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I ntroduction

The heparin/warfarin regimen
has been the mainstay of treating deep
venous thrombosis (DVT) for several
decades. The very high incidence and
disabling morbidity of post-throm-
botic syndrome following standard
heparin therapy was poorly recog-
nized mainly because of its indolent
evolution and late presentation. Com-
pression therapy, often ineffectual,
and of historic vintage has remained
the standard for treating
postthrombotic syndrome. Yet in the
last very few years, major advances
in pharmacotherapy, endovascular
instrumentation and surgical tech-
nique have introduced major shifts in
these treatment paradigms. Ambula-
tory low molecular weight heparin
(LMWH) has replaced standard inpa-
tient heparin therapy for the treatment
of DVT in many centers. Catheter

directed thrombolysis, a modality,
that aims to eliminate the venous
thrombus altogether is being selec-
tively applied in some patients. Simi-
lar major changes are occurring in the
management of postthrombotic syn-
drome. There is now greater aware-
ness of this complication resulting in
the more aggressive approach to the
treatment of DVT. New endovascular
and surgical therapies are being se-
lectively applied to the large group of
patients who fail conventional com-
pression therapy. This article high-
lights these evolving trends in the
treatment of DVT and postthrombotic
syndrome with illustrative cases.

Case 1: Ambulatory LMWH
treatment of DV'T.

A 72 year-old-female was ad-
mitted seven days after undergoing a
hip replacement with leg swelling and

pain. A duplex examination and a
subsequent venogram confirmed the
diagnosis of deep venous thrombosis
involving the calf and the
femoropopliteal venous segment.
Because of her advanced age and re-
cent surgery she was not considered
a candidate for catheter directed
thrombolysis. She was placed on
therapeutic doses of daltaparein so-
dium administered subcutaneously
once daily (250 w/Kg), and started on
warfarin sodium 5 mg daily at the
same time. After being fitted with
support stockings, she was discharged
the next day to the care of her local
physician with arrangements to moni-
tor her prothrombin time (INR).
Daltaparin sodium was to be discon-
tinued 7 to 10 days later when her
warfarin treatment was expected to
have reached therapeutic levels. She
was instructed to ambulate with the
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stockings and no restrictions on ac-
tivity was placed. She was seen in
the clinic six weeks later, doing well.
The leg swelling and pain had disap-
peared and she was otherwise asymp-
tomatic.

Case 2: Catheter directed
thrombolysis.

A 28 year-old-female was ad-
mitted six weeks postpartum after
caesarian delivery with documented
DVT involving the left iliac and
femoropopliteal veins. Massive swell-
ing and pain of the affected extrem-
ity was present. A hypercoagulabil-
ity work up was negative. After in-
formed consent, she was taken to the
endovascular suite and a pulse spray
catheter was placed across the clot
with popliteal venipuncture under ul-
trasound guidance. After 48 hrs of
Retavase (0.5 mg/Kg/hr) adminis-
tered through the catheter, the throm-
bus completely resolved (Fig. 1).
Post-lysis venogram revealed May-
Thurner syndrome which was balloon
dilated and stented. She had received
therapeutic doses of intravenous he-
parin during the catheter thromboly-
sis and subsequently during coumadin
induction to maintain continuous an-
ticoagulation and avoid warfarin in-
duced skin necrosis. The patient was
discharged after Warfarin sodium had
reached therapeutic levels. She was
seen in follow up six weeks later,
when duplex examination confirmed
continued venous patency and com-
petent valve function. Clinically she
was asymptomatic.

Case 3: Recannalisation and
stenting of occluded iliac vein
segment for treatment of
postthrombotic syndrome.

A 39 year-old-female was seen
with severe left leg swelling and pain.
She had been treated for DVT that
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Fig 1.— Above: Deep vein thrombosis of the iliac vein (left) cleared by catheter-

directed thrombolysis (right).

Fig 2 A.— Above: occlusion of left iliac vein with extensive collaterals.

occurred following a motor bike ac-
cident nine months previously. A
venogram revealed an occluded iliac
vein with extensive collaterals that
were clearly inadequate to compen-
sate for the occlusion (Fig. 2A). She
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was taken to the endovascular suite
and the ipsilateral femoral vein was
entered percuataneously under ultra-
sound guidance. Using a combination
of flexible and stiff guide wires with
guiding catheter support the occluded



venous segment was successfully tra-
versed and gradually balloon dilated
to 16 mm. Several stents placed in
an overlapping manner were required

disappeared.

Fig 2 B.— Above: After recanalization and stent deployment the collaterals have

to reconstitute the occluded segment.
Completion venogram showed suc-
cessful recannalisation with disap-
pearance of collaterals (Fig. 2B). She

Fig 3 A— Above: Technique of valve reconstruction in trabeculated veins. The

trabeculi can be locally excised at the anastomosis.

was seen in the clinic six weeks later
when the swelling was markedly re-
duced and she was pain free for the
first time since the original accident.
She had discontinued round the clock
analgesic narcotics she was taking to
control the chronic severe pain.

Case 4: Venous valve reconstruc-
tion for postthrombotic stasis
ulceration.

A 56 year-old-male presented
with painful venous stasis ulceration
that had been resistant to standard
compression therapy including inten-
sive Unna boot application. He gave
a history of DVT that had occurred
12 years previously following
arthroscopic knee surgery. He had
been treated in conventional fashion
with Heparin/Warfarin anticoagula-
tion. An ascending venogram re-
vealed trabeculated postthrombotic
veins with massive reflux being evi-
dent on descending venogram. He un-
derwent axillary vein valve transfer
to the femoral segment utilizing the
technique shown in Figure 3A and 3B
prompt healing of the ulcer. This pa-
tient has been followed up for 3 years
with maintenance of ulcer healing
without recurrence.

Discussion

Low molecular weight heparin
(LMWH) represents a major pharma-
cotherapeutic advance over conven-
tional standard unfractionated hep-
arin."?3 The latter contains molecules
of varying sizes and compositions.
Furthermore, the molecular mix var-
ies from batch to batch since standard-
ization in this area is difficult. Since
bioavailability and therapeutic effi-
ciency of heparin varies according to
molecular size, weight based standard
dosing is impossible. Frequent moni-
toring of partial thromboplastin time
(PTT) with titration of heparin dos-
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Fig 3 B.— Above: Axillary valve vein in place with prosthetic sleeve to prevent

dilatation.

age is necessary to assure adequate
therapeutic levels. Because of this and
the time required to convert to oral
Warfarin anticoagulation, in patient
admission is required to institute and
maintain standard intravenous hep-
arin therapy. Because of the uneven
and unpredictable dosimetry, over-
shoots above desirable safe levels of
anticoagulation are common; bleed-
ing complications of 4% to 9% have
been reported with standard heparin
therapy. Heparin induced thrombope-
nia (HIT)* is now well recognized as
a complication that occurs in 4% to
25% of patients receiving standard
unfractionated heparin.

In contrast LMWH contains
molecules of uniform size that are
selected for their small size veering
on the low end of the wide weight
spectrum of unfractionated standard
heparin. Several analogues such as
Daltaprin sodium (Fragmin™) and
Enoxaparin (Lovenox) are commer-
cially available now in US. The dif-
ferent analogues differ in their mo-
lecular size and have shown minor
differences in therapeutic efficiency

according to clinical application.
Because of their uniform low molecu-
lar composition LMWH has a very
high predictable bioavailability and
therapeutic efficiency. For this reason
they can be prescribed on weight
based dosimetry and PTT or other
monitoring is not required for most
patient groups. Patients with renal
failure may, however, require anti Xa
monitoring to adjust the dosage as
LMWH is eliminated through the kid-
neys. Because monitoring can be
eliminated in most, hospital admis-
sion is not necessary and the drug can
be administered subcutaneously on an
outpatient basis or self-administered
at home. LMWH also evince greater
anti Xa activity and reduced anti-
thrombin action compared to
unfractionated heparin. Thus,
LMWH are optimally suited to func-
tion prophalacticaly with reduced risk
of bleeding. The subcutaneous route
has been shown to be superior to in-
travenous administration for most
commercially available preparations
due to predictable slow absorption
from the subcutaneous site. Some
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preparations require only a single
daily dose while others are recom-
mended to be given twice daily. Be-
cause of their uniformity of action and
predictable response, bleeding com-
plications with LMWH administra-
tion are rare. The incidence of HIT
though not completely eliminated is
much less than with standard heparin.
Initial concerns about the occurrence
of pulmonary embolism in patients
receiving LMWH unmonitored and
ambulatory at home have now been
allayed; several clinical trials have
demonstrated no difference in this
dreaded complication between pa-
tients receiving LMWH on an ambu-
latory basis and those receiving stan-
dard heparin in the hospital. Cur-
rently the cost advantages of elimi-
nating hospital stay and monitoring
have been largely offset by the very
high cost of LMWH compared to
standard heparin.® The argument for
replacing standard heparin with
LMWH now largely rests on the
latter’s therapeutic efficiency, ease of
use and patient convenience.
Standard unfractionated heparin
has some direct thrombolytic proper-
ties and LMWH has even less. The
major mode of action of both stan-
dard heparin and LMWH is to pre-
vent thrombus growth and propaga-
tion and stabilize the clot. Once
formed the venous thrombus seldom
resolves completely from endogenous
fibrinolytic mechanisms. Clinical im-
provement is largely predicated on
clot retraction and organization ac-
companied by recannalisation/collat-
eral formation. Though patients may
return to a compensated state and be-
come asymptomatic with anticoagu-
lation therapy, functional reserve is
depleted by the thrombotic occlusion.
It is not uncommon for such patients
to become symptomatic years or even
decades later following a recurrent



episode of DVT or other insult®
(trauma cellulitis) that leads to func-
tional decompensation and manifes-
tations of full-blown postthrombotic
syndrome. The initial unresolved
thrombus load is now recognized’® as
the major factor in the evolution of
postthrombotic syndrome. Serial pro-
spective studies® have now docu-
mented that approximately a third of
patients suffering DVT become se-
verely symptomatic with post-throm-
botic syndrome; another third are
mildly symptomatic and the remain-
ing third are asymptomatic five years
after the original onset of DVT. There
is now increasing recognition of the
staggering direct costs of treatment
and indirect costs in work hours lost
imposed by this disabling complica-

tion.!” These realities have led to
more aggressive attempts to eliminate
the initial thrombus load altogether
(rather than stabilize it with heparin)
by various modalities both surgical
and pharmacological. Additionally,
mechanical devices that can be in-
serted percutaneously and seek to
pulverize the thrombus and aspirate
it are under active commercial devel-
opment. In this realm, catheter di-
rected thrombolysis with Urokinase™
tl has probably received greater clini-
cal exposure than the other modali-
ties. The thrombus is traversed by an
infusion or ‘pulse spray’ catheter that
is introduced percutaneously. Pulse
spray catheters are thought to add a
mechanical component to pharmaco-
logical lysis. Continuous infusion of

the lytic agent may be required for up
to 72 hours to achieve complete ly-
sis, taking precaution not to lower fi-
brinogen levels below desirable lev-
els (125 mg%). Intracerebral hemor-
rhage is a significant complication
with a reported incidence of 3% to 6%
following Urokinase infusion. Uroki-
nase is no longer available following
FDA concerns related to the manu-
facturing process. Several institutions
have since switched to TPA
(Activase™) since. Unfortunately,
bleeding complications appear to be
even higher with this drug when used
as a continuous infusion compared to
Urokinase.'” Reducing the dosage of
TPA to 0.5 mg/Kg/hr or even less
appears to reduce the incidence of
bleeding complications without com-

Fig 4 A&B.— Postthrombotic ulcer (4A) healed (4B) by valve reconstruction.
over a 10-year follow-up.
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The ulcer remained healed in this patient for
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promising lytic efficacy in the venous
system. A newer agent Reteplase
TM!"3 shows promise of being effica-
cious without the increased bleeding
associated with TPA. A nationwide
registry™ of catheter directed throm-
bolysis revealed complete resolution
of clot in 31% and partial resolution
in 52%. Our own experience in 24
patients was somewhat better. Fifty
percent in our series '“and 34% in the
national registry required balloon di-
latation/stenting of residual stenotic
[esions after thrombolysis was
achieved. The lesions were most fre-
quently situated in the iliac vein seg-
ment and likely predated and accen-
tuated the thrombotic episode. The
rationale of thrombolytic therapy is
to preserve long term function by
eliminating thrombotic obstruction
(patency) and preserve valve function
(competence). As in many rapidly
evolving technologies to address
slowly evolving disease processes,
clinical confirmation of efficacy may
not be forthcoming for years or even
decades. Preliminary indications!*!¢
are that patency, valve function and
quality of life!” are favorably im-
pacted by catheter directed throm-
bolytic therapy. Thrombolysis is con-
traindicated in patients with clinical
situations that predispose to bleeding,
e.g., peptic ulcer, hematuria, cerebral
aneurysms or AV malformations,
stroke or recent (< 12 days) surgery.
Atrial or ventricular thrombi with
potential for embolization are also
absolute contraindications for throm-
bolytic therapy. Surgical venous
thromboembolectomy'®!° with a tem-
porary adjunctive AV fistula in the
groin for six weeks to maintain pa-
tency of the cleared iliac venous seg-
ment until endothelial recovery is
completed has a proven track record
and may be substituted for throm-
bolytic therapy if the clinical situa-

tion warrants.

The advent of endovenous
stenting®® represents a major advance
in the management of postthrombotic
syndrome. The pathology of this syn-
drome is a combination of venous
obstruction and reflux. Obstruction
particularly at the iliac venous seg-
ment is now recognized as a major
component in the majority of pa-
tients.?"*? Previously corrective treat-
ment was restricted to veno-venous
bypasses such as femoral crossover
bypass, Palma bypass). Despite im-
pressive patency short term (up to 6
months), patency rate of the crossover
bypass declined to about 30% beyond
1 year.* Endovenous stenting has
rendered bypass surgical treatment
obsolete and reduced it to use only in
those situations when stenting is not
feasible or fails. Iliac vein stenting has
impressive patency rates (> 90%) up
to 2 years of follow-up currently
available.”! The actuarial patency
curve shows little indication of de-
cline at this point and the expectations
for long term durability of this mo-
dality are high. Furthermore, stenting
has resulted in excellent relief of pain
and swelling to an extent not seen
before with other therapies both con-
servative and surgical. To be success-
ful, some details unique to the venous
stenting that are different from arte-
rial stenting should be observed: 1.
balloon dilatation alone is not ad-
equate, as recoil of dilated venous le-
sions is universal; stenting should al-
ways follow balloon dilatation with
few exceptions. 2. A large caliber (14
to 16 mm) self-expanding type of
stent should be used to provide for a
hemodynamically unrestricted out-
flow path in the stented iliac venous
segment. 3. The stent should be ex-
tended into the vena cava in cases of
proximal common iliac vein lesions
to avoid the frequent occurrence of
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restenosis; obstruction of the opposite
iliac flow has not been observed in
large series with extension of the stent
into the vena cava. “Kissing” balloon
technique is not necessary for caval
extension. 4. Venography is not a
reliable method to assess iliac vein
obstruction; even transfemoral venog-
raphy with better contrast visualiza-
tion of the iliac vein segments than
routine ascending venography has
poor sensitivity in this regard. Intra-
vascular ultrasound (IVUS) is cur-
rently the method of choice for assess-
ing the iliac venous segment. It
should be employed liberally in
symptomatic postthrombotic patients
and in others with unexplained leg
swelling. A large percent of latter
patients will turn out to have discrete
severe proximal iliac vein stenosis
(May-Thurner syndrome) or occult
lesions at other iliac locations not
readily apparent on even transfemoral
venography.

The utility of venous valve re-
construction for non-thrombotic “pri-
mary” valve reflux is now well rec-
ognized.”* We have reported compa-
rable results for valve reconstruction
in postthrombotic patients in general
and several subsets™?* as well with
up to 10 years of follow-up. Even
patients with  trabeculated
postthrombotic veins, often consid-
ered “inoperable” can benefit from
valve reconstruction with surprisingly
good results and healing of stasis ul-
ceration. The utility of valve recon-
struction in postthrombotic syndrome
has now been confirmed by others.??
The extension of surgical valve cor-
rection to postthrombotic patients
with stasis ulceration allows one to
consider alternative options to a set
of patients for whom the only avail-
able recourse previously was conser-
vative therapy which was often
unsuccessful.



References

1.

10.

Levine M, Gent M, Hirsh J, Leclerc J,
Anderson D, Weitz J, Ginsberg J, Turpie
AG, Demers C. Kovacs M. A compari-
son of low-molecular-weight heparin ad-
ministered primarily at home with
unfractionated heparin administered in
the hospital for proximal deep-vein
thrombosis. N Engl J Med 1996;
334:677-81.

Partsch H, Kechavarz B, Kohn H,
Mostbeck A. The effect of mobilization
of patients during treatment of throm-
boembolic disorders with low-molecu-
lar-weight heparin. Int Angiol
1997;16:189-92.

Hull RD, Pineo GF, Raskob GE. Appro-
priate use of anticoagulants for arterial
and venous thromboembolic disorder. /n
Comerota AJ (ed.): Thrombolytic
Therapy for Peripheral Vascular Dis-
ease. Philadelphia, J.B. Lippincott Com-
pany, 1995:465-89.

Almeida JI, Coats R, Liem TK, Silver
D. Reduced morbidity and mortality
rates of the heparin-induced thrombocy-
topenia syndrome. J FVasc Surg
1998;27:309-14; discussion 315-6.
Frank D, Blatter W. [Comparison of am-
bulatory and inpatient treatment of acute
deep venous thrombosis of the leg: sub-
jective and economic aspects). Schveiz
Med Wochenschr 1985;128:1328-33
Raju S. Surgical treatment of deep
venous valvular incompetence. In Ru-
therford RB (ed.): Fascular Surgery 5"
Edition. Philadelphia, W.B. Saunders
Coinpany, 2000:2037-49.

Killewich LA, Martin R, Cramer M,
Beach KW, Strandness DE Jr. Patho-
physiology of venous claudication. J
Fasc Surg 1984:1:507-11

Johnson BF, Manzo RA, Bergelin RO,
Strandness DE Jr. Relationship between
changes in the deep venous system and
the development of the postthrombotic
syndrome after an acute episode of lower
limb deep vein thrombosis: a one- to six-
year follow-up. J Vasc Surg
1995;21:307-12; discussion 313.
Strandness DE Jr, Langlois Y, Cramer
M, Randlett A, Thiele BL. Long-term
sequelae of acute venous thrombosis.
JAMA 1983;250:1289-92.

Nicolaides AN, et al. Investigation of
chronic venous insufficiency: A con-
sensus statement. (In Press).
Comerota AJ, Throm RC, Mathias SD,
Haughton S, Mewissen M. Catheter-di-
rected thrombolysis for iliofemoral deep

12.

13.

14.

16.

20.

21.

22.

venous thrombosis improves health-re-
lated quality of life. J Vasc Surg
2000:32:130-7.

Ouriel K, Welch EL, Shortell CK, Geary
K, Fiore WM, Cimino C. Comparison of
streptokinase, urokinase, and recombi-
nant tissue plasminogen activator in an
in vitro model of venous thrombolysis.
J Vasc Surg. 1995;22:593-7.

Ouriel K, Katzen B, Mewissen M, Flick
P, Clair DG, Benenati J, McNamara TO,
Gibbens D. Reteplase in the treatment
of peripheral arterial and venous occlu-
sions: a pilot study. J Vasc Interv Radiol.
2000;11:849-54.

Mewissen MW, Seabrook GR, Meissner
MH, Cynamon J, Labropoulos N,
Haughton SH. Catheter-directed throm-
bolysis for lower extremity deep venous
thrombosis: report of a national
multicenter registry. Radiology.
1999:211:39

. Raju S, Fountain T, McPherson SH.

Catheter-directed thrombolysis for deep
vein thrombosis. J MSMA 1998;39:81-
4.

Masuda EM, Kistner RL, Eklof B. Pro-
spective study of duplex scanning for
venous reflux: Comparison of valsalva
and pneumatic cuff techniques in the re-
verse Trendelenburg and standing posi-
tions. J Fasc Surg 1994;20:711-20.
Comerota AJ, Throm RC, Mathias SD,
Haughton S, Mewissen M. Catheter-di-
rected thrombolysis for iliofemoral deep
venous thrombosis improves health-re-
lated quality of life. J Vasc Surg
2000;32:130-7.

. Masuda EM, Kessler DM, Kistner RL,

Eklof B, Sato DT. The natural history
of calf vein thrombosis: lysis of thrombi
and development. J Vasc Surg
1998;28:67-73; discussion 73-4.

. Plate G, Einarsson E, Ohlin P, Jensen R,

Qvarfordt P, Eklof B. Thrombectomy
with temporary arteriovenous fistula in
acute iliofemoral venous thrombosis. J
Vasc Surg 1984;867-76.

Semba CP, Dake MD. Iliofemoral deep
venous thrombus: Aggressive therapy
with catheter-directed thrombolysis. Ra-
diology 1994;191:487-94.

Neglen P, Raju S. Balloon dilation and
stenting of chronic iliac vein obstruction:
Technical aspects and early clinical out-
come. J Endovasc Ther 2000;7:79-91
Raju S, Fredericks R. Venous obstruc-
tion: An analysis of one hundred thirty-
seven cases with hemodynamic, veno-

23.

24.

25.

26.

27.

28.

graphic, and clinical correlations. J Fasc
Surg 1991;14:5-13
Raju S: New approaches to the diagno-
sis and treatment of venous obstruction.
J Vasc Surg 1986:4:42-5
Raju S, Fredericks RK, Neglén PN, Bass
JD. Durability of venous valve recon-
struction techniques for Aprimary@ and
postthrombotic reflux. J Fasc Surg
1996;23:357-67
Raju S, Fountain T, Neglén P, Devidas
M: Axial transformation of the profunda
femoris vein. J Fasc Surg 1998;27:651-
9
Raju S, Neglen P, Doolittle J, Meydrech
EF. Axillary vein transfer in trabeculated
postthrombotic veins. J Vasc Surg
1999;29:1050-64
Perrin M. Reconstructive surgery for
deep venous reflux: a report on 144
cases. Cardiovasc Surg. 2000;8:246-55
Bry JD, Muto PA, O’Donnell TF,
Isaacson LA. The clinical and hemody-
namic results after axillary-to-popliteal
vein valve transplantation. J Fasc Surg
1995;21:110-9.

Author Affiliations:

Seshadri Raju, M.D., Ph.D.
Peter Neglen, M.D., Ph.D.

River Oaks Hospital

River Oaks Drive

Flowood, MS 39208
Specialty: Vascular Surgery

Corresponding author:

Seshadri Raju, M.D., Ph.D.
1020 River Oaks Drive,
Suite 420

Jackson, MS 39208

JOURNAL MSMA, February 2001-—Vol. 42, No. 2 41




