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Abstract

Malformations of the gastrointestinal vasculature are of clinical interest because of the

existence of several bleeding disorders of the gastrointestinal tract in which the source of

bleeding seems to be dilated and distorted mucosal and submucosal vessels. The etiologies
of the two disorders discussed in this paper, gastric antral vascular ectasia and portal

hypertensive gastropathy, are not known. However there appears, in both cases,

superficially similar histologic appearances in the tissue specimens taken from the affected
portions of the stomach. There is also perhaps an association between both disorders and a
hypergastrinemic state.

The finding that the presence of many dilated and some ectatic vessels in tissue

specimens from disorders is not accompanied by an increase in the number of vessels
seems to indicate that the mechanism is probably not neoplastic. In rodent experiments, the

normal stomach's blood supply is known to be increased by the application of the hormone

gastrin and by experimental introduction of portal hypertension. How and why these

effects occur is thus far unclear. In the case of portal hypertension, relaxation of mucosal

arteriolar sphincter tone may be the mechanism. In the case of gastrin, it is controversial
whether the increase in blood flow corresponds to the increase in acid-production
stimulated by the hormone or is out of proportion to the implied increase in oxygen

consumption by the acid-producing parietal cells.
In these experiments, omeprazole, a potent acid-production inhibitor, is applied to rats

over a four-week period to produce a reflex hypergastrinemia. Stomach tissue samples
from the sacrificed animals are then subjected to morphometric analysis of blood vessel
diameters. The most significant finding is that omeprazole treated rats have an increased
area taken up by blood vessels in the mucosa and submucosa relative to control rats. Some

rats also undergo portal vein ligation in an experimental model of portal hypertension. In
these rats, the area of stomach wall occupied by vessels was also increased relative to

control rats, however administration of omeprazole to these rats was not shown to further
increase this parameter. These and other relevant results are discussed within in light of
previous workers' morphometric analyses of samples from patients with gastric antral
vascular ectasia and portal hypertensive gastropathy and a case is made for chronic

hypergastrinemia as being potentially capable of producing vascular ectasia under some
circumstances.
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Introduction

Several vascular abnormalities of the gastrointestinal tract have now been described.
Moore in 1976 and Camilleri in 1984 classified these into various categories. Vascular
ectasia, presumably an acquired disorder, is differentiated from congenital arteriovenous

malformation and hereditary hemorrhagic telangectasia as Type I, II and III arteriovenous

malformations, respectively. Hemangiomas, which are technically vascular neoplasms, are
quite rare in the gastrointestinal tract (1,2).

Vascular ectasia or Type I arteriovenous malformation, however, is a relatively
common finding in the lower intestinal tract and is occasionally found in the gastric mucosa
as well. Its pathophysiology, both in the upper and lower intestinal tract, has been debated

but the answer remains elusive. Previously published evidence, described below, may
point to a possible role for increased serum gastrin in the case of gastric vascular ectasia.
This paper describes experiments in which rats are exposed to increased levels of serum
gastrin for a period of time followed by morphometric analysis of gastric vessels and
discusses the possible significance of the changes observed.

Lower Intestinal Vascular Ectasia

Although the studies described herein are aimed at elucidating the pathogenesis of

gastric vascular ectasia, an unusual disorder, somewhat similar appearing lesions in the

lower intestinal tract are found quite frequently. As the pathological findings are
reminiscent of gastric vascular ectasia, it is useful to summarize the features and proposed

etiologies of lower intestinal vascular ectasia. This disorder, also referred commonly to as

angiodysplasia, manifests as occult or acute gastrointestinal bleeding, usually in older
patients. When observed colonoscopically, it appears as 4 - 8 mm red lesions in the right
colon or cecum, which are round or somewhat scalloped and flat to slightly raised. A

prominent draining vein is often seen visually or angiographically (3). Pathologically, the

most consistent finding is dilated submucosal veins. More extensive lesions display

increasingly dilated and deformed thin-walled vessels, probably venous or capillary,
crossing the muscularis mucosa until, in some cases, the mucosa is replaced with ectatic

vessels (2).

The most widely reported etiology of lower intestinal vascular ectasia was put forth by



Boley et al who described it as a degenerative condition of aging wherein chronic low

grade obstruction of submucosal veins, as they drain through the muscular walls of the
colon, eventually leads to failure of pre-capillary sphincters and ectasia (1). The

degenerative theory is reinforced by the finding of angiodysplastic lesions in 50% of

asymptomatic elderly subjects in one postmortem study (2).
Why only some patients bleed is unclear. There has long been known to be an

association between severe aortic stenosis and bleeding from colonic angiodysplasia.
Greenstein et al, reviewing records at their institution, counted 28 of 3623 patients with
both gastrointestinal hemorrhage and valvular disease. Of these 28 patients, 25 had aortic
stenosis while only 3 had mitral stenosis (4). Multiple case reports are available reporting

cessation of previously intractable colonic hemorrhage associated with aortic stenosis by

replacement of the aortic valve. One of these reports hints at a coagulation defect as
causing the bleeding. In this case, the authors reported a patient with extensive

angiodysplasia who continued to bleed despite correction of aortic stenosis with a

mechanical prosthetic valve. Only when he received a porcine xenograft and his

anticoagulation regimen reduced to aspirin did bleeding cease. The authors suggest that the
Stenotic valve may be causing sufficient mechanical anticoagulation to promote bleeding
(5).

Gastric Antral Vascular Ectasia

While it appears that the extent of lower intestinal vascular ectasia is often

underappreciated - lesions in the small bowel may often be coexistent (6) - vascular ectasia

in the stomach, particularly in the antrum, seems to be a separate clinical entity. Ectasia of
gastric vessels is less common and its understanding is mostly through a body of case

reports, often describing a presumably advanced form of the disorder, called "watermelon

stomach," where there appear confluent red streaks in the antrum converging at the

pylorus. These angioid lesions are located on the crests of mucosal folds and present some

of the same findings under microscopy as do biopsy specimens from colonic vascular
ectasia, i.e. distorted, dilated, thin walled mucosal and submucosal vessels, sometimes so

dense as to be approaching the luminal surface of the mucosa. Individual lesions, while

somewhat smaller in diameter, otherwise appear similar to the lesions of colonic vascular
ectasia (7).

Although generally less well studied than colonic angiodysplasia, one detailed



examination comparing gastric antral vascular ectasia biopsy specimens against normal and

abnormal controls found that the mean mucosal blood vessel diameter and area occupied by
blood vessels were significantly increased in gastric antral vascular ectasia samples, and not

just from the existence of ectatic vessels but also in part due to the large number of

moderately dilated capillaries. The number of vessels was equivalent among the various

groups, indicating the probable absence of neovascularization. The other two distinctive

findings in gastric antral vascular ectasia are fibrin thrombi in mucosal vessels and

fibromuscular hyperplasia in the lamina propria (8).
Despite morphologic similarities, gastric and colonic vascular ectasia appear to be

clinically distinct. The preponderance of reported cases of gastric antral vascular ectasia

have been seen in elderly women (32 of 43 or 74%) while colonic vascular ectasia has an

almost equal sex incidence. The prevalence of liver cirrhosis appears elevated in gastric

antral vascular ectasia, occurring in 37 - 46% of reported cases. These cases, however,

appear to be distinct from portal hypertensive gastropathy, discussed below. Moreover, of
18 patients with gastric antral vascular ectasia assayed, 17 of 18, or 94%, demonstrated

gastric achlorhydria or severe hypochlorhydria (9,2). No similar assays have been

reported in the case of colonic vascular ectasia. Lastly, associations between aortic
stenosis and lower intestinal vascular ectasia and between chronic renal failure and gastric

vascular ectasia have been widely reported, lending to the idea that two disorders are

separate clinical entities. However, it now appears that renal failure and aortic stenosis may
be prevalent in both upper and lower intestinal vascular ectasia (7,2). Renal failure and

aortic stenosis may simply promote bleeding from preexisting lesions rather enhance the

development of ectatic vessels, although it is of interest that chronic renal failure is known
to be associated with hypergastrinemia (26), which is proposed here to be capable of

producing vascular ectasia in the long term.

The recent finding at this institution of a marked hyperplasia of enterochromaffin-like

cells in the antrum of a man who underwent antrectomy for gastric vascular ectasia (10), is
significant because these cells have been shown to increase in number in the rat fundus in

response hypergastrinemia (11,12) and thus this discovery is indirect evidence of a
preceeding period of hypergastrinemia. One other case has been reported in the literature of
a concurrence between gastric antral vascular ectasia and enterochromaffin-like cell

hyperplasia. In this report of an elderly woman with pernicious anemia and gastric antral
vascular ectasia, immuno-histochemical staining showed that the enterochromaffin-like

cells contained 5-hydroxytryptamine and vasoactive intestinal peptide (13). Other work has
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shown that enterochromaffin-like cells respond to gastrin stimulation by release and
synthesis of histamine (14). As all these hormones are known vasodilators, there is reason

to suspect that, in these two cases, chronic hypergastrinemia may have had a role in the
development of vascular ectasia through the secondary actions of enterochromaffin-like
cells.

Portal Hypertensive Gastropathy

Portal hypertensive gastropathy is a relatively newly described entity causing usually
mild bleeding from the gastric mucosa in the setting of cirrhosis and portal hypertension.
There is a spectrum of gastric endoscopic findings ranging from mild diffuse erythema to
more intense patchy erythema to discrete red spots (15). These abnormalities have

generally been reported in the fundus while the finding of red spots in the antrum, termed
severe portal hypertensive gastropathy, seems to be associated with a high risk of bleeding

(16). Of interest is that endoscopic biopsies of affected regions demonstrate tortuous,
dilated submucosal veins and ectatic mucosal capillaries, without evidence of inflammation.
When samples from patients with cirrhosis with and without portal hypertensive

gastropathy are compared to each other and against controls, it appears that both vessel
diameters and area occupied by vessels are highest in the group with cirrhosis and portal
hypertensive gastropathy, smaller in the group with cirrhosis and least in the controls. This
was noted without an increase in the number of vessels, signifying acquired ectasia, rather
than neovascularization (17, 18).

Patients with cirrhosis and bleeding from portal hypertensive gastropathy have higher

Serum gastrin levels and more marked hypoacidity than patients with cirrhosis not bleeding
from portal hypertensive gastropathy (18,19). In addition to the morphometric findings
described above, it was further noted in one of the studies that the mean mucosal antral

capillary area in all the cirrhotic patients studied was correlated with Serum gastrin
concentration (18). However, despite these provocative findings implicating gastrin as the

important factor in the development of vascular ectasia, the authors went on to propose that

changes in gastric prostaglandin biosynthesis, in the setting of cirrhosis, are responsible for

both the vascular abnormalities and the hypochlorhydria (20).



Hypothesis and Experiments Performed

The hypothesis proposed here, then, is that chronic hypergastrinemia leads to vascular
ectasia in the gastric mucosa, probably through the vasoactive effects of enterochromaffin

like cells. Gastrin is a well studied hormone, best known for its stimulatory effect on acid
producing parietal cells but also for its trophic effects on the gastric mucosa, its stimulation

of gastric blood flow and, as mentioned above, its ability to induce hyperplasia of

enterochromaffin-like cells (32). The experiments performed here are of three sorts. The
first two involve exposing rats to increased serum levels of gastrin then performing
morphometric analysis on the gastric vessels. The rats are given daily doses of

omeprazole, a potent inhibitor of acid production in the stomach. Other workers have

demonstrated the appearance of hypergastrinemia and the proliferation of enterochromaffin

like cells following omeprazole treatment. Some rats also undergo surgical ligation of the

portal vein, an intervention which has been widely used to model the humoral and

hemodynamic changes caused by cirrhosis and portal hypertension (21,22). The question

in these animals is whether hypergastrinemia in the setting of portal hypertension promotes

further vascular changes and thus might be important in the development of portal

hypertensive gastropathy.

In a second series of experiments, instead of morphometry, gastric blood flow is

measured in the experimental rats using the microsphere method. In the final series of

experiments osmotic mini-pumps are implanted in rats to deliver a steady dose exogenous

gastrin. This is followed by similar morphometric analysis of the gastric, small intestine
and cecal mucosal vessels. This allows one to ask whether omeprazole may have had an
effect other than through elevation of gastrin and whether these changes are exclusive to the
Stomach.

The findings, briefly, are that omeprazole treated rats have increased serum gastrin
levels and omeprazole treated rats and portal hypertensive rats have increased mean vessel

diameters and increased fractional areas occupied by vessels compared to control rats.
Portal hypertensive rats treated with omeprazole do not have significantly different

morphometric findings than portal hypertensive rats not treated with omeprazole. Relative
blood flow is correspondingly increased to the portion of the stomach with the larger

vessels, i.e. the fundus although this region is also increased in mass in omeprazole treated

rats. The results of the exogenous gastrin experiments are not available at this time



Methods

Female Sprague-Dawley rats, weighing 225 - 250 gm, are used exclusively in these

experiments. Rats are housed up to three per cage at an animal care facility with a light
cycle of 12 hours light and 12 hours dark. Access to rat pellets and water is unrestricted.
Omeprazole (gift from Astra AB, Sweden) is dissolved in polyethylene glycol (PEG 400,
Sigma) and delivered by daily subcutaneous injection. Rats receive 0.25 cc injections
containing approximately 60 mg/kg of omeprazole for 28 - 30 days. Animals used in blood

flow measurements receive 40 - 44 days of drug treatment. Rats not receiving omeprazole
receive daily injections of the vessel.

Rats are fasted overnight before surgery or sacrifice. Pentobarbitol anesthesia is

administered intraperitoneally at 50 mg/kg. Portal vein ligation is performed through a

midline laparatomy according to a well described methodology (21,23). After careful
isolation of the portal vein, a blunt 20 gauge needle is placed alongside the vessel and a silk
suture is tied around both the vessel and needle after which the needle is withdrawn and the

abdomen closed in layers. Rats not undergoing portal vein ligation undergo a sham

operation.

Osmotic Mini-Pumps

Rats receiving exogenous gastrin receive osmotic mini-pumps (model 2ML2, Alza,

Palo Alto) implanted subcutaneously filled with synthetic, [Leu 15] substituted human

gastrin-17 (Sigma) dissolved in 1% BSA. Pumps deliver 2.5 nmol gastrin■ kg/hour for 17
days. The animals are sacrificed on day 15. Control animals in these experiments receive

neither placebo pumps nor sham operations.

Data Collection

At Sacrifice, the wound is reopened and a segment of proximal small intestine and

mesentary laid flat on warm saline soaked gauze. The superior mesenteric vein is entered
with a 23 gauge needle connected to a manometer filled with heparinized saline (1 unit/cc).

The column is filled to 25 - 30 cm and allowed to fall. Its stopping point is interpreted as
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the portal venous pressure. Then 1 - 1.5 cc of blood for gastrin measurement is withdrawn

via venupuncture of the inferior vena cava and placed in a gel serum-separator tube, on ice,
until it is centrifuged. The serum supernatant is then stored in a -30°C freezer until
shipment and measurement of gastrin concentration by radio-immunoassay (Helen Wong,

Center for Ulcer Research and Education, U.C.L.A.) The splenic vessels are then tied off

and the spleen removed at the hilum. The stomach is cut from the esophagus and

duodenum and its vasculature divided. Samples from the small intestine are obtained

approximately 7 cm from the pylorus. Samples from the cecum are obtained at its largest
diameter.

The stomach is then opened along its greater curvature, pinned out and fixed in
methacarn while in this position. Tissue samples are cut as 2 mm slices, parallel to the

opening cut of the stomach and approximately 2 mm inside the cut edge. These samples
are imbedded in paraffin, cut into slices and stained with hematoxylin and eosin for
viewing as slides. Measurements are made under microscopy using a scaled eyepiece

calibrated against a micrometer slide. In examining stomach sections, a non-ruggated
segment of fundus near the antrum is selected, differentiated from the antrum by its gland

morphology and the difference in thickness. The segment is always 200 pum long and
generally 50 - 70 pum in thickness although occasionally only thicker segments are available

on the specimen. When measuring antral vessels, a segment of antrum near the pylorus is
chosen, measuring 200 um by 40 - 60 pum. Similarly sized segments of tissue are chosen
for measurement from the small intestine and cecum samples arbitrarily.

Identifying information on the slide is covered to maintain blindness of the observer

and the diameters of all mucosal and submucosal vessels are recorded in this region of

tissue. Vessels are identified by the presence of an endothelial lining and/or the presence of
blood. The outside diameter of non-muscularized vessels is measured while the occasional

muscularized artery has its internal diameter, with endothelium included, recorded.
The mean vessel diameter is then calculated from all the vessels found in each rat.

These means are averaged among the rats in an experimental group to provide the data

shown below. Fractional area occupied by vessels is calculated by first summing the area
occupied by all the recorded vessels (simply by summing ■ t r2) and dividing this into the

area of the segment, i.e. 200 um times the average thickness of the segment. Two tailed

student's t-test is used to measure statistical significance and results expressed as 80% -

95% confidence intervals using the "Statview" application on a Macintosh microcomputer.
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Measuring Blood Flow

Blood flow measurements were made using the radiolabeled microsphere method
(Strontium 85 labeled 15 plm diameter latex beads, Hoffman laboratory, UCSF). In this
method, a known quantity of suspended microspheres is injected into the beating left

ventricle of an anesthesized animal while a reference sample of blood is withdrawn at a
known rate from the descending aorta. The microspheres lodge in capillaries and remain
there until the animal is sacrificed (24,25). By counting the radioactive emission from the
reference blood and from target organs, cardiac output and organ blood flow can then be
estimated. Counts are measured in the fundus and antrum of experimental animals as well
as from both lungs and kidneys.

Absolute blood flow to an organ is calculated as (target organ counts/minute) +
(reference sample counts/minute) + (reference sample withdrawal rate ml/minute). A
difference of more than 10% in the blood flow between the two kidneys indicates poor
mixing of the injected microspheres and the measurements made in that animal are

discarded. This occurred in 2 rats out of 19 otherwise satisfactory experimental animals.

Counts in the lungs reflect the degree of arterio-venous shunting. As shown below, this

varied in the experimental groups but was generally not significant. Relative blood flow to
organs is calculated as (target organ counts/minute) + (injected microspheres

counts/minute). Where measurements are normalized by organ weight, the absolute blood

flow is divided by the fixed tissue weight.

Blood Flow Measurement Experimental Technique

To perform the measurements, a length of narrow polyethelyne tubing (PE50) is

inserted into the left femoral artery, advanced into the descending aorta and ligated in place.

This short reference catheter (holding 0.02 cc) is connected via a small three-way stopcock

to both a segment of tubing immersed in saline and to a peristaltic pump. The pump is
calibrated to pump exactly 1 cc in 1 minute. A second length of PE50 tubing, filled with

saline and connected via a three-way stopcock to a pressure transducer and chart recorder is
inserted into the right carotid artery and loosely ligated in place. It is then gently advanced

while blood pressure is continuously monitored. First, systolic pressure fluctuates as the

catheter presumably abuts the aortic valve, then the diastolic pressure suddenly decreases to

near zero when the ventricle is entered. At this point, the ligature is tightened and the blood
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pressure observed for the two to three minutes, while preparing the injection.

If the blood pressure is stable, the injection proceeds as follows. The bottle of

microsphere suspension is vigorously shaken by hand for thirty seconds and 0.25 cc
containing approximately 500,000 microspheres is quickly withdrawn. This is placed in a
counting vial, to be measured later as the amount of radioactivity injected into the rat, then

the procedure is repeated. This time the syringe is attached to the three-way stopcock on
the cardiac catheter, the reference peristaltic pump started and the microspheres injected
smoothly over ten seconds. The injecting catheter is flushed with 0.5 cc saline. After one

minute, the pump is stopped and the stopcock changed to continue pumping saline flush.
After the line is clear of blood, a second counting vial is filled with 10 - 20 cc more flush to
measure any residual radioactivity that remained in the tubing. In all cases, this count was

negligible.

Data Collection

The abdomen is opened and venous blood removed for measurement of serum gastrin

as described above. After centrifuging the blood, few if any microspheres remain in the
supernatant serum and the interference found during radio-immunoassay measurements

was of minimal significance. The stomach is then removed and prepared as described
above. The animal is killed by venous injection of potassium chloride and the kidneys and

lungs removed. The organs are fixed in methacarn before submission for radioactive
counting. The stomach is grossly separated into fundus and antrum after fixing. [3-

emission measurements, expressed as counts/minute, are performed over 45 minutes. A

minimum of 400 microspheres is considered necessary per tissue sample to accurately
reflect blood flow in that tissue (24).



Results

Rats which received daily doses of omeprazole had a mean serum gastrin approximately
double that of control and portal vein ligated rats (95 frnol/l, n=13 vs. 46 frnol/l, n=11).
Portal vein ligated rats did not have an appreciably different mean serum gastrin when

compared to control rats (data not shown) (fig. 1).
Animals which underwent portal vein ligation demonstrated higher average splenic

weights (1.03 g vs 0.72 g) but this difference did not achieve statistical significance. Portal

pressures, however, were significantly elevated in portal vein ligated rats (12.1, n=10 vs.
19.2 cm H20, n=10) (fig. 2).

Omeprazole treated rats, indicated by "OMP" (n=7), had a larger fraction of the

stomach wall occupied by vessels than control rats ("CTL", n=7), in the fundus. These

findings achieved a statistical significance of p < 0.2 (fig. 3). Portal vein ligated rats

treated with omeprazole ("PVL4-OMP", n=6), did not demonstrate significantly different

findings than portal vein ligated rats not treated with omeprazole ("PVL", n=5). Mean
vessel diameters paralleled the above findings but did not achieve statistical significance

(fig. 4).

In the antrum, there was no significant difference in the area occupied by vessels

between control and omeprazole treated rats (fig. 5). There were not enough specimens

with acceptable tissue segments for measuring vessels in portal vein ligated rats, however,

so those data are not presented here.

The differences in the area occupied by vessels in the fundus were not accompanied by

significant differences in the mean sizes of the tissue areas used for measuring vessels (fig.
6).

Using radiolabeled microspheres, blood flow determinations in the fundus and antrum

of experimental animals were made. Relative blood flow refers to the proportion of all

injected microspheres found in the tissue in question. Absolute blood flow measures the

actual blood flow to that tissue by comparing its radioactive emission with that of a

reference sample withdrawn simultaneously from the descending aorta. The machinery

used to withdraw the reference sample occasionally malfunctioned and two animals for
which relative blood flow data are available are omitted from the absolute blood flow data.

The number of animals is insufficient to allow for statistically significant findings so only
trends are discussed.

>
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The findings indicate that the fundus in omeprazole treated rats received a greater

proportion of the total circulation than control rats. Portal vein ligated rats and portal vein

ligated rats demonstrated even further increases (fig. 7). Relative blood flow to the antrum

is also only increased in portal vein ligated rats (fig. 8).

These findings were accompanied, however, by the finding that the weight of the
fundus specimens in omeprazole treated and portal vein ligated rats is corrrespondingly

higher. Weights of antrum specimens were not different (fig. 9).

When absolute blood flow is measured, no appreciable differences are apparent
between omeprazole treated and control rats while blood flow to the fundus and antrum in

portal vein ligated rats is increased (fig. 10,11).
Relative blood flow to the lungs was used as a marker for arterio-venous shunting.

The data demonstrate neither significant shunting nor significant variations among the

experimental groups (fig. 12).

Serrum Gastrin in Omeprazole and non-Omeprazole
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Fig. 1 - Serum gastrin is significantly elevated in omeprazole-treated rats
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Fig. 2 - Portal pressures in portal vein ligated rats are significantly elevated
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vein ligated rats in the fundus
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Mean Vessel Diameter in the Fundus (with 1 S.D. error bars)
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vein ligation



Relative Blood Flow to the Antrum
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Fig. 9 - In the fundus, the weights of tissue specimens is higher in portal vein ligated and

omeprazole-treated rats. There is little difference in weight among the antrum samples
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Absolute Blood Flow to the Fundus
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Fig. 10 - Absolute blood flow in the fundus is greater in portal vein ligated rats only
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Fig. 11 - In the antrum also, absolute blood flow is only increased with portal vein ligation
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Finally, for reference purposes, all measured vessel diameters are combined, without
first averaging the measurements from each rat. When each vessel is thus taken as N=1
(instead of each rat), the above findings are reinforced (fig. 13, 14).

26

24.

22.
20.

18.

16.
i

14.

12.

10.

Mean Vessel Diameter in the Fundus with Each Vessel as N=1
(with 95% confidence intervals)

T

CTL OMP PVL PVL4.OMP

Fig. 13 - Mean vessel diameters in the fundus, with each vessel as n=1, showing

statistically significant increases with omeprazole treatment and portal vein ligation
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Discussion

The development of severe vascular ectasia and bleeding in gastric antral vascular
ectasia, judging from the typically elderly presentation, is probably a late development in
the natural history of the disorder. The same may also hold true in the case of portal

hypertensive gastropathy if the "milder" forms of portal hypertensive gastropathy are
indeed steps towards the development of the "severe" antral bleeding form. The early

stages of neither of these disorders is understood in any of the detail reserved for the

symptomatic developments later. Therefore, any attempt at guessing the pathogenesis of
gastric antral vascular ectasia or portal hypertensive gastropathy will be, by necessity,

inferential. It is quite unlikely that an experimental animal model will reproduce

recognizable vascular ectasia and implications of experiments such as this will remain
speculative, interpretable only in the setting of a somewhat disparate set of published

findings. Nevertheless, the similarity of the histologic findings in the two disorders is

remarkable. Particularly since no other entity, to my knowledge, produces a non

inflammatory distortion of mucosal and submucosal vessels that causes bleeding in the
antrum of the stomach.

Gastrin and Gastric Antral Vascular Ectasia and Portal Hypertensive Gastropathy

In addition to having a common appearance by microscopy, there appears to be a

reasonable set of data associating a hypergastrinemic state and the development of vascular

ectasia in both disorders. Although Serum gastrin levels have not been measured in gastric
antral vascular ectasia, reviews of reported cases have shown a clear trend toward

achlorhydria or circumstantial evidence of inability to acidify the stomach. Among 27 case

reports, Lowes and Rode counted 9 cases of achlorhydria and 7 more of pernicious anemia

or chronic atrophic gastritis (13). Borsch found 17 cases of achlorhydria or severe

hypochlorhydria among the 18 patients tested with gastric antral vascular ectasia, where the

remaining 25 patients' acid production was not remarked upon (9). There are now two

case reports of enterochromaffin-like cell hyperplasia in association with gastric antral
vascular ectasia, one from this institution (10,13). Gastric antral vascular ectasia has been

associated with chronic renal failure. In one accounting, 60% of patients bleeding from
gastric antral vascular ectasia had a history of chronic renal failure while 24% of patients



bleeding from other causes had a similar history (7). Serum gastrin has long been known

to be elevated in chronic renal failure. Whereas this was previously thought to be due to
insufficient renal clearance of the hormone, the elevation of serum gastrin now appears to
be secondary to an unexplained diminution in the stomach's ability to secrete acid in
chronic renal failure (26).

In contrast, evidence for increased serum gastrin levels in portal hypertensive

gastropathy is more direct. Higher serum levels of gastrin in subjects with cirrhosis and

again higher in subjects cirrhosis and portal hypertensive gastropathy have been

demonstrated. Further studies showed that the increased levels of gastrin and the low

levels of serum pepsinogen I were not due to atrophic gastritis or antibodies to parietal

cells, as would be found in pernicious anemia (18,19).

Experimental Findings

The data presented here, then, become more relevant when examined in light of the
above findings. What is seen is an overall enlargement of vessels in the rat fundus if the

animal has been exposed to a four week period of omeprazole treatment and resultant
hypergastrinemia. These findings are most apparent when comparing the fraction of the

stomach wall occupied by vessels, where the mean value for omeprazole treated rats is
approximately double the value for control rats. This increase in the area occupied by the

vascular bed was not accompanied by any significant difference in the number of vessels
(data not shown). Furthermore, the sizes of the vessel counting areas in the four

experimental groups were not significantly different, implying that the submucosal and

mucosal vascular bed size was not altered simply to supply more or less tissue.

The area occupied by vessels in portal vein ligated rats was also significantly increased
over control animals. This was in conjunction with a significant elevation of portal

pressures among the portal vein ligated rats. There was, however, no evidence that

omeprazole treatment increased the area occupied by vessels nor the mean vessel diameters.

The reason for this is unclear, given the suggestive findings quoted above. However,

given the large range of values obtained among the portal hypertensive rats with and

without omeprazole treatment, it is evident that the number of animals would be insufficient

to demonstrate a clear experimental difference if there is one. Therefore, there is little
information available in the present data to answer the question of whether portal

hypertensive rats experience further vascular changes when exposed to hypergastrinemia.



The data demonstrating a larger vessel area in omeprazole treated and portal

hypertensive rats achieved a p-value of 0.8 whereas there was a trend toward an increase in

mean vessel diameters which did not achieve statistical significance. Although there were

some technical difficulties in specimen preparation which prevented all experimental
animals from contributing to the above data, this degree of vascular expansion in
hypergastrinemic rats may also reflect the efficacy of subcutaneous delivery of omeprazole
and the dosage used as the mean serum gastrin concentration in omeprazole treated rats was

only approximately double that in non-omeprazole treated rats (95 frnol/l vs. 46 frnol/l).

Other Investigators' Morphometric Findings

The data presented here are more meaningful when it is recalled that similar
morphometric findings were obtained in both gastric antral vascular ectasia and portal

hypertensive gastropathy. Suit et al measured vessel diameters from biopsy specimens
taken from normal subjects, subjects with gastric antral vascular ectasia, chronic gastritis,

atrophic gastritis and ulcer disease. Their findings are similar to these data inasmuch as the

fraction of specimen area occupied by vessels and mean vessel diameter are increased in
gastric antral vascular ectasia specimens. Samples representing other gastric diseases did
not have appreciably different values than control samples. The authors noted that the

increase was due to the presence of many moderately enlarged vessels, not just the result of
enlarged, ectatic vessels, which were few in number (8). Quintero et al and Iwao et al also

performed morphometric measurements on biopsy samples from normal subjects and from
patients with cirrhosis with and without portal hypertensive gastropathy. They found that
mean vessel diameter and the area occupied by vessels were increased in cirrhosis and even

further increased in patients with portal hypertensive gastropathy (18,17). Thus these three
investigators' studies taken together point to, in the least, a coexistence of many moderately

enlarged vessels and occasionally ectatic vessels, and could perhaps be taken to imply that

the appearance of such moderately dilated vessels may be a step towards the development

of frankly distorted and fragile vessels prone to bleeding.

Portal Hypertension

That there would be an increase in the area occupied by vessels in portal hypertensive
rats (and in humans with cirrhosis) may be unsurprising if it were interpreted as the
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obvious consequence of the mechanical interruption of venous drainage from the stomach

to the liver. However, several investigators have now arrived at the similar conclusion

that, in the rat, elevated portal pressures following stenosis of the portal vein are the result
of hyperdynamic splanchnic blood flow more than increased resistance in the venous
outflow (21,22,27). For example, estimates of porto-systemic shunting and splanchnic

inflow using radiolabeled microspheres showed porto-systemic shunting develops quickly
after portal vein stenosis, decreasing portal venous resistance, and leaving increased

splanchnic blood flow to account for the majority of the increase in portal pressure (22).
Octreotide, a long-acting somatostatin analogue, significantly reduces cardiac output and

portal pressures in portal hypertensive rats but not in controls implying a humoral or

neurohumoral component for the elevation in pressure (27). Comparisons of capillary
pressure and pre-capillary resistance in rats with acute and chronic portal hypertension

demonstrate that the chronically hypertensive animal has a higher capillary pressure,

apparently as a result of a reduction in its pre-capillary resistance. Finally, cross-perfusing

control rats with blood from portal hypertensive rats leads to a significant increase of
portal-pressure in the control rats, indicating that at least some of the increased portal

pressure and increased splanchnic blood flow observed in portal hypertensive rats is due to
circulating factors (21).

These findings are interesting, if applicable to humans, because of the implication that

increased blood flow to the stomach, secondary to arteriolar dilatation can, by itself,
eventually lead to the vascular ectasia found in portal hypertensive gastropathy. Perhaps

then, these rat experiments can also be taken to imply that humoral agents acting alone may
also be capable of producing the vascular ectasia of gastric antral vascular ectasia. The

question then remains as to why only certain patients with cirrhosis go on towards
development of vascular ectasia. Saperas et al and Quintero et al, in separate studies,

compared serum levels of gastrin and of glucagon, secretin, vasopressin and norepinephrin
in cirrhotics with and without portal hypertensive gastropathy and found only levels of

serum gastrin to be different between the two groups (20,18). Perhaps most telling was
that mean mucosal capillary cross-sectional area is well correlated (r = 0.8) to serum

gastrin, thus implicating gastrin as the likely culprit for the vascular changes observed (18).
Saperas et al did find, however, increased biosynthesis of prostaglandin PGE2 in the

gastric mucosa of cirrhotics with portal hypertensive gastropathy as compared to cirrhotics
without portal hypertensive gastropathy. Citing evidence from experimental models where
this and other prostaglandins reduce stimulated acid secretion and experiments where portal
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hypertensive rats, shown to have diminished pentagastrin-stimulated acid production,

recovered a significant portion of this response when pretreated with indomethacin, they
nominated this prostaglandin as the agent responsible for the hypoacidity observed in
cirrhotics with portal hypertensive gastropathy (20). Given that gastrin levels rise
reflexively if acid production is inhibited, it would seem that this could account for the

higher serum gastrin levels observed in cirrhotics with portal hypertensive gastropathy.

Gastric Blood Flow

The authors, however, went on to propose that the increased concentration of

prostaglandin PGE2 in the gastric mucosa is responsible not only for the diminshed acid
production but also for the increased gastric blood flow and, eventually, development of
vascular ectasia, as a result of its vasodilatory effects (20). Nevertheless, the evidence that

prostaglandins play a central role in gastric perfusion changes in the portal hypertensive rat

is somewhat contradictory. Pique et al, measuring blood flow exclusively in gastric
mucosa, report that exposure of the portal hypertensive rat to a single dose of indomethacin

diminishes this otherwise hyperdynamic blood flow. However, they cite another study
where more regular administrations of indomethacin did not affect splanchnic blood flow

parameters, raising the question of whether prostaglandin synthesis is affecting only

regional flow to the mucosa. Also, direct studies with different prostaglandins and

measurements of vascular resistance have yielded varying results (23). More basically,

however, the finding that the synthesis of PGE2 in the gastric mucosa is increased in
cirrhotics with portal hypertensive gastropathy, while possibly explaining the hypoacidity

and increased levels of serum gastrin, does not necessarily have to account for the vascular
changes. This more so in the face of a large body evidence demonstrating that gastrin

increases gastric blood flow.

Many investigators have reported increases in gastric blood flow in response to

pentagastrin stimulation (28,29,30,31). This effect has been shown to be mediated, at

least in part, by endothelium derived relaxing factor, i.e. nitric oxide (29). There is,
however, disagreement as to whether the increase in blood flow corresponds to and is in

response to enhanced acid production or exists independent of it. Pique et al, measuring

basal mucosal blood flow using hydrogen electrodes find that the increase in blood flow is
reversed by omeprazole (28). They defend their findings against Holm-Rutili, who does

not find a reversal with acid-inhibition, by noting that she measured blood flow in the
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superficial mucosa, where the effects of pentagastrin on blood flow may be less prominent

(31). Both sets of findings, however, may be less relevant than that of Mattson and
Larrsson who performed their experiments with radiolabeled microspheres on awake rats.

They found that, like Holm-Rutili, blood flow is increased by a smaller factor than acid

production by pentagastrin treatment and is not diminished by omeprazole treatment. They

explaing their different results by citing previous work showing anesthesized rats have
lower basal splanchnic blood flow than awake rats and surmise this to be the reason for the

bigger increases in blood flow seen with pentagastrin treatment by Pique et al and other
investigators on anesthesized rats (30). This controversy is relevant because if gastrin is to
be nominated as the vasoactive hormone responsible for vascular ectasia in portal
hypertensive gastropathy and gastric antral vascular ectasia, conditions where there already

seems to be evidence for hypochlorhydria, its vasoactive effects must be separate from its

acid-stimulating effects.

Microsphere Experiments

Keeping in mind that the number of animals in radio-labeled microsphere experiments
in this study was too small to allow for any statistically significant findings, no increase in
blood flow per unit of tissue in omeprazole-treated rats was found relative to control rats.

Regarding the trends, however, there was a trend toward higher relative blood flow to the

fundus of the stomach in portal vein ligated rats and in omeprazole treated rats with and

without portal vein ligation. The difference in relative blood flow to the fundus between

control and omeprazole treated rats is difficult to interpret because the average weight of the

fundus specimens is also significantly higher in omeprazole-treated rats, possibly
explaining why relative blood flow to these tissues should be increased. When absolute
blood flow is calculated, there is also a trend towards increased blood flow to both the

fundus and antrum in portal vein ligated rats but no difference between omeprazole and
non-omeprazole treated rats. Mean antral specimen weights were not significantly different

among the experimental groups and relative antral blood flow was increased in portal vein
ligated rats but not any more with omeprazole treatment (data not shown).

The increase in tissue mass in omeprazole treated rats is consistent with gastrin's

known trophic effects but it is less clear why the weight of specimens from portal vein

ligated rats should also be increased to the same magnitude nor why portal vein ligated rats
treated with omeprazole should not have even larger weights. Although serum gastrin has
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been shown to be elevated in human cirrhotics (18), there was no discernible increase in

serum gastrin in portal vein ligated rats in this study (data not shown). Perhaps

submucosal edema from portal hypertension could account for some of the extra weight of
the specimens.

Given that pentagastrin stimulated rats demonstrate increased gastric blood flow and
that the area occupied by vessels is shown here to be increased in omeprazole treated rats, it

is not obvious why a corresponding increase in absolute tissue perfusion was not seen in

this study. One likely explanation is that the number of experimental animals is insufficient
- three control and four or five experimental rats may not bring out sub-maximal differences

in gastric blood flow. Also, previous blood flow experiments used liberal doses of
pentagastrin, achieving significant fractions of maximal gastric blood flow while the serum

gastrin measured in these experimental animals was only twice that of control rats. Finally,
using a peristaltic pump to withdraw the reference sample and thus calculate the absolute

blood flow is less than optimal due to the large dead space of the pump and tubing and the
potential for irregular pumping if clotted blood should partially clog the lines. This may
introduce enough invisible error to disguise differences among the experimental groups.

Enterochromaffin-like Cells

The function of these cells is unknown. From their appearance, it is thought they are
peptide-hormone secreting cells but their only clearly identified product is histamine. In

the case reported by Lowes and Rode, 5-hydroxytryptamine and vasoactive intestinal

peptide were also discovered in the proliferating enterochromaffin-like cells in a patient
with gastric antral vascular ectasia (13). While histamine is known to stimulate parietal
cells to step up acid secretion, the location of histamine in the gastric mucosa is unknown.

The only known pool of histamine is the enterochromaffin-like cells, which are known to

readily respond to gastrin stimulation with release of histamine, followed by increased
synthesis of the hormone (33). Anatomically, however, they are located at the bases of the

gastric glands while their supposed targets are located midway up the glands, somewhat
too far for obvious paracrine action (33).

Many studies done on rats have now demonstrated hyperplasia of these cells in the rat

fundus in response to hypergastrinemia, usually induced by acid-inhibition such as with

omeprazole or partial fundectomy (11). This has also been confirmed with exogenous
gastrin-17 delivered with implanted osmotic mini-pumps (12).
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As these cells contain vasodilatory substances, respond to hypergastrinemia by

proliferating and have been seen in large numbers in two cases of gastric antral vascular
ectasia, the hypothesis entertained in this study then is that these cells play a role in the
vasoactive effects of chronic hypergastrinemia. It is therefore consistent that the vascular
changes observed in the study occur in the fundus, where previous work has demonstrated

enterochromaffin-like cell hyperplasia in response to hypergastrinemia. It is not clear,

however, whether enterochromaffin-like cells proliferate exclusively in the antrum in

humans and, in this way, possibly play a role in gastric antral vascular ectasia or whether
any distortion of vessels in the antrum is more susceptible to bleeding due to mechanical

factors, e.g. the thinness of the antral mucosa or narrowing of the luminal space as it enters
with the pylorus.

Finally, it is interesting that the large majority of cases of gastric antral vascular ectasia

should occur in women because in the original long-term omeprazole toxicological studies

in rats it was almost exclusively female rats that developed the enterochromaffin-like cell

tumors (34). This also is the reason that female rats were used exclusively in these
experiments.

Summary and Future Experiments

The work presented here was designed with the aim of producing useful evidence that
chronic hypergastrinemia in rats leads to vascular changes which, in the context of

previously published morphometric and other data, may be reasonably extrapolated to
implicate gastrin as the key hormone in the development of vascular ectasia in both gastric

antral vascular ectasia and portal hypertensive gastropathy. Inasmuch as recognizable

vascular ectasia is not likely to be recreated in experimental animals, the data, standing

alone, cannot purport to explain the pathogenesis of vascular ectasia in humans. But, if we

are to assume that the data are valid, that a few more data points would just serve to
reinforce the results discussed above, then the question remaining should be what

experiments in the future could advance this theory further.

The most basic suggestion would be to retry these experiments using higher doses of

omeprazole in an attempt to produce larger changes which will more easily attain statistical

significance. At this time, the results of the exogenous gastrin/osmotic mini-pump

experiments are unknown but the 14 day duration of the experiment may be insufficient for
significant proliferation of the enterochromaffin-like cells or development of vascular
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changes. Unfortunately, as the materials are quite expensive, this compromise duration
was selected. If the results are unconvincing, a proposal could be to retry with higher
concentrations of gastrin and a longer duration. Similarly, as the radiolabeled microsphere
experiments are somewhat technically complex, future attempts should start off with a large
reserve of experimental animals in anticipation of the many possible reasons why data from
individual animals may be rendered unusable.

More conceptually, the changes observed here are a single point in time. If the
development of vascular ectasia is indeed a slow process, what would be more convincing
would be data obtained at various points, hopefully demonstrating an evolution of vessel
diameters with lengthening exposure to hypergastrinemia. At the least, it would be

advantageous to perfuse rats with pentagastrin and determine if an acute challenge by
gastrin can produce similar histological changes. Given that gastrin acutely increases blood
flow, this may help differentiate between acute and chronic changes associated with

hypergastrinemia.

The enterochromaffin-like cells implicated in this theory were never directly visualized.
Although many papers are available, using similar methodologies, which have
demonstrated proliferation of enterochromaffin-like cells in response to omeprazole

treatment, it would be reassuring to demonstrate their presence in this preparation.
Unfortunately, the special stains needed are somewhat costly and could not be used in these
studies. Ideally, it would be possible to demonstrate a direct role of these cells. For
example, perhaps co-administration of an anti-histamine antibody or some histamine
antagonists could serve to nullify the effects of omeprazole induced hypergastrinemia on
blood vessels.

Similarly, one could try treating portal vein ligated rats with regular doses of
prostaglandin synthesis blockers, e.g. indomethacin, to see if the vascular changes are still

observed. Giving omeprazole-treated rats indomethacin may also show if prostaglandins
mediate the vasoactive effects of gastrin and perhaps easily reconcile the findings of Perez
Ayuso etal and Pique etal with this theory.

Finally, a useful and simple set of clinically-based experiments would be to perform
morphometric measurements, similar to these, on endoscopic biopsy specimens from
humans with various gastric disorders which are associated with elevated serum gastrin,

including pernicious anemia, Zolinger-Ellison syndrome and patients who have been on
long term anti-acid therapy. Including with measurements of serum gastrin from the same
subjects, this could potentially be a useful human counterpart to the data presented here.
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