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Could Gut-Liver Function Derangements Cause
Chronic Venous Insufficiency?

Paul R. Cordts, LTC, MC,* Mitchell V. Kaminski, MD," Seshadri Raju, MD,*
Melanie R. Clark, RN,* and Katharine M. S. Woo, RN*; Tripler Army Medical
Center, HI; Northfield, IL,; and Jackson, MS

Upregulation of adhesion molacules and neutrophil infiltration of venous valve cusps may be
risk factors for chronic venous insufficiency. But studies that focus on the target organ (vein)
fail to consider the influence of systemic inflammation on WBC behavior in the microcirculation.
This study probes the gut-liver axis as a potential source of gut-derived oxidative stress and
free radical production leading to white blood cell activation in chronic venous insufficiency.

Venous hemodynamics (ambulatory venous pressure, air plethysmography, duplex) and
gut-derived oxidative stress markers were studied in nine patients with chronic venous insuf-
ficiency {group 1) and nine age- and sex-matched control subjects with no venous disease
{group I1). Group | had healed venous ulcers (class 5, CEAP) but near-normal ambulatory venous
pressure, to eliminate high ambulatory venous pressure as a chronic vencus insufficiency risk
factor. Markers of gut-derived oxidative stress included: stool analysis; intestinal permeability;
hepatic detoxification challenges with caffeine, salicylate, and acetaminophen; and urine lipid
peroxides,

Ambulatory venous pressure did not significantly differ {group |, 42.5 £5.3 mm Hg; group
I, 355 +5.5 mm Hag; p=NS). Candida overgrowth in stool distinguished group | from group I (7/9
pts vs /9 pts, respectively; p=0.015). Increased intestinal permeability (lactulose/mannitol
ratic) was prevalent in both groups {group [ 0.07 +0.02, group I} 0.17 £0.08, p=N5; normal
range, 0.01-0.03). Both groups showed similar incidence of elevated urine lipid peroxides (5/9
pts vs 6/9 pts, respectively; p=NS), yet group | exhibited underfunction of both sulfation {(group
[ 16.8 £2.9%, group Il 43.3 £11%, p<Q.03; normal acetaminophen recovery 16-36%) and
glucuronidation (group | 30.4 +4.1%, group 1l 64.1 £14.4%, p<0.04; normal acetaminophen
recovery 27%-56%) relative to oxidative stress, perhaps an indicator of diminished antioxidant
capacity in patients with chronic venous insufficiency.

Gut dysbiosis (as indicated by stool yeast) and hepatic detoxification challenge pathway
exhaustion may lead to subclinical, systemic inflammation and peripheral white blood celi
adhesicn in chronic venous insufficiency. Further exploration of the relationship between
oxidative stress and venous disease is needed.
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Introduction

Theories regarding the pathogenesis of venous
stasis ulceration have evolved gradually in the
1900s, although treatment remains largely un-
changed. The association between deep venous
thrombesis and venous ulceration has been rec-
ognized since the early nineteenth century and,
in addition, a substantial cohort of patients may
have primary deep venous valvular incompe-
tence. Proposed mechanisms for venous ulcer for-
mation include tissue hypoxia due to stasis, arte-
riovenous communications, the fibrin cuff theory
of Browse and Burnand, and the white blood cell
trapping theory as put forward by Coleridge-
Smith. Indeed, much artention has focused on
neutrophil behavior in the microcirculation.
Experimental data suggest that endothelial acti-
vation is also a feature of chronic venous disease
by mechanisms that are not entirely clear.’ Data
suggest that venous hypertension, either experi-
mentally induced or in patients with chronic ve-
nous insufficiency (CVI), enhances neutrophil-en-
dothelial interaction, leading to neutrophil acti-
vation.! Hence, a venous ulcer may become a self-
perpetuating phenomencn.

Despite the appeal of this local activation the-
ory, neutrophil behavior in response to any source
of inflammation must be considered. Smoking, di-
abetes mellitus, diets high in saturated fat, and
clinical or subclinical infection all likely influence
systemic neutrophil behavior. Trauma surgeons
have recently focused on factors in mesenteric
lymph that may be responsible for multisystem
organ failure associated with hemorrhagic shock.?
Nonallopathic medicine practitioners have long
implicated the gut in a variety of etiologically ob-
scure diseases such as inflammatory bowel dis-
ease, rheumatoid arthritis, chronic fatigue syn-
drome, and various food allergies.? For these rea-
sons, we performed a global exploration of the gut
and gut-liver axis as a potential source of subclin-
ical, systemic inflammation that might influence
neutrophil behavior in the lower extremity of pa-
tients with venous disease.

Patients and Methods

Patients

This study was conducted under a protocol ap-
proved by the Institutional Review Board of the
Straub Foundation, Honolulu; all subjects gave

informed consent. Eligible patients with CVI were
age > 18 years, male or female, non-smoking,
non-diabetic, and had palpable pedal pulses or
ankle-brachial indices > 0.9. Each exhibited CEAP
clinicai class 4 or 5 and normal or near-normal
ambulatory venous pressure (AVP}.* None had
active venous ulceration or active cellulitis asso-
ciated with lipodermatosclerosis.

Age- and sex-matched control subjects were
randomly chosen from operative case logs.
Women had undergone breast biopsy for benign
disease within the previous 2 years; men had un-
dergone open or laparoscopic inguinal hernia re-
pair. Control subjects met similar eligibility crite-
ria to patients with CVI except no control subject
had clinical or laboratory evidence of venous dis-
ease. No control subjects had a history of deep
vein thrombosis or a current clinically overt in-
fection and no women were pregnant,

Methods

Fach patient with CVI and each control subject
underwent standard vascular laboratory testing
including duplex scanning {ATL Ultramark 9,
Bothell, WA) and direct AVP measurement
(n=7) or air plethysmography (APG) (n=11;
ACI Medical, San Marcos, CA). The residual vol-
ume fraction by APG was used to estimate AVP in
patients with CVI not undergoing direct AVP mea-
surement and for control subjects.

All study subjects underwent three laboratory
tests: a comprehensive digestive stool analysis
(SA), intestinal permeability (IP), and a hepatic
detoxification challenge (HDC) with oxidative
stress analysis. Testing kits were provided and re-
sults interpreted blindly by Great Smokies
Diagnostic Laboratory, Asheville, NC.

The patient provided a single random stool
sample for SA. Antibiotics, antifungals, mineral
oil, and other products were stopped 3 days prior
to stool collection. Aspirin, digestive enzymes,
and vitamin C in excess of 250 mg per day were
stopped 2 days prior to collection. The SA battery
of tests evaluates markers of digestion, absorp-
tion, microbiology, mycology, metabolic markers,
immunology, macroscopic parameters, and a
global score of the “bacterial dysbiosis index.”
Digestion tests included triglycerides, chymo-
trypsin, valerate/iso-butyrate ratio, and light mi-
croscopy for meat and vegetable fibers. Absorp-
tion tests included long-chain fatty acids, choles-
terol, total fecal fat, and total short-chain fatty
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acids. Microbiclogy tests included cuitures for
beneficial bacteria such as Lactobacillus, Bifido-
bacterium, Escherichia coli, and other, perhaps less
beneficial, bacteria. Culture results were reported
as 1+ to 4+. Culture and light microscopy for
stool yeast was performed. Metabolic markers in-
cluded: n-butyrate, B-glucuronidase, pH, and
short chain fatty acid distribution. Fecal secretory
1gA was performed. A macroscopic examination
for color, mucus, and occult blood was performed
as well as additional testing for Campylobacter je-
juni and enterohemorrhagic F. coli cytotoxin. A
global bacterial dysbiosis index was calculated
based on gut microbiology, pH, short-chain fatty
acids, and B-glucuronidase.

The IP test requires an overnight fast and
elimination of fructose (fruit sugar) from the diet
the day before the test. Two urine samples are col-
lected the following morning. The first is a ran-
dom pretest sample. The second sample is drawn
from a 6-hour urine collection after the patient in-
gests a challenge drink. The challenge drink is a
100 mL solution containing 5 g lactulose, 1 ¢ man-
nitol, and 10 g glycerol. The IP test directly mea-
sures the ability of two nonmetabolized sugar mol-
ecules, mannitol and lactulose, to permeate the in-
testinal mucosa. Mannitol (a monomer) is readily
absorbed and serves as a marker of transcellular
uptake. Lactulose {a dimer) is only slightly ab-
sorbed in the normal gut and serves as a marker of
mucosal integrity. Lactulose, mannitol, and the
urine lactulose/manmitol ratio were reported.

For HDC, one caffeine caplet {200 mg
NoDoz®} was taken in the morning and clear-
ance of caffeine assessed from two saliva speci-
mens collected 2 and 8 hours after ingestion.
Caffeine tests the cytochrome P-450 mixed func-
tion oxidase system (known as phase I). Results
are expressed as salivary caffeine clearance
(mL/min/kg). Two tablets of aspirin (Bayer®,
650 mg total) and two tablets of acetaminophen
(Tylenol®, 650 mg total} were ingested that
evening. The patient provided a 10-hour over-
night urine specimen. Salicylate and aceta-
minophen ingestion tests four phase II hepatic
detoxification pathways, inciuding glutathione
conjugation, sulfation, glucuronidation, and
glycine conjugation. Results were expressed as
percent recovery of acetaminophen mercap-
turate, salicyluric acid, acetaminophen sulfate,
and acetaminophen glucuronide, respectively.
Plasma cysteine and sulfate were also measured.
Calculated ratios included phase I/sulfation,
phase I/glycination, phase [/glucuronidation,
and plasma cysteine/sulfate. Oxidative stress
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analysis included measurement of blood re-
duced glutathione, urine or serum lipid perox-
ides, superoxide dismutase, and three deriva-
tives of salicylate expressed as percent recovery;
catechol, 2,3-dihydroxybenzoate, and 2,5-dihy-
droxybenzoate.

This study was designed with an ‘n’ of 9 in
each group to detect a difference in mean values
of 2 20% with :15% variability in measurements
and power of 0.80. A p value of less that 0.05 was
used as the criteria to consider the values in the
two groups significantly different. Statistical
analyses comparing group I and I were: student’s
t test for continuous variables expressed as means
+ SEM and Fisher’s Exact Test for proportional
data. The Mann-Whitney U test was used in one
instance (unegual variances).

Results

Table I provides the CEAP classification for each
patient in group 1. Table II summarizes the de-
mographic and AVP data, and Table IIf shows the
data from each of three laboratory tests. There
was one diabetic smoker in group I. The diabetes
mellitus was well-controlled. Stool overgrowth of
Candida (Candida albicans or Candida species)
distinguished group I from group H (7/9 pts vs
1/9 pts, respectively; p = 0.015, FET). The bacte-
rial dysbiosis index, a global measure of gut
health, was moderate to severely elevated in both
groups, but not different. Moderately increased
intestinal permeability as manifest by an in-
creased lactulose/mannitol ratio was shown in
both groups, but did not differ (group 1 0.07
+0.02, group II 0.17 =0.08; p=10.22 tt). One
disproportionately elevated value occurred in
group II (unknown reason). With respect to HDC,
there was no difference in caffeine clearance
{phase 1 detoxification) between groups (group 1
1.18 +0.60 mL/min/kg, group II 0.7 =0.11
mL/min/kg; p=0.45 tt}. The phase 11 pathways
of sulfation and glucuronidation did distinguish
group I from group II with mean values in group
I significantly lower than group Ii, although re-
maining within a normal range (group 1 16.8
+2.9% recovery, group 11 43.3 x11.1% recovery,
p=0.03 tt for sulfation; group [ 30.4 %4.1% re-
covery, group 1 64.1 £14.4% recovery, p=0.04
tt for glucuronidation). Mean urine lipid perox-
ide values did not differ between groups (group I
9.01 £0.49 nmol/mg, group I 9.29 =1.28
nmol/mg, p=0.84 tt}.
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Tabie I. CEAP classification for group L.
Classification
Patient Clinical Etiologic Anatomic Pathophysiologic
(Cos) (Ecps) (Aspp) (Pr0)
1 4 5 5D R, O
2 4 B B R
3 4 P 5D R
4 5 P 5,0,p R
5 5 P 5 D,P R
6 4 S B R
7 5 P 5P R
8 S P 5D P R
9 5 s S,D, P R
Table II. Demographic and AVP data by group.
Variable Normal Group I Group I p Value
Age (yr) — 51.9 5.7 52.0 5.5 0.99,
Diabetes mellitus e 1/9 pis 0/9 pts 0.99, FET
Smoker —_ 1/9 pts 0/9 pts 0.99, FET
AVP (mm Hg) <35 42.5 +5.3 35.5 x5.5 (.38, tr
Discussion Candida albicans (CA) is a one-celled oppor-

The major findings of this study are that stool
Candida overgrowth and underfunction of two
important phase II detoxification pathways (sul-
fation and glucuronidation) relative to OS are as-
sociated with the development of CVI. Neither IP
nor urine lipid peroxides, a marker of cell mem-
brane damage, could distinguish patients with
CVI from control subjects. No attempt was made
to correlate the derangements identified in this
study with either systemic markers of inflamma-
tion or direct measurements of neutrophil or en-
dothelial activation.

tunistic organism that reproduces by budding
and lives by ingesting dead tissue, a saprophyte.
It is universally found both on and in the human
body and, under normal circumstances, con-
trolled by surveiliance immune defenses and
symbiotic bacterial flora. But overcolonization by
CA can occur in response to lowered host de-
fenses, nutritional deficiencies, or various envi-
ronmental insults. Large and/or repetitive doses
of antibiotics {eg, treatment of venous ulcera-
tion) may substantially reduce total populations
of indigenous bacterial gut flora, flora that usu-
ally out-compete CA for mucosal adhesion.
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Chronic inflammation associated with CA over-
growth may lead to immune suppression and in-
creased intestinal permeability to noxious macro-
molecules, overwhelming hepatic detoxification
mechanisms such as phase II pathways.
Nonallopathic practitioners implicate CA over-
growth in a myriad of diseases and describe the
yeast syndrome purportedly associated with this
problem.® Whether or not this phenomenon could
impact systemic neutrophil behavior in the mi-
crocirculation of the lower extremity is a specula-
tive but intriguing concept at this time.

The liver is the body’s primary detoxifying
organ and two related processes (phase 1 and 1)
carry out biotransformation reactions. Phase |
detoxification chemically alters substances
through oxidation, reduction, or hydrolysis using
the inducible cytochrome P-450 mixed-function
oxidase enzymes. This process increases the sol-
ubility of various molecules for excretion. We
could demonstrate no difference between groups
I and 11 in phase 1 detoxification using caffeine
as a challenge substance. In phase II hepatic
detoxification, conjugation reactions add a polar
hydrophilic molecule to the metabolite or toxin,
converting lipophilic substances to water-soluble
forms for excretion and elimination. Major phase
II pathways include glutathione, sulfate, glycine,
and glucuronide conjugations. Both sulfation and
glucuronidation pathways were significantly less
efficient in group I when compared to group I
(as measured by acetaminophen challenge) in
the context of elevated urine lipid peroxides in
each group. Although glucuronidation may be a
supplemental pathway in most individuals, many
substances (neurotransmitter, steroid hormones,
certain drugs, xenobiotic and phenolic com-
pounds) use sulfation as a primary route of
detoxification.

These data support our previously published
hypothesis.® Overgrowth of enteric pathogens
(eg, yeast) results in activation of mucosal mono-
cytes and macrophages, leading to cytokine pro-
duction and induction of free radicals {FR).
Adhesion of enteric pathogens also loosens tight
junctions between mucosal cells leading to leaky
gut. Leaky gut leads to transiocation of noxious
molecules, which may overwhelm phase T and 11
hepatic detoxification pathways again, resulting
in excess production of FR. Excess FR results in
cell membrane, mitochondrial, and nuclear mem-
brane damage, potentially altering endothelial
gene expression (for example). Ultimately, devel-
opment of CVI skin changes may be determined
by three phenomena: AVP (higher AVP enhanc-
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ing the opportunity for neutrophil-endotheliat in-
teraction), inflammation from any source that in-
fluences systemic neutrophil behavior and an in-
dividual’s anti-inflammatory capacity, or ability
to effectively respond to oxidative stress by
quenching FR. Experimental evidence with neu-
trophil degranulation products such as lactofer-
rin and elastase and rise in various endothelial
adhesion molecules during experimental venous
hypertension does appear to support the concept
of self-perpetuation.”® However, these data do
not exclude alternative explanations for systemic
neutrophil activation, including and perhaps sig-
nificantly, the role of the gut.

In conclusion, AVP likely influences neutrophil
behavior by reducing shear force and encouraging
adhesion to the endothelium of postcapillary
venules. Factors that influence the outcome of this
interaction include the activation state of neu-
trophils entering the leg, expression of endothe-
lial adhesion molecules as a result of neutrophil
adhesion, and further neutrophil activation as a
result of this endothelial-neutrophil interaction.
This preliminary study investigates the role of the
gut and gut-liver connection as a potential source
of cytokine production and free radical release
leading to systemic neutrophil upregulation. Stool
yeast overgrowth and underfunctioning phase 1I
hepatic detoxification pathways are treatable
sources of ongoing subclinical (but important) sys-
temic inflammation. Future approaches to CVI
treatment may include identification and eradica-
tion of sources of inflammation (perhaps originat-
ing in the gut), bolstering of anti-oxidant defense
mechanisms {such as phase II pathways), and
surgery to lower AVP and limit deleterious neu-
trophil-endothelial interactions.
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Table III.  Stool analysis, intestinal permeability, hepatic detoxification challenge, and oxidative stress test results.

Normal . Group 1 Group Il p Value
Staol Analysis {SA) Test™
Triglyceride (%) 0-0.3 0.26 +0.06 (.13 =0.04 0.12, tt
Chymotrypsin (1U/g) 6.2-41 15.7 £4.3 20.7 £6.8 0.55, ix
Valerate, iso-butyrate (umoles/g) 0-10 6.0 £1.5 4.4 +0.5 0.31, tr
Meat fibers present y; 4/9 pts 3/9 pts 0.99, FET
Vegetable fibers present 0 4.0 0.2 3.7 £0.2 0.33, «t
Long chain fatty acids {%) 0-1.1 0.97 £0.31 0.78 £0.21 0.62, tt 4
Cholesterol (%6) 0-0.3 0.20 +0.02 0.20 £0.04 1.0, -
Total fecal fat (%) 0-1.6 1.44 £0.36 1.10 =0.23 G.44, tt
Total short chain fatty acids (umoles/g) 56156 77.6 £21.3 55.2 £9.5 0.35, 1t
n-Butyrate (umoles/g) 10-30 13.1 =37 9.2 %15 0.34, tt
B-glucuronidase {IU/g) 0-300 16.1 £1.5 17.4 +1.8 0.58,
pH 6-7.2 6.9 0.2 6.7 £0.21 0.61, tt
Short-chain faury acid distribution:
% acetate 54-67 65.7 £1.7 59.6 2.8 0.08, tt
% proprionate’ 16-24 18.3 £0.9 23.0 £1.3 0.01, MW
% n-butyrate 14-23 16,1 1.5 17.4 £1.8 (.58, tt
Fecal sigA {ug/g) 44-183 36.9 £13.9 98.9 +43.6 0.37, 1t
Occult biood None 0/9 pts 279 pts 0.47, FET
Bacterial dysbiosis index 0-4 123 1.4 11.4 £1.4 C.67, tt
Intestinal permeability
Lactulose (% recovery) 0.1-0.8 0.64 =£0.16 0.6% =0.12 0.83, tt
Mannitol (% recovery) 5-25 11.9 x2.1 124 +4.4 0.91, it
Lactulose/mannitol ratio 0.01-0.03 0.07 £0.02 0.17 =0.08 0.22, 1t
HDC and oxidative stress analysis
Caffeine clearance (mL/min/kg) 0.5-1.6 1.18 =0.60 0.7 £0.11 0.45, tt
Plasma cysteine (mg/dL} 3.1-3.9 4.50 £0.66 3.82 +0.18 .20, tt
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)
; . .
(Table 1l continued) Normai Group I Group II p Value
_ﬁ Plasma sulfate {mg/dL) 4.8-5.3 4.45 +0.67 4,66 +0.26 (.73, tt
) Acetaminophen mercapturate (% recovery} 5.6-11.4 6.6 £1.1 13.7 4.1 0.11, tt
} Salicyluric acid {% recovery) 30-53 27.9 £5.2 38.4 £10.1 G.37, tt
‘ Acetaminophen sulfate (% recovery) 16-36 16.8 £2.9 43.3 +£11.1 0.03, tt
* Acetaminophen glucuronide (% recovery) 27-56 30.4 =41 04.1 +14.4 0.04, 1t
b Phase I/sulfation ratio 3.5-13 19.6 £15.7 2.1 %05 0.28, tz
} Phase I/glycination ratio 1.3-3.5 8.4 x6.0 2.9 =038 0.37, tt
Phase 1/glucuronidation ratio 1.9-4.2 4.9 =28 1.6 0.4 0.26, tt
} Plasma cysteine/sulfate ratio 0.6-0.78 0.84 =0.13 0.83 =0.03 0.96,
: Catechol (% recovery) 0-0.024  0.066 £0,021  0.099 £0.065 0.65, tt
_ 2,3 DHBA (% recovery) 0-0.0072  0.003 0,003  0.022 =0.016 0.30, 1t
§ Urinze lipid peroxides {nmol/mg) 3-9 9.01 +0.45 9.29 +£1.28 0.84, tt
Reduced glutathione (mg/dL) 32-64 3277 £3.13 34.67 £1.79 0.61, tt
} Glurathione peroxidase {U/gHgh) 20.3-38.1 30.47 £5.47 33.46 £3.45 0.64, tt
? Superoxzide dismutase {U/gHgh) 1610-2162 1987 =87 2092 +£262 0.80, 1t

* Lactobacilli, bifidobacterium, E. coli, Bacillus species, g-sireptococcus, Klebsiella pneumoniae, mucoid E. coli, hemolytic

: E. coli, Morganelia morgagni, Pseudomonas aeruginosa, Proteus mirabilis, Bacteroides fragilis group, Enterobacter, Candida
F albicans or species, Candida tropicalis, Geotrichum, Enterobacter tloacae were cultured from subjects in both groups and
graded as 1-44. Only overgrowth of stool Candida > 1+ distinguished group I from group 1 (7/9 pts vs 1/9 pts, respec-
) tively; p = 0.015 FET).

 Short chain fatty acid (% proprionate) aiso differed (uncertain significance).
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John J. Bergan, MD
La Jolla, California

This presentation correctly emphasizes leuko-
cyte activation and its relationship to chronic ve-
nous insufficiency (CVI). In defining the purpose
of this study, the authors separate leukocyte act-
vation and its effect on valve dysfunction from
leukocyte activation in the target organ of venous
insufficiency —the skin.

Coleridge Smith’s group has emphasized the
importance of activated leukocytes in the
etiopathogenesis of skin damage in CVI. They

L
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documented the accumulation of macrophages
and T-cells as an event associated with develop-
ment of lipodermatosclerotic skin changes in
CVL.* Pappas’ group studied activation of leuko-
cytes in the systemic circulation using a variety of
narkers and found that circulating neutrophils
showed no evidence of activation. This could be
explained by the fact that activated leukocytes
are trapped in the periphery and are therefore
not circulating.?

This study measured markers of gut-derived
oxidative stress (GDOS) in patients with CVI com-
pared with healthy control subjects, both groups
having near-normal ambulatory venous pressures.
An increased lactulose/mannitol ratio was seen
in patients and in the healthy control subjects. In
other studies, it has been found that intestinal
permeability, as measured by the lactulose/man-
nitol test, is significantly increased in patients
with intermittent claudication and that this ratio
decreases after arterial reconstruction.® However,
the chief difference between the healthy subjects
and the patients with CVI in the present study
was stool overgrowth by Candida and underfunc-
tion of the sulfation and glucuronidation path-
ways to oxidative stress. The authors find the pos-
sibility that this phenomenon could impact neu-
trophil activation but that proof is lacking.

As the Phase II hepatic detoxification path-
ways were deficient in the patents with CVI, the
authors believe that this supports the previous hy-
pothesis that enteric pathogen overgrowth results
in activation of mucosal monocytes and mac-
rophages, which leads to cytokine production and
induction of free radicals. However, Pappas’
group in New Jersey has found that patients with
CVI do not exhibit the same degree of prolifera-
tion in response to a mitogenic challenge as
healthy subjects. Also, they demonstrated a trend
of diminished mononuclear cell function with
progression of CVI from CEAP classes 3 through
6. Their conclusion was that deterioration of
mononticlear cell function is associated with CVI,
a finding that conflicts with the data presented in
the present study.*

The differences in findings are unimportant.
The fact is that basic studies are being carried
out that will eventually elucidate the fundamen-
tal mechanisms in chronic venous insufficiency.
It appears as though study of the association of
leukocytes, adhesion molecules, and the rarget
organs of either skin or valves and venous wall
will produce the most revealing results. The
Middlesex group has shown that venous hyper-
tension results in endothelial activation and that

patients with lipodermatosclerosis exhibit an in-
creased VCAM-1.° This has been confirmed in
Freiberg where both ICAM-1 and VCAM-1 ex-
pression was high during stasis dermatitis and
was not downregulated to baseline levels after
progression of the pathologic process from stasis
dermatitis through to skin ulceration.®

Our studies have focused on leukocyte and
adhesion molecules in relationship to valve
dysfunction’ as well as the effects of venous
hypertension on leukocyte rolling adhesion and
migration.?

All of these studies taken as a whole suggest
that pharmacologic intervention in primary ve-
nous insufficiency as well as in chronic venous in-
sufficiency might prove to be possible.?

REFERENCES

1. Wilkinson LS, Bunker C, Edwards JC, et al:
Leukocytes: Their role in the etiopathogenesis of skin
damage in venous disease. J Vasc Surg 17:669-675,
1993.

2, Pappas PJ, Fallek SR, Garcia A, et al: Role of leuko-
cyte activation in patients with venous stasis ulcers. J
Surg Res 59:553-559, 1995.

3. Iwata H, Matsushita M, Nishikimi N, et al; Intestinal
permeability is increased in patients with intermit-
tent claudication. JJ Vasc Surg 31:1003-1007, 2000.

4. Pappas PJ, Teehan EP, Fallek SR, et al: Diminished
mononuciear cell function is associated with chronic
venous insufficiency, J Vasc Surg 22:580-586, 1995,

5. 8aharay M, Shields DA, Georgiannos SN, et al:
Endothelial activation in patients with chronic ve-
nous disease. Eur J Vasc Endovasc Surg 15:342-349,
1998.

6. Peschen M, Lahaye T, Hennig B, et al: Expression of
the adhesion molecules ICAM-1, VCAM-1, LFA-1, and
VLA-4in the skin is modulated by progressing stages
of chronic venous insufficiency. Acta Derm Venereol
{Stockh) 79:27-32, 1999,

7.0no T, Bergan JJ, Schmid-Schonbein GW, et al:
Monocyte infiltration into venous valves. J Vasc Surg
27:158-166, 1998.

8. Takase S, Lerond 1, Bergan JJ, et al: The inflamma-
tory reaction during venous hypertension in the rat.
Microcirculation 7:41-52, 2000.

9. Frick RW: Three treatments for chronic venous in-
sufficiency: Escin, hydroxyethylrutoside, and Daflon.
Angiology 51:197-205, 2000.



https://www.researchgate.net/publication/11684923



