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Abstract
Vascular patients are at increased risk of complications both related to their co-morbidity and the nature

of the surgery. The focus of this article is on the anaesthetic management of patients presenting for
infrainguinal arterial reconstructive surgery, including the factors influencing both overall outcome and
outcome of the vascular graft.

Pan vascular disease should be assumed in all patients presenting for infrainguinal vascular surgery.
Preoperative assessment entails risk stratification, preoperative optimization and decisions regarding
antiplatelet therapy. Individual anaesthetic techniques are chosen according to risk/benefit analysis of each
patient. Proven benefits of continuous regional anaesthesia techniques are analgesia and extension of
anaesthetic blockade in case of re-exploration. Postoperative care should be an extension of intra-operative
management including meticulous pain relief, maintenance of normothermia and adequate circulating
intravascular volume.
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Introduction
The treatment of vascular occlusive disease of the

lower limb combines medical and surgical therapies,
both of which have evolved significantly over the last
half century. Surgical intervention has progressed from
initial use of homologous ureteric grafts in the 1950s
to tibial laser angioplasty and vein grafts currently, and
the future use of stents employing gene therapy.
Whatever the planned intervention, vascular patients
will present with common co-morbidities and may be

on a number of medications concomitantly. Thus vas-
cular patients are at increased risk of complications
both related to their co-morbidity and the nature of the
surgery. The focus of this article is on the anaesthetic
management of patients presenting for infra-inguinal
arterial reconstructive surgery, including the factors
influencing both overall outcome and outcome of the
vascular graft.

Surgical approaches to elective infra-
inguinal revascularisation
A large number of patients presenting with inter-

mittent claudication to vascular outpatient clinics can
be managed conservatively with a combination of life-
style modifications and pharmacotherapy. Patients
presenting with tissue loss such as non healing arterial
ulcers or gangrenous toes or with disabling symptoms
may be ultimately listed for operative intervention. The
use of open surgical bypass has been the standard sur-
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gical intervention. More recently a variety of percuta-
neous techniques have gained popularity including
balloon angioplasty and stenting, tibial laser angioplasty
and excisional atherectomy. The choice of open bypass
surgery over a more minimally invasive technique must
take into account the extent and complexity of the
atherosclerotic lesions, and the patients’ general health
and fitness. Whilst open surgery may result in greater
long term patency, it may come at a cost of higher
peri-operative morbidity. Although some procedures
such as transluminal angioplasty can be done under
local anaesthesia, lengthy and complicated procedures
can be uncomfortable for the patient and may require
conversion to an open procedure thus requiring surgical
anaesthesia.

                         Adapted from The American Heart Association’s classification [1]

Histology Earliest onset Clinical correlation 

Type I, initial lesion 
Isolated macrophage foam cells 
Type II, fatty streak lesion 
Mainly intracellular lipid accumulation 

From first decade 

Type III, intermediate lesion 
Type II changes plus small extracellular lipid pools 

Clinically silent 

Type IV atheroma lesion 
Type II changes and core of extracellular lipid 

From third decade 

Type V, fibreatheroma lesion 
Lipid core and fibrotic layer, or multiple lipid cores and 
fibrotic layers, or mainly calcific or mainly fibrotic 
Type VI, complicated lesion  
Surface defect, hematoma-haemorrhage, thrombus formation 

From fourth decade 
Clinically silent or overt 

 

                        Table 1. Classification of atherosclerosis

Preoperative Assessment of the Vascular
Patient

Patho-physiology
Arteriosclerosis affects the elastic (aorta, carotid,

iliac) and large to medium sized muscular arteries (co-
ronary, popliteal). Atherosclerosis is a disease of the
intima of arteries (Table 1).

At lesion prone areas of arteriosclerotic arteries
such as bifurcations, an advanced plaque [1] develops
with the main histological feature being a collection of
extracellular lipid which results in severe intimal disor-
ganization and eccentric lesions. This process can be
initiated by oxidized low-density lipoprotein from hyper-
lidaemia, and can be accelerated by cigarette smoking.
The clinical phase where the patient presents with a
manifestation of vascular disease results from either
plaque rupture with mural thrombosis of the vessel or
progressive plaque growth leading to critical stenosis
of the vessel. Patients presenting for vascular surgery
may well have co-existent ischaemic heart disease,
reno-vascular and cerebrovascular disease even if

formal diagnoses have not yet been made. It is also
important to recognise that “a normal coronary angio-
gram” following cardiac catheterization does not
exclude coronary artery disease and thus “normal” pre-
vious cardiac investigations should be interpreted with
a degree of caution. For example in one publication of
pooled data on patients experiencing non-ST segment
elevation acute coronary syndromes, 9.1% had angio-
graphically “insignificant” or no coronary disease [2].
Long term follow up of such patients revealed a signi-
ficant incidence of recurrent events.

Preoperative assessment
The preoperative assessment of vascular patients

is ideally done in a preoperative clinic in advance of
the scheduled date for surgery. This aims to avoid unne-
cessary cancellations due to incomplete investigations
or prolonged inpatient stays for such investigations. In
addition, management plans for diabetic control and
peri-operative anti-coagulation issues can be formu-
lated at the pre-operative assessment clinic. A clinical
history should focus on symptoms of atherosclerotic
disease at other sites such as transient ischaemic
attacks, or angina symptoms. The Dukes Activity Status
scale can be used to estimate cardio-pulmonary reserve.
Inability to meet 4 METS (4 Metabolic equivalents e.g.
walking on the flat at 4 mileshr-1 or climbing a flight of
stairs) may indicate previously unsuspected coronary
artery disease which may then require further non
invasive cardiac investigation such as ST segment
response exercise stress testing or dobutamine stress
echocardiography. Full blood count, urea and electro-
lytes, coagulation screen and a 12 lead ECG should be
routinely performed.

Preoperative Risk Stratification
There are a number of scoring systems that can be

used to assign peri-operative risk to patients from a
simple ASA score to POSSUM scores (Physiological
and Operative Severity Score for the enUmeration of
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Mortality and Morbidity). POSSUM in its many vari-
ants including Vascular Possum [3] is centred around
12 physiological and 6 operative parameters (Table 2).

Table 2. POSSUM score variables

Physiological Operative 

Age Operative severity 
Cardiac signs Multiple Procedures 
Respiratory Total Blood Loss 
Systolic Blood Pressure Peritoneal soiling 
Pulse Malignancy 
Glasgow Coma Scale Urgency of Surgery 
Haemoglobin 
White cell count  
Urea 
Sodium  
Potassium 
ECG 

 

 Adapted from Prytherch DR et al. [3]

Originally designed to compare morbidity and mor-
tality around a wide range of surgical procedures to
facilitate audit, it remains useful as a tool to aid in giving
informed consent to patients regarding the risk of pro-
ceeding with surgery. The POSSUM formula is shown
below

Ln R/1-R = -7.04 + (0.13 x physiological score)
+ (0.16 x operative severity score)

where R = Risk of mortality.
Given the complexity of the above equation,

POSSUM’s practical use at the preoperative bedside
visit is limited. The Revised Cardiac Risk Index (RCRI)
has been used successfully to predict peri-operative
cardiac complications and to discriminate between low
and high risk patients undergoing non cardiac surgery.
However a recent systematic analysis has shown
RCRI to perform less well in a vascular cohort although
this may be more of a reflection on the methodological
quality of the studies examined than the score itself
[4] . Despite these limitations, scoring systems highlight
the importance of seeking out certain clinical
information on the ward such as the presence of renal
impairment, history of heart failure and diabetes
mellitus.

Peri-operative Medical Therapy
Patients presenting for vascular surgery are

frequently taking a number of medications including
β-blockers, anti-platelet agents, statins, and drugs acting
on the renin-angiotensin system. A detailed discussion
on the risk-benefit of continuation of all these agents
is beyond the scope of this article. The reader is
advised to refer to 2009 ACCF/AHA Focused Update
on Perioperative Beta Blockade Incorporated into the
ACC/AHA 2007 Guidelines on Perioperative Cardio-

vascular Evaluation and Care for Noncardiac Surgery
[5]. Briefly, anti-hypertensive medications should be
continued up until the day of surgery. However drugs
acting on the renin-angiotensin system should be discon-
tinued 24 hours preoperatively as they are associated
with significant peri-operative hypotension. Beta
blockers should be continued in patients undergoing
surgery who are receiving them for treatment of
conditions with ACCF/AHA Class I guideline indica-
tions such as hypertension and stable angina. In addition,
β-blockers are recommended for those patients in
whom preoperative assessment identifies high cardiac
risk as defined by the presence of more than one clinical
risk factor as set out by Lee’s Revised Cardiac Risk
Index, namely

- history of ischaemic heart disease
- high risk type of surgery
- history of compensated or prior heart failure
- history of cerebrovascular disease
- diabetes mellitus
- renal insufficiency
However, the initiation of β-blocker therapy on the

basis of the presence of one single risk factor alone is
not recommended and caution should be taken initiating
β-blockers routinely at high dose in β-blocker naive
patients. A period of dose titration is advised due to
concerns about peri-operative hypotension, increased
risk of stroke and poor overall outcome. Patients who
have had a recent coronary revascularisation either
by open surgery or balloon/stent angioplasty should
have any surgical procedure delayed for at least 6
weeks to allow injured endothelium to recover. Those
patients presenting for surgery on dual anti-platelet the-
rapy to protect recently (< 1 year) inserted drug eluting
stents should have their surgery deferred until one year
after insertion of the stents. If this delay is not possible
then consultation with a cardiologist to plan a peri-
operative anti-platelet regimen is advised and at least
one anti-platelet should be used throughout the peri-
operative period [6] particularly in those patients with
either diabetes, chronic kidney disease or multiple stents
who are at highest risk of peri-operative stent throm-
bosis.

Intra-operative management
General principles
The goals of perioperative management of these

patients remain the same whether an open surgical or
a percutaneous technique is planned. The use of
regional anaesthesia be it peripheral nerve blockade
or central neuraxial blockade, local anaesthesia and
sedation, general anaesthesia or any combination of
these are all acceptable as long as the following goals
are achieved:
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- haemodynamic stability
- maintenance of normovolaemia
- maintenance of normothermia
- high quality peri-operative analgesia
Haemodynamic stability is threatened in vascular

surgery with sudden acute blood loss or gradual blood
loss through frequent rewiring of percutaneous access
devices, reperfusion injuries following unclamping of
large vessels, and in many patients the combination of
peripheral vasodilatation in a β-blocked patient. Sub-
sequent hypovolaemia from blood loss must be recog-
nised early (again sometimes difficult in a β-blocked
patient) and where appropriate blood transfusion admi-
nistered. The transfusion trigger for vascular patients
has not been fully elucidated and it is preferable to not
transfuse until surgical control has been achieved.
However it is worth noting that intra-operative blood
transfusion is associated with increased morbidity and
mortality after peripheral arterial surgery [7]. Hypo-
thermia and shivering are associated with increased
incidence of myocardial ischaemia and oxygen demand
as well as being uncomfortable for the patient post
operatively. Choice of anaesthetic technique may play
a role in reducing postoperative shivering since the use
of volatile agents has been associated with shivering.
Also, shivering-like tremor often accompanies pain in
the recovery room. Attenuating the stress response
through regional analgesia and high quality analgesia
has been the subject of much debate for some time
[8] and will be discussed later in this article. In any
event, high quality analgesia should be a priority if only
from a patient satisfaction point of view.

Specific measures
Monitoring
Electrocardiography including 5 lead segment

monitoring should be used in all cases. For open pro-
cedures invasive arterial blood pressure monitoring and
a urinary catheter with hourly output monitoring should
be considered. The use of continuous cardiac output
monitors such as oesophageal Doppler or a pulmonary
artery catheter may be required in high risk patients to
guide fluid and inotropic therapy. Central venous access
may be required for this high risk patient group for
administration of inotropes also although the usefulness
of central venous pressure as a monitor requires careful
interpretation [9].

Temperature control
The use of a fluid warmer is advised even if infusion

of large volumes of fluid is not anticipated. Simple vas-
cular interventions can turn into lengthy complicated
cases due to unanticipated surgical complications or
surgical technical difficulties. Having a fluid warmer
already set is easy whilst struggling under the drapes
of an under pressure vascular surgeon is not. Forced

air warmers should be employed routinely as should
temperature monitoring such as skin probes in the alert
patient and rectal or oropharnygeal probes in the asleep
patient.

Intravenous access
Given the nature of the surgery it is always advisable

to have at least one secure large bore intravenous ac-
cess for rapid fluid administration.

Choice of anaesthetic technique
The choice of anaesthetic technique must be indivi-

dualised to each patient. Whilst patients may display a
preference for one technique over another they must
make an informed choice based on a risk/benefit
analysis presented to them which is pertinent to their
co-morbidity. Thus for the patient with severe chronic
obstructive pulmonary disease a risk/benefit analysis
may favour a regional technique whereas for a patient
at high risk of thromboembolism, the need for anti-
coagulation post operatively may make removal of an
epidural catheter potentially hazardous or mandate its
early removal. Current guidelines suggest removal of
epidural catheters should be considered as equivalent
to insertion of an epidural in terms of risk of epidural
haematoma. A delay of 12 hours from last admi-
nistration of prophylactic doses of low molecular weight
heparin and 24 hours for therapeutic doses prior to
sitting or removal of epidural catheter is recommended.
Whether a 24-hour interval is acceptable in relation to
the risk of thromboembolism or whether the patient
should be bridged to surgery with unfractionated heparin
requires careful consideration. The use of heparin peri-
operatively can be problematic. For unfractionated
heparin a delay of 4 hours and normalization of
coagulation is recommended prior to any neuraxial
technique, and no heparin should be administered for
1 hour after a neuraxial technique. Some vascular
surgeons will request unfractionated heparin imme-
diately post operatively with subsequent long term
warfarin to reduce likelihood of graft thrombosis. This
again must be taken into consideration if an epidural
catheter needs to be removed postoperatively. The use
of newer anti-platelet agents such as ADP inhibitors
or glycoprotein IIA/IIIB inhibitors must be stopped 7-
10 days in advance prior to any central neuraxial
techniques. All of the above guidelines aim to reduce
the risk of spinal haematoma. However the use of the
lowest possible concentration of local anaesthetic is
also advised to facilitate early detection of unexpected
persistent motor block. Anaesthetic and recovery room
staff should be vigilant for signs of spinal hematoma
as early recognition is paramount to treating this com-
plication. Another potential disadvantage of epidural
analgesia post-operatively is that patients are slow to
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mobilise. On the other hand, patients may be slow to
mobilise also if pain control is not optimal. For lengthy
procedures the use of a catheter based technique is
advisable although many patients will not tolerate a
long revascularisation without moderate to deep
sedation. The indisputable advantage to regional anaes-
thesia is its ability to deliver high quality analgesia in
the post operative period. In addition, a catheter left in
situ may be used for any surgical re-exploration that
might occur in the immediate post-operative period.
Thus there are practical issues of concern with regard
to the use of regional anaesthesia such as anticoa-
gulation and length of procedure but few absolute
contra-indications.

Post-operative care
Patients having undergone lengthy open infra-

inguinal vascular procedures should be ideally managed
post operatively in high dependency (HDU)
environment. Specifically those patients with multiple
co-morbidities, perioperative haemodynamic instability
or those requiring more intensive nursing than can safely
be provided at ward level should return to HDU post
operatively. Goals of care should be along the lines of
intra-operative management and include careful
attention to pain relief, body temperature and main-
tenance of adequate circulating intravascular volume.
Post operative oxygen delivery is relatively cheap and
post operative hypoxemia is common; oxygen therapy
should thus be prescribed for all patients for the first
24 hours and longer in high risk patients. The likelihood
of major peri-operative cardiac events in those patients
at risk of cardiac disease in the setting of non cardiac
surgery has been estimated at 3.9% with a hospital
mortality rate of 15-25% [10] with a substantial pro-
portion occurring in the first two post operative days.
The role and methods of peri-operative surveillance
for silent myocardial ischaemia in vascular patients has
not yet been fully elucidated and further trials are
awaited [11]. However serial troponin measurement
and serial 12 lead ECGs should be undertaken in those
patients who are symptomatic. For those in whom a
peri-operative acute coronary syndrome is thought
likely, pharmacotherapy such as β-blockade, nitrates
and anti-platelet therapy should be instigated and
consideration to coronary revascularisation given.

Outcomes after infra-inguinal vascular
surgery – does anaesthesia really matter?
Outcome of the vascular graft
It has been suggested that choice of anaesthetic

technique can favourably influence the likelihood of
vascular graft success [12]. Putative mechanisms by

which epidural anaesthesia can achieve this are re-
duced peripheral vascular resistance and improved flow
[12] and a reduction in the hypercoagulability state
encountered around surgery [13]. However subsequent
studies have not borne out these conclusions [14, 15]
and focus on improved graft survival has turned to
analysis of an ever expanding armamentarium of percu-
taneous and surgical techniques. In addition, the use
of vitamin K antagonists and/or anti-platelet antagonists
to improve graft survival has been put forward [16].
Other important factors determining graft patency in
more traditional surgical techniques in one review sug-
gest surgical technical reasons (9%), embolic events
(6%), coagulation disorders (10%), and inadequate run-
off (7%) [17].

Overall outcome
The possibility that choice of anaesthetic technique

influences outcome of patients in terms of morbidity
and mortality is attractive and has the focus of much
debate. The evidence base is however conflicting and
generalisations should be made cautiously. For instance
Bode et al. found no advantage in cardiac outcomes
following peripheral vascular surgery where epidural
analgesia was used [18]. Surprisingly, in thoracic sur-
gery again no benefit was observed with epidural
analgesia based regimens [19]. On the other hand
Cochrane database system reports suggest a benefit
of post operative epidural analgesia regimens over
opiate based regimens in aortic surgery for many impor-
tant post operative complications from cardiac and renal
complications to reduced length of mechanical venti-
lation, but with no difference in mortality detected [20].
In order to get definitive answers as to the benefit of
regional versus general anaesthesia in overall outcome,
we must await a very large randomised controlled
clinical trial. Alternatively, we should continue to choose
an anaesthetic technique based on a risk/benefit ana-
lysis specific to each patient’s unique set of co-morbi-
dities using the knowledge base and guidelines currently
available to us.
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