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ABSTRACT 

OBJECTI VE: The purpos e of this stu d y  to  
determine the effects of distal venous washout during 
reperfusion injury in experimentaly induce acute leg 
ischemia. 

BACKGROUND: R eperfusion injury accounts for deaths 
during revascularization procedures for acute arterial occlusion. 

METHODS: Thirty-two adult rabbits were equally 
divided into a control and an experimental (Distal Venous 
Washout-DVW) group. Both groups underwent ligation of 
the left common femoral artery. A fter six hours, 10 cc of 
venous blood was extracted in the DVW group after releasing 
the arterial ligature and was given an equal amount of saline. 
For both groups venous blood was measured for pH, potassium, 
calcium and hematocrit levels prior to leg ischemia, then at 

INTRODUCTION 
Management of acute leg ischemia not only entails releasing 

the obstruction but dealing with the perils of reperfusion injury 
as well. Since the introduction of the Fogarchy catheter, 
mortality races secondary to reperfusion injury averages about 
25% 1

• Postulated mechanisms include release of endotoxins 
and generation of oxygen-free radicals2

• M etabolites such as 
lactate result in acidosis and hyperkalemia, both of which can 
result in myocardial depression and early death. Distal venous 
washout of 300-500 ml of venous blood prior to 
revascularization was cited by Brewster et.al. as a means to 
prevent reperfusion injury3. A review of the literature, however, 
revealed that the maneuver was performed in a small number 
of patients4

• There were no deliberate attempts to prove chat 
this maneuver is indeed reproducible in experimental studies
or clinical trials. It is therefore the objective of this study to
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5, 30, and 60 minutes after reperfusion. 
RESULTS: There was a significant drop in pH in the 

control group without distal venous washout 5 minutes after 
hind limb reperfusion (7.23 versus 7.30 p=0.011). Potassium 
levels were lower in the control group 1 hour after reperfusion 
(3.67 versus 4.05 p=0.045). Hematocrit levels were higher 
in the control group than the experimental group noted on the 
5th minute after reperfusion (0.37 versus 0.28 p=0.004). 

CONCL USION: Distal venous washout results in 
decreases acidosis in the immediate reperfusion period. 

(PJC 2000; 28:239-241) 
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determine the effects of distal venous washout against 
reperfusion injury in acute leg ischemia. Specifically, distal 
venous washout was tested for its effects on acidosis, potassium, 
calcium and hematocrit levels. 

MATERIALS AND METHODS 
Thirty-two adult rabbits (with mean weight of2. l kg) were 

assigned to two groups (n= 16 in each group). Group 1 
comprised the control group while Group 2 comprised the 
Distal Venous Washout (DVW) group. All animals received 
humane care in compliance with the guidelines set by the 
International Ethical Codes for Research Involving Animals5

• 

In both groups, under sterile conditions and using l % 
lidocaine as local anesthesia, the left common femoral artery 
was dissected, identified, isolated and temporarily ligated for 
six hours. In the Distal Venous Washout (DVW) group, 10 
cc of venous blood was extracted after releasing the 
ligature over the common femoral artery. This was replaced 
by an equal amount of saline intravenously. Venous blood 
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was extracted from both groups as baseline. This was also 
done at 5, 30 and 60 minutes from the release of ligature. 
The blood was then sent for quantitative determinations 
of pH, calcium, potassium and hematocrit levels using 
IRMA Series 2000 blood analyzer system (Diametrics 
Medical Inc.). 

Statistical analysis was performed using the software 
package SPSS for Windows Release 6.0, SPSS, Inc. Changes 
within groups at successive rime intervals of reperfusion and 
differences between groups were calculated using repeated 
measurements (ANOVA) and analysis of covariance with 
baseline as covariate (ANCOVA). 

RESULTS 

Release of the ligature over the common femoral artery 
resulted in a greater drop in pH in the control group on the 5th 

minute compared to the DVW group (p=0.01 1 ). Furthermore, 
venous blood was shown to be more acidic at the end of one 
hour from revascularizacion in the control group, 7.35 to 7. 31 
(p=0.000). 

baseline 5 mins 
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Figure 1. Venous pH levels at different time intervals 

1 hour 

Table 1. Control and rNW pH Levels at different time intervals 

Control Experimental P-Value
pH Mean SD Mean SD 

&fu: 735 .On 7.34 .100 
5minun:s 713 .00 73.J .cro 0.011 
30minutes 731 .(Jll 73.J .002. Olf,X) 

1 hour 731 .00., 732 _00) 0.863 
iw.ic 0.00) 0.136 

Potassium levels were lower in the control group 1 hour 
after release of ischemia (p=0.045). The levels also decreased 
compared to baseline in the control group, 3.97 versus 3.67 
(p=0.050). 
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Figure 2. Potassium levels 

Table 2. Control and DVW Potassium Levels 

Control Experimental 
Potassium Mean SD Mean 

&wirie 3.W 557 3.88 
5rninure; 3.(1) .625 3.00 
30minures 4.<J7 .m 3.88 
1 hour 3.67 .628 405 

p-vak 0.05 .474 
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4.2 

4.1 
4 
3.9 

' 3.8 

.. 3.67 3.7 
3.6 
3.5 
3.4 
3.3 

1 hour 

P-Value
SD 

.674 

.623 0188 

.718 0.538 
.553 0.045 

There was no significant difference in serum calcium 
between the two groups as well as within the group. 

The DVW group demonstrated a lower hematocrit level 
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Figure 3. Serum calcium levels 
Table 3. Control and DVW Calcium Levels 

Control Experimental P-Value
Calcium Mean SD Mean SD 

&dire 1 .16 3)1 1.15 246 

5minures l.Q) 244 1 .14 I/5 0.586 
30minures l.Q) .1% 1.11 133 0.733 
1 hour l.CX'J 1£7 1.20 131 0.(Xu 
� 0.494 0.342 

... 
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at 1 hour compared to baseline (0.34 to 0.28). This was also 
,h 

evident when compared with the control group at the 5 and 1 
hour interval (p=0.004 and p=0.042). 
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Figure 4. Hematocrit levels 

Table IV 

Control 
Hematocrit Mean SD 

Ba-dine 036 .054 

5minures 031 .038 
30minures 033 .054 

1 hour 034 .coo 

Experimental 
Mean 

034 
0.2B 

031 
0.2B 

iwa[u: 0.536NS 

0.45 

0.4 

0.35 

0.28 
0.3 

0.25 

0.2 

0.15 

1 hour 

P-Value
SD 

.071 

.<X:6 0.004 
.009 0.462.NS 
.058 0.042 

0.037 

Two mortalities occured at the 5'h and 81h hour of the 
experiment from both the DVW and control groups, 
respectively. 

DISCUSSION 

This study has shown that the systemic effects of 
reperfusion injury in the rabbit hindlimb after six hours of 
arterial ischemia was less pronounced if the limb was subjected 
to distal venous washout. This was evident in the lowering of 
acidosis especially in the acute stages of reperfusion. The 
content of venous blood in the severely ischemic limb reflects 
the metabolic consequences of hypoxia. Anaerobic metabolism 
and paralysis of Na-K cellular pump as well as rhabdomyolysis 
produce high levels of lactate resulting in a significant fall 
in serum pH 6

• Oxygen free radicals, can produce damaging 
effects on cells and cell membranes resulting in localized edema. 
This can produce a reduction of local perfusion resulting in a 
"no-reflow phenomenon"7

• The degree of injury may not always 
be due to the duration of ischemia. Poor collateral circulation 
can likewise play a major role in contributing to further damage 
to the compromised limb. 

Hyperkalemia was not evident in this study. In fact there 
was a lowering of potassium in the experimental group. 
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Contrary to what was expected, the potassium levels in the 
control group was much lower than the DVW group. Perhaps 
it can be postulated that potassium does not produce its effects 
in the immediate stages of reperfusion. 

Hematocrit level was observed to be lower in the 
experimental group probably as a result of blood extraction 
and saline infusion. This may have a protective effect by 
decreasing the quantity of toxic metabolites through 
hemodilution. 

The scudy did not measure other toxic metabolites such 
as oxygen free radicals or enzymes such as creatine 
phosphokinase, lactate dehydrogenase and serum glutamic
oxaloacetic transaminase which are present in the venous 
effluent. 

The specific mechanisms of reperfusion injury still remain 
an area of intense laboratory investigation. Investigation of 
the cellular components involved (leucocyces, endothelial cells, 
etc), the cellular consequences of ischemia-reperfusion will 
someday enable specific pharmacologic measures to be 
employed in addition to surgical revascularization to improve 
the outcome of treatment of acute ischemia. Distal venous 
washout when applied to formal clinical trials may hopefully 
help us reduce the unacceptable morbidity and mortality from 
reperfusion injury. 

In conclusion, the present study suggests that distal venous 
washout can prevent the damaging effects of reperfusion 
injury. 
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