference was
not significant and also not approaching a response rate of >60%. Furthermore, differences in
the causes of splanchnic hypoperfusion may underlie the observed discrepancies in therapy
success. In the previous mentioned study, other vasodilators, i.e., nicorandil and doxazosin,
were added to the treatment with KTS and ISD. This however increased the response rate by
only 14%, and is, hence, unlikely to have a major contribution to the treatment algorithm.
Unfortunately, based on the data in the current study, no predictors of a positive clinical
response to vasodilating medication could be defined.

Patients using ISD reported twice as many side effects as patients who used KTS. Overall, the
side effects of both drugs were well tolerated and only 8% of patients who used ISD refused
to switch to KTS as second-line treatment due to side effects from using ISD.

As mentioned before, non-occlusive CGl is a relatively unknown disorder and its etiology is
incompletely understood. A chronic state of splanchnic hypoperfusion due to various patho-
logical conditions is thought to be present in this group of patients. Analogous to causes of
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acute NOMI it has been suggested that splanchnic hypoperfusion in non-occlusive CGI may
be related to a decrease in cardiac output. Patients with chronic heart failure have been shown
to display a rise in intragastric PCO, concentration on tonometry during low-level exercise,
indicating gastrointestinal hypoperfusion ['*. To investigate a potential relationship between
non-occlusive CGl and heart failure, 22 patients diagnosed with non-occlusive CGl in the
current study underwent additional cardiac analysis using echocardiography. None of these
patients had a history of heart failure, arrhythmia or valvular disease. The three patients with
a history of heart failure in the current cohort were not treated with vasodilating medication.
Cardiac analysis did not reveal heart failure in any of the patients with non-occlusive CGI. As
the chances of having a significantly lowered cardiac output in the absence of exertional dys-
pnea, normal ECG and echocardiography, were considered to be very low, no invasive testing
was performed to measure the cardiac output. Furthermore, there were no differences in left
ventricular function between responders to vasodilating medication and non-responders.
These data suggest that although patients with chronic heart failure may exhibit splanchnic
hypoperfusion, non-occlusive CGl is not necessarily related to a decrease in cardiac output.

One of the limitations of this study is the lack of a placebo control group. Placebo effects for
treatment of patients with chronic abdominal pain may be as high as 30-40%!"%2%. Further-
more, since the functional test for mucosal ischemia was not repeated during follow-up, it is
unknown whether mucosal perfusion improved in the patients that reported symptom relief
in response to vasodilating medication. Therefore, it can not be ruled out that the observed
treatment response is a placebo effect.

In conclusion, non-occlusive CGl is a diagnosis of exclusion, based on the presence of muco-
sal ischemia in patients with symptoms of gastrointestinal ischemia without gastrointestinal
artery stenoses. One third of these patients have sustained relief of symptoms in response
to vasodilating medication after a median follow-up of almost two and a half years. The side
effects of vasodilating medication are generally well tolerated, and without medication these
patients would still suffer from chronic abdominal pain. However, a randomized placebo-
controlled trial is needed to exclude a potential placebo effect and to assess whether vaso-

dilating medication actually improves mucosal perfusion in patients with non-occlusive CGI.
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ABSTRACT

Aim: The aim of our study was to compare the expression of HIF-1 alpha in normal colon,
ischemic colitis, as well as in Crohn'’s disease (CD), ulcerative colitis (UC), and infectious colitis.
Furthermore, we wanted to investigate if there is a correlation between the degree of inflam-
mation and the expression level of HIF-1 alpha.

Methods: Biopsies of 30 subjects with a normal colon, and of 33 patients with various types
of colitis (9 pts with ischemic colitis, 9 with CD, 10 with UC, and 5 with infectious colitis) were
collected for immunohistochemistry. Immunohistochemical staining was evaluated both on
the basis of the localization and intensity of staining. Differences in scores between diagnos-
tic groups were assessed using Fisher’s Exact, Kruskal-wallis rank-sum, and Spearman tests.
Results: Expression of HIF-1 alpha was only seen in 37% samples of normal colon, but HIF-1
alpha was expressed in the majority of samples of various types of colitis. Expression was
mainly detected at the bottom of the crypts in the positive normal colon samples, whereas
the colitis group predominantly showed expression throughout the crypt and/or at the
epithelial surface. The staining intensity in normal colon was weak in most samples, while
the various colitis groups predominantly showed a moderate to strong staining. There was a
moderately strong correlation between the degree of inflammation seen on histopahtology
and the intensity of HIF-1 alpha expression (Spearman correlation 0.578).

Conclusion: HIF-1 alphais not only expressed in ischemic colitis, but also in patients with vari-
ous inflammatory disorders. This implies that HIF 1-alpha expression is a sign of inflammation,
and can not differentiate between ischemia and other sources of inflammation. The intensity

of expression seems to correlate with the degree of inflammation seen on histopahtology.
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INTRODUCTION

Ischemic colitis (IC) is the most frequently encounterend ischemic injury to the gastroin-
testinal tract, especially in the elderly population. The clinical presentation is dependent
on the predominant clinical pattern, but the typical presentation is an acute onset of mild
abdominal pain over the affected segment of the colon with passage of blood mixed with
stools. Ischemic colitis accounts for 1-3 per 1000 hospitalizations per year, and is supposed
to be missed more often due to a low clinical index of suspicion 2, and the mild and transient
nature of ischemic colitis in the majority of patients.?3

Colonoscopy is the preferred diagnostic tool, with biopsies to confirm the diagnosis. How-
ever, making the histological diagnosis ischemic colitis is difficult, as clear pathognomonic
features as ghost cells and mucosal infarction are absent in the majority of cases. 2 Several
reports have introduced the entity probable ischemic colitis for those cases where the
clinic presentation and endoscopic appearance favour ischemic colitis, but histology did not
confirm the diagnosis. The proportion of probable ischemic colitis varies between studies
between 20-40%?**°> New biomarkers may therefore support the histological diagnosis of
ischemic colitis. A potential marker may be hypoxia inducible factor 1 alpha (HIF-1 alpha).
HIF-1 is a heterodimeric transcriptional factor which consists of a HIF-1 alpha and a HIF-1
beta subunit.® The HIF-1 beta subunit is expressed constitutively, while expression of HIF-1
alpha subunit is dependent on oxygen tension. In the presence of adequate oxygen supply,
HIF-1 alpha protein is degraded by the ubiquitin-proteasome pathway. 78 Hypoxia inhibits
this process and leads to enhanced concentration of HIF-1 alpha and subsequent binding to
HIF-1 beta. This will lead to formation of the HIF-1 complex which regulates the expression
of a variety of genes responsible for angiogenesis, glycolysis, and the inhibition of apoptosis.

Okuda, et al.? showed that overexpression of HIF-1 alpha occurred in patients with ischemic
colitis, which disappeared with resolution of the inflammation in the colon. However, besides
its role in hypoxia, HIF-1a has also been associated with carcinogenesis and inflammation of
the colon [ref], and HIF-1a expression may therefore be expressed in more disease entities
than ischemic colitis only. The differential diagnosis of an elderly patient with abdominal
pain, and rectal blood loss consists of ischemic colitis, infectious colitis and inflammatory
bowel disease (IBD) in the majority of cases' We therefore tested, whether HIF-1a has indeed

an added value in discriminating between these diseases at histology.
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Material and methods

Patients and controls

HIF-1a expression was analysed in 62 colon samples of 44 patients. These consisted nine bi-
opsies of nine patients with histological confirmed ischemic colitis, 18 biopsies of 18 patients
with a known IBD (9 M Crohn and 9 ulcerative colitis), five biopsies of five patients with an
infectious colitis, and 30 biopsies of 12 controls. The patients with ischemic colitis IBD, and
infectious colitis were selected from a hospital database. The patients with ischemic colitis,
90% left sided, were selected when the clinical presentation and course of the disease, the en-
doscopic appearance indicated ischemic colitis, and the original pathology report confirmed
ischemic colitis at histology. The biopsies of patients with ulcerative colitis were collected at
endoscopy performance due to complaints (n=5) and surveillance (n=3) or were resection
specimen (n =1). Tissue samples of patients with Crohn’s disease were collected at the time
of endoscopy due to complaints (n=4) and surveillance (n=4), or during surgery (n=1). Infec-
tious colitis was confirmed by means of stool culture and histology confirmation: clostridium
difficile (n=3), campylobacter jejuni (n=1), and E-coli (n=1). From controls, tissue samples of
ascending and descending colon, and rectum were collected during regular double-balloon
enteroscopy, while endoscopy and histopathologic findings showed no abnormalities in
the intestines and colon. The controls underwent the double balloon enteroscopy due to
gastrointestinal tract bleeding (n=6) and unexplained abdominal complaints (n=6). The
Institutional Review Board of the Erasmus MC- University Medical Center approved the study.

Endoscopy

We re-evaluated the endoscopy reports of patients with the different forms of colitis to assess
the degree of inflammation. The degree of inflammation was scored in patients with ulcer-
ative colitis using the Mayo Endoscopic Scoring of Ulcerative Colitis (schroeder NEJM 1987)
and in patients with Corhn’s disease using the SES-CD scoring (Sostegni APTT 2003). Because
there is not a well defined scoring systeem for ischemic colitis and infectious colitis we used
the criteria in the above mentioned scoringsystems to evaluate the endoscopic degree of
inflammation in these patients groups: no sign of inflammation was scored as 0, erythema,
decreased vascular pattern as 1, severe edema and ulcers as 2, and transmural necrosis was

scored as 3.

Histology

All Haematoxylin & Eosin staining of the selected patients were re-analyzed to confirm the
original diagnosis. The presence and degree of inflammation was scored as no inflammation,

weak, medium and strong inflammation.
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Immunohistochemistry

Formaldehyde-fixed and paraffin-embedded tissue samples were cut into 5 um thick paraf-
fin slides. Slides were deparaffinized with xylene and serial ethanol dilutions. Endogenous
peroxidase activity was blocked with 3% H,O, for 15 minutes. Antigen retrieval was achieved
by microwave treatment (200 W for 10 minutes in Tris EDTA, pH 9.0), followed by cooling.
Slides were blocked in protein block. The slides were overnight incubated with a monoclonal
mouse antibody against human HIF-1a (1: 200; Clone 610959 BD Transductions Laboratori-
es™, stad, land), GLUT (XX) and CAIX (X). Binding of the primary antibody was visualized with
the Novocastra™ Novolink™ Polymer Detection System (Novocastra Laboratories Ltd, New
Castle United Kingdom). Finally, peroxidase activity was developed with DAB and counter-
stained with hematoxylin. The slides were washed between each step in PBS. All slides were
dehydrated in ethanol dilutions and xylene, before they were mounted. Positive controls
were tissues from mammacarcinoma and negative controls were achieved by omitting the

primary antibody. All tissue samples were stained for GLUT-1 and CA IX.

Evaluation of the intensity of the HIF-1a staining

Two authors scored all slides (KB, AS) blinded. Immunohistochemical staining was evaluated
on the basis of localization of stained nuclei in the crypt. The intensity of staining was scored

as negative, weak, medium or strong.

Statistics

Differences in scores between diagnostic groups were assessed using Fisher’s Exact, Kruskal-
wallis rank-sum, and Spearman tests. P-values < 0.05 were considered to be significant.

RESULTS

Patient characteristics

The patient’s characteristics of the normal subjects and patients with different diagnoses are

summarized in Table 1.

Endoscopy and histology

Table 1 describes the endoscopy and histology findings of the controls and patients with dif-
ferent forms of colitis. Using the collected biopsies we aimed to investigate the expression of
HIF-1 alpha, as a marker of hypoxia, and its downstream targets CA IX and GLUT-1 in ischemic
colitis, Crohn’s disease, ulcerative colitis and infectious colitis. In addition, we assessed the
correlation between the degree of inflammation and the expression level of HIF-1 alpha.
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Table 1: Patient characteristics according to different diagnosis

Patients characteristics Normal IBD Ischemic colitis Infectious colitis

n=12 n=9 n=9 n=9 n=>5
Median ageinyears (IQRrange) 52 (43-60) 38 (34-56) 36 (2549) 75 (60-77) 66 (41-77)
Gender

Male 6 (50%) 2 (22%) 7 (78%) 4 (44%) 3 (60%)
Female 6 (50%) 7 (88%) 2 (22%) 5 (66%) 2 (40%)
Histopathology

Inflammatory activity -

Inactive 3 (33%) 3 (33%) 0 - 0 -
Weak 1 (11%) 0 - 1 (11%) 1 (20%)
Moderate 3 (33%) 2 (22%) 4 (44%) 0 -
Strong 2 (22%) 4  (44%) 4 (44%) 4 (80%)
Endoscopy

Inflammatory activity -

Inactive disease 3 (33%) 2 (22%) 0 - 0 -
Mild disease 2 (22%) 1 (11%) 2 (22%) 2 (40%)
Moderate disease 3 (3% 1 (11%) 6 (67%) 0 -
Severe disease 1 (11%) 5 (56%) 1 (11%) 3 (60%)

IQR = Interquartile range; IBD = inflammatory bowel disease; CD = Crohn's disease; UC = Ulcerative colitis;
Endoscopic activity was scored: in ulcerative colitis using Mayo Endoscopic Scoring of Ulcerative Colitis, in
Crohn's disease by SES-CD scoring; in ischemic colitis and infectious colitis using scoring system based on
the later two scoring systems

HIF-1 alpha expression in normal and ischemic colitis

HIF-1 alpha expression was found in 11 out of 30 (37%) biopsies of the normal colon. The ex-
pression of HIF-1 alpha did not differ significantly in different regions of the colon: in ascend-
ing colon 4 (40%) biopsies showed HIF-1 alpha expression, compared to 5 (50%) of biopsies in
descending colon, and 2 (20%) in rectum. In contrary to normal colon, HIF-1 alpha was seen
in all biopsies (100%) of ischemic colitis patients, P =0.001. After we determined the presence
of HIF-1 alpha, we investigated the localization of HIF-1 alpha in the crypt. In the majority
(73%) of the samples of normal colon HIF-1 alpha was expressed at the bottom of the crypt,
and in the interstitial cells. Whereas, the ischemic colitis group predominantly (78%) showed
expression throughout the crypt, and interstitial cells. Subsequently, we looked at the stain-
ing intensity in both groups; the staining was weak in most samples of normal colon (82%)
with only few samples (18%) showing moderate staining. In contrast, the ischemic colitis
group showed mostly a moderate (78%) to strong staining (22%). After we showed that HIF-1
alpha is significantly more often expressed in ischemic colitis than in normal colon, we aimed
to investigate whether HIF-1 alpha is also expressed in other forms of colitis

HIF-1a expression in other forms of colitis

Firstly, we investigated the expression of HIF-1 alpha in nine biopsies of patients with Crohn’s
disease and in nine biopsies of patients with ulcerative colitis and compared it with expres-
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sion of HIF-1 alpha in ischemic colitis. HIF-1 alpha was expressed in the majority of biopsies
of patients with IBD, namely in almost 70%. HIF-1 alpha expression was seen throughout the
crypt or at the surface of epithelium. In almost 60% of the biopsies of patients with IBD, the
intensity of HIF-1 alpha expression was moderate, this resembles to ischemic colitis where al-
most 80% was moderately stained. In the remaining biopsies of IBD patients, HIF-1 alpha was
expressed weakly in 33% and strong in seven percent. When we compared the biopsies of
Crohn’s disease with ulcerative colitis then the majority of biopsies of patients with ulcerative
colitis showed expression through out the crypt comparing to patients with Crohn’s disease
(80% vs. 43%, respectively). The intensity of staining was in most of the biopsies of ulcerative
colitis moderate comparing to biopsies of patients with Crohn’s disease (80% vs. 43%, respec-
tively). Secondly, we also evaluated the expression of HIF-1 alpha in five biopsies of patients
with infectious colitis as well. HIF-1 alpha was also expressed in all biopsies (100%) of patients
with infectious colitis. HIF-1 alpha was localized throughout the crypt in 40% of the biopsies,
vs. 78% in ischemic colitis, and in the remaining 60% of biopsies with infectious colitis HIF-1
alpha was expressed at the bottom of the crypt, vs. 22% in ischemic colitis patients.

We have shown that HIF-1 alpha is not only overexpressed in ischemic colitis, but HIF-1 alpha
expression is also present in other forms of colitis such as IBD and infectious colitis. HIF-1
alpha is expressed throughout or at the surface of the crypt in the majority of the samples of
these forms of colitis. The intensity of the expression is in the majority of samples moderate
to strong. However, in contrast to ischemic colitis and infectious colitis five biopsies of pa-
tients with IBD did not show HIF-1 alpha expression; four of them were surveillance biopsies.
Moreover, the intensity of expression of HIF-1 alpha differed between the various types of
colitis, as well as between Crohn’s disease and infectious colitis. The question rose if intensity
of HIF-1 alpha expression is correlated to the intensity of inflammation.

Inflammation and HIF-1 alpha expression

Endoscopy

Comparing the endoscopic finding with the expression of HIF-1 alpha, we saw that HIF-1
alpha was absent in the majority of biopsies (80%) without any sign of inflammation. HIF-
1 alpha was overexpressed in any degree of inflammation, from weak to strong degree of
inflammation, ranging from 86% to 100%. There was a weak correlation between the degree
of inflammation as seen during endoscopy and the intensity of HIF-1 alpha expression
(Spearman correlation 0.351). HIF-1 alpha is overexpressed in any degree of inflammation
seen during endoscopy.
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Histology

HIF-1 alpha expression was detected in almost all biopsies (93%) with any degree of inflam-
mation. There was a moderately strong correlation between the degree of inflammation and
the intensity of HIF-1 alpha expression (Spearman correlation 0.578). Thus, these results have
shown that histology findings have a stronger correlation with the intensity of HIF-1 alpha
staining than the endoscopy findings.

Expression of downstream targets CA-IX and GLUT-1

CA-IX and GLUT-1 are known downstream markers of HIF-1 alphalref]. Therefore, we evalu-
ated the presence of these downstream targets in 20 samples: six in normal colon, four with
Crohn'’s disease, four with ulcerative colitis, three with ischemic colitis, and three with infec-
tious colitis. HIF-1 alpha expression was present in the majority (70%) of the biopsies. CA-IX
was only detected in a small number of biopsies (n=4) which were HIF-1 alpha positive, and
in three of these biopsies there was co-localization with HIF-1 alpha expression: one in ulcer-
ative colitis, and two in infectious colitis. GLUT-1 was positive in less than half of 20 biopsies,
which were also showed HIF-1 alpha expression. On the other hand CA-IX and GLUT-1 were
also positive in biopsies which were HIF-1 alpha negative. CA-IX and GLUT-1 were not always
expressed in presence of HIF-1 alpha in the several biopsies of the normal colon and various
forms of colitis. The presence of these downstream targets in biopsies without expression
of HIF-1 alpha suggests that other factors than HIF-1 alpha. Further research is needed to
investigate which downstream targets are activated by HIF-1 alpha expression in colitis.

DISCUSSION

Diagnosis of ischemic colitis is challenging, because endoscopic and histology findings are
not specific enough to differentiate between ischemic colitis and other forms of colitis. This
leads us to search for a biomarker, which could help us to differentiate between various forms
of ischemic colitis in order to recognize the patients with ischemic colitis in a early stage to
initiate the optimal therapy. Therefore, this study was performed to evaluate whether HIF-1
alphais overexpressed in ischemic colitis. Our results showed that HIF-1 alpha is indeed over-
expressed in ischemic colitis. Subsequently, we investigated whether HIF-1 alpha expression
is present in other forms of colitis such as IBD and infectious colitis. Thus, HIF-1 alpha can not
differentiate between ischemic colitis and other forms of colitis. Furthermore, there was a
moderately strong correlation between the degree of inflammation seen on histology find-
ings and the intensity of HIF-1 alpha expression.

HIF-1 is a transcriptional factor, which is induced by hypoxia, and consists of two subunits of
which HIF-1 alpha is dependant on oxygen tension. Under normoxic conditions HIF-1 alpha
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is highly unstable, while in hypoxia its formation is significantly enhanced. ¢® In our study
HIF-1 alpha was expressed in a minority of samples of normal colon. Earlier studies showed
different results concerning expression of HIF-1 alpha in normal colon tissue, ranging from
no expression to 90% expression in samples of normal colon.®"'* In the current study HIF-1
alpha expression was seen in most of the samples of the samples of the colitis group, ranging
from 50% to 100% of samples. An earlier study investigated HIF-1 alpha expression in tissue
samples of normal colon and samples of patients with active ulcerative colitis and Crohn'’s
disease. * HIF-1 alpha was unreactive in normal colonic tissue, while in ulcerative colitis and
Crohn's disease HIF-1 alpha was expressed focally in epithelial cells, stromal fibroblasts, and
myocytes, in nuclei as well as in cytoplasm. Previously, in a study with 13 patients with isch-
emic colitis, HIF-1 alpha was seen in the colonic lesions of these patients. * Weak HIF-1 alpha
products were also reported in the normal colonic tissue. This corresponds with our results
where the staining intensity in normal colon was weak in most of the samples of normal
colon. In our study HIF-1 alpha was expressed in normal colon predominantly at the bottom
of the crypt. This is in contrast with earlier report, which demonstrated that HIF-1 alpha was
expressed at the surface epithelium, possibly due to the anaerobic environment in the lumen
of the colon leading to a relatively hypoxic state of surface epithelium.'? Future studies are
needed to evaluate the function of the HIF-1 alpha expression at the bottom of the crypts of
the normal colon.

Our results showed that HIF-1 alpha is not only present in ischemic colitis, but also in IBD
and infectious colitis. It seems that HIF-1 alpha is rather a sign of inflammation and ischemia
than of ischemia alone. Studies with mouse model IBD showed the HIF-1 alpha is induced
in inflamed lesions." Multiple factors predispose the inflamed intestinal epithelial cells to
decrease oxygen supply resulting in hypoxia, such as vasculitis, vasoconstriction, and edema.
> Moreover, inflammatory cells, which are present at the site of inflammation, enhance lo-
cally the oxygen consumption leading to hypoxic conditions. ' HIF-1 alpha expression was
induced after stimulation by cytokines IL-18 and TNF-a in rheumatoid synovial fibroblasts.™
On the other hand it is assumed that hypoxia alpha may directly or indirectly stimulate the
expression of the chemokine IL-8. It is hypothesized that hypoxia and inflammation both in-
fluence each other. *These features support our finding of HIF-1 alpha expression in patients
with IBD and infectious colitis as well as in ischemic colitis.

HIF-1 alpha expression activates several target genes involved in glycolysis and angiogenesis,
including glucose transporter 1 (GLUT-1) which improves glucose uptake. > Tumor-associated
transmembrane carbonic anhydrase IX (CA-IX) is strongly inducible by hypoxia in a variety of
tumors such as head and neck, nasopharyngeal carcinoma, breast, and ovary. '7:® In a study
of patients with normal colon, colorectal adenoma’s and adenocarcinoma’s, expression of
GLUT-1 was closely correlated with HIF-1 alpha. CA-IX was present at the bottom of the nor-



mal colon tissue, and did not co-localize with HIF-1 alpha expression. CA-IX co-localized with
HIF-1 alpha expression in adenoma'’s and adenocarcinoma’s. In our study, CA-IX and GLUT-1
were expressed in samples with HIF-1 alpha expression as well as in samples without positive
HIF-1 alpha expression, and the expression of CA-IX was only in few samples co-localized with
HIF-1 alpha expression. This indicates that CA-IX and GLUT-1 are activated in these samples of
colitis patients probably by factors other than HIF-1 alpha.

One of the limitations of this study is that expression of HIF-1 alpha was investigated in a
small number of biopsies with various forms of colitis. However, HIF-1 alpha was significantly
overexpressed in colitis, even in this relatively small number of biopsies. Secondly, we only
used biopsies from active ischemic colitis to assess the presence of HIF-1 alpha. It could be
interesting to investigate the expression of HIF-1 alpha after the episode of ischemic colitis
when the symptoms resolved and at endoscopy the signs of inflammation were decreased or
totally resolved. Thirdly, CA-IX and GLUT-1 did not seem to be activated by HIF-1 alpha in the
investigated biopsies. Future studies are needed to investigate other downstream targets to
assess which ones are stimulated during inflammation by HIF-1 alpha.

In conclusion, this study showed that HIF-1 alpha is not only expressed in ischemic colitis,
but also in patients with various inflammatory disorders. The intensity of expression cor-
relates with the degree of inflammation. This implies that HIF1-alpha expression is a sign of
inflammation, and can not differentiate between ischemia and other causes of inflammation.
Future studies are needed to identify new markers ,which are able to support the diagnosis

ischemic colitis at histology.
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Chapter 9

General discussion and future
directions






INTRODUCTION

Chronic gastrointestinal ischemia (CGI) has for long been thought of as a rare disease. This
condition was previously only considered in patients with unexplained abdominal pain in
the presence of stenotic disease of two or more gastrointestinal arteries. The introduction
of functional testing has played a pivotal role in the diagnosis of CGI and has changed the
above-mentioned concept of this disease. Functional testing has shown that CGI is more
common than previously thought because it can also be caused by single vessel disease,
as further confirmed by studies which showed that a majority of patients with single vessel
disease had sustained response after adequate treatment. Moreover, functional testing helps
to select those patients for treatment who are most likely to benefit from it. Gastrointestinal
tonometry was introduced in the 1980’s to detect mucosal ischemia. Studies showed that
tonometry is an accurate tool to detect mucosal ischemia in patients clinically suspected of
CGl. In this thesis we first assessed the additional diagnostic value of functional testing, i.e.
tonometry in diagnosis of CGl. However, because of its invasive nature, the use of tonometry
for diagnostic work-up of patients suspected of CGI has stayed limited to a few referral cen-
ters. Recently, a new minimally invasive technique, visible light spectroscopy (VLS), has been
introduced to detect ischemia in patients with possible CGIl. We determined the diagnostic
accuracy of VLS to detect ischemia in patients clinically suspected of CGIl. Then we evaluated
the response to treatment in a large cohort of patients with possible CGl who were selected
for treatment by means of a diagnostic work-up including radiological imaging, and VLS.
Furthermore, in this thesis we assessed the risk factors of atherosclerosis in patients with
stenotic disease of the gastrointestinal arteries, and evaluated the response to vasodilating
medication in patients with non-occlusive CGl.

Chapter 1 discusses the aims and the outline of this thesis. The diagnosis of CGI remains a
clinical challenge. The combination of postprandial pain, weight loss and an abdominal bruit
is known as the‘classical’ triad of CGl, but recent studies in larger cohorts of CGl patients have
shown that this triad is only present in around 20% of CGI patients.”* In addition to these
clinical signs, there is no single test which is sensitive and specific enough to diagnose CGlI.
The current diagnostic approach in patients clinically suspected of CGI therefore includes a
thorough medical and physical examination, imaging of the gastrointestinal arteries and a
functional test to assess mucosal perfusion.>¢ In chapter 2, we assessed the diagnostic value
of clinical features, visualization of the gastrointestinal arteries, and evaluation of mucosal
perfusion in patients clinically suspected of CGI. A multivariable model solely based on clini-
cal features showed limited discriminative ability for the presence or absence of CGI. Addition
of radiological imaging of the gastrointestinal arteries to the prediction model improved the
discriminative ability substantially, and adding tonometry to the prediction model further
improved the discriminative ability of the model.
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Several studies with tonometry have shown that tonometry is an accurate functional test to detect
mucosal ischemia.”® Nevertheless, tonometry is not widely used because of its time consuming
and invasive nature. VLS is a relatively new technique which enables to detect mucosal ischemia
during upper endoscopy.’ In chapter 3 we prospectively evaluated the diagnostic accuracy of
VLS in large cohort of patients clinically suspected of CGI. VLS during endoscopy was shown to
be a promising, minimally invasive technique to detect ischemia in this group of challenging
patients, with a sensitivity, and specificity of 90%, and 60%, respectively. Repeated VLS measure-
ments showed improvement in 80% of CGI patients after clinically successful therapy.

In chapter 4 we evaluated the treatment response in a large cohort of patients clinically sus-
pected of CGI, who were selected for treatment by means of a diagnostic work-up including
radiological imaging and VLS. Two-hundred-and-twelve patients referred for suspicion of CGlI
were prospectively included and followed. Treatment response was evaluated in patients with
occlusive CGl. Occlusive CGI was diagnosed in 107 (50%) patients. Ninety-six (90%) of them
were offered treatment. After a median follow-up of 13 months data concerning treatment re-
sponse were available in 89 patients. Sixty-three (71%) patients had sustained response during
follow-up. Response rate was 64% in patients with single vessel disease, and 83% in those with
multi-vessel disease. Moreover, we determined predictors of positive response to treatment in
these patients. Reported weight loss (OR 1.93), abdominal bruit (OR 2.36), and corpus satura-
tion < 56% (OR 4.84) were the strongest predictors for a positive treatment response. When
one of these parameters was present, the response rate was less than 50%, and the presence of
two or three of these parameters predicted a response rate of > 85%. The classical risk factors
for atherosclerosis such as male gender, age, diabetes mellitus, smoking, hypertension, hyper-
cholesterolemia, positive family history of cardiovascular disease (CVD), obesity, and physical
inactivity are well defined. ™" Any ischemic event is a strong risk factor for a new cardiovascular
event. '2 1*18 Although CGl is considered a manifestation of atherosclerosis, studies aiming at
classical risk factors for atherosclerosis in patients with CGI are scarce. In chapter 5 we pre-
sented the results of a case-control study which was designed to determine the contribution
of classical atherosclerotic risk factors to atherosclerotic CGI, and the mortality risk in treated
patients. Cases were patients with confirmed atherosclerotic CGI. Control subjects from the
DiaGene Study population served as controls.'. They were randomly selected, and previously
not diagnosed with CGl or diabetes. In 3 years, 195 patients were evaluated for suspected CGl.
After a median follow-up of 19 months, atherosclerotic CGl was diagnosed in 68 patients. Con-
trols consisted of 132 subjects. Female gender, diabetes, hypercholesterolemia, a personal and
family history of CVD, and current smoking were highly associated with CGI. After adjustment
for several factors, female gender (OR 2.14), diabetes (OR 5.59), current smoking (OR 5.78), and
history of CVD (OR 21.61) remained significantly associated with CGI. CGI patients > 55 years
had a higher median ten-year risk of death (15% vs. 5%, P = 0.001) compared to controls. Dur-
ing follow-up of 116 person-years, standardized mortality rate was higher in CGl patients (3.55).
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For a long time it was thought that CGI only affects people with stenosis of at least two of
the three gastrointestinal arteries, because it was assumed that a single stenosis of the celiac
artery or the superior mesenteric artery is unlikely to cause CGI because of the abundant
collateral circulation of the splanchnic vascular bed. Introduction of functional testing has
shown that a majority of patients with single vessel stenosis and mucosal ischemia can benefit
from treatment. In chapter 6 we evaluated the clinical success rate to revascularization of a
stenosis of either the celiac artery or superior mesenteric artery in patients with unexplained
refractory gastrointestinal symptoms. A consensus diagnosis of CGl was made in 71/103
patients. Follow-up after revascularization was available in 68 patients (median follow-up 19
+ 13 months). The response rate to revascularization was 46/68 (67%). CGl is in the majority
of cases caused by narrowing of the gastrointestinal arteries, with atherosclerosis being the

most common underlying cause.®8

The introduction of functional tests to detect mucosal ischemia, such as gastrointestinal
tonometry ” % and visible light spectroscopy *?', has shown that the spectrum of CGI may
also include patients without macrovascular pathology, i.e. non-occlusive CGl. It is suggested
that non-occlusive CGI results from a chronic state of splanchnic hypoperfusion. In a series
of patients with non-occlusive CGl, vasospasm of the gastrointestinal arteries was observed
during angiography. % Furthermore, in patients with chronic heart failure, splanchnic hypo-
perfusion has been found at low levels of exercise.?? In theory, patients with non-occlusive
CGl could benefit from vasodilating medication.?®* In chapter 7 we assessed the effectiveness
of vasodilating medication in patients diagnosed with non-occlusive CGl. Patients were diag-
nosed with non-occlusive CGl if both symptoms and functional testing were compatible with
CGl, but gastrointestinal artery stenoses were absent. Patients were treated with escalating
doses of isosorbide dinitrate (first line treatment) (ISD; 20 or 40 mg od), followed by ketan-
serin (second line treatment) (KTS; 20 or 40 mg od) if ISD was not successful or tolerated.
Over a period of 3.5 years, 353 patients were referred with suspected CGIl. Non-occlusive CGlI
was diagnosed in 47 (13%) patients. Vasodilation therapy was advised in 39 (83%) patients.
One patient refused using ISD. Sustained response was achieved in 5 (13%) patients treated
with ISD (median follow-up 29 months). Of 33 non-responders to ISD, 27 (82%) were treated
with KTS. One patient was lost during follow-up. Two (8%) of them had a sustained response
(median follow-up 11 months) after KTS. Two other patients had repeated positive response
after reintroducing ISD. Thus, 31 patients actually received first and second-line treatment
and complete follow-up data was available in these patients. Per protocol analysis showed
that 9/31 (29%) patients had sustained response after first or second-line treatment.

Ischemic colitis accounts for 50-60% of all forms of gastrointestinal ischemia?*. Endoscopy is
often the first choice diagnostic approach in patients clinically suspected of ischemic colitis,
since mucosal damage can be seen in ischemic regions and tissue samples can be taken
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for histopathological analyses. However, endoscopic and histopathological findings often
show nonspecific abnormalities*®?2, making it difficult to diagnose ischemic colitis. New
techniques were needed to optimize diagnosis of ischemic colitis. A potential marker may be
hypoxia inducible factor 1 alpha (HIF-1 alpha). HIF-1 alpha is a transcriptional factor which is
induced by hypoxia.In chapter 8 we compared the expression of HIF-1 alpha in normal colon,
ischemic colitis, as well as in Crohn'’s disease (CD), ulcerative colitis (UC), and infectious colitis.
Furthermore, we investigated if there is a correlation between the degree of inflammation
and the expression level of HIF-1 alpha. Biopsies of 30 subjects with a normal colon, and of
33 patients with various types of colitis (9 pts with ischemic colitis, 9 with CD, 10 with UC, and
5 with infectious colitis) were collected for immunohistochemistry to determine the expres-
sion of HIF-1 alpha. HIF-1 alpha was not only expressed in ischemic colitis, but also in patients
with various inflammatory disorders, including CD, UC, and infectious colitis. Expression was
mainly detected at the bottom of the crypts in the positive normal colon samples, whereas
the colitis group predominantly showed expression throughout the crypt and/or at the epi-
thelial surface. The staining intensity in normal colon was weak in most samples. In contrast,
the various colitis groups predominantly showed a moderate to strong staining. There was a
moderately strong correlation between the degree of inflammation seen on histopathology
and the intensity of HIF-1 alpha expression (Spearman correlation 0.578).

CONCLUSIONS AND FUTURE DIRECTIONS

The proposed diagnostic approach in patients clinically suspected of CGl includes radiological
imaging of the gastrointestinal arteries and functional testing to assess mucosal ischemia. The
studies in this thesis has shown that radiological imaging of the gastrointestinal arteries and
functional testing substantially improve the diagnosis of CGI, and the strongest diagnostic
contribution comes from assessment of mucosal ischemia. VLS measurement during upper
endoscopy is a promising, easy to perform, minimally invasive technique to detect mucosal
ischemia in patients clinically suspected of CGI. Results of a large cohort showed that a multi-
diagnostic, including VLS as a functional test, and -disciplinary approach for suspected CGlI
patients, provides a high response rate on mid-long term follow-up. Moreover, unexplained
gastrointestinal symptoms should be evaluated for CGl, and those with a single gastrointestinal
artery stenosis and confirmed mucosal ischemia may greatly benefit from revascularization.
This emphasizes the role of functional testing for assessment of CGl and selection of patients
for treatment, as well as the major impact of treatment in both single and multi-vessel CGI. Fur-
thermore, results showed that patients with atherosclerotic CGl have an increased estimated
CVD risk, and severe excess mortality. Secondary cardiovascular prevention therapy should be
advocated in patients with CGI. Patients with patent gastrointestinal arteries, but the presence
of mucosal ischemia, so called non-occlusive CGl, can be treated with vasodilating medication.
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However, this is only beneficial to one third of these patients. HIF-1 alpha can not differentiate
between ischemia and other sources of inflammation, because it is expressed in patients with
ischemic colitis as well as in other forms of colitis including Crohn'’s disease, ulcerative colitis,
and infectious colitis, indicating that HIF-1 alpha is a sign of inflammation.

Future research should focus on improvement of diagnosis of CGl and better selection of
those patients who would benefit most from revascularization. VLS measurement had a high
sensitivity, but a relatively low specificity, future research can validate the established cut-off
values and new cut-off values can be determined to enhance the specificity of VLS measure-
ment. VLS measurements are conducted during upper endoscopy in a fasting state. It could
be argued that mucosal ischemia occurs when metabolic demand exceeds the oxygen
supply like during postprandial state. For this reason future research could focus on VLS mea-
surement with jejunal feeding to determine the additional impact of feeding on accuracy of
VLS measurement. Not all patients who were treated had repeated VLS measurements after
treatment. A cohort study with repeated VLS measurements in all patients would determine
the role of repeated measurements in follow-up of treated patients with CGl. Abdominal
duplex ultrasound has an acceptable sensitivity and specificity for detection of stenosis in
gastrointestinal arteries. Flow measurements in celiac artery and superior mesenteric artery
by means of duplex ultrasound measurements at the time of analysis for CGl and at fixed
time during follow-up can show how flow measurements in arteries can be used to detect
restenosis in these arteries. This could lead to the approach that patients with recurrent
symptoms could first have abdominal duplex ultrasound and only in case of suspicion of
restenosis patients are then referred for radiological imaging such as CTA. Treatment of single
vessel disease has been a challenging area for a long time. Studies have reported clinical
success in patients with single vessel CGl. However, a randomized controlled trial including
intervention by means of endovascular treatment and a sham procedure will present solid
evidence for the proportion of patients who would benefit from treatment of a single vessel
disease. Patients with the diagnosis of non-CGl have either, no stenosis and no ischemia, or
have stenosis, but no ischemia. Thus, patients who have stenosis, but functional testing does
not reveal mucosal ischemia are not selected for treatment. However, it remains unclear what
proportion of these patients would have responded positively to treatment if they are treated
despite normal measurements at functional testing. Ideally, all patients clinically suspected
of CGl with stenosis in one or more of the gastrointestinal arteries, should be treated to evalu-
ate the response in this group. However, because of the presence of asymptomatic stenosis,
a certain research would encounter ethical concerns. Currently, follow-up of patients with
non-CGl consists of a survey including questions concerning questions about ischemia re-
lated morbidity or mortality during follow-up and other diagnosis. So far, this seems the best
available manner to evaluate either the consensus diagnosis of non-CGl was correct or not.
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SUMMARY

Chapter 1 presents the aims and outline of this thesis.

Chapter 2 shows the results of prospective cohort study with the aim to assess the diag-
nostic value of clinical features, visualization of the gastrointestinal arteries, and evaluation
of mucosal perfusion in patients clinically suspected of CGI. 186 patients referred for suspi-
cion of CGIl were included, and underwent a thorough medical and physical examination,
radiological imaging of the gastrointestinal arteries, and tonometry. 116 (62%) patients were
diagnosed with CGI. A multivariable model solely based on clinical features showed limited
discriminative ability for the presence or absence of CGI (c-statistic, 0.62). Adding radiologic
imaging to the prediction model improved the discriminative ability substantially (c-statistic,
0.81), and adding tonometry to the prediction model further improved the discriminative
ability of the model (c-statistic, 0.90).

Chapter 3 describes the diagnostic accuracy of VLS in large cohort of patients clinically sus-
pected of CGl. In 16 months 121 consecutive patients were included: 80 patients in a trainee
data set, followed by 41 in a validation data set. CGl was diagnosed in 89 (74%) patients. VLS
cut-off values were determined based on the diagnosis of CGl, and applied in the validation
data set, and the results compared to the golden standard. VLS measurement had a sensi-
tivity, and specificity of 90%, and 60%, respectively. Repeated VLS measurements showed
improvement in 80% of CGl patients after clinically successful therapy.

Chapter 4 evaluates the treatment response in a large cohort of patients clinically suspected
of CGI, who were selected for treatment with diagnostics including radiological imaging, and
VLS, and in addition we determined predictors of positive response to treatment in these
patients. 212 patients referred for suspicion of CGl were prospectively included and followed.
Occlusive CGI was diagnosed in 107 (50%) patients. 96 (90%) were offered treatment. After
a median follow-up of 13 months data concerning treatment response were available in 89
patients. 63 patients (71%) patients had sustained response during follow-up. Response rate
was 64% in patients with single vessel disease, and 83% of those with multi-vessel disease
(P = 0.054). Weight loss (OR 1.93), abdominal bruit (OR 2.36), and corpus saturation < 56%
(OR 4.84) were the strongest predictors for a positive treatment response. The presence of all
these three parameters predicts a response rate of up to 85%.

Chapter 5 describes the results of a case-control study, which was designed to determine the
contribution of classical atherosclerotic risk factors to atherosclerotic CGl, and the mortality
risk in treated patients. Patients referred with suspected CGl underwent a standard work-up

including cardiovascular risk factors, radiological imaging of abdominal vessels and tonom-
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etry. Cases were patients with confirmed atherosclerotic CGI. Controls were healthy subjects
previously not known with CGI. In 3 years, 195 patients were evaluated for suspected CGl.
After a median follow-up of 19 months, atherosclerotic CGl was diagnosed in 68 patients.
Controls consisted of 132 subjects. Female gender, hypercholesterolemia, a personal and
family history of cardiovascular disease (CVD), and smoking were highly associated with
CGl. After adjustment female gender (OR 0.45 95 % Cl 0.22-0.93), current smoking (OR 5.81,
95% Cl 2.28-14.80), and history of CVD (OR 21.61, 95% Cl 8.40-55.55) remained significant.
CGI patients > 55 years had a higher median ten-year risk of death (15% vs. 5%, P = 0.001)
compared to controls. During a follow-up of 116 person-years, the standardized mortality
rate was higher in CGI patients (3.55; 95% confidence interval 1.70-6.52).

Chapter 6 describes the success rates of revascularization of either the celiac or superior
mesenteric artery in patients with unexplained gastrointestinal symptoms and confirmed
mucosal ischemia. A consensus diagnosis of single vessel CGl was made in 71/103 patients.
Follow-up after revascularization was available in 68 patients (median follow-up 19 months).
The response rate to revascularization was 46/68 (67%).

Chapter 7 describes the effectiveness of vasodilating medication in patients diagnosed with
non-occlusive CGl in a prospective cohort-study. Patients were diagnosed with non-occlusive
CGl if both symptoms and functional testing were compatible with CGI, but gastrointesti-
nal artery stenoses were absent. Patients were treated with escalating doses of isosorbide
dinitrate (first line treatment) (ISD; 20 or 40 mg od), followed by ketanserin (second line treat-
ment) (KTS; 20 or 40 mg od) if ISD was not successful or tolerated. In 3.5 years, 353 patients
were referred with suspected CGI. Non-occlusive CGl was diagnosed in 47 (13%) patients. Va-
sodilation therapy was advised in 39 (83%) patients. One patient refused using ISD. Sustained
response was achieved in 5 (13%) patients treated with ISD (median follow-up 29 months).
Of 33 non-responders to ISD, 27 (82%) were treated with KTS. One patient was lost during
follow-up. Two (8%) of them had a sustained response (median follow-up 11 months) after
KTS. Two other patients had repeated positive response after reintroducing ISD. Per protocol
analysis showed an overall therapeutic response of (9/31) 29%.

Chapter 8 shows the results of the comparison of the expression of HIF-1 alpha in normal
colon, ischemic colitis, as well as in Crohn’s disease (CD), ulcerative colitis (UC), and infectious
colitis. Biopsies of 30 subjects with a normal colon, and of 33 patients with various types of
colitis (9 pts with ischemic colitis, 9 with CD, 10 with UC, and 5 with infectious colitis) were
collected for immunohistochemistry to determine the expression of HIF-1 alpha. Expression
of HIF-1 alpha was only seen in 37% samples of normal colon, but HIF-1 alpha was expressed
in the majority of samples of various types of colitis. Expression was mainly detected at

the bottom of the crypts in the positive normal colon samples, whereas the colitis group
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predominantly showed expression throughout the crypt and/or at the epithelial surface.
The staining intensity in normal colon was weak in most samples, while the various colitis
groups predominantly showed a moderate to strong staining. There was a moderately strong
correlation between the degree of inflammation seen on histopahtology and the intensity of

HIF-1 alpha expression (Spearman correlation 0.578).

Chapter 9 discusses the major findings of this thesis and directions for future reseach.
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SAMENVATTING

Hoofdstuk 1 geeft een korte inleiding en doelen van dit proefschrift weer.

Hoofdstuk 2 presenteert de resultaten van een prospectieve studie met als doel om de
diagnostische waarde van klinische kenmerken, afbeelding van abdominale arterién en
tonometrie aan te tonen in de diagnostiek van mucosale ischemie in patiénten die klinisch
verdacht worden van chronische maagdarm ischemie (CGI). Er werden 186 patiénten, die
verwezen werden met verdenking op CGl, geincludeerd in deze studie. Bij al deze patiénten
is er een standaard work-up verricht bestaande uit een uitvoerige anamnese, lichamelijk
onderzoek, radiologische afbeelding van abdominale arterién en tonometrie. 116 (62%) pati-
enten werden gediagnosticeerd met CGI. Een multivariabel model waarin alleen de klinische
kenmerken zijn meegenomen voor de voorspelling van CGl liet een beperkt onderschei-
dende vermogen zien voor de aan- of afwezigheid van CGI (c-statistiek, 0.62). Toevoeging van
radiologische afbeelding aan het predictie model verbeterde het onderscheidend vermogen
aanzienlijk (c-statistiek, 0.81), en toevoeging van tonometrie aan het predictie model zorgde
voor een verdere verbetering van het onderscheidend vermogen van het model (c-statistiek,
0.90).

Hoofdstuk 3 beschrijft de diagnostische accuratesse van visible light spectroscopy (VLS)
in een cohort van patiénten met klinische verdenking op CGI. In 16 maanden werden 121
opeenvolgende patiénten geincludeerd: 80 patiénten in een “trainee data” set, gevolgd door
41 patiénten in een “validatie data” set. De diagnose CGl werd gesteld bij 89 (74%) patiénten.
VLS afkappunten werden bepaald op basis van de diagnose CGI en vervolgens toegepast in
de “validatie data” set. De resultaten werden vergeleken met de gouden standaard, namelijk
de definitieve diagnose CGI na langdurige follow-up. VLS meting liet een sensitiviteit en spe-
cificiteit zien van respectievelijk 90% en 60% voor de diagnose van CGl. Mucosale saturaties
verbeterden in 23 (80%) van de patiénten die een herhaalde VLS meting ondergingen na

klinisch succesvolle behandeling.

Hoofdstuk 4 evalueert de respons op behandeling in een cohort van patiénten met klinische
verdenking op CGI die middels radiologische afbeelding van de abdominale arterién en VLS
meting werden geselecteerd om behandeld te worden. Daarnaast is er ook gekeken of er
voorspellers bepaald konden worden die een positieve respons in deze patiénten voorspellen.
Er werden 212 patiénten met een verdenking op CGI prospectief geincludeerd en gevolgd. De
diagnose occlusieve CGl werd gesteld bij 107 (50%) patiénten. 96 (90%) van deze 107 patiénten
kregen de behandeling aangeboden. Data betreffende follow-up was beschikbaar in 89 pati-
enten na een mediane follow-up duur van 13 maanden. 63 patiénten (71%) waren klachtenvrij.

Respons op behandeling was 64% in patiénten met éénvatslijden en 83% in patiénten met

133



meervatslijden (P = 0.054). Gewichtsverlies (OR 2.16, 95% Bl 0.80-5.89), abdominale souffle (OR
3.15, 95% BI 0.93-10.67) en saturatie in corpus < 56% (OR 4.40, 95% BI 0.92-21.08) waren de
sterkste voorspellers van een positief respons. Indien al deze drie voorspellers aanwezig zijn bij
een patiént die behandeld wordt, dan is er een kans op 85% op een positieve respons.

Hoofdstuk 5 geeft de resultaten weer van een case-control studie met het doel om te bepa-
len of de klassieke risicofactoren van atherosclerose geassocieerd zijn met CGl op basis van
atherosclerose, en wat de risico op sterfte is in deze groep patiénten. Patiénten die werden
verwezen met mogelijk CGl ondergingen een standaard work-up bestaande uit het in kaart
brengen van cardiovasculaire risicofactoren, radiologische afbeelding van de abdominale
arterién en tonometrie. De cases waren patiénten met bevestigd CGl en de controles waren
gezonde deelnemers die in het verleden niet gediagnosticeerd waren met CGl. In 3 jaar
werden 195 patiénten met verdenking op mogelijk CGI geincludeerd. Na een follow-up
duur van 19 maanden werden 68 patiénten gediagnosticeerd met atherosclerotische CGI.
De controles bestonden uit 132 deelnemers. Het vrouwelijk geslacht, hypercholesterolemie,
hart-en vaatziekten (HVZ) in de voorgeschiedenis en bij eerstegraads familieleden en roken
waren positief geassocieerd met het ontwikkelen van CGI. Na correctie bleven het vrouwelijk
geslacht (OR 0.45 95 % Bl 0.22-0.93), roken (OR 5.81, 95% Bl 2.28-14.80), en een voorgeschie-
denis met HVZ (OR 21.61, 95% BI 8.40-55.55) significant geassocieerd met het ontwikkelen
van CGl. CGI patiénten ouder dan 55 jaar hadden een hogere mediane 10-jaars risico op
sterfte in vergelijking met de controles (15% vs. 5%, P = 0.001). Na een follow-up van 116 per-
soonsjaren was de standaard mortaliteitsratio hoger in CGl patiénten (3.55; 95% Bl 1.70-6.52).

Hoofdstuk 6 beschrijft een studie met het succes percentage van revascularisatie van de
truncus coelicus of arteria mesenterica superior in patiénten met onverklaarbare gastrointes-
tinale symptomen en bevestigd mucosale ischemie. Een consensus diagnose van CGl op basis
van éénvatslijden werd gesteld bij 71 van de 103 patiénten. Follow-up na revascularisatie was
beschikbaar in 68 patiénten (mediane follow-up 19 maanden). Het respons percentage na

revascularisatie was 67% (46/68 ).

Hoofdstuk 7 geeft een prospectieve cohort studie weer waarin het effect van vaatver-
wijdende medicatie bij patiénten met niet-occlusieve CGl wordt beschreven. Patiénten
werden gediagnosticeerd met niet-occlusieve CGI als patiénten op basis van symptomen
verdacht werden op CGI en als mucosale ischemie aanwezig was, in afwezigheid van ste-
nose van abdominale arterién. Patiénten werden behandeld met oplopende dosering van
isosorbidedinitraat (eerste lijnsbehandeling) (ISD; 20 or 40 mg dd), gevolgd door ketanserin
(tweede lijnsbehandeling) (KTS; 20 or 40 mg dd) als ISD niet tot klachtenverbetering leidde
of in geval van bijwerkingen. In 3.5 jaar werden 353 patiénten verwezen met een klinische
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verdenking op CGl. De diagnose niet-occlusieve CGl werd gesteld bij 47 (13%) patiénten.
Vaatverwijdende medicatie werd geadviseerd aan 39 (83%) van de patiénten.

Eén patiént (2%) weigerde om ISD te gebruiken. Blijvende respons werd bereikt in 5 (13%)
patiénten die behandeld werden met ISD (mediane follow-up 29 maanden). Van de 33
niet-responders, werden 27 (82%) behandeld met KTS. Follow-up data was beschikbaar in
26 patiénten. Twee patiénten (8%) hadden een blijvende respons na het gebruik van KTS
(mediane follow-up duur 11 maanden). Twee andere patiénten ondervonden in eerste
instantie een positief effect door ISD en na enige tijd verdween dit effect. Na een periode
gestopt te zijn met ISD, werd het middel opnieuw gebruikt door patiénten waarna het tot
klachtenverbetering leidde. Bij analyse per protocol werd een respons gezien van 29% (9/31).

Hoofdstuk 8 laat de resultaten zien van een studie waarin een vergelijking is gemaakt van de
expressie van HIF-1 alpha in het normale colon, ischemische colitis, ziekte van Crohn, colitis
ulcerosa en infectieuze colitis. Biopten van 30 deelnemers met een normale colon en 33
patiénten met verschillende typen colitis (9 patiénten met ischemische colitis, 10 met colitis
ulcerosa en 5 met infectieuze colitis) werden verzameld voor immunohistochemische kleu-
ring. Expressie van HIF-1 alpha werd gezien in 37% van de biopten van het normale colon
en in bijna 80% van de biopten van de patiénten met colitis. In de biopten van het normale
colon kwam HIF-1 alpha met name tot expressie in het diepe gedeelte van de crypte, terwijl
in de biopten van de groep met colitis de HIF-1 alpha met name tot expressie kwam alleen
in het bovenste gedeelte van de crypte of zowel in het bovenste als het onderste gedeelte
van de crypte. Er was een matig sterke correlatie tussen de mate van ontsteking gezien bij
histopathologisch onderzoek en de intensiteit van HIF-1 alpha expressie (Spearman correla-
tie 0.578).

Hoofdstuk 9 beschrijft de belangrijkste bevindingen van dit proefschrift en aanwijzingen
voor toekomstig onderzoek.
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