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Rezumat

Tromboembolismul venos reprezintã cea mai frecventã cauzã
evitabilã de deces în rândul pacienţilor spitalizaţi. Pacienţii 
vârstnici care suferã intervenţii operatorii în sfera Chirurgiei
Generale prezintã o susceptibilitate crescutã pentru Tromboza
Venoasã Profundã /Tromboembolism Pulmonar Acut (TVP/TEPA).
Riscul de TVP/TEPA creşte de altfel adiţional în prezenţa 
comorbiditãţilor prevalente în grupul pacienţilor vârstnici. Cu
toate acestea, TVP/TEPA este de multe ori subdiagnosticat şi 
subtratat în acest grup de pacienţi. În prezent existã o serie de
scoruri de risc clinice care clasificã pacienţii în categorii de risc
scãzut/moderat/crescut pentru TVP/TEPA. Ghidurile clinice de bunã
practicã pentru tromboprofilaxie propun fie o combinaţie de procedee
mecanice (ciorapi elastici sau compresie gambiera penumaticã 
intermitentã), fie agenţi farmacologici (ex. Heparina cu greutate 
molecularã redusã sau anticoagulante orale). Dat fiind faptul cã
riscul de sângerare ca efect secundar al tratamentului reprezintã o
cauzã semnificativã de îngrijorare în ceea ce priveşte populaţia
vârstnicã, metodele de tromboprofilaxie trebuie ajustate astfel încât
acest risc sa fie cât mai scãzut. Atât opţiunea pentru un anumit
tromboprofilactic, cât şi doza acestuia pot fi, de asemenea, 
influenţate de o alterare a funcţiei renale. Durata necesarã
tromboprofilaxiei este încã neclarã, ea putând varia între c. o 
sãptãmânã şi o lunã, în funcţie de patologia pacientului şi evaluarea
riscului individual de TVP/TEPA.
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Abstract
Venous thromboembolism is the number one cause of preventable death for hospital inpatients.
Aging general surgical patients are especially susceptible to DVT/PE and this risk increases in the
presence of other comorbidities prevalent in the elderly. However, it is often unrecognised and
undertreated. Various risk scores classify patients in low, moderate and high risk categories.
Current guidelines for thromboprophylaxis advocate combination of mechanical methods in the
form of elastic stockings or intermittent pneumatic leg compression and pharmacological agents
such as low molecular weight heparins and oral anticoagulants. Increased bleeding risk is a concern
in this population and the method of prophylaxis needs to be adjusted as a result. Decreased renal
function also influences the choice and dosage of medication. The required duration of prophylaxis
is unclear but can range from one week to more than a month depending on the underlying 
pathology and individual risk assessment.
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Introduction

Each year, approximately 1,000,000 Americans
suffer a venous thromboembolic (VTE) event—
deep vein thrombosis (DVT) and/or pulmonary
embolism (PE) and 100,000 deaths occur as a
result. 

Venous thromboembolism is therefore 
estimated to account for 5–10% of all deaths
among hospitalised patients and is classified as
the most common cause of preventable death.

At the same time VTE stands as one of the
most significant causes of peri-operative 
mortality. If left without prophylaxis, approxi-
mately 20-25% of general surgical patients
will develop DVT/PE and more than 2% will
suffer significant complications from it (1,2).

One of the most obscure aspects of venous
thrombosis risk is advancing age. The incidence
of venous thromboembolism increases incre-
mentally with age, reaching >21% over the age
of 65 versus <2 % for those younger than 45 
(2-5). 

What is more, this population presents
more frequently with PE on a background 
of DVT and also has increased mortality 
attributed to the disease compared to younger
patients. 

In the surgical setting especially, VTE
occurs in 65% of patients over 70 years with-
out prophylaxis and 16%of patients over 80

years die early after the diagnosis of VTE in
comparison with 2% before 40 years (2,6,7).

It is therefore worrisome that this risk
often remains unrecognised and elderly patients
rarely receive appropriate prophylaxis. With the
number of aging individuals undergoing major
abdominal surgery raising exponentially, this
represents a significant healthcare issue.

In this review, we focus on elderly general
surgical patients. We summarise the patho-
physiology and risk factors that predispose
this group to DVT/PE along with the current
guidelines for thromboprophylaxis and 
consider the controversies and questions that
require further investigation.

Age itself has been shown to be an independent
risk factor for DVT/PE, likely secondary to
pathophysiological changes resulting in a
hypercoagulable state. Chronic inflammation,
age-related changes in the micro-circulation,
cellular response to drugs and the presence of
cell-derived micro-particles that trigger the
coagulation cascade increase susceptibility to
deep vein thrombosis (8-10). 

In addition to that, elderly patients often
have reduced mobility and venous stasis as a
result. They also suffer from co-morbidities
known to promote VTE (peripheral vascular
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disease, COPD, ischaemic heart disease and
heart failure, malignancy, fractures) (11-13).

In combination with the significant tissue
trauma associated with surgery, all compo-
nents of Virchow's classic thrombotic triad are
present (Table 1).

Unfortunately, the real risk of VTE in this
population remains unrecognized by many 
clinicians. When combined with the fear that
thromboprophylaxis medication will lead to
significant bleeding, older patients are often
left un- or under-protected from thrombo-
embolic disease while in hospital.

Studies of elderly populations in hospitals
both in Europe and the US have revealed that
compliance to VTE prophylaxis can be as low
as <50% (14-18). 

The groups studied included medical as
well as surgical inpatients to show that risk of
VTE in the elderly is both underestimated and
undertreated with detrimental effects to their
well-being.

Traditionally, the assessment of VTE risk
encompasses patient and procedure related 
factors. The type, site, length, urgency and
underlying pathology of the operation are 
combined with individual patient susceptibility
to create stratification models and allocation to
low-, moderate- and high-risk categories. 

Unfortunately, there is no singular algorithm
for calculating individual patient risk and 
correlating these results with expected morbidity
/mortality from VTE.

Various models for risk stratification have
been proposed in literature, but there is 
significant variance in their development, and
heterogeneity between the published score
systems does not allow for direct conclusions.

By far the most widely used is the Caprini
score, which stratifies patients in very low, low,
moderate and high risk categories after adding
points from various factors (19). (Table 2)

It has been externally validated for surgical
patients including the critically unwell (20-22).

The estimated baseline risks of VTE are
0.5%, 1.5%, 3.0%, and 6.0% in patients at very

low, low, moderate, and high risk for VTE,
respectively (20).

The Rogers score is another model 
developed for surgical patients using data
from 183,069 individuals who underwent a
variety of procedures (23).

However, it has not been externally 
validated and has not seen widespread use.

Other scores such as the Khorana score are
developed for specific target populations (eg
cancer patients) and therefore their use is 
limited for the general population cohort.

A. Mechanical Prophylaxis

It is obvious that early mobilisation with
return to pre-operative physical activities
plays a significant role in preventing venous
stasis and subsequently venous thrombo-
embolism. Therefore, elderly patients require
physiotherapy support to return to at least
their normal ambulation status as soon as
possible.

Mechanical prophylaxis aims to prevent
VTE by hindering venous stasis in the 
lower limbs and minimizing oedema in the
extremities.

It represents an extremely attractive
option for the elderly population belonging to
the high bleeding risk category and there is
strong evidence supporting its use.

The most common method of mechanical

Table 1. Risk factors for Venous Thromboembolism

Age Factor V Leiden
Major surgery Protein C/S deficiency
Fractures Elevated homocysteine
Malignancy Other inherited thrombotic disorders
Reduced mobility Chemotherapy
Oral contraceptives
Hormone replacement
Trauma
Haematological disorders
Obesity
Central venous access
Ischaemic heart disease
COPD
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prophylaxis is elastic compression stockings.
They increase blood flow in the deep veins of
the legs and their efficacy has been proven in
multiple studies from orthopaedic and surgical
patients, with reduction in the odds of DVT
from 60-72% combined with pharmacological
means alone.They can be worn at home and
they are very cost-effective. However, they need
to be fitted to each patient to avoid constriction
of the blood circulation and a subsequent
tourniquet effect. Skin changes with necrosis,
ulceration, blisters and breaks are unfortunately
common in the elderly patients and rare 
complications such as compartment syndrome
and common peroneal nerve palsy must be
recognised early (24-25).

Intermittent pneumatic compression stock-
ings utilize air to help promote venous flow in the
lower limbs. Apart from the purely mechanical
component, their action mechanisms include
stimulation of endogenous fibrinolytic mecha-
nisms, reduction in the levels of plasminogen
activator inhibitor and increase in the activity of
tissue plasminogen activator. The reduction in
the odds of distal and proximal DVT has been
shown to be around 60% but results failed to

demonstrate or to exclude an effect on PE.
There are many different devices available

as well as configuration parameters that have
been independently studied to assess the 
optimal pattern for VTE prophylaxis. IPCs
are commonly used for patients on the 
operating table during long operations 
combined with ES, and frequently represent
the only option in obese patients who cannot
be fitted with ESs. The drawback is that
they are quite bulky and not portable, so
they are almost exclusively used in a hospi-
tal setting. Even then compliance can be
quite poor. Again, skin ulcers and tears need
to be avoided by optimal fitting (25-28).

Both methods have been shown to be more
effective when combined with pharmacological
prophylaxis in the prevention of VTE than
either compression or medication alone (25).

B. Pharmacological Prophylaxis

A variety of pharmacologic agents have been
used for pharmacological prophylaxis.
Different types of medication include the
heparins, Vitamin K inhibitors, antiplatelets
and the newer anticoagulants.

Table 2. Caprini Risk Assessment Score

1 Point 2 Points 3 Points 5 Points
41-61 yrs 61-74 yrs >75 yrs Stroke ( ,1 mo)
Minor Surgery Arthroscopic Surgery VTE Elective arthroplasty
BMI >25 Major open surgery (>45 m) Family hx of VTE Hip, pelvis, or leg fracture
Swollen legs Laparoscopic surgery ( . 45 min) Factor V Leiden Acute spinal cord injury ( ,1 mo)
Varicose Veins Malignancy Prothrombin 20210A
Pregnancy/Postpartum Confined to bed > 72hrs Lupus anticoagulant
Unexplained/recurrent abortion Immobilising plaster cast Anticardiolipin antibodies
Oral contraceptives/
Hormone replacement Central venous access Elevated serum homocysteine
Sepsis Heparin-induced 

thrombocytopenia
Serious lung disease Other congenital or acquired

thrombophilia
Abnormal pulmonary function
Acute MI
CHF <1/12
Inflammatory bowel disease
Medical patient on bed rest
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Unfractionated and Low-molecular
weight heparins, Fondaparinux

Multiple studies have validated the benefit of
Unfractionated and Low Molecular Weight
Heparin (UH, LMWH) and recently fondaparinux.

Low-dose UFH (5000 U subcutaneously 2–3
times daily starting 2 h before the procedure)
and LMWH are both effective at reducing the
occurrence of DVT in general surgery patients.
According to meta-analyses and large clinical
trials, low-dose UFH reduces the incidence of
DVT from about 25% to 8%, and the incidence
of clinically overt and fatal PE by 50% and
90%, respectively (25).

In another meta-analysis, LDUH was 
associated with an 18% reduction in the odds
of death from any cause, 47% reduction in the
odds of fatal PE, and 41% reduction in the
odds of nonfatal PE, along with a 57% increase
in the odds of nonfatal major bleeding (25).

Compared with no prophylaxis, LMWH
reduces the risk of clinical PE and clinical
VTE by 70%. In addition, LMWH is associated
with a possible reduction in the risk of 
death from any cause. Its use can lead to an
approximate doubling of the risks of major
bleeding and wound hematoma (25).

Large trials comparing low dose UFH with
LMWH in general surgical patients and meta-
analysis have suggested that the 2 agents are
equally effective.

In meta-analyses the risk for VTE was up to
30% lower in the LMWH groups. However, this
difference was not apparent in blinded, placebo
trials and there was no proof of beneficial effect
of LMWHvs Unfractionated Heparin on clinical
PE, death from any cause, major bleeding, and
wound hematoma, although some studies have
shown decreased bleeding risk and a safer 
profile with LMWHs. Mismetti P, Laporte S,
Darmon JY, Buchmuller A, Decousus H. Meta-
analysis of low molecular weight heparin in the
prevention of venous thromboembolism in 
general surgery. Br J Surg. 2001; (25, 29-31)

LMWHs however have significant advan-
tages compared to Unfractioned Heparin. They
can be administered as a once daily dose, they
have predictable pharmacokinetics and are less

likely to cause heparin-induced thrombo-
cytopenia. They are therefore the agent of
choice in patients with normal renal function
and no contraindication to blood thinning 
medication.

Fondaparinux, a synthetic pentasaccharide,
has been approved for prophylaxis of DVT.
Heparin-induced thrombocytopenia has not
been reported with fondaparinux as it does not
interact with platelet function and aggregation,
and has a predictable response. Monitoring of
PT/PTT is also not required. It has an equal or
better effectiveness than currently available
agents, no need for laboratory monitoring, and
once daily administration.

Studies have shown a potentially higher
bleeding risk but there were no fatal events or
re-bleeding that required re-operation (25,32).

Aspirin
A meta-analysis in 1994 showed that peri-

operative acetylsalicylic acid therapy reduces
incidence of DVT and PE by 37% and 71%
respectively for general surgical patients.
However, most of the trials included in 
this meta-analysis used high dose aspirin, and
no trials of low dose aspirin regime exist for 
general surgery (33).

At the moment aspirin is not indicated as a
method of thromboprophylaxis, and its use is
reserved for those patients in whom other
medications are contra-indicated (25).

Warfarin
Although data are limited for the general

surgical cohort, warfarin given postoperatively
is likely tobe an effective form of prophylaxis
although it is reserved as treatment for
patients who have already suffered a thrombo-
embolic event. Serious issues such as delayed
onset of action,need for INR monitoring, 
complex drug and food interactions and a 
significantly raised risk of bleeding render it
an unappealing choice for prevention alone.

Newer Anticoagulants
The newer anticoagulants, among which

rivaroxaban, dabigatran and apixaban, have
been approved for treatment of thrombo-
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embolism regardless of background, and as
pharmacological prevention in orthopaedic
surgery (25). 

No trials exist for general surgical inpa-
tients. However, their advantages, especially
daily oral administration, could present an
alternative to daily LMWH for cohorts of 
surgical patients requiring prolonged out of
hospital prophylaxis (25,33).

Renal Disease

Most patients over the age of 70 have a
degree of chronic renal insufficiency. Impaired
renal function and age have both been proven
to be a risk factor for bleeding (Spencer 2008,
Lacut 2008), mainly due to changes in drug
pharmacokinetics, drug interactions from
polypharmacy and an increased risk of falls.

Serum creatinine is an inaccurate indicator
of the actual kidney function as its production
is decreased with the loss of muscle mass that
is common in the elderly. Therefore, calculation
of Creatine Clearance (CrCl) with equations
such as Cockroft-Gault or MDRD is very 
important (14).

The anticoagulant of choice in the presence
of severe renal impairment remains UFH (34).
It has a short half-life of 1-2 hrs, it can be 
easily reversed with protamine sulphate and its
clearance does not depend on renal excretion. 

Of the LMWHs, there is evidence that as
molecular weight increases, the excretion 
happens mostly via the reticuloendothelial 
system (14).

Tinzaparin has been proven to be safe in
several studies, independently of renal 
function. The same stands for Dalteparinin
prophylactic doses. Many studies prove its 
efficacy and safety at the widely used dose of
5.000U OD that does not require weight or
CrCl adjustment (25,34-37). 

Enoxaparin studies suggest that dose
reduction needs to be considered in CrCl< 30
while Fondaparinux clearance is directly
related to kidney function and dose adjust-
ments are mandatory depending on the degree
of renal failure (14).

Measurement of anti-Xa is the only accurate

way to assess pharmacokinetics of LMWHs.
However it is not routinely performed in 
clinical practice and it been shown that in the
low doses used fro prophylaxis, the levels of
anti-Xa are actually difficult to correlate with
bleeding risk (16,38).

Duration of prophylaxis

Unfortunately, there are only few studies
addressing the optimal duration of VTE 
prophylaxis in the surgical population. From
observational/retrospective studies, it has
been shown that the risk of thromboembolic
events remains high for at least 30 days post-
operatively and even up to 3 months after 
discharge. The ratio can be even 10-50 times
higher compared to controls and a retrospec-
tive review of medical records for newly 
discharged surgical patients revealed that
more patients presented to hospital with signs
and symptoms of VTE in the first 3/12 after
their discharge compared to the number of
inpatients diagnosed (39,40). In another 
similar study the mean time to DVT was
approximately 65 days after discharge (25).

Currently, there are few guidelines on 
continued prophylaxis for general surgical
patients. Most authors advocate use of
mechanical compression methods and blood
thinning medication for up to 10 days after
high-risk procedures, or until the patients
regain their pre-operative mobility. When
there is extensive abdominal/pelvic surgery on
a background of malignancy, this time is
extended to at least 30 days post-op. 

Among the high-risk group of those patients
undergoing abdominal surgery for cancer, there
is evidence that compared with limited-duration
prophylaxis (1 week), extended-duration prophy-
laxis (4 weeks) with LMWH provides additional
protection from nonfatal VTE, without an 
important increase in the risk of nonfatal major
bleeding complications (25,41).

In other reviews, the incidence of overall VTE
after major abdominal or pelvic surgery was
14.3% in the control vs 6.1% in the patients
receiving out-of-hospital LMWH. Prolonged
thromboprophylaxis with LMWH was also 
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Table 3. Recommendations for Thromboprophylaxis in Various Risk Groups

Risk and Consequences of Major Bleeding Complications
Risk of Symptomatic VTE Average Risk ( 1%) High Risk ( 2%) or Severe Consequences
Very low ( <0.5%) No specific prophylaxis
Low (1.5%) Mechanical prophylaxis, preferably with IPC
Moderate (3.0%) LDUH, LMWH, or mechanical prophylaxis, Mechanical prophylaxis, preferably with IPC

preferably with IPC
High (6.0%) LDUH or LMWH plus mechanical prophylaxis Mechanical prophylaxis, preferably with IPC, until

with ES or IPC risk of bleeding diminishes and pharmacologic
prophylaxis can be added

High-risk cancer surgery LDUH or LMWH plus mechanical prophylaxis Mechanical prophylaxis, preferably with IPC, until
with ES or IPC and extended-duration risk of bleeding diminishes and pharmacologic
prophylaxis with LMWH post-discharge prophylaxis can be added

High risk, LDUH and LMWH Fondaparinux or low-dose aspirin (160 mg); Mechanical prophylaxis, preferably with IPC, until
contraindicated or not available mechanical prophylaxis, preferably with risk of bleeding diminishes and pharmacologic

IPC; or both prophylaxis can be added

LDUH: Low dose unfractionated heparin, LMWH: Low molecular weight heparin, ES: Embolic stockings, IPC: Intermittent Pneumatic
Compression

associated with a statistically significant 
reduction of even the incidence of symptomatic
VTE from 1.7% to 0.2 % in patients receiving
prolonged thromboprophylaxis. There was no
significant change in the risk of bleeding (42-44).

It can therefore be inferred that extended
prophylaxis is beneficial for surgical patients
with high risk for VTE and especially those
suffering from malignancy.

Contraindications to Prophylaxis
The absolute contraindications for drug

thromboprophylaxis are those already known
for the general adult population.Untreated
haemophilia and other haemorrhagic disorders,
active bleeding or high bleeding risk (peptic
ulcer, recent cerebral haemorrhage, severe
hypertension, severe liver disease), thrombo-
cytopenia with platelets <60 × 109 /L, a history
of heparin-induced thrombocytopenia, and
hypersensitivity to heparin are all contra-
indications to treatment.

Age itself has been proven to be a signifi-
cant predisposing factor for bleeding and
bleeding-related complications for patients
receiving oral anticoagulants (7,10,14).

While the 3-month risk of major bleeding
usually ranges from 2% to 3% among patients
receiving oral anticoagulants, this risk doubles

inpatients aged 65 years. The risk of intra-
cerebral bleeding also doubles in patients aged
80 years or above.

The increased bleeding risk in the elderly
can be explained by several factors: a lower
metabolic clearance of vitamin Kantagonists,
multiple comorbidities, polypharmacy, patho-
logical changes in cerebral vessels and an
increased risk for falls.

Evidence suggests that bleeding from
antithrombotic agents is a strong predictor of
mortality and reduces the overall benefits of
VTE prophylaxis in hospitalized patients (14,
45-48).

Guidelines combine the thromboembolic
and bleeding risk of patients to create sugges-
tions about optimal VTE prophylaxis with
minimal side effects (Table 3).

Conclusions

There is no doubt that elderly surgical patients
have a high risk of VTE and subsequent death
from PE, attributed to the aging process itself
but also their multiple associated comorbidi-
ties. However, because of low clinician aware-
ness of this risk or excessive fear that anti-
coagulation will lead to fatal bleeding, almost
half do not receive the appropriate prophylaxis
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required by their calculated risk.
Existing guidelines suggest that LMWHs in

combination with mechanical prophylaxis yield
the best results in terms of VTE prevention.
However, it is the combination of thrombo-
embolic and bleeding risks for each individual
that ultimately guides the decision on method
of prophylaxis.

Newer pharmacological agents such as 
fondaparinux and NOACs have been introduced
for surgical and orthopaedic patients, but 
especially the latter need further studies to
establish themselves as a standard for 
prophylaxis in the general surgical population.

Clinicians need to be aware of the existing
risk for VTE both when the patient is 
hospitalized but also after their discharge. It has
been proven beyond doubt that VTE risk and
subsequent mortality remain high in a cohort of
surgical patients for a long time after their 
initial hospitalisation. 

No declarations by the authors.
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