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Peripheral arterial disease as a predictor 
of outcome after renal transplantation 

Abstract Our aim was to assess the 
prevalence of symptomatic and as- 
ymptomatic peripheral occlusive ar- 
terial disease (POAD)  in 129 con- 
secutive diabetic ( n  = 34) and non- 
diabetic ( 1 2  = 95) patients undergo- 
ing renal transplantation. The asso- 
ciation of pre-existent POAD and 
complaints of claudication, lower 
limb amputations, and graft and pa- 
tient survival were evaluated during 
a 5-year follow up. A questionnaire 
on walking capacity, anklelbrachial 
(ABI) and toehachia l  (TBI) pres- 
sure indices as well as the pulse vol- 
ume recording (PVR) at the ankle 
were used to assess resting haemo- 
dynamics and the presence of POAD 
4 days after the transplantation. Un- 
questionable ischaemia was encoun- 
tered in 5 (4  % )  patients all with a 
history of intermittent claudication 
and an ABI equal or below 0.77. 
While using assessment methods not 

affected by vessel calcification, i.e. 
toe pressures and PVR damping, a 
many-fold frequency of arterial dis- 
ease was observed when compared 
to previous studies. TBI below 0.65 
was found in 11 of diabetic (32 YO) 
and in 15 of the others ( 16 YO ), and a 
PVR amplitude below 5 min in 28 of 
diabetics (82 YO ) and in 34 of non-di- 
abetics (36 YO ). During the 5-year 
follow up, abnormal TBI and PVR 
values and diabetes at the time of 
transplantation were the greatest 
risk factors for proximal foot ampu- 
tations. The low TBI levels also indi- 
cated a shortened patient survival. 
However, transplant function was 
not affected by the presence of ab- 
normal haemodynamic indices at the 
time of transplantation. 
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Introduction 

Coronary and cerebral vascular diseases are the major 
causes of mortality in patients with an end-stage renal 
disease (ESRD) accounting for 49 YO of deaths in pati- 
ents on continuous ambulatory peritoneal dialysis, 30 YO 
of deaths in patients on haemodialysis [8, 101 and 
20-30%0 of deaths in patients with functioning renal 
transplants [3] .  Increased prevalence of arteriosclerotic 
cardiovascular disease in patients with ESRD is influ- 
enced by risk factors such as hypertension, diabetes mel- 
litus and hypercholesterolaemia. Prevalence of sympto- 
matic intermittent claudication is reported to range 

from 13 to 19 Yo in patients after renal replacement ther- 
apy [13, 231. However, questionnaire surveys are apt to 
give a much higher prevalence of peripheral occlusive ar- 

Table 1 Causes of rcnal failure 

Cause Prevalence 

Glomeruloipyelonephri tis 6X ( 5 3 % )  
Diabetes 31 ('6 O/" ) 
Polycystic disease 13 (10%") 
Hypertensive renal disease 7 ( S Y O ,  
Amyloidosis s ('$Yo) 
Wegener's granulomatosis 2 ('Yo) 
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Table 2 Demographics of the study population. There were no statistically significant differences between diabetics and non-diabetics 

Diabetics Non-diabetics Total 

Number 
Sex ratio (M/F) 
Subjective claudication 
Mean age (years) 
Mean duration of dialysis (weeks) 
Body mass index (kgim') 
Cholesterol (mmolil) 
Triglyceride (mmol/l) 
HDL (mmolil) 

33 
19/15 
1 
38.1 (77-56) 
13.6 (2-57) 
73.3 (1X.3-79.6) 
5.9 (0.6-8.3) 
7.6 (0.9-5.7) 

1.17 (0.39-2.76) 

95 
50135 
3 
41.4 (15-63) 
19.3 (1-95) 
73 (16.4-31.5) 
6.3 (3.4-11.1) 
7.5 (0.8-7.6) 

1.17 (0.38-3.09) 

179 
69/60 
4 
30.5 (15-63) 
18.1 (1-95) 
23.1 (16.4-31.5) 
h.7 (0.6-1 1.1) 
7.5 (0.8-7.6) 
1 . I6 (0.39-3.09) 

terial disease (POAD) than studies utilising objective 
measurements, depending also on materials, treatments 
and methods of evaluation [13,24]. Indeed. studies utilis- 
ing Doppler with or without angiography give preva- 
lences between 2.5 and 3% [ l ,  131. However, POAD 
may be difficult to quantify in patients with ESRD be- 
cause of the presence of concomitant vascular calcifica- 
tion [19]. Pseudohypertension of the arterial wall in- 
duced by diabetes or long-term corticoid therapy may 
make the arteries non-compressible and disturb the ac- 
curacy of the pressure measurements [ l l ,  13,171. This di- 
lemma can be avoided by measuring the toe pressure as 
arterial calcification is a rarity in the digital vessels [23]. 

The aim of the present study was to evaluate the 
presence of POAD in patients undergoing renal trans- 
plantation. We also wanted to assess the predictive val- 
ue of non-invasive assessment of peripheral arterial dis- 
ease at the time of transplantation both on the lower ex- 
tremity amputation frequency and on graft and patient 
survival in the long-term. 

Materials and methods 
A total of 179 consecutive patients undergoing renal tansplanta- 
tion were recruited for the study. In 76 patients the procedure car- 
ried out was a retransplantation. The causes of renal failure neces- 
sitating transplantation are shown in Table 1. A quarter of the pati- 
ents were diabetics, but in terms of risk factors they did not differ 
as a group from the others (Table 2). Before being accepted on 
the renal transplantation list patients with symptoms of coronary 
disease or  claudication were angiographed and treated by angio- 
plasty or reconstructive surgery if appropriate. A t  admission, the 
presence o f  POAD was based on a history of intermittent claudica- 
tion. The surgical procedure of choice was coupling the renal ar- 
tery to the internal iliac artery. In  71 cases the external iliac artery 
was used for the anastomosis. 

The patients were routinely admitted to the non-invasive vas- 
cular laboratory 4 days after the transplantation. Ankle systolic 
blood pressure was measured with the Doppler device as the distal 
sensor and the ankleibrachial pressure index (ABI) was calculated 
using the higher systolic arm pressure as the denominator. To cal- 
culate the toeibrachial pressure index (TBI),  the systolic pressure 
of the big toe was measured using strain gauge plethysmogaphy. 
The volume change in the extremity caused by each pulse wave 
was measured pneumoplethysmographically at ankle level with a 

pulse volume recorder (PVR) .  The history of intermittent claudi- 
cation was evaluated by a simple questionnaire. The most fre- 
quently used cut-off level of the ABI for POAD is 0.07 [ S ,  6, 8. 
171 or  0.9 [7], of the TBI is 0.65 [6] and of the PVR is 5 mm 1711. 
These levels were used in the present study. 

The patient and graft survival were evaluated during a S-year 
follow up and complaints of claudication and possible lower limb 
amputations were recorded. The amputations were regarded as 
proximal if the limb was amputated above the midfoot level. The 
groupwise comparisons were made using a [-test for unpaired sam- 
ples or  a chi-squared test as appropriate. The study was acceptcd 
by the Ethical Committee of the Helsinki University Central Hos- 
pital and was performed in accordance with the ethical standards 
laid down in the Declaration of Helsinki. 

Results 

Five patients (4%), 4 of which indicated a typical histo- 
ry of intermittent claudication, showed a clear-cut arte- 
rial disease with ABI ranging from 0.49 to 0.77 mea- 
sured 3 days posttransplant (Table 3). When an ABI be- 
low 0.97 was chosen as a criterion for ischaemic disease, 
10 patients (8  YO ) with 13 diseased limbs were encoun- 
tered. A TBI below 0.65 was observed in 11 diabetic pa- 
tients (32%) and in 15 (16%)  others (NS). Diabetes was 
a risk factor associated with the presence of an abnor- 
mal PVR or TBI ( P <  0.01) as only 18% of them had 
both a normal PVR and TBI. 

During the 5-year follow up both a TBI < 0.65 and a 
PVR < 5 at the time of transplantation were associated 

Table 3 Non-invasive vascular laboratory findings in kidney trans- 
plant patients indicating peripheral occlusive arterial disease. The 
values from the worse leg are used ( A B I  Ankleihrachial pressure 
index, TBI toeibrachial pressure index, PVR pulse volume re- 
cording) 

Diabetics Non-diabetics Total 

Number 34 95 179 
ABI < 0.97 3 (9Y") 7 ( 7 % )  10 (8%)  
ABI  < 0.9 1 ( 3 % )  3 ( 3 % )  5 ( 3 % )  
TBI < 0.65 11 ( 3 2 % )  15 (16%) 26 (20%) 
PVR < 5 78 (87%) 34 (36%)"*  62 (38 O/" ) 

** Difference between diabetics and non-diabetics ( P  < 0.01) 
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Table 4 Status of the lower ex- 
trernities, graft function and 
patient survival at 5 years after Distal Proximal 
the transplantation assessed 
against the diabetic, TBI and 
PVR status at the time of 
tramplantation 

Number Claudication Amputations Transplants Patients 
lost died 

5 0.65 79 I 5 ::: * 1 10 g* 
> 0.65 96 6 I I 21 8 

TB1 

1 3 

I :  P < 0.05. :R:g P < 0.01; chi- 

PVR,' 
< S  
2 5  

67 
67 

3 
I 

1 
17 
14 

10 
5 

Diabetics 35 11 7 *: *: 3 *: 17 7 
93 5 - 0 70 9 Non-diabe tics 

squared 
" One hundred and twenty-four 
measurements available 

1 

Table 5 Causes of death after renal transplantation during 5 years 
of follow up 

Cause of death Number 

Cardiovascular 
Pneumonia 
Cere bra1 
Malignancy 
Gastrointestinal 
N o t  known 

10 

1 
1 
1 
I 

3 
I 

with the proximal foot amputations ( P < O . O 1  and 
< 0.05, respectively; Table 4). Patients with a TBI less 
than 0.65 also had an increased risk of mortality 
( P  < 0.05). The graft survival was similar in all groups 
regardless of the level of pressure indices or PVR. In 
the diabetics, 5-year patient and graft survivals were 
similar to those of non-diabetics, but the incidence of 
lower extremity amputations was significantly higher 
(Table 4). During the follow up, 10 out of 16 deaths of 
all patients and 7 out of 7 deaths of diabetics were of car- 
diovascular origin (Table 5 ) .  

Discussion 

Diabetes is known to increase the risk of intermittent 
claudication in the general population two- to threefold 
[3].  However, in a series published by the Charing Cross 
Group, diabetes was not overrepresented in renal re- 
placement therapy patients with claudication as com- 
pared with those without [XI. Using a Rose question- 
naire to assess claudication they found a prevalence of 
19 YO, which, however, was considered to be an underesti- 
mate of the true prevalence of peripheral arterial disease 
in renal replacement therapy patients as the question- 
naire used will not identify patients with asymptomatic 
and less severe disease. This suggestion is supported by 
the high prevalence observed among present patients 
when toe pressure or especially PVR damping were used 
as criteria for the disease. An overall prevalence of arte- 

riosclerosis detected by damping of the PVR amplitude 
to less than 5 mm ast the ankle was 48% in all patients 
and 82 % among diabetics, which are far higher figures 
than in previous clinical reports [1, 13,14,24]. ATBIlevel 
of 0.65 was first suggested by Carter [6] and damping of 
the PVR amplitude below 5 mm was considered to be a 
reliable indicator for arterial disease even in diabetics by 
Raines et al. [21]. If the pressure indices instead of the 
PVR damping are used for detecting arteriosclerosis the 
prevalence is markedly lower in the present study, name- 
ly 20% using 0.65 as the cut-off level of the TBI, 8% 
with the ABI cut-off level of 0.97 and 4% with a more 
strict ABI level of 0.9. Thus, the haemodynamic findings 
indicating the presence of POAD strongly depend on 
the criteria used. Nevertheless, measuring of the pres- 
sures quite accurately illustrates the potential flow [ 161, 
although an even better assessment could be reached af- 
ter exercise provocation [15]. In the present study the 
measurements were made shortly after renal transplanta- 
tion to avoid any drop-outs from a consecutive series and 
that was why exercise tests could not be performed. 

Patients with ESRD and particularly diabetics are 
known to have mediasclerosis causing pseudohyperten- 
sion and masking the presence of arteriosclerosis [12, 
13,191. Therefore, the toe blood pressure measurement 
and damping of the PVR amplitude are more reliable 
in detecting arterial disease than pressure measure- 
ments at the ankle or more proximal levels in renal 
transplant patients. In the present study, the diabetics 
clearly had pseudohypertension more often, but also 
has more true arteriosclerosis than the non-diabetics. 
The early development of arteriosclerosis in uraemic 
patients is also a well-known phenomenon: arterioscle- 
rosis was found in 62% of iliac artery specimens ob- 
tained for histological study at the time of renal trans- 
plantation in non-diabetic haemodialysis patients with 
an average age of 35 years (231, 

According to earlier reports, the incidence of symp- 
tomatic POAD and amputations were increased 15- to 
20-fold in diabetic patients [2] .  A controversy exists if 
the renal replacement therapy increases the risk of low- 
er extremity amputations in patients with pre-existent 
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arteriosclerotic disease. In an prospective study, Foster 
et al. [9] found that frequency of lower limb amputa- 
tions in diabetic renal transplant patients did not differ 
from that of non-transplanted diabetics. The majority 
cf foot lesions were related to neuropathy and trauma 
and not to vascular lesions per se. In the present study. 
posttransplant lower limb amputations were associated 
both with diabetes and with arteriosclerosis in non-dia- 
betics detected using the cut-off levels of a TBI < 0.65 
and damping of the PVR amplitude < 5 mm. The ABI 
was not a predictor of amputations during the 5-year fol- 
low up. The frequency of lower extremity amputations 
of diabetics in the present study was similar to that in 
the report of Morissey et al. [20],  but was far less than 
in a recent prospective study of Manske et  al. [ 1 X I .  

Although in the present study the frequency of lower 
extremity amputations was higher in diabetics compared 

to controls. no difference was found in the mortality. The 
5-year mortality was 30%. which is a far lower figure 
than in previous studies showing 3-year survival rates 
just above 50% 1181. Of the pressure measurements 
used in the study, only the TBI had a predictive value re- 
lated to the mortality during the follow up when 0.65 
was used as the cut-off level. Neither pressure measure- 
ments nor diabetic status at the time of transplantation 
were associated with graft survival during the 5-year fol- 
low up. We conclude that arteriosclerosis is a common 
finding among ESRD patients admitted for renal re- 
placement therapy. Arteriosclerotic disease detected by 
the TBI and the PVR at the ankle level was associated 
with increased proximal foot amputations during the 5- 
year follow up. The TBI could even be used as a predictor 
of increased mortality during that time period. 
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