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Introduction
Transplanted renal artery stenosis (TRAS) is the most frequent 

vascular complication in renal transplantation with an incidence 
varying between 1 - 23% [1-4]. Some authors reported a higher 
incidence of TRAS in transplants from cadavers (13.2 - 17.7%) 
compared to live donors (1.3 - 5.8%) [5], whereas others found a higher 
incidence after living kidney transplantation [6]. TRAS significantly 
affects the long term graft outcome [7]. The reported frequency 
of TRAS depends on the criteria used to define stenosis, i.e. peak 
systolic velocity (PSV) measured by Duplex-Doppler [8] or degree of 
stenosis seen on computer tomography angiography (CTA), magnetic 
resonance angiography (MRA) or intravenous angiography. PSV 
usually reported to be associated with significant stenosis is 1.5 - 3.0 
m/s [3, 9-11], frequently 2.0 m/s or more [12,13]. Structural equivalent 
to these PSV values is 50 to 70% reduction of the arterial diameter [4] 
or as can be calculated and expressed in surface, 75 to 91% reduction of 
arterial cross section, respectively. More important than PSV or arterial 
lumen reduction, however, are (1) intrarenal parameters (“parvus et 
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tardus” pulse wave shape, resistance index – RI, acceleration time – 
AT and acceleration index – AI) that reflect hemodynamic effect and 
thus importance of the stenosis and (2) arterial hypertension, edema 
formation, renal transplant failure and potential graft loss representing 
clinical manifestation of hemodynamically important renal stenosis.

TRAS can develop due to various causes, at different sites of the 
renal artery and at different time after transplantation. It may develop 
proximal to the anastomosis (pre-anastomotic), at the anastomosis 
or within the donor artery (post-anastomotic). In pre-anastomotic 
(proximal) TRAS intrarenal hemodynamic changes result from 
iliac artery stenosis. TRAS is most frequently a consequence of 
surgical procedure or preservation techniques, i.e. damage during 
nephrectomy, due to vascular clamps injury, cannulation for 
organ perfusion, traction of the vessels, suture techniques, torsion, 
kinking or angulation if the artery is longer than the vein or 
otherwise redundant. End to side anastomoses are associated with 
lower incidence of TRAS than end to end anastomoses [14]. Ostial 
stenosis is less frequent with a Carrel patch [15]. Other reasons are 
atherosclerosis in donor renal or recipient iliac artery. Some authors 
report acute rejection, CMV infection and delayed graft function to 
be associated with TRAS [16,17], while others found no association 
of TRAS with prolonged cold ischemia time, acute rejection or 
cytomegalovirus status [2]. Parameters like CaPO4 product, serum 
LDL cholesterol and perhaps uric acid may increase the risk of TRAS 
development late after renal transplantation [18]. TRAS may appear 
any time after transplantation, most frequently however between 2 
- 45 months after transplantation [1,2]. Stenosis due to mechanical 
reason appears earlier in the post-transplant course. There are 
three therapeutic options to treat TRAS, i.e. medical treatment, 
percutaneous transluminal renal angioplasty with or without stenting 
and surgical revascularization. A recent study comparing different 
endovascular intervention (EVI) types (DES: drug-eluting stent, 
BMS: bare-metal stent or only PTA: Percutaneous Transluminal 
Angioplasty) found a significant improvement in allograft function 
and mean arterial blood pressure with no significant differences 
among EVI types. There was also no significant difference in allograft 
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survival with respect to EVI types [19]. There was no difference in 
allograft survival between renal allograft without TRAS and those 
with TRAS treated by angioplasty [20].

Case Report
A 66-year-old male kidney transplant recipient was admitted 

to our hospital in august 2010 due to the worsening of allograft 
function, edema of lower extremities and signs of decompensated 
heart failure. He has been treated for hypertension for over 20 years. 
Since 1990 when ESRD due to hypertensive nephroangiosclerosis 
was diagnosed, he was treated by chronic hemodialysis. In 2005 he 
got transplanted a deceased child donor kidney. The child who was 
5.5 years old died due to hypoxic brain injury caused by drowning. 
Cold ischemia time was 19 hours, kidney measured 87 mm in length, 
donor pre-terminal creatinine value was 53 µM and there was a single 
donor artery in patch. Anastomosis type was end to site. Although 
surgery was uneventful, diuresis in the early postoperative course 
did not appear. Multiple Doppler ultrasound (US) examinations 
revealed good transplant perfusion with a turbulent flow and a peak 
systolic value/velocity (PSV) > 2 m/s at the anastomosis. Surgical 
revision was performed and stenosis at the anastomosis was excluded. 
Narrow renal transplant artery, subsequently shown also by magnetic 
resonance angiography - time of flight sequences (MRA-TOF), was 
confirmed (Figure 1). Arterial diameter was 3 mm only. Although 
the narrow artery was patent, the kidney perfused and continuous 
furosemid infusion (1g/day) administered several hours after the 
transplantation the patient remained anuric for 49 hours. Thereafter 
brisk diuresis appeared, reaching up to 500 ml/hour. In the meantime 
he needed one hemodialysis procedure. He was discharged with 
a creatinine 203 µM which dropped to < 100 µM several months 
after the transplantation. Induction immunosuppression was with 
basiliximab later maintained by cyclosporin A, methylprednisolone 
and mycophenolate mofetil.

In February 2007, one year and a half after the transplantation, he 
presented with raised serum creatinine levels (116 µM). Doppler US 
and MRA both showed a hemodynamically significant narrowing at 
the ostium of transplanted renal artery. A percutaneous transluminal 
renal angioplasty (PTRA) was performed. The intervention, however, 
did not succeed to dilate the stenosis significantly. Postoperatively 
some of the Doppler indices (AI, PSV) were even worse than before 
the intervention, although post-procedural serum creatinine dropped 
to 78 μmol/L. Blood pressure, controlled with antihypertensives, was 
normal. We therefore decided to continue with conservative therapy. 
Clopidogrel 75 mg daily was added to his regular therapy to prevent 
thrombosis at TRAS (Table 1).

The patient was discharged and regularly seen in the outpatient 
setting with relatively stable values of serum creatinine (range 78 to 
135 μmol/L) until 2010, when he was hospitalized due to the signs of 
heart failure. Heart failure was believed to be associated with the aortic 
stenosis, which was diagnosed previously. In the first instance he was 
treated with parenteral diuretic and lost 7 kg of body weight in a few 
days with much improvement in his symptoms. He regained 5 kg of 
body weight in the next few months and presented for the second time 
with resistant hypertension, worsened peripheral edema, dyspnea and 
elevated serum creatinine. At that time he was inefficiently treated 

         

Figure 1: Transplant renal artery stenosis - due to a narrow child artery shown by MRA TOF sequences.

         

Figure 2a: Hyperplastic juxtaglomerular apparatus at the glomerular hilum 
(HE staining).

         

Figure 2b: Hyperplsia of juxtaglomerular apparatus cells between glomerular 
hilum and macula densa. In multiplied cells there are argirophyl granula, 
which on EM show granula of renine type (PASM and Azan staining). 

Table 1: Doppler ultrasound indices pre-PTRA and post-PTRA.

RI AT (ms) AI (m/s2) PSV (m/s)
Pre-PTRA  (2007) 0.68 193 1.68 2.59/1.10
Post-PTRA (2007) 0.59 140 1.31 3.37/1.02
Post-PTRA (2010) 0.56 173 1.26 3.20
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with 7 antihypertensive drugs (diltiazem, carvedilol, nifedipine, 
moxinidine, furosemide, doxazosin and spironolactone).

An ECG revealed atrial fibrillation with the heart rate of 80 beats per 
minute, chest radiography reported increased heart size with probability 
of left atrium enlargement and signs of pulmonary hypertension. There 
was a marked lung interstitial edema with small amount of fluid in right 
pleural space. Echocardiography revealed concentric hypertrophy of the 
left ventricle with good left ventricle systolic function. Left atrium was 
moderately dilated. There was aortic stenosis with maximal transvalvular 
gradient 55 mm Hg and estimated aortic valve area of 1.1 cm2. There 
were no signs of aortic regurgitation. Mitral and tricuspid regurgitation 
were moderate. Estimated systolic pressure in the right ventricle was 40 
mm Hg + CVP.

Renal ultrasound showed a normal transplanted kidney size (12 
cm), normal parenchyma (13 mm) and no dilatation of collecting 
system. As intrarenal Doppler US indices with “parvus et tardus” 
flow contour were not substantially different from those obtained in 
the year 2007, see Table 1, transplant rejection as a cause for worse 
graft function seemed possible. Kidney biopsy was performed. 
Pato-hystological examination revealed Goldblatt-nephropathy-like 
changes. There was juxtaglomerular focal hyperplasia with electron 
microscopy confirmed renin-like granules (Figure 2a and Figure 2b). 
A multifocal mononuclear-cell infiltration was present, however the 
criteria for cellular rejection were not met and also negative C4d in 
peritubular capillaries and negative HLA-DR in proximal tubules 
supported the exclusion of transplant rejection as a cause of renal 
function deterioration.

Thereafter pelvic arteriography showed hemodynamically 
significant transplant artery stenosis at anastomosis with post-
stenotic dilatation (Figure 3). Given the patient’s history of previous 
dilatation attempt in 2007, a decision for surgical bypass of renal artery 
stenosis was made, using a 8 mm Dacron graft to anastomose left iliac 
common artery and distal post-stenotic part of transplant renal artery 
(Figure 4). The day after surgical procedure brisk diuresis appeared 
(Graph 1). Polyuria was accompanied by body weight reduction. 
Elevated serum creatinine fell to normal range (113 to 82 µmol/l). 
On day 5 the patient developed severe orthostatic hypotension (75/50 
mm Hg) which resolved after discontinuation of all antihypertensive 
drugs and administration of higher hydrocortisone dose. Blood 
pressure stabilized at normal values after 6 days. On discharge he was 
slightly hypotensive with blood pressure 101/84 mm Hg, without any 
antihypertensive drugs and creatinine value 67 µM, body weight 57.7 
kg and without leg edema.

On follow-up the patient was improving until April 2011, when he 
again presented with worsened symptoms: hypertension (RR 172/120 
mm Hg), recurrent leg edema, elevated serum creatinine level (118 
µmol/l) and body weight (70.0 kg). Ultrasound revealed relative 
stenosis on iliorenal bypass anastomosis. CT angiography reported 
hemodynamically important stenosis on renal transplant artery (as 
expected, for this was one reason for ileorenal bypass procedure in 
September 2010) and a stenosis on distal segment on ileorenal bypass 
was proposed. PTA with balloon stenting (8 × 27 mm) within the 
distal segment of the bypass was performed in August 2011. Two 
days after procedure he was discharged with serum creatinine level 
165 µmol/l and body weight 72.8 kg. However, in subsequent course 

         

Figure 3: Ostial stenosis with post-stenotic dilatation.

         

Figure 4: 8 mm Dacron stent graft anastomosis between left iliac common artery and transplant renal artery.
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creatinine levels and body weight rose. No further attempt to resolve 
the stenosis was made.

Discussion
PSV and detection of hemodynamically important stenosis 
in pediatric kidney transplants

The question is whether or not PSV of more than 2 m/s, which 
indicates, as generally believed, severe and hemodynamically 
important TRAS in adult population, calls for intervention in a 
transplanted pediatric kidney? It seems that PSV in this setting can 
be of only relative significance and without a high predictive value. 
If interpreted without concurrent clinical and laboratory data it can 
even be deceiving. Such kidneys have higher velocities not only at 
the time of transplantation but also several years afterwards. In a 
recent study mean maximal PSV for the pediatric transplants was 2.0 
(0.9 - 3.8) m/s, which was almost twice the mean value of 1.1 (0.7 - 
1.6) m/s for the adult kidneys [21]. A PSV > 1.8 m/s itself did not 
necessarily indicate TRAS in pediatric kidneys transplanted to adult 
recipients. Only a minority of patients with elevated systolic velocities 
had hemodynamically significant stenosis [21]. Furthermore, not 
only pediatric kidneys transplanted to adults have increased PSV but 
also those transplanted to children [10]. Pediatric transplant artery 
was reported to show PSV of 0.9 - 6.1 m/s but they only rarely had 
clinically significant stenosis which was demonstrated by increased 
creatinine. There was no correlation between PSV and serum 
creatinine nor with blood pressure in pediatric population. Other 
parameters, such as consistently elevated blood pressure, creatinine 
or proteinuria may indicate TRAS in pediatric population rather than 
relying on Doppler characteristics alone [10]. In our case early high 
PSV together with anuria suggested hemodynamically important 
stenosis which was the reason for surgical exploration soon after 
transplantation, which however showed only a narrow renal artery. 
We conclude that increased PSV in pediatric artery may not reflect a 
hemodynamically important TRAS and decision to re-operate on the 
basis of sole Doppler exam is not justified (although this may well be 
possible in adult-size renal arteries).

TRAS management

TRAS management consists of three modalities: medical 
treatment, percutaneous transluminal renal angioplasty (PTRA) 
with or without stent placement and surgical intervention. The main 
question to be answered is by which modality to start or how long 
to treat conservatively before intervening either by angioplasty or 
surgery? In some of the literature reports there was no significant 
difference in the rate of deterioration in renal function, in blood 
pressure or in the number of anti-hypertensive agents between 

conservative and interventional treatment [8,22]. If medical treatment 
is chosen as the first treatment modality, PTA or surgery can however 
be opted for when conservative measures fail to control hypertension, 
water retention or if kidney function begins to deteriorate. Cost 
benefit ratio must be assessed in each individual case because of the 
risk that PTA or surgical intervention may cause graft loss [23] as for 
instance in calcified stenosis susceptible to dissection.

Primary PTRA with stent placement is currently the initial 
treatment of choice for patients with TRAS if the lesion is accessible 
to such treatment. It is associated with decreased incidence of 
restenosis (10%) as compared to PTRA alone (16 - 62%) and is less 
invasive than surgical correction [24]. Immediate technical success of 
PTA is reported to be over 80% and clinical success is 74 - 87%. Long 
term clinical success defined as improvement in blood pressure or 
stabilization or improvement in renal function was reported to be 53 
- 70% at one year, with restenosis rate 10 - 33% [23]. One and five year 
graft survival rate was 91% and 86% respectively in PTRA with stent 
placement which was better than in surgical intervention [13]. The 
worst prognosis was noted in patients treated with secondary PTRA 
after failed surgery or secondary surgery after failed primary PTRA 
[13]. Complications caused by PTA other than restenosis comprise 
renal artery dissection, thromboembolism, hematoma and pseudo-
aneurism at the puncture site. Reported complication rate is 0 - 10%. 
Drug eluting stents are justified in TRAS with vessel diameter < 5 
mm [25]. PTA is effective and safe therapeutic option also in pediatric 
population where TRAS is an increasingly recognized cause for post-
transplant arterial hypertension [26].

Surgical intervention is rarely needed. It is indicated if primary 
angioplasty is considered unsuitable because of recent transplant, 
multiple stenoses, long and narrow stenosis, clinically important 
kinking of the renal artery, inaccessibility of stenosis or after failure 
of angioplasty [13]. Surgical options for renal artery reconstruction 
include resection, revision of the anastomosis, localized 
endarterectomy, and renal artery patch angioplasty and bypass graft. 
The success rate and recurrence rate of surgical revascularization 
has been reported to be similar to PTA with stenting [2,24]. It is 
however associated with higher rates of morbidity such as graft loss 
approaching 30% with a recurrence rate of 12% [23,27] and ureteral 
injury. Reported mortality is up to 5% [1].

Management of TRAS is optimal only if it is patient tailored on a 
case by case basis. The reason for surgical revascularization with graft 
in our patient was the inability to distend ostial stenosis of pediatric 
artery with high pressure PTA attempts. Aorto-ostial lesions either in 
native vessels or in grafts can be particularly difficult to dilate. High 
pressure (22 bar) resistance to aorto-coronary ostial stenosis was 
reported [28]. Failure to dilate renal stenosis with high pressures (20 

         

Graph 1: Diuresis and body weight in the perioperative period. Encircled in red is the operation day.
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bar) in pediatric kidney was also described [29]. Other authors report 
however a successful PTRA of TRAS at the anastomosis in children 
[30]. The development of subtotal ostial stenosis in our case seems 
to be a result of several factors such as surgical technique, turbulent 
blood flow at the anastomosis and eventually a lack of proper ostial 
growth. Uric acid (534 µM) and LDL cholesterol (2.9 mM) were 
only moderately elevated, while other parameters described in the 
literature as possible risk factors for TRAS, such as CMV infection 
and CaPO4 product (27.4 mg2/dl2) were negative and normal, 
respectively. The most probable reason for the inability to dilate the 
ostial part of the artery was surgical. Anastomosis is performed by a 
running suture which precludes proper dilatation of the vessel. PTRA 
can even tear the suture and cause dehiscence especially in the early 
postoperative period. As iliac artery and distal renal artery showed 
good patency without atherosclerotic plaques or calcifications we 
decided for bypass graft instead of venous patch. Only 4 claims were 
reported for surgical aorto-renal bypass in Medicare database of 823 
TRAS patients in the period 2000-2005 [2]. We found no report of 
a successful Dacron bypass graft in an adult patient who received a 
pediatric kidney and developed TRAS. It was the first such case at 
our transplant center. It had an excellent short term result. Although 
at first in 2010 clinically misinterpreted as heart failure symptoms, 
the success of revascularization procedure confirmed TRAS as the 
main cause of patient’s problems. This case clearly highlights the 
problematic definition of the main causative factor for edema and 
hypertension in combined heart failure and TRAS patients.

The findings suggest that transplanting a small kidney into a heavy 
patient may be a risk factor for allograft failure [31]. Unfortunately 
optimal size match in cadaveric kidney transplantation is not always 
possible. Unmatched size of recipient and donor kidney in our case was 
probably a partial reason for transplant renal artery stenosis, which was 
gaining progressively in hemodynamical importance in the years after 
transplantation. At the time of transplantation donor artery size was not 
anyhow modified. Pediatric kidney artery, however, grew properly to a 
normal size except at the site of anastomosis. TRAS management was 
patient tailored. We opted for conservative therapy as long as kidney 
function was stable or arterial blood pressure was properly controlled 
by antihypertensive drugs. When this was no longer possible we opted 
for PTRA, which unfortunately was pressure resistant. Lastly surgical 
intervention with placement of dacron graft was mandatory. Immediate 
clinical success was optimal, while long term success moderate. Whether 
a different sequence of treatment modalities would bring a better result, 
remains questionable.

How to assess therapeutic success

The assessment of therapeutic success is problematic as the 
definition of clinical success is not uniform. There are several 
parameters to consider in order to assess the efficacy of a certain 
procedure, i.e. change in arterial lumen or residual stenosis proved 
by angiography, hemodynamic indices measured by Doppler 
ultrasound and clinical parameters such as drop in arterial pressure, 
loss of edema, increase in glomerular filtration and graft survival. All 
parameters should be evaluated immediately after procedure and 
several months or years afterwards. Some authors defined clinical 
success if creatinine dropped for 15%, diastolic pressure for 15% 
with a number of antihypertensive medications equal to that before 
PTRA or mean diastolic pressure reduction for more than 10% with 
a reduced number of antihypertensive drugs [6]. Others considered 
a drop of creatinine value of more than 0.3 mg/dl (26.5 µM) and/or 
reduction in the number of antihypertensive medication as clinical 
success [32]. Improvement was considered significant if there was < 
50% of residual stenosis and > 25% improvement in serum creatinine 
and eGFR levels after 12 weeks post treatment [13]. Various criteria 
used are the reason for different percent of reported success of a 
therapeutic procedure.

There was no doubt about an excellent immediate success of 
the bypass surgery of our patient. Blood pressure dropped, edema 
vanished and serum creatinine normalized. Antihypertensive drugs 
were discontinued and he even went through a transient hypotensive 

period which resolved after the addition of hydrocortisone. Transient 
hypotension was most probably primarily due to reduced activation 
of RAAS system after bypass insertion. It is known that angiotensin 
II stimulates Arap1 protein expression which in turn downregulates 
AT1 receptor in the renal vasculature [33]. Reduced level of 
angiotensin II may have caused less vasoconstriction mediated 
through the AT1 receptors, which resulted in hypotension. Six 
months after the operation, however, stenosis at the distal end of the 
graft emerged. Hypertension developed again and creatinine began to 
rise again. The most probable reason for the stenosis was narrowing 
by the neointimal neoplasia caused by proliferation and migration of 
smooth muscle cells and myofibroblasts into the intima [34]. Blood 
turbulence between renal artery and bypass graft may also have played 
a role. Secondary or rescue PTRA are reported to have low degree of 
success [13], which is in accordance with our experience. Secondary 
PTRA with stent placement was performed, stenosis was lessened, 
but creatinine fell only slightly and later rose again. The evolution of 
these events thus shows that a very good short term success may be of 
relative value when observed on a longer term.

Conclusion
The present case serves as an illustrative example of difficulties 

encountered when managing patients with demanding TRAS and 
some novel observations of this transplant complication. First, 
the starting etiology of the PTA-refractory anastomotic stenosis 
in this patient was associated with a small diameter of a child 
donor artery bringing the attention to the special care needed in 
diagnostic evaluation of delayed graft function when small children 
vessels are anastomosed into an adult recipient and in later follow-
up. Here even high early peak jet velocities above 2 m/s are usually 
not a sign of resolvable focal stenosis. Second, the stenosis was 
discovered immediately after the transplantation but a few years 
later presented a diagnostic challenge due to the relatively stable 
(although clearly chronically disturbed) ultrasound-Doppler 
indices and concomitant aortic stenosis giving a clinical picture 
of decompensated heart failure. The diagnostic uncertainty also 
drove us to perform a kidney biopsy, which excluded rejection and 
showed a classical educative picture of juxtaglomerular apparatus 
hyperplasia. It was not until the successful execution of aorto-renal 
graft when the diagnosis was clarified due to the massive reduction 
of body weight with brisk urine diuresis and the discontinuation 
of a large number of anti-hypertensives that the patient was 
taking. The early post-operative (bypass) period was marked with 
a profound orthostatic hypotension which took several weeks to 
fully spontaneously resolve. Unfortunately later on the patient 
developed restenosis at the point of insertion of Dacron graft to 
the renal artery and percutaneous angioplasty was not successful to 
improve the allograft function. This is in keeping with reports from 
the literature showing a relatively poor long-term general success 
of surgical and secondary PTA procedures in this complication. To 
conclude, although TRAS may be easily discovered with Doppler 
examination and readily treated with percutaneous radiological 
interventions, this case shows that there is a subset of patients with 
refractory stenosis which may give a chronic and long-term disease 
course with diagnostic challenges and often demanding surgical 
interventions. They may have a relatively poor outcome and the best 
surgical approach to such stenoses still remains to be found.
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