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Introduction

Deep venous thrombosis is a condition whereettseedevelopment of

thrombus in the vein of deep venous system, masf#cting lower limbs.

Deep venous thrombosis is not a rare entityagink. It is a much more
common but often underestimated and under recadjnideese are because of
the lack of standardisation in all health facibtidhat too in general surgery,
where it often goes unnoticed because of less@aspSo to get an idea about
DVT in patients undergoing open cholecystectomyictvins one of the common

operations done in our hospital, | have done ttidys

Background

DVT causes lot of morbidity and mortality alffects both patient and health
faculty, in terms of time, money, materials anepflives in case of pulmonary
embolism. To conclude the patient risk for devalgpDVT, who are undergoing
open cholecystectomy in our institution, | haveeased the patients in a

prospective manner.



Objective

1. To study the incidence of DVT in patients ergbing open
cholecystectomy, who are otherwise free of obvitalsfor DVT, for a period of

one year from June 2011 to July 2012 in our gersenagery department.

2. To form a protocol for whom the pharmacologit&thods of thrombo

prophylaxis are to be started.

Why cholecystectomy in particular?

. Common major surgery in our hospital.

. Common risk factors to both like Fatty, fourty stcProne for DVT.

. Reverse Trendelenberg position for Cholecystect@ayl0% of DVT starts on
table itself)

. The immobilisation following surgery due to uppédamen incision

. To prevent pulmonary embolism from its root lexad,pulmonary embolism has
high mortality.

. If the guidelines, suggested by this study are@teckit may be used for future

protocols.



Materials and Methods

All the patients planned for cholecystectomy wergjscted to following

investigations

Radiological investigation

Doppler — for all patients

X ray chest / CT chest — if suspicion of PE

Bio chemical investigations

Lipid profile
Complete hemogram
PT/INR

Liver function test
Renal function test

ESR

History wise

h/o DVT/PE

Family history of connective tissue disorder
Cancer surgery

Immobilisation

OCP intake



* Post partum
* h/o sepsis

e varicose veins

Clinically patient is examined in a symptom orighteanner.

Study cohort

Totally 68 open cholecystectomy done in out depamntim

30 — Eligible after initial screening

13 — Diabetic patients

8 — Diabetic with hypertension

2 — Septicaemia

8 — Obesity (>30 BMI)

2 — Altered liver function with low protein

1 — Varicose veins

3 — h/o unknown leg swelling, h/o local treatmemd drug intake in last 3

months

1 —h/o DVT
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Inclusion criteria

The patients who are all undergoing open cholecitay, with following

indications without any risk factor for DVT

. Calculus cholecystitis without septicaemia

. Cholelithiasis

. Acute cholecystitis with or without calculus withiaepticaemia
. CBD stone

. Mucocele Gallbladder

Exclusion criteria

. Patients with DVT obvious risk factors

. Patients with Co morbid conditions known to caus&rD

Key words

DVT — Deep Vein Thrombosis
PE — Pulmonary Embolism

VTE - venous thrombo embolism
GB - gall bladder

OC - open cholecystectomy

OC/CDL - open cholecystectomy with choledocholitmoy

11



Literature review

DEEP VENOUS THROMBOSIS

One of the most common preventable caussoobidity and mortality in
hospitalised patients is deep venous thrombosistancbmplications like
pulmonary embolism and post thrombotic syndromest 5 essential to know
about its incidence, aetiology, pathogenesis, padgiyo clinical features,

diagnosis, management and its sequalae.

DVT is part of a spectrum of Venous Thrombo Embuolidhe remainder being

Pulmonary Embolism and post thrombotic sequalae.

Recognition of its risk factors and early managenaéso becomes a important

aspect of its management.

Always prevention is better than cure. So evergatspf DVT needs to be

understood for its proper management.

Rudolf Virchow’s pathophysiologic theory still haldhe truth about its
development. It is an area where much researah mw and needs still more
light on it. A newest area is the response to thasis and its amplification
response. It is clear now that DVT is a result oftiple factors interplay. And

its management needs knowledge about that.
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Incidence

The exact data regarding the incidence of DVT enghst operative patients in
India is still lacking. In different hospitals & differing and uniformity is
lacking. In USA 1 in 20 is the life time risk ofp@rson developing DVT. Often it
Is a silent killer. Often the minor occurrence whis the most common thing

goes unnoticed.

Populations affected

About 31% of hospital admissions both in medical auargical wards develop
some sort of this DVT. In this population the iremde varies with underlying
disease, use of thrombo prophylaxis, the interdigcreening programmes, and
the testing modality. For example in spinal injpatients with paraplegia or
quadriplegia where the periodical screening isns¢éeshows an 81% incidence.
So suspicion on to the occurrence only can diagidseatients of ICU either
medical or surgical, the risk is high. In one stitdyas about 25 to 32%. But in

patients receiving thrombo prophylaxis it was alduto 18%.

In one interesting study showed that the duratidiCt stay is not related to the
DVT incidence. Actually 64% of patients are devahgpthis DVT after

discharge only. So duration does not affect thelerce.

Over all the spinal cord injury patients, neurostappatients, orthopaedic injury

patients are at more risk of developing DVT than@y staying in ICU.

13



Recurrence

Although being described as an acute event, oftesturs till the cause is
completely removed. Often it is not a simple tafskd these patients are more at

risk of developing PE than just the recurrent D\Vdna.

A 7-day case fatality study showed that recurréhtdPmore common than

recurrent DVT.

Mortality

A 30 year data showed a 26% incidence of PE inaom@psy series. Out of it
only 9% were fatal. So it comes around 1% incidesfdeE and 0.36 % of death

due to PE.

Risk factors

Primary or Idiopathic DVT — no identifiable riskdiar

Secondary DVT - in the background of known DVT ffigktors

For hospital based studies — availability of obyectliagnostic tests, high
incidence among these patients, existence of miamgat trials made easy

identification of these risk factors.

But for population based studies — less well defingk factors and criteria’s.

In patients (IP) vs. out patients (OP) — differask factors

14



OP patient risk factor — malignancy, surgery, trawatthin previous 3 months —

significant risk factors.

Risk increases as the no of risk factors incredda®e or more risk factors
increase significant chances of DVT. The relatig& of developing DVT from
2.4 in those with one risk factor to greater th@nr2subjects with 3 or more risk

factors.

Heit and colleagues — older age, male gender, syrygauma, hospital or
nursing home confinement, malignancy, neurologsease with extremity
paralysis, placing central vein catheter or transus pacemaker, history of

superficial thrombo phlebitis, and varicose veins.

Among women — pregnancy, OCP use, HRT,

Predictors of recurrent DVT — older age, obesitgligmancy, extremity paresis.

Risk factors in children — local infection and tn@ay, immobilization, inherited
hypercoagulable states, catheters, severe oncaadimnfectious diseases and

thrombophilia.
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Risk Factor for DVT or PE Odds

Ratio
Hospitalization
With recent surgery 21.72
Without recent surgery 7.98
Trauma 12.69
Malignant neoplasm
With chemotherapy 6.53
Without chemotherapy 4.05
Previous central venous catheter or pacemaker 5.55
Previous superficial vein thrombosis 4.32
Neurologic disease with extremity paresis 3.04
Varicose veins
Age 45 yr 4.19
Age 60 yr 1.93
Age 75 yr 0.88

Congestive heart failure

Thromboembolism not categorized as a cause of de¢athpost

- 9.64
mortem examination

Thromboembolism categorized as a cause of degihs&inorte|

o 1.36
examination

Age

Old age — high incidence. A community based stlmbyw&d increasing
incidence of DVT from O incidences in childhood7t®5/1000 in male and

8.22/1000 in female older than 80 years.
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Rosendaal study — 0.006/1000 in younger than 1éksyaereases to 0.7/1000 in

40 to 54 years old people.

Hansson and colleagues study — objectively docusdethrombo embolic events

increased from 0.5% at 50 years to 3.8% at 80 years

Multifactorial influence of age on DVT incidence.

The number of thrombotic risk factors increase \aifje — 3% DVT incidence in
<40 years aged hospitalised patients compared%iB0-40 years aged

patients.

The number of risk factors required for precipitgtthe thrombotic event is

reduced as age advances as the individual faategedting strengthened.

As the age advances the levels of thrombin actimatiarkers increased like P

selectins, tissue factors and procoagulant micrbgbes.

Soleal veins — anatomically changes are occurnriguour of DVT as age

advances.

Low incidences of DVT in hospitalised children diee to early ambulation and
early discharge. Also the diagnosis is often noisatered in the paediatric age

group.
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Immobilization

Soleal vein stasis behind the valve cusps is ekateat by both immobilization
and old age. Incidence parallels the duration enhahility. An increase in first3
days and a rapid rise to very high levels aftere2ks. Preoperative
immobilization doubles the chance of post operdd\A risk. Paralysis patients
are at increased risk of developing the DVT than-paralysed. Average is

about threefold risk.

Travel

Economy class syndrome — prolonged travel in gititna cramped position.

But till now, no rheological or thrombotic chandesse been demonstrated.

WHO 2001 consensus

An association probably exists between air tramdl\eenous thrombosis
Only a small risk and affects mainly the persorthwdditional risks
All forms of travels are associated with risk

Available evidence does not give the incidence.

History of venous thrombo embolism

Risk is higher in Idiopathic DVT patients where thefinitive aetiology could
not be established. Fibrous remnants following ¥y the crucial role in DVT

recurrence. Other factors like disordered venousdagnamic, residual damage
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to venous walls, abnormalities of coagulation ahdrfolytic mechanisms are
also important. However primary hyper coagulab@éppears to have a

significant role in many recurrences.

Simioni and associates reported the recurrencactorf V leiden mutation people

was about 40% at 8 years follow up.

Den heijer and collegues reported that 17% of reoge is due to

hyperhomocystinemia.

Malignancy

About 20% of newly diagnosed DVT are associateti wialignancy.

Malignancy increases the risk of DVT, a fourfoldhgmared to normal
population. 12 to 17% of times the occult malignaiscassociated with DVT,
where it is considered as idiopathic and often tinad. In addition, in patients

of recurrent DVT, the incidence of malignancy, meceries is about 17%.

The factors in malignancy responsible for DVT aeaous compression by
tumour, immobility, thrombocytosis caused by tumalremo radiation, central
lines, and tumour products like cytokines, procdaguand inhibitors of

fibrinolytic system.

The tumours known to cause DVT are pancreatic mafigies, kidney, ovary,
and lung and stomach malignancy. Tissue Factor ilthe reason for tumour

cell directly activating the coagulation saccadé asds the VIl and VIl a
19



factors and activating the cascade. Cancer ProtagiCP) is a other reason for
DVT in malignancy, as it directly activates fac¥rindependent of factor Vlla.
CP is mainly indicated in myelogenous leukaemiassthe reason for DVT. Ib
and IIb/11l glycoprotein’s are also being identdias being released from
tumour. It causes platelet activation and aggregat¥EGF, TNF-alpha and IL-1
are also released from tumours which are alsoethgon for induction of TF on
vascular endothelium. Also the IL-1 and TNF dowgulate the expression of
thrombomodulin on endothelial surface. It also atates the production of

plasminogen activator inhibitor of fibrinolysis.

The markers of activated coagulation are persistetdvated in malignancy
patients. Fibrin peptide A levels reflects the twmactivity. In that it is kept on
elevation in malignancy not amenable to hepariicating that these DVT are
refractory to anticoagulants. The surgical procedar malignancy and also the
chemotherapy for these malignancies are knowrskoDVT in these patients.
Preoperative elevation of thrombin — thrombomodabmplex is associate with

7.5 fold increase of post operative DVT.

Reported incidence of DVT following treatment is @4 on Hodgkin
lymphoma patients and 17.5% in breast cancer patserd germ cell cancer
patients about 11%. The potential mechanism faah2VT include direct
endothelial injury, induction of a hyper coagulablate, reduced fibrinolytic

activity, tumor cell lysis, and use of central veatheters. Also some
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chemotherapeutic agents are known to activateadagutation cascade in these

patients,

Surgery

which adds further risk.

The high incidence in post operative patients, haksgtay, investigations and

specialist availability, all these made a bettetarstanding of this condition.

The factors like age of patient, co morbid thromboonditions, surgical trauma

extent, timing of surgery and post operative imriphiion increases the risk of

DVT.

The overall incidence of DVT in general surgicaligats is 19%.

Based on these factors the patients are categ@sstdlows

catego

Characteristics

Low

Age <40 years, no other risk factors, uncoogikd abdominal /
thoracic surgery
Age >40 years, no other risk factors, minor elecabdominal/

thoracic surgery <30 minutes,

Moder4d

Age >40 years, abdominal/thoracic surgery >30 naisiut

High

History of recent thromboembolism, abdominal ovmeprocedure

malignancy, major lower extremity orthopaedic page.

Actually the process of DVT starts in operatingeatself and it fully getting

established over next 3- 5 days. This process noestop at discharge and
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actually continues beyond also. The re admissiter afevious discharge
actually doubles the risk as the previous riskeigg amplified by this
admission. All the components of Virchow's triae @resent in post operative
patients. Perioperative immobilization leads toauenstasis. Extensive
endothelial injury is also present. Because ofresite TF release from surgical
trauma, there is a hypercoagulable state in tresgagup. So there is every

chance for DVT to develop waiting the inciting etzen

“Post operative fibrinolytic shutdown” increasegtdés of PAI-I in early post
operative period leads to a thrombogenic statét I8ads to a conclusion that

levels of PAI-I in early post operative period isnarker of DVT risk.

Trauma

Another group of people, where there is a defingie of DVT in spite of all

measures.

Olmsted county study — 13 fold increased risk of[ON trauma patients.

Risk factors implicated

Age

Blood transfusion
Surgery

Bone fracture

Spinal cord injury
22



TF release

Significant period of immobility
Paralysis

Venous injury

Prolonged hospital stay
Dehydration chances

Multiple drugs

Inherited thrombophilia

Prothrombin gene mutation

Guanine to adenine transition at 20210 nucleotigeceft and associates in 1996.
87% of times they have 115% of Prothrombin levEles mutation is rare in
Asian or African population. In heterozygous muwatthe risk is threefold and

in homozygous it increases further. In 1 to 10%ades there is co-inheritance

of Factor V Leiden mutation.

Factor V Leiden mutation

Replacement of arginine with glutamine at 506 pas# is called as this
mutation. The mutated factor is resistant cleas®gBPC. So more amount of
thrombin is generated. Autosomal dominant moderitdrece.In heterozygous

states the risk increases by 7fold but in homozg@iufold.
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Protein C

It is a vitamin k dependant serine protease thattivates factor X and thrombin.

Deficiency can be both inherited and acquifBgpe | — heterozygous
inheritance — Autosomal dominant inheritance-reidnocbf both antigenic and
functional level.Type Il — antigen level is normal but the functional level
reduced. Acquired deficiency occurs in acute throtnalevents, liver disease,
renal disease, disseminated intravascular coagnldtaemolytic uremic
syndrome, chemotherapy with asparginase, thrombwticnbocytopenic

purpura and acute infection.

Protein S

It acts as a co factor for protein C action. Aotoal dominant inherited

deficiency occurs. More common than protein C deficy.

Type | — quantitative deficiency

Type Il — qualitative

Type Il — mutation that increases the affinitypobtein S for C4b-binding

proteins.

Acquired deficiency — disseminated intravasculdicamncy, diabetes mellitus,
pregnancy, oral contraceptive use, nephritic symerdiver disease and essential

thrombocythemia.
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Antithrombin

A glycoprotein product of liver, inhibits thromband factors Xa,lXa,Xia, and
Xlla. Heparin augments the action of this. Defng is inherited as Autosomal
dominant inheritance. Clinically manifests as thbasis of ilio femoral veins,
upper limb deep veins, mesenteric veins, vena cavaj veins and retinal veins.

Also it may present as cerebral venous thrombegldadd-chiari syndrome.

Pregnancy

6 to 10 fold increased risk. Risk of thrombosi243 times more in puerperium

compared to pregnancy. Risk is equal throughouhalthree trimesters.

Reasons

Impaired venous flow due to obstruction
Transient hypercoagulable state
Increased fibrinogen level

Acquired functional resistance to APC

tpa levels reduced. PAI 1&2 increased.

Caesarean increases the risk of DVT comparedrioaialelivery. Other risk
factors for puerperal DVT are maternal age advaecgnsuppression of
lactation, hypertension, and assisted deliverynotitvith the number of

pregnancies.
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Oral contraceptives and Hormonal therapy

An independent risk factor. Its OR is 3.8 to 14™df idiopathic DVT in young
women is due to OCP, which is often unnoticed. fisleis decreased after the
withdrawal of OCP. When it is taken by the patiemkt® underwent surgery or

associated with inherited disorder of coagulattbe,risk increases.

Risk is related to dose of estrogen and type ajesterone. Preparations
containing less than <30 to 50 micro g of estrocgmies less risk. Third
generation contraceptives containing progestingsseciated with two fold risk
of DVT. Estrogenic compounds when used for suppyess lactation, cancer
prostate, and post menopausal replacement alsBYi$k Hormone replacement
therapy has DVT risk, which is more in first ye&tre@atment, and due to
adaptation it decreases subsequently. Possibleamisohs are decrease in PAI-I,
increase in blood viscosity, fibrinogen, plasmaels\wof factors VIl and X,

platelet adhesion and aggregation.
Blood group

A group is associated with 1.41 times more risRWfT compared to other
groups. The safest blood group is O group, duevet levels of VWF in

epithelial surface.
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Central venous catheters

They are used mainly for hemodynamic monitorinfysion lines and
pacemakers. They are mainly associated with upperDVT. Incidence varies
from 28% for subclavian canulation to 12% in fenh@en canulation as it is
occurring in cases of trauma. Possible mechanisengascular injury and stasis.
The catheter material whether Teflon or heparindednmaterial is also a
deciding factor. Catheter diameter, number of viemgbure attempts, duration of

catheter placement and composition of the infusate.

Inflammatory bowel disease

Patients with crohns disease were reported to BavEo and 10.3% of DVT and
PE. For ulcerative colitis it is 30 and 19.8%. Morgatients with active disease.
It also depends on the extent of disease, wherextemsive disease persons will
have repeated DVT episodes. Possible mechanisntisrarebocytosis, elevation
of factors V, VIII, and fibrinogen during activeispdes, depressed levels of
Antithrombin, elevated PAI-I values, and presenicani-cardiolipin antibodies.

And also possibly endotoxin induced monocyte atitva

Systemic lupus erythematosus (SLE)

Multiple arterial and venous thrombosis, recuriamrtion, thrombocytopenia,

and neurologic disorders are part of its spectiurpus anticoagulant and
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anticardiolipin antibodies may be seen in SLE. Llaipaticoagulant has a six fold

and anti cardiolipin antibodies have two fold refkDVT.

Varicose veins and superficial thrombophlebitis

An independent risk factor. ORs of 3.6 to 6.9. lbu¥ig patients with

varicosities, it constitutes an important risk €act

lliac vein compression

A congenital risk factor.

Compression of left iliac vein by right iliac aryesnd fifth lumbar artery was

identified by May and Thurner.

Left lower extremity venous hypertension with othwiut iliofemoral DVt is

known as May and Thurner syndrome.

Cockett syndrome — acute phase of ilio femoral B&tondary to compression

of the iliac vein with the long term Chronic Vendusufficiency.

May Thurner syndrome

These syndromes are occurring in young to middéel agomen, also after
multiple pregnancies. Patients present with l&ftdain and swelling. In
asymptomatic population CT imaging shows comprassfdeft iliac vein is

35%. Out of it 24% is associated with more than Sl#&truction.
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Upper extremity compression

It is more common in those patients who has indagltentral line, canulation
and pace makers in situ for to get DVT due to dirgiary to vessel wall, and

stasis due to canula.

Also in patients of thoracic outlet obstruction whéhere is risk of vessel wall

injury and stasis, post stenotic dilatation alsoa@ases the risk.

Paget — schrotter syndrome — primary axillary -caban vein thrombosis by
repetitive physical activity of upper limb and injuto subclavian vessel and
axillary vessel. It is more common in patients lidese ball players, swimming,
and weight lifting. It will present with arm swiglly, cyanotic discoloration,
dilated veins of limb, fatigue, heaviness or paithwise.often the patient is

young and healthy excepting this.

Popliteal vein entrapment

Anatomic anomalies like medial or lateral head adtgopcnemius is associated
with Popliteal vein and sometimes artery also g@m@nt. Bone tumours and
hypertrophied fibrous fascia also are the causeso\s entrapment is more
common in females. The typical patient will be yguwadult, with signs of
chronic venous insufficiency including leg swelljn@ricosities, skin changes

and occasionally DVT.
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Venous aneurysm

These dilatations are associated with high flowestarauma and additional
congenital malformations. Popliteal solitary aneung are associated with PE

usually as well as venous insufficiency.
Unlike arterial aneurysms, the risk of ruptureésywlow or negligible.

IVC aneurysms are associated with rupture, embobsm thrombosis. But

thoracic aneurysms are associated with benign eours
Other risk factors
IVC anomalies

Either hypoplasia or absence of IVC, which is usuappening at 6 ‘Bweek
of gestation is associated with high risk of DViTislpostulated to be due to,
stasis in collaterals, intimal underdevelopment asgbciated hyper viscosity.
Often the patients are very young to present witlany adult younger than 30

years with bilateral DVT should be suspected ofiigthese.
Obesity

In post menopausal women with BMI 25 to 30 kg/m2 associated with higher
risk. But in younger age groups it is not an inafsant risk factor but in

presence of other inciting events the risk is high.
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Congestive heart failure

Primarily due to venous stasis, when it is assediatith other risk factors the

risk of DVT increases.

Systemic hyper coagulability

In patients of myocardial infarction and post thbmtytic patients, the

hypercoagulability as part of physiologic respoissassociated with DVT.

Pathophysiology

Virchow’s triad

The three components

abnormalities in blood flow
abnormalities in blood

vascular injury

These parameters are subsequently be refinedlawdol

flow abnormalities determine the location of DVT
abnormalities in blood may be either coagulationaatmality or fibrinolytic
system abnormality

biologic injury to endothelium is more importanathgross injury

However the origin of DVT is Multifactorial.
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Gwendylen Stewart — relation between thrombosisiaft@mmation. This
relationship is more important in the thrombogepriacess and evolution of
thrombus. Mechanical venous injury plays an impdrtale in direct venous
trauma, hip arthroplasty and central venous cathet®vert endothelial injury is

not a significant factor in development of DVT hetabsence of other stimuli.

Endothelium and Haemostasis

Normal endothelium provides a vasodilatory and llibainolytic environment.
It also inhibits coagulation, platelet adhesiomtglet activation, inflammation,

and leukocyte activation.

Possible mechanisms are

thrombomodulin and protein ¢ production

expression of heparin and dermatan sulphate

expression of tissue factor pathway inhibitors

Production of tissue and urokinase type plasmin@géinators.

It also produces NO, prostacyclin, IL-10

During the states of disturbance of endotheliura,iplammatory and pro
thrombotic states occur. PAF and endothelin -lassd by endothelium causes
vasoconstriction. VWF, TF, PAI-I and activated @ac¥ cause thrombosis. In
inflammation or injury there is also up regulataiP — selectins and E-selectins.

This sets the stage for DVT.
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Inflammation and Thrombosis

In inflammation following changes are happening

TF increases

Platelet activity increased

Level of fibrinogen increased
Phosphatidyl serine expression increased
PAI-I level decreases

Thrombo modulin and Protein C level and functionrdases

Selectins are the first upregulated glycoproteihgtwvincreases in inflammation.
Venous stasis and ischemia causes upregulatiorseleetin and this selectin

causes MP expression which leads to prothrombtatgesand eventually DVT.

The receptor for selectin PSGL-1 is highly exprdgadeukocytes , platelets and

MP’s.

P -selectin and receptor interaction -> thromineg®P release from leukocyte
-> platelets also releases the same-> TF over ssiore>Phosphatidyl serine

rich anionic surface exposed-> coagulation caseatieation.

In DVT, MP’s have found to be elevated. These iitHibrinolysis. These MP’s
are co localised in thrombus, they not only prathibotic but also inhibit

fibrinolysis.
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Plasminogen system

It is the main fibrinolytic enzyme; with its substes are fibrin, fibrinogen and
other coagulation factors. It also interferewiWWF mediated platelet
adhesion. Its activators are being inhibited by-PAAI-I is synthesized by
liver and endothelium. It is stabilised by its dimglwith vitronectin. Thrombus
resolution and vein wall remodelling. Profibrotiogth factors, deposition of
collagen, MMP expression and activation — all tHeses to resolution. The

order of changes happening in thrombus as follows

Neutrophil infiltration of thrombus-> enzymes reded from Neutrophil causes
fibrinolysis and collagenolysis-> monocyte replacheutrophils (levels
correlate with MCP-I) -> depletion of CC receptdr-> late impairment of

thrombus resolution (-> exogenous interferon cdly fesolve thrombus.)

The changes in the vein wall are as follows

Elastinolysis -> MMP 2 & 9 elevation-> early veiralivcollagenolysis in 7 days-
> elevated levels of TGF-B, IL-13and MCP -1. ->reis with increase in

collagen 1 and 3

So to conclude inhibition of inflammation decreagem wall fibrosis. Inhibition

of P-selectin decreases the vein wall fibrosis.
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Stasis

Most of thrombosis occur in low velocity flow arddse Soleal veins and post

valve areas.

Possible mechanism is thgpoxia caused by this inadequate flow causes
endothelial damage->cytokine production-> expressideukocyte adhesion

molecule-> adhesion and migration of leukocyte.

Stasis also allows accumulation of activated caatgnri factors-> thrombosis

Stasis causes consumption of inhibitors of coaguiat thrombosis

In large veins, due to low surface to volume, itbity effects are less prominent
by endothelium. So it promotes thrombosis. Buistappears to be an
inadequate source for thrombosis. And it is a pgsiwme factor only in many

studies. It indicates it precipitates much of thisteng risk factors.

Activation of coagulation

It is the critical step in the pathogenesis of D\fie balance between the pro
and anti factors only maintains the equilibrium. &dalthe homeostasis is
disturbed to coagulation side DVT occurs. Individiaator assay is not much

helpful. But the following factors are found to lbelp full in assaying

Prothrombin fragment F1+2, it is generated by fa¥t® in the cleavage of

Prothrombin to thrombin
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Fibrinopeptide A , formed in the conversion of riifmgen to fibrin

Thrombin — anti thrombin complex

Fibrin degradation products like fragment D and@Et clinically only the D
fraction is being used. D dimer assay used in teetiengs predict the ongoing

risk for recurrent thromboembolism.

Even though only activated coagulation system cacaaese DVT. In the
presence of the endothelial injury and stasis drdgn cause the thrombosis.
Otherwise it is insufficient to cause DVT. So iisnulti factorial causation than

a simple factor.

Natural history

Thrombus evolution as Determined by Non-invasiveliss. The balance
between organization, thrombolysis, propagatiod, r@athrombosis determines
the outcome after thrombosis. The most importaitame after thrombosis is
recanalization and recurrent thrombosis. Impedefretbysmography, a non
invasive test detected the improvement after thiasish But it cannot
differentiate between recanalization and collatdealelopment. Venous duplex
ultrasonography can be used for the same purpaki @an able to differentiate
between these two. Van Ramshorst and associatgsnential decrease in
thrombus load over the first 6 months after bymasgeries. That too the process

occurs in first 6 weeks.
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Recanalization begins early after an acute episbdeute DVT that is within 6
weeks, but often it completes within 3 months &f évents. Complete thrombus
resolution occurs in 56% of times in 9 months. Ressu thrombotic events often
compete with recanalization. So there is often Ipptitesses are undergoing.
More proximal the DVT more chances of getting PEhiese patients. Proximal
propagation also occurs in this group of patielatspagation to new segments in
the ipsilateral limb tends to occur at the earheshin 40 days of diagnosis, but

contralateral limb extension occurred only rarely.
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Complications

Pulmonary embolism

The most devastating complication of acute DVTEs P

But it is usually silent, but when it floridly ocming it is fatal. Asymptomatic
presentation can be up to 80%. Approximately 90®bis caused by proximal
lower extremity venous thrombosis. Some autopsgsstates that the
combination of DVT and PE is 1.8 times more comrti@n DVT alone.

Modern investigations increased the detection wing$omatic PE when it is
done for some other indication. Symptomatic prestent of PE is not only
dependant on amount of vessel occlusion, but Bkscdrdio respiratory reserve
of the patient. The risk of death in symptomatici® &8 fold higher than DVT
patient alone. But in occasional cases the firssgmntation may be sudden death

also.

Pulmonary hypertension

It is also called as Chronic Thrombo Embolic PulaigrHypertension
(CTEPH). 0.1to 0.5% of individuals who recma acute episode of PE
develop this complication. Its presentations cary #f@m progressive exertional
dyspnoea, Right Ventricular Failure features, edarhast pain, light
headedness, and syncope. But many patients caanpresh this without any

history of PE. So it is appropriate to try the scagitreatment when it is

38



indicated than medical management which is assatiaith poor outcomes. So
either pulmonary thromboembolectomy or pulmonanyagterectomy can be a

appropriate option.

Post thrombotic syndrome

A less common complication than PE, but a signmficamplication.

It may present as pain, edema, heaviness or hyg@eptation but severe
manifestation occurs only in 7 to 23%. In 4 to @Pfatients, ulcers may

develop. But often the stasis changes are morejenayv

One of the severe complications is ambulatory verypertension. It is
associated with valvular reflux, persistent venolstruction and the anatomic

distribution of these abnormalities.

Valvular reflux is an important complication of DVAbout 33% of initially
thrombosed segments show evidence of reflux oredudtrasonography one

year after the event.

A natural mechanism which causes the thrombus @aton will not to affect
the valve cusp. It is separated from cusp by a deae of fibrinolysis caused by

cusp endothelium to protect it from process. Beails in 10% of individuals.

There are several factors to influence the outcaftex thrombosis like rate of
recanalization, extent of reflux, anatomic disttibn of reflux and obstruction

and recurrent thrombotic event.
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Also a high body mass index is also a risk faabompiost thrombotic syndrome.

Reflux is associated with long time for recanal@atand recurrent thrombo
embolism. The incidence of venous stasis syndramnéraies to rise for 20

years after VTE. It is shown in so many studies.

Prandoni and colleagues — post thrombotic synd220&% after 2 years, 28%

after 5 years and 29.1% after 8 years.

Mohr and associates- venous stasis syndrome s tinne more common in

proximal DVT than distal type.

Mortality

Usually DVT is associated with co morbid conditio8® the patient is so fragile

and cannot withstand this stress.

Kniffen and associates — 21% mortality in firstiyea

Early mortality is very high in upper extremity D\phatients. These patients tend
to be more fragile due to usually metastatic magry. Six month mortality is
48% in upper extremity DVT compared to 13% in thedr extremity DVT

patients.

Calf vein thrombosis

It is a condition where isolated occurrence of thiposis in calf muscles. This
thrombus recanalize early. 50 % reduction occufisnmonth and complete
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recanalization in 1 year. Incidence of reflux iscalow. One third to one fourth
patients may develop proximal propagation. 10 Yatients may develop PE.
Post thrombotic syndromes also can develop in thasents like pain, swelling
and recurrent thrombosis. These muscular vein thoses should be treated
with anticoagulation for at least 15 to 30 days kmadjer than this in high risk

patients.

DEEP VEIN THROMBOSIS: CLINICAL AND DIAGNOSTIC

EVALUATION

DVT should be diagnosed timely and accurately asctinsequences of late
diagnosis may be fatal. It may result in pulmonambolism, post thrombotic
syndrome and even death. In many cases the clprieaéntation of DVT may
not be typical. Newer diagnostic techniques nowearthe diagnosis of DVT

earlier and easier.

CLINICAL FINDINGS

Findings commonly seen are pain, fever, edemagtaeds, pain on dorsiflexion
of foot (Homan'’s sign) and peripheral cyanosis. i#tents may not have the

typical signs and symptoms.
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RISK FACTORs

Risk factors will be present in most cases. Theluinhe age, prolonged bed rest,
malignancy, trauma, pregnancy, and other facto¥.8Dpatients will have at

least one risk factor.

Wells Prediction Rules

Table 1. Wells prediction rules for diagnesing DVT '*
Clinical characteristic Score
(if yes)
Active cancer (treatment ongoing, within previous 6 months, or palliative) +1
Paralysis, paresis, or recent plaster immobilization of the lower extremities +1
Recently bedridden > 3 days or major surgery within 12 weeks requiring general or regional +1
anesthesia
Localized tenderness along the distribution of the deep venous system +1
Entire leg swollen +1
Calf swelling 3 cm larger than the asymptomatic side (measured 10 cm below tibial tuberosity) +1
Pitting edema confined to the symptomatic leg +1
Collateral superficial veins (non-varicose) +1
Alternative diagnosis at least as likely as deep venous thrombosis 3 -2

' Wells et al 1997. The Wells criteria are available online at: httpz/iwww.mdcalc.com/wells-criteria-for-dvt.

> n patients with symptoms in both legs, use the mere symptomatic leg.

*  An altemative diagnosis may include: superficial phlebitis, postphlebitic syndrome, cellulitis, muscle strain or tear, leg
swelling in paralyzed limb, venous insufficiency, edema due to systemic cause such as CHF or cirrhosis, external
venous obstruction (e.g., due to tumor), lymphangitis or lymphedema, popliteal (Baker's) cyst, hematoma,
pseudoaneurysm, or knee abnormality.

Table 2. Interpreting Wells pradiction rules for DVT

Test Results Interpretation

Wells prediciion rule for diagnosing DVT ':_> 3 I High pretest probability of DVT
-2 Intermediate pretest probability of DVT
Ig 0 I Low pretest probability of DVT
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probability (Wells score > 1)

Table 3. Recommended test for evaluating suspected DVT in patients with intermediate or high pretest

Test Results Next steps
Ultrasound ** "Positive Initiate treatment.
(Scc Table 12 for treatment recommendations. )
Ih.lx=.~1:|ati'«'e I Consider a D-dimer (if not already done) if there 1s

high degree of clinical suspicion. If D-dimer is
positive, order a second ulirasound in 3—7 days.

If still suspected, order an MR venogram.

1

Ultrasound is less sensitive for diagnosing DVT Imited to the calf than it is for diagnosing DVT in proximal veins.

Contrast venography is considered the defintive test to rule cut the diagnosis of DVT; however, use contrast
venography sparingly due Lo Ihe mobidily assodaled wilh the procedure.

2

Table 4. Recommended test for evaluating suspected DVT in patients with low pretest probability

(Wells score < 1)

Test Interpretation Result / facility Next steps
Reference ranges vary by specific test and location
AMB, BVU,CH EVT All other locations
OLY, SIL, TCS  (Providence
(GH labs) Haspital lab)
T L] T
. | Perform duplex
Positive > 4C0 ng/mL =049 ug/mL E;grseul:tc:eh?a:i;:lw * | uitrasound with
i -3 - compression.
D-dimer . .
Negative < 400 ng/mL < 0.49 ug/mL L,(:nsuit the facility's | Consider altemnative
reference range. diagnosis.

' This test should be performed on a STAT ("patient waiting") basis.

For patients with reliable follow-up, primary care clinicians may consider ordering a routine D-dmer test if the
primary care physician can review the results the same day and refer the patient to urgent care for further
evaluation if indicaled. The PCP shoud contact the urgent care provider to discuss the patient and disposition
plan. This step is important for patient safety and quality of care.

False positive D-dimer resulis may e found in the followng crocumstances:

— Age (= 50 years) — Pregnant women — Active malignancy — Infecticn

— Hearl disease — Immobiity — Trauma — Sickle cell disease

— Liverdisease — Recent surgery — Prolenged/permansnt — Disseminated
immaobility intravascular

coagulation (DIC)

DIAGNOSTIC TESTS

VENOGRAPHY

It was historically the gold standard for the diagis of acute DVT, but it has
been replaced by newer less invasive techniquaselhas been limited as it
involves risk of phlebitis, nephrotoxicity, allecgieactions, cost and need for an

adequate intravenous access.
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DUPLEX ULTRASONOGRAPHY

It has almost completely replaced venography asligmgnostic test of choice for
the detection of DVT. Its advantage is that itasmvasive, lack of radiation,

portability and cost effectiveness.

DIAGNOSTIC CRITERIA

It includes assessment of venous compressibilidyiaima luminal echoes using
the B-scan image, luminal colour filling using catdoppler, venous flow
characteristic using Doppler. Of these venous imressibility is the most
widely used objective criterion. Incompressibilitgs excellent sensitivity and
specificity for the detection of proximal DVT. Tlse of colour flow imaging
has also improved the accuracy of detecting isoldteombi below the level of

knee.

REPEAT ULTRASOUND STUDIES

Studies have shown that repeat duplex ultrasoulpdtbelistinguish high risk
patients who may benefit from vena caval filtercel@ment. The consensus from
different studies has been to repeat ultra souwrdies when clinical symptoms

persist despite a negative initial examination.

D-DIMER

D-dimer is the degradation product of cross linkbdn by plasmin. Tests are

based on the development of monoclonal antibodipalile of differentiating
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the degradation products of fibrin and fibrinog&€he presence of D-dimer
reflects the presence of intravascular fibrin @ns sensitive for the diagnosis of
thromboembolism. The sensitivity for the diagnadi®VT is as high as 97%,
but the specificities are as low as 35%. Elevatedider values are also seen in
disseminated intravascular coagulation, malignapogt operative states,
infection, preeclampsia and recent trauma. Theisgpgcof D-dimer

measurements diminishes with age.

ASSAYS

Four methods of measuring D-dimer levels in blowdaurrently available:

Conventional membrane ELISA, Micro plate ELISA, é&a@gglutination and

whole blood agglutination assays.

ELISAs may have higher sensitivity but agglutinatessays may have higher
specificity. Several rapid semi-quantitative asssyults can be reported in
1hour, with sensitivities equivalent to those ofl&A. These rapid quantitative
assays appear to have the best combination of n@naee, sensitivity and

specificity.

ACCURACY

Due to the high sensitivity of this test, it is piide to exclude a diagnosis of
DVT on the basis of negative result. But due toltive specificity a positive D-

dimer assay will need another confirmatory testing.
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LIMITATONS

D-dimer levels are falsely elevated in malignamprggnancy, recent post

operative state and total bilirubin level more t2amg/dL.

Despite its limitations, D-dimer is a useful toolrule out DVT as long as the

threshold is kept low so as to keep the sensithiigy.

MAGNETIC RESONANCE VENOGRAPHY (MRV)

MRV has been developed for the imaging of venorautation. It takes
advantage of the ability of magnetic resonancastnguish stationary from
moving signals and it has gained momentum in regeauts for the detection of

DVT.

It is less costly than contrast venography an el@comes the limitations of
contrast — enhanced ultrasound and Impedence platigraphy. Since MRV
directly visualizes the thrombus, even non-flowniting thrombi can be
detectable.MRYV can also be able to detect thromdimal to the inguinal
ligament, an area that has been problematic folegdugtrasound in the past.
Also in contrast to contrast ultrasound, MRV resalte independent of

technician availability and experience.

Different types of MRV protocols have been usediier detection of DVT,
including non- contrast-enhanced MRV techniques fikne of flight (TOF) and

phase contrast as well as contrast enhanced MRWIRSE. TOF MRV and
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phase contrast MRV rely on low- related enhancerardtvelocity shifts to
provide signals from flowing blood. For magnetisarance arteriography,
CEMRYV provides rapid three- dimensional sequenftes timed injection of a
contrast agent and post processing algorithmsmove the arterial signal. Post
processing techniques allow the creation of thrdenensional images

analogous to those obtained with conventional veapiyy.

ACCURACY

Studies have shown that the results of MRV whenpared to contrast
venography were almost similar. CEMRV has shownetonore reliable than
venography in predicting proximal extent of DVT. KBRV has been shown to
have a sensitivity of 100% for iliac and femoralnvBVT with corresponding

specificities of 100% and 97%.

DISADVANTAGES

There are few disadvantages that limit its utidiya screening test. One
disadvantage is the cost which is higher than moth&tr DVT tests. Other
disadvantages involve patient characteristics, attlogy, and safety concerns.
Patients with certain implants may not be ablendengo testing. MRV has
limitations related to imaging of calf veins. Thained nature of tibial veins and

their proximity to arteries create significant &atgt during post processing.
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Methodological disadvantages include slow acqoisitimes and susceptibility
to flow artefacts in parallel vessels,(common iliagins). CEMRV overcomes
these disadvantages through the use of three- dioval acquisition

seqguencing.

Lastly, concern has been raised about the safeggddlinium in patients with
renal insufficiency, as there are some evidenceshnduggest that gadolinium is
associated with nephrogenic systemic fibrosis. Aoldally the inflammatory
changes associated with DVT can cause gadoliniusmedamulate within the
vein wall and perivenous tissue. This characteresthancement pattern fades
with thrombus organization, thus allowing differi@tion between acute and

chronic DVT.

ADVANTAGES

MRV complements duplex ultrasound in some casebainthe increased ability
to detect proximal extent of venous thrombi mayaadageously affect clinical

decision making.

The accuracy of MRV in imaging the iliac and cehtenous circulation makes

it more useful for evaluation of pelvic or centvain thrombosis.

MRV has also shown to superior in detecting hypstrgavein thrombosis. In
future the ability to combine pulmonary magnetisamance angiography and

MRV of the lower extremities may provide a valuabiagnostic tool.
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COMPUTED TOMOGRAPHIC VENOGRAPHY (CTV)

This is widely used for the diagnosis of pulmonamybolism. With the
introduction of (CTV) a single scan may becomeaxcpcal a practical test for

both DVT and pulmonary embolism.

Studies have shown that CTV is specific but noywensitive for the detection
of DVT. Also CTV has not been investigated for tfetection of isolated calf

vein thrombosis.

IMPEDENCE PLETHYSMOGRAPHY (IPG)

IPG is based on the principle that the Impedentsd®n two points on the skin
of an extremity will decrease as the volume of blcontained in the extremity

increases. IPG measures the rate of venous outftowthe calf after an inflated
proximal blood pressure cuff is deflated, thus a&ay the presence or absence
of venous outflow obstruction. The presence of DW1he major vessels of the
lower extremity, including popliteal vein and promally, should reduce the rate

of venous outflow and subsequently affect the tigwci

ISOTOPE SCINTIGRAPHY

New radio pharmaceuticals have been approved éointaging of DVT. Tc-
apcitide is a complex of the radionuclide techrmatROm and apcitide is a small
synthetic peptide that binds the glycoprotein 2= ptor on activated platelets

and is specific for acute thrombosis. Imaging isel®0 to 60 minutes after
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administering the radionuclide. Venous segmentsabad below the knee are
targeted. This technique has the advantage of lhenmggional rather than
depending on anatomical structural changes indire Whus it may help in

avoiding some problems associated with venograpbyuétrasonography.

Prevention of DVT

Primary versus secondary thrombosis prophylaxis

Primary — given prophylactically in pre operativedaearly post operative

patients.

Secondary — after the onset of thrombosis to ptefuether propagation of

thrombus.

As many a times the thrombosis events start priyngrioperation table as it is
shown in many studies, primary prophylaxis is gagnimportance. When
compared to olden times, the duration of stay spital is much shorter

nowadays. And patients are being mobilised earlier.

In view of all these facts the patients are beithgseed to continue the

prophylaxis after discharge also.

Points to start post discharge prophylaxis arecddgr than 60 years, previous
VTE, advanced cancer, anaesthesia lasting longarzthours and bed rest for
more than 3 days. In this group of patients itisewo start post discharge

comfortable prophylaxis in order to prevent DVT.
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Evidence based versus Real clinical practice

Over the last few years there are so many evideased guidelines provide
optimal DVT prophylaxis. But the clinicians at wgpkint are not often adhering
to these guidelines. Either over treatment forgotimal problems or under
treatment for florid problems is happening. Re@&@CP guidelines say that
with adequate literature knowledge and clinicabjishents, each patient should
be viewed. The decisions should be made accordihgluch times the patients
risk factors for DVT, potential advantage and disadage of prophylaxis
regimen has to be weighed and accordingly to béesta_ocal available options

mechanical, pharmacological or combined has tocoeddd.

Risk for venous thromboembolism

It is the single most important factor to find e risk factor in time. Timingly

intervention prevents the evolution of risk fadimfrank DVT.

Risk for Venous Thromboembolism in Surgical Patiend without
Thromboprophylaxis

DVT (%) 95% CI (% Syrg,‘gt?(;)‘)at" 95% Cl (U
General surgery 24 23-2€ 1.6 1-2
Urologic surgery 10 6-15 9 3-19
Gynecologic surgt 16 13-19 1 0-3
Total hip replacen 44 42-47 3 2-5
Total knee replact 27 22-32 —
Hip fracture surge 37 35-40 6 4-7
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Risk assessment models

Appropriate prophylaxis is to be given for indivadyatients according to his

risk level.

Low risk patient- no need for routine prophylaxis

Moderate risk- physical methods are given with a close obskinvad detect

DVT

High risk— individualised form of prophylaxis should be giv

If the patient is diagnosed to have multiple rig&tbrs then some form of
prophylaxis tailored to the patient must be givesthe number of risk factors

increases the need for prophylaxis also increases.

ACCP guidelines do not advice prophylaxis in cagdsot and ankle surgery,
vascular surgery, and laparoscopic procedures sitlespatient has some other

risk.

Usually the patients are assessed by simple quesii@ listing all the risk
factors. And the patient has to make option inligtavhich will be given marks

and all the factor will be summed to give the risk.

VTE is the leading cause of mortality in post opgeapatients. So measures to

prevent it and treating it should be prioritised.
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Like giving importance for bed sore, each patiértsd be given importance for

DVT.

Each risk factor is given highest score of 5, whiakicate the incidence of DVT

40 to 80% in this group of patients.

In abdomen surgery done for cancer, if it is darecncer the risk is 36%, and

if it is done for benign indication the risk is 2081ly.

As the age increases the risk also increases.eSugher the scores are given in

aging populations.

Standard guideline models are ACCP guidelines, i@iagzore and International

Union of Angiology consensus statement.

Despite these guidelines adequate prophylaxigés ofot given.

Methods of prophylaxis

As per virchow’s triad 3 components are present.

Hyper coagulability is common in following situati®

post operative period
trauma
sepsis
cancer

hereditary thromphophilia
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Likewise venous stasis is playing major role asises failure of clearance of
activated coagulation factors and reduces the ehahbinding with their

inhibitors.

Stasis also alters the laminar flow, which caubegtatelets and other blood

cells to come in contact with endothelium and adhee.

Vascular damage, as it occurs in dilatational trmwfnrendothelium while
surgery, causes the sub endothelial exposure tallsweam which causes the

pro coagulable state.

Methods available for DVT preventions

Mechanical — improves venous flow and reduces tidsss

Pharmacological — mainly acts by reducing the hypagulability

Combined — often both the methods are combinebdtier results

General measures

Adequate hydration

Adequate analgesia

Early ambulation

Active flexion and extension exercises if patienbed ridden

54



Assistance of nurses and auxiliary personnel @ iatportant to carry out

aforementioned things.

Leg elevation has dual effects. First it reducesstivelling thereby increase the
venous outflow. Secondly it reduces the venousspresby its gravitational
effect. So it is better to be on bed with leg etedahan sitting in chair with legs

hanging.

Mechanical method of prophylaxis

These have not been studied extensively. It igvan as single treatment

modality rather given to patients to whom anti adagts are contra indicated.

These modalities can be either passive compreasianthe case of graduated
compression stockings (GCS) or active as in the oastermittent pneumatic

compression (IPC) or foot pumps.

Apart from stasis reduction these methods alseatetifibrinolytic system of

endothelium.

Elastic compression stockings

They reduce the cross sectional area of veins landrecreases the venous flow.

The pressure created in this is gradient.

At ankle level — 18 mmHg, at upper portion of thigB mmHg, is created. It

increases the venous flow velocity up to 75%.

55



It can be either thigh length or calf length. Iedanot make any outcome
difference. But calf length ECS is easy to apmgslexpensive, and better

accepted by patients.

The incidence of DVT is reduced from 29% in congmup to 15% in study

group favouring ECS.

For post operative patients it showed a still wettsponse by reducing about

69% of risk compared to control group.

It can be used in moderate risk group patientssisgée modality option.

Limitations — lack of international standardizatighysical problems like
application, poor patient compliance, cannot baluisgresence of occlusive

arterial diseases, absent foot pulse, ABI< 0.8

Contraindicated in massive leg edema, Congestinddazafailure patients,

dermatitis like conditions.

Advantages- safe, no bleeding risk, easy to usgpensive, possibility to

combine with other modalities.

Intermittent pneumatic compression

Its application in lower limbs is extensively stedi

It consists of pneumatic boot or garments — wragyednd foot, electrical
compressor to intermittently compress the foot.
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Hemodynamic studies showed IPC enhances venous tBtuntermittent

compression.

IPC avoids venous stasis by intermittent pumpinggfveins.

Various commonly used parameters

maximum pressure use 35 to 55 mmHg
inflation time 10 to 35 seconds

deflation period 1 minute

Device was designed to detect the functionindnisf équipment to detect

change in venous volume.

IPC — improves venous hemodynamic, increases lhiadiytic activity by
increasing prostacyclin and tPA levels in blood] dralso increases the levels of

tissue factor pathway inhibitors.

In various studies, it is an important method alugng the DVT in post
operative DVT in various surgical specialitiestdtiuces the risk of DVT by

about 60%.

Of the existing prophylactic methods, IPC is thetle orthopaedic surgeries.
When it is used in combination with warfarin, thefficacy improves to the

highest level in orthopaedic population.
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IPC started immediately before surgery in operati@atre and continued in post

operative period until patient resumes normal niybil

As like GCS, whether to use above knee type onvb&ltee type is still

controversial.

IPC is used in following conditions

patients at high risk of bleeding complications

when pharmacologic agents are contraindicated

In one study, it is shown that up to 9% of indiatkihave contraindication to
use of pharmacologic prophylaxis. In this subsely smechanical methods can

be used.

Adverse effects

skin irritation
peroneal nerve palsy
skin pressure necrosis

improper sleeve placements leading to under wor&fngachine

Contra indications

Skin infections
Cellulitis
Erysipelas
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Massive edema — will lead to increase in preload
Established DVT

Peripheral arterial diseases

Limitations

Low compliance by Para medical persons
Wearing the IPC sleeves

Need for continuous monitoring and education ofgrdis, attendees and nurses

Foot compression devices

It consists of inelastic slippers or boots withaanbladder.

Inflation up to 200 mmHg over a period of 3 secopesod for every 20 seconds

IS used.

So the plantar compression by this pressure catiasis reduction and increases

the venous outflow.

Foot pumps reduce the incidence of DVT by about ¢é%pared to placebo in

many studies.

But is sole use in prevention of DVT in limited. Bos used when there is
contraindication exist for pharmacologic methodsspnt. And also in conditions

when IPC cannot be used as the mechanical method.
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Contraindications and Precautions for the Use of Aticoagulant Agents
the Prophylaxis of Venous Thromboembolism

CONTRAINDICATIONS
» Potential bleeding disorders

* Hemophilias
« Thrombocytopenia (<70,000 platelets/mm

» Active or recent bleeding
» Esophageal varices

» Active peptic ulcer
 Intracranial or gastrointestinal bleeding in thetgamc
 Intracranial aneurysm or angioma

» Allergy to heparin
» History of heparin-induced thrombocytopenia

» Acute bacterial endocarditis
PRECAUTIONS
e Liver failure

Renal failure

Multiple trauma and head trauma

Recent intracranial, spinal, or ophthalmologic
Neuraxial anesthesia

Avoid heparin, low-moleculaweight heparin, or fondaparinux injection:
to possible surgical incisions, drains, and lapaypg trocar sites.

Pharmacologic methods of prophylaxis

As mentioned eatrlier, this method counteracts, hgpagulabity component of
Virchow's triad. Various components are sub cutaisddnfractioned Heparin

(UFH), Low Molecular Weight Heparin (LMWH), dextranand oral Vitamin K
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Antagonists (VKA). More recently more promising molles are also coming

up.
Unfractioned Heparin (UFH)

It is the first method used. 5000 units were gi2drours before surgery followed

by 10000 to 15000 units / day subcutaneously.

Kakkar and associates — low dose heparin significaeduces the DVT and PE

similar way higher doses do.

UFH is associated with minor bleeding complicatiatgen used post
operatively in 50 % of times. So it created a pamithose with less literature
update. UFH reduced the DVT incidence by about 56%PE incidence by
30% compared to placebo. UFH is twice a day in metéaisk patients and

thrice a day in high risk patients, subcutaneously.

In one study, the wound hematoma rate was 3.8%28b Gvhen used in post
operative patients.Nowadays it is mainly used imegal, gynaecologic and
urologic surgeries than any other specialities. Wiad been associated with
Heparin Induced Thrombocytopenia in up to5% ofwidiials. In this condition,
there is formation of antibodies against platelStsit causes precipitous fall in
platelet count, often below 10000. In 20% of paBanhcauses heparin related
thrombocytopenia. UFH has a half life of aboutt®.2 hours. This short half

life is taken as a advantage in renal failure.Madaantage of using this is the
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availability of protamine sulphate, in case whérere is a need for rapid

reversal.

Low Molecular Weight Heparin

Its average molecular weight varies between 40@D@® Daltons. These
fractions have greater activity against factor Kaey are able to prevent
thrombosis without increasing bleeding risk. Thaydbetter bio availability
and longer half life than UFH. They have low birglability to endothelial cells,
macrophages, and circulating proteins. So it h@®dictable action than UFH. It
is good for single daily dosing. They don’t neglldieatory monitoring. It is the

Ideal drug for outpatient monitoring.

In one study, it shows there is no difference mirtkfficacy between UFH and

LMWH, without increasing bleeding complication.

Mismetti and colleagues analysis-

LMWH are better for reduction of both symptomatinasymptomatic DVT
compared to placebo.

LMWH compared to UFH also shows trend towards LMWH

Below 3400 anti Xa units daily showed to be effextaind safe compared to

UFH

Berggvist and colleagues — higher doses of LMWhbieider for cancer patients,

because of their hyper coagulability.
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In total hip replacement, UFH is better than LMW#HSs shown in many studies
conducted in last 20 years. But when compared tfavia, heparin either in toto

or its fractions shows a better result.

In summary, heparin either regular or fractiondigdractionation and
depolymerisation technique is better. LMWH is theeyshowadays in both
medical and surgical wards. Even though they alteatively called, each has

different quality and actions. So should not beegiin exchange.
Oral Vitamin K Antagonists

Coumarin derivatives are the agents that are corlynsed. Synthesis of active
clotting factors Il, VII, IX and X needs carboxyilat of glutamic acid residues.
Warfarin is the most commonly used drug .It is adstered orally. Dosage — in
fixed dose it does not need laboratory monitorieghey are well studied before.
In adjusted doses it is necessary to monitor #egtrinent regularly. For
monitoring purpose PT and INR are being used. gh hisk patients INR to be
maintained between 2 and 3.Most of these drugs 8¢ed days to reach the
therapeutic plasma concentration. So on the evesfisgrgery these drugs are

started, so that the required concentration commsd 4" post operative day.
Advantages — oral administration,

Disadvantages — risk of bleeding, laboratory mamtp drug interactions, diet

related absorption changes. The effect can bealeset with Vitamin K,
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Prothrombin concentrates and fresh frozen plaswen Ehen they are inferior to

LMWH. But it is commonly used by orthopaedic sumggdor prophylaxis.

Aspirin

Aspirin irreversibly inhibits cyclooxygenase — 1zgme and further production
of thromboxane A2.Due to its irreversible actidre aiction lasts for about 7 -10
days , the platelet half life. It is mostly usechaiterial conditions requiring
anticoagulation. They don’t have any differencenagein low and high doses
either in anticoagulation or bleeding risk. Busibften inferior to other methods
like Heparin.In hip fracture and total hip repla@art) aspirin is found to be

better than other methods.

New Antithrombotic Anticoagulants

Limitations with currently available anti coagulant

Insufficient efficacy in special situations
Subcutaneous administration

Risk of thrombocytopenia

Need for laboratory monitoring

Narrow therapeutic margins

So, in order to overcome all these, major effectdbaing taken to develop drugs
that will inhibit single enzyme and avoiding aletbomplications. Subsequently

these drugs will replace UFN and LMWH.
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Factor Xa Inhibitors (Indirect: Fondaparinux and Id raparinux)

Fondaparinux

A synthetic pentasaacharide. Inhibits factor Xaraking conformational
change in Antithrombin molecule. High bio availa@ilSubcutaneous
injection.17 hours half life.lt does not cause thbmcytopenia and
osteoporosis.lIt should be started 6 to 8 hours tifeeend of surgery. As long as
the drug is continued there is substantial rednaioDVT risk, as shown in 7

and 30 days DVT incidence studies.

FDA has approved for the following indications

Total hip replacement
Total knee replacement

Hip fracture surgery

PEGASUS study — high risk abdominal surgery

2.5 mg post operatively studied versus dalteparin

No difference of bleeding complications

Idraparinux

130 hours half life.Once a week administration

Disadvantage — long half life without antidote
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Direct Factor Xa inhibitors — Rivaroxiban

Direct selective reversible inhibitor of factor Xaal drug.Absorbed
rapidly.Maximum plasma concentration after 2 toodits.Half life between 5
and 9 hours.Initial dose given 6 to 8 hours aftegery.Acceptable safety limits
and no need for laboratory monitoring.10 mg dalynow accepted as standard

dose.Yet much result about the drug is awaited.

Direct Thrombin Inhibitors (DTI)

Normally thrombin converts fibrinogen to fibrin. teates factor V, VIII, and
XI. Stimulates platelets, stabilises fibrin by &ating XIlI. It directly binds to its
catalytic site. Heparin inhibits only the free thmain. But clot bound thrombin
causes further propagation of thrombus.On the aontDTI’s inhibit both free
and clot bound thrombin. They do not bind with ptasproteins and will not

interact with platelet factor. It will not causedimbocytopenia.

Hirudin

Leeches saliva derivative. First DTl used. Desimudia recombinant product of
Hirudin. Subcutaneous injection. Mainly used fqy hArthroplasty post operative
patients to prevent VTE.Bleeding complication ighhwith this drug.Hirudin
and argatroban, a new DTI, have got approval fgratie Induced

Thrombocytopenia (HIT)
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Dabigatran Etexilate

Orally administered DTI. High affinity and specificfor thrombin. Peak plasma
concentration occurs in 2 hours. Half life aftergde dose is 8 to 10 hours. But
after 14 to 17 hours, it increases up to 14 todutdr Usually started after 1 to 4
hours after the end of surgery.Advantages — oadlipinistered, no need for
routine monitoring, fixed doe regimens are possildenbination of mechanical

and Pharmacological methods

As the result of combining both mechanical and ptaaological methods, two
of three risk factors of Virchow’s triad are beiaddressed.Both are
complementary to each other not antagonist. Comppisiockings of any type or

IPC with either heparin or others results in baetigicomes and protection.

In Cochrane collaboration review, it is shown a8 increased reduction

achievement when combined modalities are being.used

Apollo study — IPC and Fondaparinux vs Fontapariakaxe — results showed

combined modality is better option than eithernefste alone.

Recommendations for Prophylaxis of Venous Thromboebolism in Surgical

patients.

The type and duration of surgery and presenceskffaictors only ultimately
decide the need.In patients of low risk — early alaon and observation — no

need for pharmacological prophylaxis.In moderatk patients — UFH 5000
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units twice daily, LMWH < 3400 units once a daynasogroups say only
mechanical methods. In high risk patients — aatasecer, previous VTE,
multiple risk factors — combined modality treatmddtiration of prophylaxis —
usually until discharge. For abdomen cancer surgerylWH for 3 to 4 weeks.
If the patient has active bleeding or high riskkiteeding complication —
mechanical methods should be used. Once the catiphcsettles then it is

changed to pharmacologic method.

Agent Dose Initial dose
gnfrac_:tmnated 5000 U every 8-12 hr 1-2 hr before surgery
eparin
Vitamin K 5-10mg (warfarin) (INR|/Day of surgery or 1st postope
antagonists 2.5) day
Fondaparinux 2.5mg 6 hr after end of surgery

Low-molecular-weight heparins

Moderate risk

Dalteparin 2500 U daily 1-2 hr before surgery
Enoxaparin 20 mg (2000 V) daily 1-2 hr before surgery
Nadroparin 2850 U daily 2-4 hr before surgery
Tinzaparin 3500 U daily 2 hr before surgery
Bemiparin 2500 U daily 2 hr before or 6 hr atargery
High or highest r

Dalteparin 5000 U daily 8-12 hr before surgery
Enoxaparin 40 mg (4000 U) daily 10-12 hr befaregsry
Nadroparin >3800 U daily 2-4 hr before surgery
Tinzaparin 50 U/kg daily 2 hr before surgery
Bemiparin 3500 U daily 2 hr before or 6 hr aitargery
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Risk Le Prophylaxis Regimen

Low ris|Early and aggressive mobilization

Modere

fisk LMWH at low doses (<3400 U daily)

Unfractionated heparin (5000 U twice daily)

Elastic stockings (18-23 mig) or IPC, especially in patients in
anticoagulants are contraindicated

High risHigh-dose LMWH (>3400 U daily)

Unfractionated heparin (5000 U every 8 hours)

Elastic stockings (18-23 mig) or IPC, especially in patients in
anticoagulants are contraindicated

Combination of high-dose heparin or LMWH withatmgs or IPC

Highes

risk High-dose LMWH (>3400 U daily)

Unfractionated heparin (5000 U every 8 hours)

Elastic stockings (18-23 mm Hg at the ankle) or,IB€pecially in
patients in whom anticoagulants are contraindicated

Combination of high-dose heparin or LMWH withaltongs or IPC

Warfarin for patients undergoing hip or knee anasty (target IN
2-3)

Fondaparinux (2.5 mg daily)

In patientsundergoing major orthopedic or abdominal cancegexn
consider extending prophylaxis with LMWH for 28-8&ys

Timing of prophylaxis

1 or 12 hours before surgery. In one study fondaparand dalteparin
compared, no advantage of either drug in 6 or 8shafier the end of surgery

has been concluded.
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Vascular surgery

Patients undergoing vascular surgeries receivaaesgtithrombotic agents, anti
platelets and anti coagulants. So the incidenda\ar is low. Risk factors in
these patients are advanced age, limb ischemig,doration of surgery, and
intra operative local trauma including venous trautratest consensus says that
no special prophylaxis is needed in addition tdredse. Based on individual risk

factors only type of prophylaxis, duration and g time are to be started.

Multiple trauma

Spinal injuries are associated with highest inoodeof VTE and PE. PE is the
third leading cause of death. All trauma patiehtsutd receive either physical or
pharmacological method of prophylaxis. The greaisktis present in the first
three months. Routine duplex scan is advised. iM€rd role is still

controversial.

Laparoscopic surgery

Theoretically it is a less thrombogenic surgeryagtams — less tissue trauma,

early ambulation.

But in surgeries like cholecystectomy and hiatahlee— reverse Trendelenberg
position, 12 — 14 mmHg pneumoperitoneum — impawestbus return, venous

stasis.
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In laparoscopic cholecystectomy, the incidenceyafomatic DVT, PE, and

fatal PE are 0.02%, 0.03% and 0.02%.

A recent prospective study revealed 16% of DVTdeace in OC compared to

7% incidence of DVT in LC.

The recommendations of Society of American Gadstesimal and Endoscopic

Surgeons are given in the following guidelines.

Procedure Risk facto Recommendation

Laparoscopic cholecystectorny 0or1 | None, IPC, LMWH, or UFH
>2 |IPC, LMWH, or UFH

Laparoscopic appendectomy Oor/1 None, IPC, LMWHJIEH
>2 |IPC, LMWH, or UFH
IPC, LMWH, or UFHIPC anc

Laparoscopic Nissen proced Oor>2

UFH or LMWH
: IPC, LMWH, or UFHIPC anc
Laparoscopic splenectomy 0 o UEH or LMWH
Other major procedures 0 or mor{IPC and UFH or LMWH

Bariatric surgery

Patients with >30kg/m2 BMI are at increased risOWIT.

In one mayo clinic study, about 50% of all fatal ®&€urred in obese.

All obese patients should receive prophylaxis.

Doses of drugs also need to be increased about 25%.
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Patients with 35 to 40 kg/ m2 BMI are at increasskl of prolonged surgery and

restricted post operative mobility.

0.1To 2% of bariatric surgery patients who receiveappiylaxis also developed

VTE.

Risk factor in bariatric surgery patients

» severe chronic venous insufficiency of legs
» BMI greater than 60kg/m2

* Abdominal obesity

» Sleep apnoea syndrome

» History of DVT

* Smoking

* Anastomotic leak

» >50 years of age

Recommended prophylactic methods

* Heparin SC at 5000 to 7500 units every 8 hours

 Intravenous infusion at 400 U/Hr

» Heparin dose adjusted to plasma anti Xa activitywben 0.11 and 0.25 U/hr.
» Enoxaparin 40 to 80 mg/ day

* Nadroparin 5700 to 9500 U/day

» Dalteparin 5000 U/day
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Mechanical methods are not used as the sole métfloeln used with
pharmacologic methods it definitely augments othethods and reduces the

incidence of DVT. It is shown in many studies.

Duration of prophylaxis is not yet concluded. Sasdare still on these areas.

Cancer surgery

Normally this group of patients have a fourfolckrid VTE.

When chemotherapy is instituted it further increabe risk.

In addition these patients are at increased riskafrrence.

The rate of VTE is high in cancers of lung, pansrealon, stomach, kidney and

prostate. .

When these cancer patients undergo surgery, théurther increases twofold in

post operative period.

In one study DVT incidence in general surgery, weidimcer patients was about

37% and 20% without cancer.

In cancer patients, there is platelet activation aggregation and
hypercoagulability secondary to procoagulant redddsy tumours as well as

increased release of tissue factors.

In addition vessel wall damage during radical suege central lines,

chemotherapy and radiotherapy causes further risk.
73



Vessel compression by tumours causes venous atasis) these patients.

The patients undergoing these surgeries shouldiviea §000 units, 8 hourly

regularly.

Due to hypercoagulable states these patients aea gigher doses of drugs to

compensate it.

The recommended LMWH are 40 mg of enoxaparin aid 2Mits of dalteparin.

For other LMWHSs, >3400 units daily are to be given.

In abdomen surgeries fondaparinux 2.5mg dailyesmamended.

Regular duration of prophylaxis is at least 7 d&ys.for 4-5 weeks is given in
abdomino pelvic cancer surgery, residual maligngatients, obesity and

history of DVT.

20 to 25% of all patients with symptomatic VTE haaacer in some form.

Orthopaedic surgery

Total hip/knee replacement surgeries and fractoiedefinitely need

prophylaxis.

VKAs are most commonly used. Because it is takatyand associated with

less post operative bleeding.

Fondaparinux has shown the best venographic clearate compared to other

drugs with no bleeding complication risk.
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Prophylaxis in spinal surgery is not well studiad this group of patients

routinely given prophylaxis.

Neurosurgery

These are the patients at very high risk of bleggds they cannot be given
pharmacologic prophylaxis, because of catastraopleieding risk. All these

patients are given routine IPC or GCS along witiHUf LMWH appropriately.

Inferior vena cava filters are also tried with eakisuccess rates.

Timing and duration of prophylaxis

Timing

Fibrinogen scan data — about half of DVT, procésdssin operating table itself.

Death from fatal PE is reduced by 50% in last 3@ryeas shown in many
studies. In these studies, anticoagulants werendiMgours pre operatively and
they were also associated with less bleeding rateme recent study,
eliminating the pre operative dose reduced thediodgecomplications and

associated with no change in efficacy.

Duration - One recent study showed 40% of DVT is occurringhore than 21
days after surgery. So it is necessary to extemgdhniod of prophylaxis till this

period of risk.
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In one study comparing 7 days versus 30 days LM#Wdwed that 30 days
heparin is associated with less incidence of DVillididual patient should be
considered for duration deciding.Bleeding complara in surgical patients
receiving anticoagulants6% of general surgicalgoasi developed post operative
bleeding after prophylaxis with UFH. Similarly 2680f major haemorrhage and
3.8% wound hematoma are associated with LMWH priaping.0.2% of Gl
bleeding and 0.1% of retro peritoneal bleeding wepmrted. In major
orthopaedic injury 2% of times major bleeding isasated. The timing of
administration is a important deciding factor ithapaedic surgeries. The
current recommendation is to wait 8 — 12 hours ppstatively for initiating

LMWH and 6 hours minimum for fondaparinux.

Neuraxial anaesthesia in prophylaxis patients

American Society of Regional Anaesthesia

Regional anaesthesia avoided to the possible extent

Minimum time gap between LMWH to spinal injectidmosild be 10 to 12 hours
If hemorrhagic aspirate is present initially, theocedure should be abandoned
Single shot spinal is advised than epidural

Minimum of 2 hours should be allowed from LMWH toisal needle placement

All these patients are given some form of mechamazphylaxis.
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Physician attitudes and practices

Recently published data showed that only 55% oflgns are adhering to the

guidelines for treatment.

They use LMWH lesser time than expected.

Lacking areas are inadequate dosage, inadequdtgrigriof heparin to warfarin

and failure to give post operative prophylaxis.

Ultimately the already treated patients are 50%naés are at risk of developing

thrombosis subsequently.

Hospitals should have individual policy for thesgimens and adherence should

be evaluated periodically.

Prophylaxis for medical patients

50 to 75% of all cases occur in medical backgrataa surgical back ground.

GCS alone or 5000 units of UFH, twice daily wasriason for all these

failures.

Anticoagulant prophylaxis reduced the incidencelimical and fatal PE. Both
UFH and LMWH are used in these patients. But colamoshould be considered

before giving these drugs.
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Treatment

Objectives — prevent thrombus extension, earlyreage, and death from PE.

Also to prevent late recurrence and PTS and chiaulimonary hypertension.
Mobilisation and Leg elevation

Early ambulation should be done. This causes pairsaelling to come down

early. Compression stocking are to be done atdfest.
Anticoagulation

As soon as to be started. High clinical suspicioalgective evidence is needed.
Either IV or SC UFH or LMWH is to be given alongtiviVKA. This overlap for
about 5-10 days is necessary, with discontinuiegthH or LMWH after the

INR reaching 2 to 3 for two consecutive days.

aPTT (sec) Heparin Dose

Initial dose|80-U/kg bolus, then 18-U/kg/hr IV infusion

<35 80-U/kg bolus, then increase 4-U/kg/hr infusion

35-45 40-U/kg bolus, then increase 2-U/kg/hr indasi

46-70 No change (corresponds to 0.3-0.7 anti-Xall)/m

71-90 Decrease infusion rate by 2 U/kg/hr

>90 Stop infusion for 1 hour, then decrease infusip 3 U/kg/ht

Unfractionated Heparin

IV regimen — 80 1U/kg bolus followed by 18IU/kg/bontinuous infusion. The

aPTT is done 6 hours after first bolus dose anatéitl accordingly.
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SC regimen — 5000 units SC, followed by 17500 Iitendaily to achieve the

aPTT of 1.5t0 2.5.

Low Molecular Weight Heparins

100 anti Xa U/kg every 12 hours or 150 anti Xa Uékegry 24 hours for
enoxaparin. 100 anti Xa U/kg twice daily or 200i a¢&t U/kg every 24 hours for

dalteparin. 175 anti Xa U/kg every 24 hours foraiparin.

Fondaparinux

Subcutaneous injection, once daily, 5, 7.5, 10 g &cording to INR

Thrombolysis

It is indicated for painful, swollen limb, skin ainges, ulceration and functional
disability. Catheter directed therapy is best. Asas via popliteal vein. Also we

can stent the area in case of anatomic abnormality.

79



ACUTE DEEP VENOUS THROMBOSIS: SURGICAL AND

INTERVENTIONAL TREATMENT

Acute DVT represents a disease spectrum which safnge asymptomatic calf
vein thrombosis to PHLEGMASIA CERULEA DOLENS. Tikkcent times,
guidelines only recommended anti coagulation. Havé&th ACCP conference

suggests interventional strategies may be develtpestiuce PTS.

UNDERSTANDING POST THROMBOTIC VENOUS INSUFFICIENCY

Recent ACCP guidelines recommend major differeffroes earlier guidelines.
Extensive venous thrombosis supports use of vetlwambectomy grade 2b and
catheter directed thrombolysis grade 2b, thrombotiferapy used when these
techniques are not available. Thrombolysis is reffsctive when plasminogen
activator is delivered directly into the thrombB&armacological techniques

have found to reduce treatment time and dose sfipteogen activator

MORBIDITY OF PTS

Early elimination of thrombus prevents morbidityhéFe is significant reduction
in quality of life which is predicted by the seugrof the disease. In ilio-femoral
DVT treated by anti-coagulation alone, 90% have @atbry venous
hypertension, 40% venous claudication, 15% ven&esation within 5 years.
This shows that thrombus removal is the best managefor best long term

outcome
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RATIONALE OF THROMBUS REMOVAL

Ambulatory venous hypertension is the cause ofauicculatory changes which
Is the Pathophysiology of PTS. There is venousulahincompetence and
luminal obstruction. No single radiological techumgexists to assess the impact
of venous obstruction on severity of PTS. Neitrsmeading phlebography nor
maximal venous outflow test can identify abnornnedittausing venous
obstruction. Luminal venous obstruction causesresfoems of venous
obstruction. Thus early detection and interveniioacute stage significantly
reduces incidence of PTS. Acute successful throysizopreserves endothelial

function and valvular competence

STRATEGIES FOR THROMBUS REMOVAL

Poor randomised trials and lack of internationadiglines coupled with age old
data are major roadblocks. CDT benefit has beenaated recently. In the
absence of large randomised trials clinical data Ise trusted which suggests

CDT is superior to anticoagulation

CURRENT ACCP GUIDELINES

Current guidelines recommend operative venous theamtomy to be preferred
in low risk of bleeding and contemporary venousthibectomy when CDT is
indisposed of. Anti coagulation therapy of samenisity and duration is to be

coupled for better outcome.

81



TREATMENT OPTIONS FOR THROMBUS REMOVAL

CDT is the preferred treatment to store unobstdueeous return to the vena
cava. Preoperative knowledge and intra operatiaginy of extent of thrombus

is crucial for success.

THROMBOLYTIC THERAPY

Anticoagulation therapy was initially systemic andufficient for clearing
thrombus to return venous patency and valve functrmatial lytic therapy had
significant venous valve competency but benefiteewmt as apparent and

bleeding tendencies were more

INTRA THROMBUS CDT

Pathophysiology of thrombus includes creating gdiites for plasminogen
activators and production of plasmin. Thus intr@thbotic delivery of
plasminogen activators is better than systemicediteg disorders is a rarity
localised to venous access site. Pulse spray wohif four sessions had 50-
70% lysis and little bleeding manifestations. Thees continued lysis after

treatment sessions

OUTCOMES

CDT was associated with better QOL than anticoaguialone. But large

randomised studies are required. Two such studeesralerway
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PHARMACO-MECHANICAL THROMBOLYSIS

CDT provides good results but at the cost of lorygation approximately 71

hours. Endovascular mechanical thrombectomy

ENDOVASCULAR MECHANICAL THROMBECTOMY

Mechanical thrombectomy was found to be less effe¢chan when combined
with pharmacological thrombolysis by Vedhantham assbciates and Kasirajan

and associates.

ULTRASOUND ACCELERATED THROMBOLYSIS

Treatment time and dosage of lytic agent was fdarze less with ultrasound
accelerated thrombolysis with an infusion time &f®urs and only 4 % people

suffering major complications such as puncturelstimatomas

ISOLATED SEGMENTAL PHARMACO-MECHANICAL

THROMBOLYSIS

This is done using Trellis catheter. A double ball@atheter is inserted into the
thrombus and one balloon is inflated above thel lef/the thrombus while the
other is inflated below the level of the thrombragping the thrombus within.
Plasminogen activator is released into the thrombhse intervening segment of
the catheter assumes a spiral configuration ade®at the rate of 1500 rpm for
15-20 minutes. The thrombus is fragmented and ldsdavithin and is

aspirated. Phlebography demonstrates the succéss pfocedure. ISPBT was
83



found to have better success rate than CDT alohthelleeding complications

were equivocal

OPERATIVE VENOUS THROMBECTOMY

This offers by far the best short term and longiteutcomes with comparatively
few complications. But this depends upon techrskdl and prevention of

recurrent thrombosis

It involves identification of cause, definition fofll extent, preventing pulmonary
embolism, thrombectomy, to ensure unobstructed wemdlow and outflow and
preventing recurrent thrombosis by AV fistula, exted oral anti coagulation,

catheter directed post operative anti coagulation

PREOPERATIVE CARE

This involves use of unfractionated heparin, idesgtion of full extent of
thrombus and vena caval filtering. It is done urfti@roscopic guidance and the

entire pelvic and abdominal venous system should bee field

OPERATIVE CARE

General anaesthesia is recommended for these fgati@mgitudinal venotomy
iIs made in the common femoral vein ensuring aciceee origin of the
saphenous and profunda femoris branches. In caaeiofra inguinal thrombus
leg is elevated and compressed with a tight bandadehe foot dorsiflexed, calf

and thigh are squeezed. If the infra inguinal tHvampersists a curt down has to
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be performed to expose the distal posterior thoesth and a No 3Fogaty catheter
is introduced and advanced up to the common femeradtomy. The silastic
stem is amputated from its hub and inserted hayf eveo the balloon catheter
and out of the common femoral venotomy. Now a NEbdarty balloon catheter
Is placed at the other end of the silastic sheathgaiided distally through the
thrombosed valves and clotted veins up to the postibial venotomy. The
infrainguinal venous thrombectomy is performed. Tifeainguinal venous
system is flushed with a large red rubber cathatdre proximal posterior tibial
vein with a heparin saline solution to hydrauligdtirce residual thrombus from
the deep venous system. After adequate clearano&ahguinal venous
system, vascular clamp is applied below the femaeabtomy and dilute
plasminogen activator solution consisting of 4-6 ohgtPA in 200 ml of saline
is filled in the infrainguinal venous system. THagminogen activator solution
remains there for the rest of the procedure. Thal IdPA binds to fibrin bound
plasminogen in residual thrombus and promotes durttot dissolution while not
causing a systemic lytic response. If the infraingluvenous thrombectomy is
not successful the femoral vein is ligated andd#idi below the profunda
femoris. lliofemoral venous thrombectomy is nowfpened with a No 8 or 10
venous thrombectomy balloon catheter. It is papsetially into the iliac vein to
remove the bulk of the thrombus before advanciegctitheter into the vena
cava. The proximal thrombectomy is performed urilderoscopic guidance.

During this part of the procedure PEEP is giverettuce the risk of pulmonary
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embolism. If a clot is present in the vena cavatt#twombectomy can be
performed as an alternative to vena caval filtratithe nature of the venous
drainage into the vena cava is assessed usingpetrative phlebography or
fluoroscopy. Intravascular ultrasound is betterdetecting iliac vein stenosis.
Once the venotomy is closed and end to side AUlass constructed to increase
venous velocity but not pressure. A piece of patgfuroethylene or silastic is
kept around the saphenous AVF and permanent manwdiit suture looped to
serve as a guide for future dissection. Closed®@udrain is placed in the wound
to evacuate any sero-sanguinous fluid that accussif@ost operatively and the
wound is closed with multilayered running absorbahitures for better
haemostatic and lymphostatic wound closure andrmdition of dead space.
Paediatric feeding tube is inserted and fixed goptoximal posterior tibial vein

for post operative anticoagulation while the digtasterior tibial vein is ligated.

POSTOPERATIVE CARE

Therapeutic anticoagulation with UFH through pdstetibial vein catheter is
given. Before removal of the catheter an ascenplngbogram is done.
Intermittent pneumatic compression garments aré wéen the patient is not
ambulatory. 30-40 mm Hg ankle grading below kneam@ssion stockings can
also be used with the benefit of 50% reductionastphrombotic morbidity.
Venous duplex and other venous duplex functionissuare performed for

evaluating vein valve function and ultrasonic paten
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RISK ASSESSMENT. Patients at highest risk for pohae related PE are the
ones with non obstructive venous thrombus. Systeminplications are reduced
with modern techniques such as direct intrathroniiwsion, pharmaco
mechanical techniques, etc. reduction in the dbsgio agent, duration of
therapy, circulating antiplasmins and Plasminoggivator inhibitors serve to

neutralise the systemic effect of lytic therapy.

PRE TREATMENT EVALUATION

Etiological factors such as trauma, underlying ithipophilia, occult cancer etc

have to be evaluated before choosing the treatopmns.

IMPORTANCE OF IMAGING

Imaging of the vena cava is important to assesdegece of venacaval
involvement. Characterisation of the proximal argdad end of the thrombus is
very important. A CT of chest, abdomen and pelvian important part where an
asymptomatic PE may be found. This helps distingpre-treatment PE from

treatment failure/complication of lytic therapyw@anous thrombectomy.

INTERVENTIONAL TREATMENT OF PE

Most cases of acute PE anticoagulation alone dfieisat. However large PE
causing hemodynamic instability and/or PHT requastoration of normal

outflow from RV thereby avoiding chronic thromboeofib PHT. Systemic
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thrombolytic therapy includes RV and pulmonary fiime decrease chronic PHT

and recurrent venous thromboembolism.

When contraindicated, catheter based techniquebeased. Modified rotating
pigtailed catheter is used as a part of cathetsedthrombolysis. 13mg of rtPA

Is injected after embolic disruption and manuat algpiration done.

Rheolytic thrombectomy combined with infusion ohAgminogen activator

solution seems to be a better technique.

PATIENT EVALUATION

All patients with PE should be evaluated with cacdtCHO to assess
pulmonary artery pressure and RV function. Sigarficmorbidities which is
right heart abnormalities- RV dilatation, Tricuspigufficiency and PHT
warrant catheter based fragmentation with throngislgr systemic

thrombolysis.

VENA CAVAL INTERRUPTION

PE is the significant cause of mortalityisitnanaged with anticoagulants

which decrease recurrence and risk of bleeding Goatipns.

When this anticoagulation fails or is contrainoezhtvena caval interruption with
a filter device is appropriate. Initially femonagin ligation, IVC ligation &
partial interruption of IVC were used. But thesmtd out less effective in

preventing the problems. Following this techniq@i@ @ns venous delivery of
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intra vascular vena caval devices. At first thelser§ were fitted in the operation
room but now it is placed bedside under transabdalhar intravascular

ultrasound guidance.

FILTER DESIGN

The filters are designed with the aim of trapping ¥Yenous thromboembolism in
the vena cava. The material used should be nomttwgenic, biocompatible,

non Ferro magnetic, durable & implantable.

IVC FILTERS

Considering the anatomy of inferior vena cava andta on the variations

before filter placement.

The variations include IVC transposition, daglion, IVC agenesis, renal

vein anomalies.

. IVC TRANSPOSITION:

Generally the left sided IVC drains into left aénein, crosses to right and
continues in cephalic direction. Filters can bepthbut the location of renal
veins should be accurately defined& suprarenal wawva placement may be
preferred.

. IVC DUPLICATION:
It is present in 0.2-0.3%. The right iliac anchtigenal vein typically drains into

right IVC whereas the left sided IVC drains lefad vein, joins the left renal
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vein, where it crosses over into the right sidedaveava. Thus with this
anomaly, placing a filter in the right IVC may raatequately prevent PE in a
patient with left sided DVT. In this case, placaglter in each vena cava or in
the suprarenal vein after crossing the left ree#t s required.
. RENAL VEIN ANOMALIES:
The common anomalies are retro or circumaorticréefal vein or multiple
bilateral renal veins. Of these the circumaosrital veins have separate
drainage, so the tip of the filter is positionetenor to the lowest portion of the
circumaortic vein
IVC AGENESIS:
There can be abnormal IVC with azygos drainagafoalhepatic interruption of
IVC with azygos continuation.
TECHNICAL CONSIDERATIONS

To place the filters with accurate assesgrof venous anatomical
landmarks &under fluoroscopic guidance VENOGRAPI3Yhe best technique
used. Still complications such as hematoma formaaderial puncture, air
embolism, malpositioning, pneumothorax & AV fistsilaccur. Bird’s nest filter
has a higher mortality rate compared to otherr§lfgobably patient’s co
morbidity adding to it. A thrombus in the IVC omnaalpositioned infrarenal
filter, or duplicate IVC necessitates the placenwrt SUPRARENAL FILTER.

To prevent the complications during titesport of the patient for filter

placement, bedside placement under transabdomupédultrasound or
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intravascular ultrasound guidance and it is evext effective. If the
transabdominal ultrasound cannot image adequagelgithe intravascular
ultrasound was performed. The major risk with beelsnsertion is
malpositioned filters. It can be managed by repmsitg or insertion of a second
filter or percutaneous retrieval is possible. Bdddilter techniques have more
advantages than contrast enhanced venography.
VENOGRAPHY GUIDED FILTER PLACEMENT

On the basis of filter type and the clinicéigtion access can be femoral,
jugular or antecubital. The fluoroscopy can eithelin a operating room setting
with C arm fluoroscope or in endovascular or ramjatal suite with fixed arm
imaging. Guide wire and catheter access is usefulitial non selective
venography. The images are obtained to confirmrtantls, correlate bony
landmarks, presence of thrombus at the filter preesg level. This correlation
has lead to the study of different positions ofrdr@al vein in relation to lumbar
vertebra and disc spaces. It corresponded to LY .i8%, L1 L2 disc space in
36.5%, L2 in 34.6%, L2L3 disc space in 7.7%.Sinlyam common iliac vein.
For a suprarenal filter placement, venographic imggf the suprarenal vena
cava is needed to confirm the level of renal veiwmally the suprarenal vena
cava is larger than the IVC. Thus accurate diammagasurements should be
made to confirm the diameter. The filter leg attaeht point should be above

the most cephalic renal vein else the filter mby ti
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TRANSABDOMINAL DUPLEX ULTRASOUND GUIDED FILTER
PLACEMENT

It is done to assess if the visualization of IMGhee renal vein level is adequate
in both transverse and longitudinal axis. The lon@st renal vein that is the
right renal vein is to be identified with the h&lpthe right renal artery. A venous
access is obtained and a guide wire is passed ingex ultrasound
visualization. After visualizing the right renalime IVC junction, filter delivery
catheter is advanced inside to the renal vein I&msuring its correct position,
the sheath ids pulled back slowly such that therfdelivery catheter tip is at the
renal vein level. With direct visualization underpdex ultrasound the filter is
deployed. Post deployment duplex imaging ensur@sgprposition of the filter

in IVC.

INTRAVASCULAR ULTRASOUND GUIDED FILTER PLACEMENT.

A percutaneous femoral vein access is obtainedrdndal anaesthesia. The
intravascular ultrasound probe is inserted intostiath and directed up to the
level of right atrium of the heart. The venous anatal landmarks such as right
atrium, hepatic vein, renal vein, & confluencelué fliac vein are identified by
pull back technique. The ultrasound probe is de@gust below the level of the
lower most renal vein and the IVC diameter is rdedrbefore proceeding with
deployment of filter. The filter delivery is advattto the mark in case of
predetermined marks by aligning the tip of theefilvith the end of the sheath.

In case of systems without predetermined marksshleath is first pulled to a
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distance equivalent to the filter delivery cathetetends beyond the sheath. This
enables the tip of the filter to align with the lermnost renal vein on deployment.
When a single venous access is not possible, @malus access is adapted.
Separate venous access in contralateral femonal theis avoids double large
sheaths in the same femoral vein. Ipsilateral f@mnagin probe is used in case of
contralateral venous thrombosis. The filter is dget through pull back
technique. To confirm the filter position post pedare plain X RAY Abdomen
are taken.

FILTER RETRIEVAL

A retrieval time period is to be determined wheatisk of PE is low, or when
anticoagulation can be restarted. Ensure radidhgralty that there are no filter
related problems which hinder their retrieval. [@ethe presence of any
thrombus within the filter using venography in whicase filter is left in place.
On the basis of filter types different approaches ®chniques are used. If there
is difficulty in releasing the filter from the IV@&ttachment, retrieval is aborted.
For the “difficult to remove filters” or malpositied filters, special techniques
such as bronchoscopic forceps can be used.

SVC FILTERS

The most important causes for upper extremity D¥The use of central venous
access, thoracic outlet related venous occlusmplantable defibrillators,
sepsis, malignancy, thrombophilia. When anticoagslare contraindicated

superior vena cava filter is used for upper extre@VT. Percutaneous Jugular
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or femoral venous access is obtained. If the stnatrises where the superior
and inferior vena cava are to be placed simultasigpthe most distal filter is to
be placed first. Remove any previous central vematiseters. Superior vena
cava anatomy is studied detail under venographyaagdanomalies must be
appreciated. Venography also determines the féggattachment which is just at
the confluence of innominate veins. The filter leggth should be determined in
such a way that it does not enter into the rightiat. With correct position and
size the filter is passed through the sheath amdiltbr is deployed.
Complications such as filter malpositioning, supeviena cava perforation,
pneumothorax, and guide wire entrapment, erosimnthoracic aorta.
SPECIFIC PATIENT GROUPS

TRAUMA PATIENTS

The risk of developing DVT and PE is as high as B%39%. The risk factors
include advancing age, multiple transfusions, gy severity score, head
injury, spinal cord or vertebral injury, long bofracture, multiple transfusions.
Contributing to this are prolonged immobility, versostasis & proinflammatory
hypercoagulable state. Thromboprophylaxis is prefefor trauma patients with
at least one risk factor. Mechanical thromboprogkig is preferred in patients
who cannot receive anticoagulants. Trauma patedritgyh risk are suggested
routine prophylactic filter placement. Use of retrable filters in the high risk
trauma patients has repoted success. Use of IY&Esfils indicated in patients

with proven DVT and a contraindication to therajpeabagulation.
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BARIATRIC PATIENTS
Obesity poses a strong risk for developi@gous thromboembolism. The

most common cause of Perioperative death in barjgditients is PE.The
mortality is due to improper dosing of the anticalaggon thromboprophylaxis
the anticoagulation has many drawbacks even watidstrd heparin protocols.
Thus vena cava filter placements have become isicirglg common. Several
indications such as BMI >60, hypoventilation syndeg truncal obesity were
considered for prophylactic filter placement. Tmptional / retrievable filters are
used in the highest risk period following subsequemoval. A study was
conducted where filters were placed before surgad/removed 4 weeks
postoperatively. There was no fatal PE or deaths.
ORTHOPEDIC PATIENTS

Orthopaedic surgeries such as total hip eplasty, total knee arthroplasty,
lower extremity fracture repair. The incidence & iR patients not receiving
prophylaxis was 60 to 70%. The filters were plapedoperatively. Optional
filters are used in high risk period and are rg&gtewhen the risk for
thromboembolism is less. Morbidity was minimal iitef prophylaxis. The
retrievable filter placement was suggested an atljjonthe standard prophylaxis
in high risk orthopaedic patients. Thus the retlse filters are preserved in

patients where anticoagulation prophylaxis is cintlicated.
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CANCER PATIENTS
Malignancy poses a great risk for venous thrombaxisin development. Even
with anticoagulant prophylaxis the risk was fouadbé high. In patients with a
previous history of thromboembolism, there is iased chance of recurrence
after the development of new metastasis or neutiap€ancer patients are also
at increased risk of bleeding despite anticoagutat/ena cava filters is an
alternative to long term anticoagulant in a subgrotipatients with increased
risk of recurrence. The filter placement is basedh& survival. In brain tumour
patients filter placements are not cost effectiB«. in breast cancer patients vena
cava filter placement is more cost effective thatcaagulation. In patients with
advanced stages of malignancy, filter placemeat Igtle clinical significance.
The filters should be reserved for patients witbwdnented venous
thromboembolism because of the potential for irmedahrombotic events.
HIGH RISK GENERAL SURGICAL PATIENTS

The risk of venous thromboembolism is high itigras with increased risk of
malignancy, obesity, varicose veins and oestrogentype of anaesthesia (high
risk with general anaesthesia). Perioperative facach as degree of
mobilization, fluid status, and transfusion praesicShorter duration of
prophylaxis may increase the risk of venous throenfilmolism. After major
general surgery DVT’s develop within 1 to 2 we€kisus postoperative
anticoagulants are given up to 28 days in highpetkents. Uses of prophylactic

filters are an attractive option. These filterséawn advantage of decreased
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bleeding risk. Vena cava filter use is limited targlard indication for

documented venous thromboembolism.
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Results

One patient out of 30 had asymptomatic DVT 8rPDD on left leg. The
patient is 25 yrs old female, her operation tin# Heurs, and mobilised early <

24 hrs with no obvious risk factors.
She was further evaluated.

Repeat LFT — normal, PT/INR — normal, complete hgram with ESR —

normal, BT/CT — normal, Rheumatoid Factor — negativ

She was started on LMWH along with warfarin. HeRIWNas maintained around
1-2. Again she underwent Doppler oi"20D and on 17POD and found to

be normal.

The patient was referred to Madras Medical Coll&@escular surgery

department for further work up and management.

She came for follow up after a month time to our. €& was evaluated there at

vascular surgery and found every thing normal. dbe is doing well.
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Statistical analysis

sex
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W sex
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timing of surgery
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30
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Conclusion

The patients who had indications for cholecystegtand had undergone
surgery, who otherwise had no risk factors for DU@&yeloped DVT with the

incidence of 1/30 in our hospital.

In my study, | have excluded all the DVT risk pats

But the sample size and its representation abaiguspopulation groups are

not adequate. So with this experience further etidre to be done.

So it is better to start some form of mechanicahme of prophylaxis to all
patients undergoing cholecystectomy, as the imnsalbibn is expected from
pain due to upper abdomen incision, obesity, fesnaf@ other risk factors, then
according to post operative clinical findings andastigations if any is positive

for DVT, further management is to be done.

Because cholecystectomy is done for patients acefalind to have risk factors

for DVT as it is shared by both.

In the presence of some risk factors for DVT, thggmt should be started on

pharmacological method of prophylaxis.

But ultimately, all the patients undergoing cholegtomy should be given the
basic measures like adequate hydration, adequalgesim, and identification of
risk factors, early ambulation, both active andspasflexion exercises and

proper information to patients on the clinical gretmtion of DVT.
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A PROSPECTIVE STUDY ON INCIDENCES OF DEEP VENOUS THROMBOSIS IN
CHOLECYSTECTOMY PATIENTS BETWEEN JULY 2011 TO JUNE 2012- study proforma
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A prospective study on Incidences of Deep Venous Thrombosis in Cholecystectomy patients between
July 2011 to June 2012 Introduction Deep venous thrombosis is a condition where there is
development of thrombus in the vein of deep venous system, mostly affecting lower limbs. Deep
venous thrombosis is not a rare entity as we think. Itis a much more common but often
underestimated and under recognised. These are because of the lack of standardisation in all health
faciliies. That too in general surgery it often goes unnoticed because of less suspicion. So to get an
idea about DVT in patients undergoing open cholecystectomy, which is one of the common operations
done in our hospital, we have...
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