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S u m m a r y

Hypertension after kidney transplantation is a very common disease and its etiology is 
usually complex. One of the causes of hypertension after kidney transplantation is trans-
planted renal artery stenosis (TRAS). The clinical features of TRAS include new-onset and 
refractory hypertension, allograft dysfunction especially after treatment with ACE inhibi-
tor or AT1blockers, presence of bruit over the graft or arteriosclerosis in other arteries. It 
should be stressed that TRAS may be also completely asymptomatic. TRAS increases the 
risk of graft loss, including the patient’s death, almost three-fold. Colour Doppler Ultra-
sonography is the most common, non-invasive, screening method used for the detection 
of TRAS. Percutaneous transluminal renal angioplasty (PTRA) with stenting is the treat-
ment of choice and restores kidney perfusion in 65-100% of cases. TRAS should be taken 
into consideration in every case of hypertension in patients after organ transplantation. 
Early detection and treatment improve function and survival of transplanted kidney and 
survival of patients.

S t r e s z c z e n i e

Nadciśnienie tętnicze występuje u większości pacjentów po przeszczepieniu nerki. 
Etiologia nadciśnienia tętniczego w tej grupie pacjentów jest zwykle złożona, a w różnico-
waniu jego przyczyn zawsze należy uwzględnić zwężenie tętnicy zaopatrującej graft (ang. 
Transplanted Renal Artery Stenosis – TRAS). Objawy kliniczne nasuwające podejrzenie 
TRAS to nagłe pogorszenie kontroli ciśnienia tętniczego krwi, nadciśnienie tętnicze opor-
ne na leczenie, zwłaszcza z towarzyszącym upośledzeniem czynności przeszczepionej 
nerki, szybkie pogorszenie funkcji wydalniczej nerki po rozpoczęciu leczenia inhibitorami 
konwertazy angiotensyny lub blokerami receptora angiotensyny, szmer w okolicy prze-
szczepionego narządu oraz współistniejące zmiany miażdżycowe w innych obszarach 
naczyniowych. TRAS może przebiegać również bez objawów klinicznych. TRAS niemal 
trzykrotnie zwiększa ryzyko utraty nerki przeszczepionej, włącznie ze śmiercią pacjenta. 
Ultrasonografia metodą Dopplera jest podstawowym, nieinwazyjnym badaniem prze-
siewowym w przypadku podejrzenia TRAS. Przezskórna angioplastyka balonowa (ang. 
Percutaneous transluminal renal angioplasty – PTRA) połączona z implantacją stentu w 
miejscu zwężenia naczynia jest skuteczną w 65-100% metodą leczenia. Uwzględnienie 
TRAS jako przyczyny nadciśnienia tętniczego u każdego chorego po transplantacji nerki 
umożliwia wczesne rozpoznanie a następnie skuteczne leczenie, co istotnie wpływa na 
funkcję i przeżycie graftu oraz przeżycie pacjenta.

INTRODUCTION
Arterial hypertension (HTN) is common after organ 

transplantation, affecting from 50 to 85% of kidney 
transplant recipients (1, 2). As one of the most im-
portant non-immunological risk factors of transplant 
failure, HTN contributes significantly to the develop-
ment of graft loss in these patients. Moreover, HTN 

significantly increases the risk of serious cardiovas-
cular events, which are the most common cause of 
death in kidney transplant recipients (3). A retrospec-
tive study conducted in over 1600 patients demon-
strated that the risk of graft loss or death increases 
by 5% for every 10 mmHg increment in blood pres-
sure (4). Generally, HTN etiology in kidney recipients 
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is complex and includes graft-dependent factors, re-
cipient-dependent factors and the hypertensive effect 
of some immunosuppressant drugs. The key factors 
associated with HTN pathogenesis in kidney trans-
plant recipients are shown in table 1.

Table 1. Causes of hypertension in kidney transplant reci-
pients.

I. Transplant-related hypertension
– hypertension transferred with the transplanted organ from 

a hypertensive donor
– too small size of the transplanted kidney
– chronic kidney disease of the transplanted organ
– impaired function of the transplant kidney
– transplant renal artery stenosis (TRAS)
– hydronephrosis due to urethral obstruction in the transplanted kidney
– arteriovenous fistula following a graft biopsy

II. Recipient-related hypertension
– hypertension induced by the recipient’s own kidneys – elevated 

renin secretion, sympathetic nervous system hyperactivation
– polycythemia – uncontrolled erythropoietin production
– obesity, metabolic syndrome
– obstructive sleep apnea syndrome
– concomitant endocrine hypertension-inducing disorders 

(Conn’s syndrome, pheochromocytoma)
– presence of angiotensin II type 1 (AT1) receptor-activating antibodies

III. Immunosuppression-related hypertension
– glucocorticosteroids
– cyclosporine A
– tacrolimus

CASe RepORT

A 23-year-old male after kidney transplantation 
(4 years previously) demonstrated impaired kid-
ney graft excretory function during a routine fol-
low-up visit at the Transplantation Outpatient Clin-
ic (increased serum creatinine levels from 280 to 
445 μmol/L; eGFRMDRD = 13 ml/min/1.73 m2) and 
high blood pressure values (240/120 mmHg). 
The patient was urgently admitted to the Depart-
ment of Nephrology, Endocrinology and Met-
abolic Diseases, Silesian Medical University in 
Katowice. On admission, he denied dysuria and 
fever and reported no decrease in urine volume, 
no peripheral edema, or pain. Past medical his-
tory showed earlier incident of impaired renal ex-
cretory function and elevated hypertension after 
14 months of kidney transplantation. Doppler ul-
trasonography and computed tomography angi-
ography (CTA) of the kidney graft allow to make 
a final diagnosis of transplanted of transplant 
renal artery stenosis (TRAS) (by approximate-
ly 50%) in the vicinity of the anastomosis. Follow-
ing percutaneous transluminal renal angioplas-
ty (PTRA) of the transplanted kidney with metal 
stent placement, both the blood pressure and 
serum creatinine levels returned to the levels ob-
served prior to the described TRAS. During the 
patient’s present stay on the ward (July 2012), 
due to ineffective control of hypertension with 
oral antihypertensive drugs (captopril, nitren-
dipine, doxazosin, metoprolol, furosemide), 
parenteral urapidil followed by a continuous ni-
troglycerine were administered; however, com-

plete blood pressure control was not achieved. 
The Doppler ultrasound examination showed re-
duced vascularization of the segmental arteries 
of the kidney graft; the renal artery anastomosis 
or the segment distal to the anastomosis were 
not visualized. Due to a suspected restenosis of 
the stent placed in the graft artery in 2009, the 
patient was qualified for a double procedure of 
angiography and angioplasty. Angiography re-
vealed a critical intrastent stenosis of the graft 
renal artery at the site of its anastomosis with the 
left external iliac artery, while the distal segment 
of the graft renal artery was normal (fig. 1). At the 
same time, a successful 5 x 20 mm balloon an-
gioplasty of the stenosed segment was per-
formed. No complications were observed follow-
ing the procedure, and the blood pressure did 
not exceed 150/95 mmHg. After the procedure, 
dual antiplatelet therapy (acetylsalicylic acid 
and clopidogrel) and the antihypertensive treat-
ments with metoprolol (at a dose 2 x 50 mg p.o.) 
and furosemide (at a dose 2 x 40 mg p.o.) were 
administered to achieve effective blood pres-
sure control. Seven days after the balloon an-
gioplasty, serum creatinine levels decreased 
from 445 μmol/L measured on admission to the 
Nephrology ward, to 329 μmol/L. During fol-
low-up visits at the Transplantation Outpatient 
clinic 1 and 5 months after the procedure, blood 
pressure did not exceed 140/90 mmHg and the 
kidney graft excretory function returned to the 
level observed during the 12 months preceding 
the described TRAS episode (maximum creati-
nine level 287 μmol/L).

epIDemIOlOgy, pAThOphySIOlOgy, ClINICAl 
pReSeNTATION

Depending on the diagnostic methods and 
criteria, transplant renal artery stenosis (TRAS) 
is found in 1 to 23% of all kidney transplant re-
cipients (5). A recent study in 41 000 kidney trans-
plant recipients showed the incidence of TRAS to 
be 8.3 new cases per 1000 patients per year (6). 
TRAS typically develops 3 months to 2 years after 
kidney transplantation, most commonly 6 months 
post transplantation, but it may also occurs long 
after the procedure (7-9). Clinical manifestations 
suggestive of TRAS are a sudden blood pressure 
increase and graft excretory dysfunction, not asso-
ciated with acute rejection, infection, or obstructive 
nephropathy. Transplant renal artery stenosis may 
be suspected when a rapid deterioration in renal 
excretory function following initiation of angiotensin 
converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers (ARB) treatment is observed or 
there is a presence of vascular bruit over transplant-
ed kidney or concomitant atherosclerosis lesions in 
other arteries (10). Moreover, due to activation of the 
renin-angiotensin-aldosterone (RAA) system in the 
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course of renal artery stenosis, there may be signs 
of fluid retention for instance peripheral edema or 
congestive heart failure. It is important to remember 
that critical TRAS may occurs despite a lack of the 
clinical manifestations mentioned above. Introduc-
tion of routine Doppler ultrasound examinations in 
kidney transplant recipients helped increase the rate 
of TRAS diagnosis by 10% in the total population of 
kidney transplant recipients, the majority of whom 
were asymptomatic (11). In a study conducted in 
823 patients with TRAS, Hurst et al. demonstrated 
that TRAS increased the risk of graft loss, including 
the patient’s death, almost three-fold compared to 
the rate in patients without TRAS (6). Risk factors 
for TRAS include: advanced age of the donor and/
or recipient, kidney from an expanded criteria donor 
(donor > 60 y.o. or donor > 50 y.o. with 2 out of 3 as-
sociated factors: history of hypertension, creatinine 
levels ≥ 1.5 mg/dL, stroke-related death), delayed 
graft function, ischemic heart disease, induction im-
munosuppressive therapy, cytomegalovirus infec-
tion (6, 12, 13). The method of kidney harvesting, 
degree of vessel damage, vessel length (e.g. long ar-
tery and short vein of the transplant kidney), athero-
sclerosis in donor vessels, and probably the method 
of anastomosis between the recipient’s own vessels 
and the vessels of the graft (the use of clamps, type 
of anastomosis) (6). TRAS generally develops in 
the area of surgical anastomosis of the graft artery 

with the recipient’s artery, but it may also develop 
proximally or distally to the anastomosis. TRAS oc-
curring at the site of anastomosis is typically direct-
ly associated with the transplantation surgery and 
may be a result of donor or recipient vessel damage 
(e.g. during kidney harvesting or during vessel prep-
aration for anastomosis), due to subsequent fibrosis 
and scarring at the site of anastomosis or due to an 
inappropriately conducted anastomosis procedure. 
The latter reason for TRAS occurs typically soon af-
ter transplantation. Non-anastomotic TRAS is mostly 
associated with atherosclerotic lesions in the donor 
or recipient arteries and typically develops later after 
kidney transplantation. The so-called pseudo-TRAS, 
which is associated with atherosclerotis narrowing 
of iliac arteries impairing transplant artery perfusion, 
should also be considered in differential diagnosis.

DIAgNOSTICS
Doppler ulrasonography is the main screening 

diagnostic procedure in TRAS, evaluating hemody-
namic parameters in the organ. Doppler parameters 
characteristic for TRAS are shown in table 2. Renal 
Doppler ultrasound is a noninvasive, easily acces-
sible and repeatable examination with 87-94% sensi-
tivity and 86-100% specificity (11). However, Doppler 
ultrasonography is a time-consuming examination 
that should be conducted only by a very experienced 
specialist. Computed tomography angiography (CTA) 
or magnetic resonance angiography (MRA) are also 
used in diagnosis of TRAS. These imaging methods 
allow to find the precise location and to conduct an 
accurate assessment of the degree of vascular steno-
sis, and are characterized by a 98 and 83% sensitivity 
and 94 and 97% specificity, respectively (9). Despite 
continuous advances in the imaging techniques men-
tioned above, intra-arterial arteriography still remains 
the ‘gold standard’ of TRAS diagnosis. However, this 
is an invasive procedure, requiring puncturing a ma-
jor arterial vessel and associated with increased risk of 
complications, including contrast-induced nephropa-
thy. The alternative to conventional arteriography with 
iodine-based contrast media may be carbon dioxide 
arteriography (carbon dioxide has no nephrotoxic 
effects); this imaging method should be considered 
especially in patients with highly impaired graft excre-
tory function (14).

Table 2. Doppler-ultrasound-based diagnostic criteria of TRAS (18).

– increased maximum blood flow velocity at the site of stenosis 
– Vmax > 2 m/s.

– lowered pulsatility index (PI) and resistive index (RI)
– longer acceleration time (AT) in intrarenal arteries (> 100 ms)
– the ratio of Vmax in the graft artery to Vmax in the iliac artery 

proximal to the anastomosis > 1.8

TReATmeNT
There are 3 methods used in TRAS treatment: 

pharmacological antihypertensive therapy, percuta-
neous transluminal renal angioplasty (pTRA) with or 

Fig. 1. Arteriography of the transplant renal artery (the arrow marks 
the site of stenosis).
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without stent implantation and surgical treatment. 
The first therapeutic option involving only pharmaco-
logical antihypertensive therapy is recommended for 
patients with TRAS with stable graft excretory func-
tion and no evidence of hemodynamically significant 
TRAS in Doppler ultrasound (Vmax < 1.8 m/s, re-
sistive index 0.5). In these patients, small doses of 
short-acting ACE-inhibitors may be used (11), with 
serum creatinine and potassium level monitored 
during treatment. Additionally, supportive treatment 
may include statins and acetylsalicylic acid (10). The 
remaining two therapeutic options of percutaneous 
revascularization and surgery typically require com-
plementary pharmacological antihypertensive treat-
ment. Percutaneous transluminal renal angioplasty 
(PTRA) is recommended in the case of TRAS with 
refractory hypertension and/or deteriorating graft 
excretory function. In the majority of cases, percu-
taneous balloon angioplasty is performed together 
with stent placement, as this method is associated 
with a lower risk of restenosis. Restenosis occurs 
in less than 10% of patients who underwent PTRA 
with stent placement, whereas the rate of restenosis 
with PTRA alone ranges from 16 to 62%. The effec-
tiveness of percutaneous balloon angioplasty with 
stent placement ranges from 65 to 100% (15). How-
ever, it is important to remember that these proce-
dures are associated with a risk of complications, 
such as: arterial dissection, embolism, hematoma, 
pseudoaneurysm, as well as the already mentioned 
restenosis. PTRA complications may occur in up to 
10% of patients treated with this method. Surgical 
treatment of TRAS is conducted in patients after un-
successful PTRA and in those with a very significant 
stenosis or other technical problems inaccessible to 
PTRA. Surgical treatment effectiveness and the rate 
of restenosis are comparable to those of PTRA with 
stent placement, although the rate of complications 
is higher with surgery. These complications include 
graft loss (15-20%), ureteral damage (14%), reopera-
tion (13%) and death (5%) (11). Like in the case of 
recipient’s own renal artery stenosis, TRAS has no 
specific indications to qualify a patient for revascu-
larization and there are no large prospective studies 
comparing the efficacy and long-term benefits of the 

individual treatment options, and the results of ear-
lier studies are inconsistent. A recent retrospective 
study in 67 patients with TRAS compared long-term 
results of three therapeutic options of TRAS: conser-
vative treatment (pharmacological therapy), percuta-
neous balloon angioplasty with stent placement and 
surgical treatment (16). Assessed at 1 and 5 years 
of follow-up, graft survival after balloon angioplasty 
with stent placement was 93 and 81%, respectively, 
which was significantly higher in comparison to that 
in patients undergoing conservative (75 and 65%, 
respectively) or surgical treatment (85 and 63%, re-
spectively). All three study groups achieved a reduc-
tion in hypertension, however, only the percutane-
ous angioplasty group demonstrated this effect to be 
maintained long-term. A study by Geddes et al., who 
evaluated the treatment efficacy in 27 patients under-
going PTRA and 16 patients receiving conservative 
treatment, demonstrated different results. The study 
revealed no differences in terms of hypertension 
values, the number of antihypertensive drugs used, 
or renal graft function at 5 years of follow-up (17). 
Similarly, in a retrospective study in 823 patients with 
TRAS, Hurst et al. showed no significant differences 
in graft survival between the conservative treatment 
group and the percutaneous balloon angioplasty 
group (6). Long-term prospective studies are needed 
in order to answer the questions of when and how to 
treat patients with TRAS.

CONClUSIONS
Most kidney transplant recipients develop hy-

pertension, and its etiology is typically complex. 
Transplant renal artery stenosis (TRAS) should al-
ways be considered when differentiating causes of 
hypertension in this group of patients. TRAS may 
manifest as refractory hypertension with or without 
impaired graft excretory function, but it may also 
be completely asymptomatic. TRAS increases the 
risk of graft loss, including the patient’s death, al-
most three-fold. Therefore, routine Doppler ultra-
sound examinations of the graft, which are easily 
accessible and non-invasive screening assess-
ments, seem to be warranted in each kidney trans-
plant recipient.
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