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INTRODUCTION

In 1845, Virchow began lecturing on the patho-
genesis of venous thrombosis and embolism,
which was a major step in the understanding of
this disease process. Over the next few years, he
continued his research, and described three pre-
disposing factors which lead to the development
of venous thrombosis, which is now termed "Vir-
chow's Triad." This now serves as the basis of our
understanding of thromboembolic disorders.

Deep vein thrombosis (DVT) is a well-
recognized problem in hospitals today. The
events leading to DVT are not as well understood
as those leading to thromboses in the afterial vas-
culature. Damage to a vessel wall may be the
underlying etioiogy, although there are usually no
recognrzable lesions on the endothelium. Submi-
croscopic endothelial injury has been hypothe-
sized, possibly as a result of local tissue response
to the stasis and turbulence found in the venous
vasculature.

Although DVT has been well studied
throughout the literature, ao accurate assessment
of the incidence and prevalence is hard to ascer-
tain. However, recent literature gives the follow-
ing gross estimates:

2,500,000 cases of deep venous thrombosis
(DVT) per year

600,000 episodes of pulmonary embolism
(PE) per year

150,000 deaths per yex contributed to by PE

50,000 deaths per yer caused by PE

11,000 postoperative PE deaths per year

30-400/o of postoperative patients will
develop DVT

750/o deaths in acute care hospitals are due to
PE

These figures are gross estimates only, since

autopsies are not routinely performed on every
death. The inaccuracy in diagnosis is probably
due to an underestimation of the magnitude of
the problem. In addition, a large number of
patients with this disease are overlooked due to
an absence of symptoms.

The population of patients with the greatest

risk of developing DVT are those foliowing
surgery. The postoperative patient, in particular, is

predisposed to developing DVT due to events
which occur during and after surgery. Further-
more, many podiatric surgical patients have addi-
tional risk factors which include age, weight,
social habits, or genetics.

Virchow's triad consists of stasis of blood
flow, intimal vessel damage, and hypercoagulabil-
ity. The postoperative patient, due to immobihza-
tion during and after surgery, fulfiils the first
requirement of this triad, stasis. Intimal damage,
the second factor, occurs during surgery (or sep-

sis) due to the disruption of normal anatomy. And
finally, hypercoagulability can result from the
decreased blood volume associated with surgery.
Hypercoagulability can also occur secondary to
cancer, dehydration, or malnutrition. These three
situations, which make up Virchow's triad,
increase the risk for developing DVT.



DVT RISK FACTORS

The risk factors for DVT have been broken down
into high, moderate, and 1ow risk categories by
various authors.

High risk patients include anyone over the
age of 40, who also possesses secondary risk f'ac-
tors. Secondary risk factors include CHF, obesity,
malignancy, varicosities, estrogen use, malnutri-
tion (deficiency of Anti-thrombin III, protein C

and F) ancl paralysis. Pelvic and abdominal surgi-
cal patients are also included here. These factors,
coupled with a history of DVT, constitute the high
risk category of patients.

The moderate risk category includes any
patient in the high risk classification without a
known history of DVT.

Low risk surgical patients inclucle those
unclergoing sllrgery of less than 30 minutes in
length, ancl without secondary risk factors or a
positive history.

PREYENTION OF DVT

Venous thrombosis with subsequent pulmonary
embolism (venous thromboembolic disease) is
considered one of the most common cardio-
pulmonary illnesses in North America and
Europe. Although it is much easier and less
expensive to prevent DVT than it is to diagnose
and treat it, DVT prophylaxis continues to be
uncler-utilized. This is a disturbing fact, as effec-
tive prophylaxis is readily available through both
pharmacological and nonpharmacological meth-
ods.

It has been shown that the production of
thrombi clepends on the presence of activated
clotting factors in areas of stasis. Thrombus forma-
tion does not occur as a result of activation of
these factors or stasis alone, but through a combi-
nation of the two. Due to this fact, addressing
either the hypercoagulable state (pharmacological
methods) or stasis (non-pharmacological meth-
ods) has proven successful in DVT prevention.

PHARMACOLOGIC METHODS OF DYT
PROPHYLAXIS

There are several pharmacological methods avail-
able for effective DVT prophylaxis. These include
heparin, low molecular weight (LM\f) heparin,
dextrans, and coumadin.

Heparin
Low-dose (or mini-dose) heparin is properly uti-
lized for DVT prophylaxis by administering 5000
U subcutaneously 2 hrs. preoperatively, followed
by the same dose every 12 hrs. postoperatively.
Due to the short halflife of this drug, the aPTT
(activated partial thromboplastin time) will not be
noticeably affected at this dose.

Heparin, which acts to inhibit the intrinsic
coagulation cascade, must be administered preop-
eratively to be effective. Likewise, administration
of heparin postoperatively has no effect on dis-
solving already formed clots. Patients on low dose
subctitaneous heparin can potentially have a

higher incidence of wound hemorrhage and
hematoma formation, although this has not been
shown to be statistically significant. This form of
prophylaxis is suitable for orthopedic surgery,
where a tourniquet is used for hemostasis. How-
ever, this is not acceptable in opthalmic, spinai or
neurosurgery, where even minor hemorrhaging is
deleterious. Although effective in DVT prophylax-
is, the presence of its potential side effects has
propagated further research with newer products.

Low Molecular Weight (LMI[/) Heparin
Low molecular weight heparin has three major
potential aclvantages over unfractionated heparin
therapy: lower frequency of bleeding, effective
prophylaxis with once-a-day dosing, and greater
efficiency.

LM\7 heparin is formecl by the depolymer-
ization of standard heparin, through a variety of
procedures. The end result is an isolated fraction
with a molecular weight of around 5000 Daltons.
\7ith reference to the clotting cascade, LMW Hep-
arins possess diminished activity against Factor Xa
and IIa, both of which are thought to be associat-
ed with a lower bleeding potential. In addition,
standardized heparin has a half-life of 1 to 1.5

hrs., while LMW Heparin has a half-life of 3 to I
hrs. A more convenient once-daily administration
of LM\[ Heparin would be aclvanlageous. In a

double-blind study by Kakkar, comparing stan-
dard unfractionated versus LMW heparin for DVT
prophylaxis in 295 patients, patients receiving
standard heparin were three times as likely to
develop DVT.



Dextran
Dextrans impair platelet function, thereby causing
a decrease in platelet aggregation. Dextrans are
available in two molecular weights, 40 a'nd 70.
The use of dextran, however, is not completely
benign. Anaphylactoid reactions have been
reported in 0.1-0.25% of patients. Volume over-
load and subsequent heart failure is a concern in
patients with a marginal cardiac reserve. Also,
caution should be exercised in patients with renal
insufficiency, since further decrease in renal func-
tion may result from excessive diuresis.

Coumadin
Coumadin (warfarin) is a low molecular weight
anti-coagulant w-hich inhibits the effects of Vita-
min K in the synthesis of clotting factors II, VII,
IX, and X. Coumadin affects the extrinsic clotting
cascade and will prolong the PT (prothrombin
time). Typically, prophylaxis starts two to three
dzrys preoperatively with a dose of 2,5 mg/day.
The PT is monitored daily until a therapeutic level
is reached, which is 1.3-1.5 times the control
value.

In contrast to Heparin, the risk of bleeding
and hematoma formation is well documented.
Physicians should also be aware of the rare but
potential complication of "coumadin skin necro-
sis," which occurs in less than 0.25o/o of cases.

Skin necrosis, which is localizeci to areas of
increase subcutaneous tissue, has been observed
in mild to moclerately obese females who began
therapy with loading doses greater than 20 mgs.

MECTIAMCAL METHODS OF DvT
PROPTIYIAXIS

Mechanical devices for DVT prophylaxis encour-
age muscular activity within the leg and thigh, in
an attempt to maintain venous flow in immobi-
Iized patients. The muscular activity of the calf,
during normal ambulation, helps to pump blood
back to the heart. In immobilized patients, these
devices simulate the body's own "ca1f pump." The
action of mechanical devices on this pump is
analogous to the actions of dobutamine on the
left ventricle.

Graduated Compression Stockings

Studies have shown that graduated comprcssion
stockings can reduce the frequency of venous

thrombosis by greater than one half, when com-
pared with no treatment. Compression is greatest
at the ankle, and gradually decreases proximally
up to the thigh. These stockings should be con-
sidered first line prophylaxis against DVT/PE in
hospitalized patients. Caution is advised when
using these stockings in patients with peripheral
vascular disease, as the condition may be aggra-
veted hy vascular comprcssion.

Pneumatic Compression Stockings

Pneumatic compression stockings have proven to
be an even more effective mechanical method for
DVT/PE prophylaxis than other devices. (Figure

1) The physiologic reason for their success is two-
fo1d. Pneumatic stockings increase the velocity of
venous flow at the time of compression, and
increase fibrinolytic activity, both at the site of
compression as well as systemically. Numerous
authors have reported a significant decrease in
thrombosis utilizing these devices prophylactically.

Pneumatic stockings can be either single or
multi-chamber by design. Single chzrmber stock-
ings are usually inflated from 35 to 40 mm Hg,
while multiple chambered devices produce pres-
sures of 35, 30, and 20 mm Hg at the ank1e, ca1f,

and thigh, respectively. Although both have
proven effective, the intermittent seqLlential com-
pression devices appear to be superior. Kamm
ancl Shapiro demonstratecl that r,vhen using the
single chamber devices, veins in the popliteal
region were occludecl before the calf veins werc

Figure 1. Example of multi-chamber pneumatic intermittent com-
pression stockings :rs used perioperatively. These stockings are start
ed preopcratir.ely and continuecl until the patient is out of becl. Note
the Tecl hose gredient stocking also usecl \\'ith this device.



adequately emptied. This caused a decrease in the
amount of blood which propelled forward, when
compared with the flow produced by the milking
action of the sequential devices. In comparison,
the peak velocity flow at the thigh, during the
time of compression) was measured to be 500/o

greater using the sequential device.
The use of intermittent stockings also

increases the level of fibrinolysis within the circu-
lation. Vith vessel stimulation, the local release of
plasminogen activator occurs. This will act locally
and systemically to convert plasminogen to plas-
min and counteract the hypercoagulable state.
Tarnay also demonstrated that the greater the vol-
ume of tissue compressed, the greater the fibri-
nolysis effect. Thigh-length boots showed
increased results compared to calf-length boots.

DIAGNOSIS OF DvT

The diagnosis of deep vein thrombosis is essential
so that timely treatment can be initiated, thus
preventing the sequelae of this disease. Unfortu-
nately, the diagnosis is often difficult to establish
because the clinical symptoms and signs of DVT
cannot be relied upon solely. Many studies have
attempted to correlate clinical signs and symp-
toms of pain, swelling, tenderness, temperature
changes, Homan's sign, and Lowenberg's test, to
the confirmation of DVT through diagnostic
modalities. Even in the group in nhich the diag-
nosis was most highly suspected, and might be
considered clinically cefiain, they found the accu-
racy of physical examination to be only 550/0.

Due to the absence of accurate clinical signs
which correlate highly with the diagnosis, physi-
cians rely heavily on diagnostic testing to estab-
lish a definitive diagnosis. These tests can be
divided into two types: hemodynamic testing and
anatomic testing. Hemodynamic tests measure
specific flow parameters of the venous system,
and use this information to diagnose DVT.

Plethysmography and Doppler studies are
exampies of tests which assess venous hemody-
namics. A false positive study can potentially
occur when any mass surrounding the venous
architecture causes a partial or complete obstruc-
tion. Reduced arterial inflow (PVD) causes
decreased outflow and may also yield false posi-
tive results. Finally, patient positioning may also
hinder normal venous return within the extremity
being tested.

Anatomic studies allow one to visualize the
venous system directly, and are slightly more sen-
sitive and specific to diagnosing DVT. Small
asymptomatic thrombi, with equal potential for
propagation and emboiization, can only be
detected with anatomic exams. Real-Time B-mode
ultrasonography, Duplex Scanning, and Contrast
Venography are examples of anatomic studies.

Hemodynamic Tests

Pletbysmograpby
Plethysmography was the first non-invasive test
developed for the diagnosis of DVT. A thigh
tourniquet is utilized to effect hemodynamic
changes within the venous volume, as blood
pools and empties out of the deep 1eg veins.
These tests are sensitive to volume changes with-
in the calf veins, caused by outflow obstructions
in the popliteal, femoral, or iliac veins. Measure-
ment of calf circumference can be performed with
a strain gauge (SGP) or impedance electrodes
(IPG). The sensitivity and specificity of plethys-
mographic techniques fall within the 950/o range.

Doppler Lrltrasound.
Doppler studies obtain a blood flow velocity
waveform when placed directly over the vein
being studied, There are five characteristic prop-
erties of a vein which can be studied wrth a

doppler: spontaneity, phasicity, augmentation,
compression, and pulsatility. In DVT, the normal
propefiies of phasicity, with respiration and aug-
mentation of the venous signal, may be absent,
indicating absence of blood flow in the obstructed
venous segment. Aithough the exam is relatively
easy to perform at bedside, the evaluation is
rather subjective and requires technical experi-
ence for accuracy. In competent hands, repofis
have suggested that this technique may exceed
95% sensitivity in detecting deep vein thrombosis,
at or above the level of the knee, and major calf
veins.

Anatomic Tests

Re al-time Utr a s onogr a.p b I
This study utilizes a transducer to obtain an
anatomic image of the venous lumen, in both the
longitudinal and transverse planes. The ultra-
sound echo of this technique is sensitive to any



thrombus present within the venous circulation.
Non-compressibility of the vein's lumen by the
transducer and non-visualization of blood flow
are characteristic of DVT. The ability to image
structures outside of the vein's lumen provides
information that cannot be obtained by even con-
trast venography. Masses and other structures
causing obstruction to the venous circulation can
be visualized when ultrasound examination is
normal.

Duplex Sca.nning

Duplex scanning combines the anatomic imaging
capability of real-time ulrrasonography and the
hemodynamic capabilities of doppler ulrrasound,
for a complete evaluation of venous thrombosis.
This technique was first described for the diagno-
sis of DVT in 1982. The following parameters
need to be documented for a normal venous
exam: compressibility, anechoic lumen (absence
of thrombogenic echo), bloocl flow with normal
valve motion, and normal doppler signals. In
recent years, the addition of color flow and lower
frequency probes have improved this technique
in previously "hard to detect" areas in the lower
extremity (isolated calf and iliac thrombi). Pidala
et al. reported a specificity and sensitivity of 93-
700o/o, and this modality is quickly becoming the
"go1d standard" for non-invasive testing. Experi-
enced technicians are able to quickly approach
100% accuracy.

Contrast Venograpby
Contrast venography is still the "gold standard" in
the diagnosis of DV! although Duplex Scanning
is running a close second. The major disadvan-
tage of venography is the invasive nature of the
procedure. Reported complications of venography
include chemical phlebitis, infection, hypersensi-
tivity, and local skin necrosis due to extravasation
of the contrast dye. In addition, finding a suitable
vein in the foot is not always possible. Due to
these potential problems, newer, non-invasive
techniques have undergone significant develop-
ment within the past three decades.

TREATMENT

Before the treatment options for deep venous
thrombosis and pulmonary embolism are dis-
cussed, one must first define the terms of treat-

ment. \Whether or not DVT should be treated at
all, and at what anatomic level (DVT above or
below the knee) should treatment begin, has
been widely debated in the past.

Before the introduction of Heparin, the
death rate among patients with DVT was 10%,
primarily due to pulmonary embolism. Patients
with untreated pulmonary embolisms had a 25o/o

mortality and a 50o/o recurrence rate. Vith ade-
quate Heparin anticoagulation, the risk of throm-
bophlebitis extension or pulmonary embolism
decreases to less than 50/o. Therefore, it is standard
therapy to treat DVT with anticoagulation. The
question arises as to whether or not one should
treat DVT above or below the knee, due to the
decreased incidence of embolization that is seen
in patients with DVT below the knee.

Proximal DVT is defined as that which
occurs at the popliteal vein leve1, and can extend
as far as the inferior vena cava (IVC). Distal DVT
is defined as that which occurs in the tibial veins,
or the upper level of thrombus extends to the
popliteal vein. Proximal involvement is seen in
80% of patients with DVT without any evidence
of pulmonary embolism. Of the patients with a
silent asymptomatic pulmonary embolism, 950/o of
these patients were discovered to have a proximal
DVT. In patients with an obvious pulmonary
embolism, 680/o were discovered to have a proxi-
mal DVT. Distal DVT rarely causes a pulmonary
embolism (incidence = 0.Bo/o).

In general, all patients with proximal DVT
are treated with anticoagulation unless there are
absolute contraindications. Patients with distal
DVT are treated with anticoagulation when there
are a high number of risk factors for thrombus
formation present. Patients with distal DVT are
not treated with anticoagulation if there are
relative contraindications to Heparin use, or if the
clot is so small and so distal that is of minimal
concern. However, for the patient not to be treat-
ed, they must not possess any risk factors. In
addition, frequent follow-up with venous duplex
examination should be performed.

Heparin anticoagulation is the mainstay of
DVT and pulmonary embolism therapy. The use
of Heparin significantly reduces the associated
morbidity and mortality of this disease process.
Heparin anticoagulation functions through the
binding of Heparin to antithrombin III. Antithrom-
bin III then catalyzes thrombin inactivation and



other intrinsic pathway factors. Therefore, patients
with antithrombin III deficiency are resistant to
Heparin anticoagulation.

If there are no contra-indications to anticoag-
ulation, Heparin is initially given as a bolus IV
dose, 100 units per kilogram of body weight.
Thus, the usual starting bolus is between 5,000
and 10,000 units. Prior to the initiation of Heparin
anticoagulation, base line blood studies are
drau,'n, and include: PT, PTT, CBC, and SMA 7.

Continuous Heparin infusion is then given at a

rate of 1,000 units per hour, with a follow-up PTT

leve1 assessed in 4 to 6 hours. Infusion acliust-
ments are made to keep the PTT level at 1..5 to 2

times normal. PTT and platelet counts are moni-
tored daily, and a CBC and SMA 7 are drawn
every other day.

If no invasive proceclures or tests are
planned, Coumadin therapy can be started on the
same day that Heparin is initiatecl. Coumadin
inhibits the synthesis of clotting factors II, VII, IX,
and X, and anticoagulant proteins C and S. There-
fore, it takes several days to achieve an adeqr:ate
level, ancl several days to return to baseline.
Patients on Coumadin are monitored with PT 1ev-

e1s, whicll should be maintained at a level which
is 1.2 to 1.5 times the normal PT 1eve1. If one uses

the INR classification level (international normal-
ized ratio), the PT level is maintained between 2

and 3 times normal. The usual loading dose of
Coumadin is 10 mg per day times 3 clays, then 5
mg per day as a maintenance level. PT levels are

then drawn on a weekly or bi-monthly basis,
depending upon the stability of the patient's level.

Patients are treated for an average of 3 to 4
months, depending upon the severity of the DVT
or PE. Patients u,'ith recurrent thromboembolic
disease, who posses high risk factors for subse-

quent thrombosis, lnay continue treatment for 6

months. Those with continued risk factors, such
as malignancy or protein C deficiency, should be
maintained on Coumadin indefinitely.

Thrombolytic enzymatic agents, such as

urokinase ancl streptokinase, are not generally
recommended for the treatment of DVT, as the
indications for their use is still widely debated.
Currently, the use of these l),tic agents is reserued
for the youn5ler patient with large proximal DVT
where treatment can be started within 'iB hours

of the initial event, or if the patient has a life-
threatening, large, pulmonary embolism and the
only recourse is surgery. Lytic therapy has not
been shown to improve suruivai or shorten hospi-
tahzation. While studies have demonstrated earlier
dissolution of the c1ot, no clear long-term benefit
has been shown. There are many clif'ferent regi-
mens offered for lyic therapy. In general, when-
ever there are multiple recommendations for any
given treatment protocol, the actual benefit to the
treatment and superiority of one protocol over
another is questionable.

Surgical intelention, which involves venous
thrombectomy, is no longer the standard recom-
menclation for treating proximal DVT. The recur-
rence rate and rncidence of pulmonary embolism
is much higher following thrombectomy than it is
with Heparin andlor lytic agent therapy. Venous
thrombectomy is now reserved only for a few
select situations, such as phlegmasia cerulea
clolans. This occuls when venous hypertension
clevelops due to massive venous thrombosis, e.g.

iliofemoral and greater saphenous vein thrombus
without collateral drainage from the leg. It pro-
duces an increased compartmental pressure with
a concomitant reduction in arterial inflou', result-

ing in ischemia to the lower extremity. This is an

emergent situation requiring immediate removal
of the venous thrombus. Venous thrombectomy is

used in this situation in conjunction with lyic and

anticoagulation therapy, and filter placement. For-

tunately, this is a tare occurrence.

SEQUEIAE

The most detrimental sequela to DVT is pul-
monary embolism, which can be life threatening'
There are other possible sequela which are not as

life threatening, but still cause a great deal of
morbidity. These sequela are collectively referred
to as the post-phlebitic syndrome. Post-phlebitic
syndrome includes persistent lower extremity
edema, stasis dermatitis, stasis ulcerations, vari-
cosities, pain, and recurrent DVT. Chronic venous

insufficiency and venoLls stasis ulcers are often
the result of a past history of proximal deep
venolls thrombosis.



POST-PHLEBITIC SYNDROMES

Thrombus Formation
In the development of DVT, a thrombus becomes
attached to the endothelial lining of the vein wall,
as well as the valve cusps. This can occur in a
time frame of 72 hours, which corresponds to the
first two to three days of postoperative bed rest.
Afterwards, the thrombus is no longer friable or
easily detached from the vein wa1l, as it mostly
consists of a fibrous tissue (fibrin). Resolution of
the clot is initiated by the invasion by fibroblasts,
platelets, and mast cells. By day 14, the thrombus
almost entirely consists of fibrin, and this is the
reason why lytic agents are no longer effective
when a clot is present for more than 14 days.
Thereafter, the effectiveness of lytic agents contin-
ues to decrease with time. Therefbre, lytic agents
work best when a thrombus is fresh (less than 72
hours o1d), and primarily formed of red bloocl
cells.

Recanalization
The disease process invokes an inflammatory
response within the vessel, which results in vein
wall thickening and destruction of the very friable
and thin valve cusps. The thrombosed vein is
eventually recanalized by the body's own natural
lyic system, through the resorption of the fibrous
material by macrophages. Once bloocl flow is
restored through the recanalized vein, further
recanalization occurs by the velocity of blood
flowing past this area within the vein. This pro-
cess may take 8 to 12 weeks to occur, and is the
reason why most patients are on Coumadin thera-
py lor 3 to 4 months.

Collatetafization
By this point of time (3-4 months), leg edema is
decreased secondary to the formation of venous
collaterals, which carry blood around the throm-
bosed vein. However, when the primary pathway
opens via recanalization, the blood will flow pref-
erentially through the main vein due to lower
resistance. Once additional blood begins to flow
via the main vein, flow via the collaterals decreas-
es. Due to this decrease in flow, the collaterals
clecrease in size.

Venous Congestion and Edema
Venous valwrlar cusps act as "check valves" and
are responsible for the uniclirectional flow of
blood against gravity. In addition, they allow flow
from distal to proximal and superficial to deep.
Once the valves are destroyed, there is no mecha-
nism to prevent retrograde flow from the cleep to
the superficial system. This phenomenon is
referred to as an incompetent perforator.

The eventual result is venous pooling in the
lower extremity, which begins distally and
spreads proximally. Venous congestion occurs in
the leg, and this can cause a hear,y feeling in the
1eg which aches after periods of dependency
(standing). Chronic venous insufficiency can con-
tinue for months to years, and if left untreated can
callse the formation of venous stasis dermatitis
and ulceration.

Chronic Venous Stasis and Ulceration
Stasis dermatitis and ulceration, which can serve
as a nidus for infection, are thought to be caused
not only by increased pressure on the skin from
the underlying edema, but also from the shunting
away of oxygenated arterial blood. Arteriovenous
shunts result in shifting the arterial blood toward
the venous side of the capillary beds. Increased
venolls pfessure, from the poor evacuation of
venous blood, is therefore associated with vascu-
1ar and valvular incompetence.

Due to the increased venous pooling of
blood, venous hypertension results, causing a
leakage of fluid and molecules into the interstitial
tissue, as based on the Starling principle. The
increase in fluid and molecules in the interstitial
tissue blocks oxygen diffusion, producing tissue
ischemia and necrosis, resulting in venous ulcer
formation. Fufihermore, extremities with chronic
venolls insufficiency develop a classic brownish
discoloration of the skin secondary to
hemosiderin and melanin deposition.

Phlegmasia Cerulea Dolans
Phlegmasia cerulea dolans, another complication
of DVT, occurs when venolls hypertension devel-
ops secondary to iliofemoral and greater saphe-
nous vein thrombosis. Once again, inadequate
venous collateral drainage is implicated. The lack
of collateral circulation can result in a massive
venous thrombosis. It produces an increased com-



partmental pressure, with a concomitant reduction
in arterial inflow, resulting in ischemia. This is an
emergent situation requiring immediate removal
of the venous thrombus by venous thrombectomy
or aggressive lytic therapy. If untreatedl venous
hypertension results in an increased compartmen-
tal pressure syndrome, which can cause a tolal
loss of arterial inflow, resulting in gangrenous
changes of the entire lower extremity. This can
occur within 6 hours of presentation.

CIASSIFICATION OF YENOUS DISEASE

A classification scheme was adopted by the Ad
Hoc Committee For Reporting Standards of the
Society for Vascular Surgeons, and the Interna-
tional Society for Cardiovascular Surgery. This
classification scheme is based on clinical signs
and symptoms. It includes patients with primary
valvular insufficiency and post-thrombotic syn-
drome. Class 0 represents extremities without
clinical evidence of chronic venous insufficiency.
Class I represents mild disease, with the extremi-
ties typically demonstrating mild edema or dlla-
tion of the superficial veins. Class II signifies
moderately severe disease, with the presence of
significant edema or hyperpigmentation. Class III
characterizes extremities with the most severe
manifestations of chronic venous insufficiency,
including patients with active or healed venous
ulcers.

DIFFERENTIATING ARTERIAL A]\D
VENOUS DISEASE

Most venous ulcers are located proximal to the
ankie, and in the medial aspect of the leg. They
have a characteristic shallow base that bleeds eas-

ily. This is quite different from an arterial ulcer,
which is usually more distal on the lower extremi-
ty. In contrast, afierial ulcers are pale and do not
bleed easily. A \(/ORD OF \7ARNING BEFORE
TREATING .LO\TER EXTREMITY ULCERS: BE
SURE TO DOCUMENT THAT THERE IS ADE-

QUATE ARTERIAL FLO\T TO THE LO\TER
EXTREMITY.

Venous claudication (pain) occurs in patients
with an obstruction of the deep venous system.
This is distinct from the typical mild aching sensa-
tion experienced at rest in patients with chronic
venous insufficiency. It presents as cramping in

the calf during ambulation, simiiar to that which is

seen in patients with arterial insufficiency. These
patients must also stop and rest for a period of
time to allou,, the venous congestion to resolve.
This is primarily seen in patients who have total
iliofemoral thrombosis without adequate collateral
formation. One must be sure that the arierial
inflow is adequate, and if the patient is diagnosed
with DVT, it usually indicates the lack of adequate
venous collateralization. Patients with sufficient
collateral venous flow, around the iliofemorai
occlusion, usually do not experience venous clau-
dication. The most frequent type of leg pain asso-

ciated with chronic venous insufficiency is a

heaviness or aching sensation that occurs after
prolonged standing, and is usually felt over the
calf area. This pain is eased by walking or lying
down, particularly with elevation of the extremity.

PULMONARY EMBOLISM

Pulmonary embolism primarily occurs in patients
with a proximal DVT. Patients with free floating
thrombi in the iliofemoral segments are pafiicular-
ly prone to deveioping a pulmonary embolism.
Depending on how diligently one searches for
PE's, approximately 500/o of al1 patients with a

proximal DVT will have some degree of a pu1-

monary embolism. (Figure 2)
Heparin is the mainstay of therapy in

patients with PE's. Once Heparin anticoagulation
is initiated, it reduces the mofiality and recurrence
rates significantly.

A large pulmonary emboius in a hypotensive
patient is life-threatening, and these patients are

in need of immediate dissolution of the clot,
either by surgery or lytic therapy. Puimonary
artery embolectomy, in this setting, is associated

with a high mortality rate, and is reserved for
patients in which lytic therapy has failed. Lytic
agents are especially beneficial in this setting,
however there is still an associated mortaiity rate

of 50o/o. The routine use of l),tic agents for the typ-
ical patient with a PE is still an area of great
debate. Another option includes the placement of
an inferior vena cava filter. There are many differ-
ent filters available, including a Bird's nest, Niti-
nol, Greenfield, Adams-Deweese clip, Moretz, and
Mobin-uddin filter. However, the Greenfield filter
has the longest track record, and is the most
famtliar to vascular surgeons. (Figure 3)
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Figure 2A. Example of a positive ventilation perfusion scan. Note
the decreasecl perfusion in this mild case.

Flgure 3, Radiograph of the proper placement
of Greenfield filter in the inferior vena cava.
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Figure 28. Example of a positive ventilation perfusion scan, Note
the almost complete loss of perfusion from PE in this severe case.

Indications for filter placement, in a patient
with a pulmonary embolism and lower extremity
DVT, includes a contraindication to anticoagula-
tion, or a history of recurrence while on an ade-
quate dosage regimen of anticoagulants. The filter
is placed in the infrarenal position via the right
internal jugular or the right femoral vein. These
filters can now be placed via a percutaneous tech-
nique.

Venous filters, which are intended to prevent
a PE, do not prevent DVT formation. In addition,
20/o of patients with filters can have a recurrent
PE. This occurs when either a thrombus slips
along the side of the filter, via transportation
through gonadal veins which bypass an infrarenal
filter, or from the formation of a thrombus superi-
or to the filter. Therefore, continued anticoagula-
tion is recommended, even after filter placement,
if there are no contraindications. The key element
to remember is that an ounce of DVT prevention
is worth a pound of cure for a chronically venous
insufficient leg.
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