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I. INTRODUCTION 
 
Ischemic Reperfusion Injury (IRI) occurs in the 
setting of temporarily diminished or absent blood 
flow to tissue bed, followed by the turn of oxygenated 
blood. It can be encountered in many clinical settings, 
including cases of shock, stroke, myocardial 
infarction and organ transplantation and acute limb 
ischemia. With reperfusion of ischemic limb, defined 
local effects occur but the metabolic consequences 
reperfusion can also have significant systemic effects 
that can lead to critical illness or death.[1] 
This thesis will focus on skeletal muscle reperfusion 
injury occurring with critical limb ischemic 
revascularization. Critical or limb-threatening 
ischemia (CLI), occurs when arterial blood flow is 
restricted so severely that perfusion of capillary beds 
is inadequate to sustain tissue viability.[2] 
The international consensus on the definition of CLI 
is the following: any patient with chronic ischemic 
rest pain, ulcers, or gangrene attributable to 
objectively proven arterial occlusive disease. [3] 
CLI is usually caused by obstructive atherosclerotic 
disease; however, CLI can also be caused by 
atheroembolic or thromboembolic disease, vasculitis, 
in situ thrombosis related to hypercoagulable states, 
thromboangiitis obliterans, cystic adventitial disease, 
popliteal entrapment, or trauma. Regardless of the 
etiology, the pathophysiology of CLI is a chronic and 
complex process that affects the macrovascular and 
microvascular systems, as well as surrounding tissues 
that fail to supply the necessary amount of blood flow 
and oxygen to the limb[4] 
According to Larcan et al (1973)reported that for 
development of the revascularization syndrome 
interaction of more circumstances is needed: 

1. Ischemia has to be on a bulkier muscular 
groups- there –fore in region of the lower limb 
this syndrome is much more clear. 

2. Ischemia has to be complete, where the 
collateral circulation is good, the 
revascularization syndrome does not appear.[5] 

Critical tissue ischemia times muscles 4 hours , nerve 
8 hours , fat 13hours , skin 24 hours and bone 4 days. 
Steinau emphasized that more than 4 h of ischemia 
affecting large areas of muscle presents the potential 
for the development of life-threatening complications 
following reperfusion. [6] 
Reperfusion injury is a multi-factorial process 
resulting in extensive tissue destruction.[7] 

There are two components to the reperfusion 
syndrome, which follows extremity ischemia.[8] 
Local—Limb swelling due to increased capillary 
permeability causes a compartment syndrome, 
impaired muscle function due to ischaemia, and 
subsequent muscle contracture if the muscle 
infarcts.[9] 
General—Acidosis and hyperkalaemia occur due to 
leakage from the damaged cells, causing cardiac 
arrhythmias and myoglobinaemia, which can result in 
acute tubular necrosis. Acute respiratory distress 
syndrome may also develop, and gastrointestinal 
endothelial oedema may lead to increased 
gastrointestinal vascular permeability and endotoxic 
shock.[9] 
Ischemia–reperfusion results in a local and systemic 
inflammatory response characterized by oxidant 
production, complement activation, leukocyte–
endothelial cell adhesion, trans-endothelial leukocyte 
migration, platelet–leukocyte aggregation, increased 
microvascular permeability, and decreased  
endothelium-dependent relaxation. In its severest 
form, I-R injury may clinically result in MODS or 
death.[10] 
Clinical diagnosis will depend on state of 1-ischemia 
– devascularization , the clinical picture is 
characterized by four typical symptoms :Very 
pronounced pain , pronounced ischemia of affected 
tissues,limb and muscular rigidity , extensive limb 
edema .[5] 
Clinical assessment starts with a general inspection of 
the feet and legs particularly looking for any foot 
discolouration, swelling, nail dystrophy, hair lack, 
ulceration or gangrene,as well as any deformity of 
shape . The presence of ulceration or gangrene should 
be obvious but careful inspection of heels and 
interdigital spaces is needed to ensure ulceration is 
not missed. The location of neuro ischaemic, or pure 
ischaemic ulcers on the borders of the foot, tips of 
toes or heels can indicate the likelihood of PAD being 
a causative factor in  ulceration.[11] 
  
2-Revascularization phase : 
Locally : 
The alarm phase is characterized by - pain - there are 
two types of pain to be evaluated: spontaneous pain, 
sometimes in disproportion with the amplitude of the 
trauma, is like a continuous deep tension, sometimes 
pulsating, cannot be correlated with the territories of 
sensitive innervation, does not completely disappear 
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after analgesics, not even after opiates, and not even 
after proclivity. passively induced pain (stretching 
test), augmented by the passive elongation of the 
affected muscles increase of the perimeter 
(circumference) of the calf, compared to the contra 
lateral one; 
 minor/medium increased consistency of the 

muscles (the most specific sign for CS, 
generated by the increased ICP); 

 -no neurological impairment; 
 -pulse present distally, IF there is no arterial 

injury of the major axis associated with 
CS.[12] 

Systemic : 
Represent acidosis , hypercalcemia, myogobinuria , 
renal failure , cardiac arrhythmia ,hemolysis , 
decrease in blood pressure , microembolization and 
ARDS.[5] 
Also devastating consequence of I–R is the 
development of remote organ injury and MODS. The 
pulmonary system is the most frequently injured 
organ in patients suffering from MODS, and the onset 
of the syndrome is commonly preceded by the 
development of acute respiratory insufficiency within 
24–72 h of the initiating ischaemic event. respiratory 
failure and development of acute respiratory distress 
syndrome (ARDS) may quickly ensue. Respiratory 
failure is often followed by hepatic, renal, 
gastrointestinal, myocardial and CNS dysfunction. In 
addition to increased microvascular permeability, 
MODS is characterized by dysfunction of the 
coagulation and immune systems, leading to 
thrombosis, disseminated intravascular coagulation 
and immunocompromised.[13] 
It is obvious that The extent and consequences of 
local and systemic injuries developing after 
reperfusion are related to (a) mass of ischemic 
muscle; (b) duration of ischemia; (c) extent of 
residual perfusion (collateral circulation); and (d) 
endurance of the body.[14] 
Investigations that may be needed are  
1- To prove critical limb ischemia:  
Ankle brachial pressure index(ABPI); Although 
there is controversy and confusion surrounding the 
interpretation of ABPIs in diabetes patients, the 
recommendation is still that all patients should have a 
measurement recorded.[11] 
Duplex ultrasonography; Recent NICE guidance in 
PAD has recommended Duplex ultrasonography as 
the first-line investigation in all patients in whom 
revascularization is being considered.[15] 
CTA – CT angiogram. Modern CT angiography can 
provide detailed information on arterial anatomy and 
allows for complex 3D reconstructions, but does 
expose patients to ionising radiation and potentially 
nephrotoxic contrast media.[11] 
MRA. MRA avoids the need for ionizing radiation 
and is better at assessing the lumen of calcified 
vessels than CT. This has obvious value when 

looking at calcified tibial vessels. However, optimal 
imaging does require contrast.[17] 
2- To asses for reperfusion injury 
 
A- A- Local : 
Needle manometers are commonly utilized for 
compartment pressure measurement. Normal pressure 
in the muscle compartment is below 10–12 mm 
Hg. Significant muscle necrosis occurs after 8 h with 
a compartmental pressure of 30 mm Hg.[16] 
some authors believe that ICP should be higher than 
30 mmHg for positive diagnosis of CS, but it should 
not exceed 45 mmHg for diagnostic purposes, there is 
also the opinion according to which the absolute 
value of ICP is not significant, but the differential 
pressure (DP); DP represents the difference between 
the diastolic pressure and ICP. According to some 
authors DP should be of LESS then 20 mmHg in 
order to diagnose CS in the status phase.[12] 
 
B- B- Systemic: 
Monitoring of renal function is essential, as remote 
I/R injury can be complicated by the release of 
myoglobin from necrosing striatal muscle, and 
subsequent tubular injury with myoglobinuria.[17] 
potassium assessment as hyperkalemia associated 
with reperfusion injury of ischemic organ was 
described in 1960s[1] 
Patients who are believed to be at risk on the basis of 
history and physical examination should have their 
urine output monitored and serial serum CK levels 
drawn.[18] 
The enzyme CK is ubiquitously present in striated 
muscle. When muscle cells disintegrate, CK is 
released into the bloodstream. Several subtypes of 
CK exist; some of them are found in striated muscle 
(CKMM), others in cardiac muscle (CKMB).[19] 
Abnormal CK levels are commonly seen in injured 
intensive care unit patients, and a level of 5000 U/l or 
greater is related to renal failure.[20] 
Prophylaxis and treatment: Expeditious 
revascularization, and therefore, timely oxygenation 
is the best protection against tissue injury, be it from 
ischemia and/or Reperfusion.[18] 
A- Preoperative trials In broad terms biological 
targets for therapeutic intervention include 
antioxidants, nitric oxide donation, anti-leucocyte 
factors. Numerous drugs that belong to these 
categories have been trialed experimentally, some 
with more success than others.[18] 
Anti-oxidants The majority of research into 
pharmacological intervention concerns this generic 
group . As previously described, the formation of 
highly reactive oxygen derived species is a primary 
sequela of ischaemic- reperfusion. Evidence abounds 
with regards clinical efficacy of these drugs. 
Examples of specific anti-oxidants Desferrioxamine, 
Catalase, Mannitol, Superoxide dismutase,N-
acetylcysteine Allopurinol, Vitamins C and E.[21] 
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Study has shown therefore that short-term oral 
therapy with vitamin C attenuates reperfusion-
induced injury in skeletal muscle by the antioxidant 
effects on neutrophils. We suggest that clinical trials 
of short-term treatment with oral vitamin C may be 
useful to investigate possible benefits in reducing 
IRI in orthopaedic patients undergoing surgery with 
prolonged tourniquet times.[22] 
Results show that prophylactic administration of 
ascorbic acid, alpha-tocopherol and allopurinol 
ischemia condition prevents reperfusion injuries by 
eliminating oxygen radicals and inhibiting lipid 
peroxidation. Besides, the combination of ascorbic 
acid, alpha-tocopherol and allopurinol may be 
sufficient to more efficiently prevent subsequent 
oxidative stress in the tissues and improve their 
function after I/R.[23] 
Anti-leucocyte therapy Inhibition of inflammatory 
mediator release, chemokine-receptor engagement, 
adhesion molecule synthesis and expression, and 
antagonism of neutrophil adhesion and diapedesis all 
fall under this remit. Many drugs act in this manner, 
and have been shown to be very effective, but all still 
remain confined to experimental models. Examples 
ofanti-inflammatories Glucocorticoids, Aspirin, 
Salicylate, Gold salts, Penicillamine [21] 
Ischemic preconditioning (IPC) refers to a 
mechanism whereby brief periods of I/R render a 
tissue relatively resistant to the harmful effects of a 
subsequent prolonged period of ischemia. This 
phenomenon was first described by Murry, Jennings, 
and Reimer, who showed that IPC decreased infarct 
size induced with 40 minutes of coronaryartery 
occlusion in a canine model of myocardial ischemia. 
Subsequent studies have shown the benefits of IPC in 
many other tissues, such as skeletal muscle, kidney, 
liver, lung, and mesenteric endothelium.[24] 
 
Operative  
anesthesia : Carles et al. investigated the effects of 
sevoflurane compared with propofol in 
tourniquet induced ischemia reperfusion by 
measuring with microdialysis probes interstitial 
metabolite levels of anaerobic glycolysis. They found 
that lactate, pyruvate, and glucose remained at a 
significantly higher level in the sevoflurane group 
during reperfusion. Their results indicated that there 
is a better availability of interstitial glycolysis 
metabolites in the skeletal muscle during ischemia 
and reperfusion after sevoflurane exposure.[25] 
 
Operative 
1- Fasciotomy :  
Compartmental syndrome is a highly threatening 
complication of the revascularized limb following 
critical ischemic condition. The lower leg and foot 
are the most common zones affected by the 
reperfusion  syndrome. Early recognition of CS is 
mandatory in avoiding local complications and major 
tissue loss. Whatever the technique (uni- or 

multilateral approaches), prompt fasciotomy 
represents the definitive way of treatment of this 
pathology.[26]  
If the treatment of the skeletal injury is surgical and 
the alarm phase of CS is diagnosed prior to surgery, 
ICP should be monitored during surgery: if ICP 
remains UNDER 30 mm Hg, surgical treatment of the 
skeletal injury is performed as planned, followed by 
medical treatment mentioned above; if ICP  increases 
OVER 30 mmHg (during or at the end of surgery), 
fasciotomy will be performed, since CS has evolved 
from the alarm phase to the status phase.[12] 
 
2- Controlled reperfusion :  
Reduction of the initial reperfusion pressure is aimed 
at reducing edema development, the modification of 
the initial reperfusate is aimed at counteracting the 
known biochemical changes that occur with 
ischemiareperfusion, such as the break down of 
aerobic metabolism, metabolic acidosis, an increase 
in intracellular calcium, and the development of 
oxygen-derived free radicals with the onset of 
reperfusion. results strongly support the hypothesis 
that controlled reperfusion can improve outcome after 
acute severe lower-limb ischemia even though this 
preliminary study was limited by the small number of 
patients and the fact that allocation to the treatment 
groups was not randomized.[27] 
 
The aim of the work  
To evaluate role of ascorbic acid , alpha tocopherol 
and allopurinol on ischemic reperfusion injury  
 
Objectives: 
1- Identifications of cases of critical limb ischemia 
for period more than 3 hours. 
2- Preoperative administration of ascorbic acid, alpha 
tocopherol and allopurinol. 
3- Studying effect of ascorbic acid, alpha tocopherol 
and allopurinol use as antioxidant to decrease 
ischemic reperfusion injury. In randomized clinical 
trial with control group. 
 
II. METHODS 
 
Type of study: 
Prospective randomdized control study of  patient 
with acute critical limb ischemia for  
revascularization : 
Group A: receive ascorbic acid, alpha tocopherol and 
allopurinol as preoperative antioxidant injections. 
Group B: receive placebo (saline)  
 
Material of the Study: 

1-  History taking [patient data and history of trauma, 
diabetes , hypertention and hyperlipidemia]. 

2-  Clinical examination. [ advanced trauma life support 
guidelines especially in poly traumatized patient ] 
+physical examination related to critical limb 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-3 Oct.-2015 

Does Use Of Ascorbic Acid, Alphatochopherol And Allopurinol Decrease Ischemia-Reperfusion Injury (Clinical Trial) 
 

51 

ischemia]. + Measurement of compartment pressure 
using Whiteside’s technique. 
3-  Investigations [portable Doppler, colored 
Duplex, CT angiography if needed][ kidney function , 
k+ and CK ]. 4-Ascorbic acid 1.0 g/day , alpha 
tocopherol 1000IU and allopurinol 200mg as 
antioxidant drugs to be administrated preoperatively 
and placebo (saline to be introduced in control group 
5-Follow up of patient using clinical examination and 
Measurement of compartment pressure using 
Whiteside’s technique. And CK level evaluation to be 
compared with preoperative data and both groups. 
 
Criteria for selection of studies:  
Inclusion criteria: 

1. All age group, both gender. 
2. Cases of critical limb ischemia with 

revascularization 
3. Cases with delayed revascularization time 

morethan 3 hour 
 

Exclusion criteria: 
1. CLI for amputation. 
2. Cases managed with revascularization within 3 

hours. 
 
Time Table: 
This study is planned to be completed in 8 months. In 
order to organize the task, this 
period is divided into three stages. The table below 
shows the time allocated for each 
stage in months. 
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