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Abstract

Uncontrolled hypertension is very prevalent even after successful kidney
transplantation and may lead to unfavorable renal allograft and patient outcomes.
Several factors pre- and post-transplant as well as surgical and non-surgical factors
may contribute to post-transplant hypertension. Transplant renal artery stenosis (TRAS)
is one of the treatable causes of resistant hypertension. In addition to the common risk
factors for renal artery stenosis in non-transplant patients, immunological and surgical
factors are potential contributor’s involved in the pathogenesis of TRAS. Imaging
modalities, especially color-Doppler ultrasound, that are non-invasive and widely
available are the screening method of choice for diagnosis of TRAS. Understanding
the pathogenesis of TRAS could lead to prevention, early detection, and treatment
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strategies to prolong renal allograft and patient survival.

ABBREVIATIONS

ACEs: Angiotensin-Converting Enzyme Inhibitors; Al:
Acceleration Index; ARBs: Angiotensin II Receptor Blockers;
AT: Acceleration Time; AVF: Arterio Venous Fistula; CCBs:
Calcium-Channel Blockers; CDUS: Color Doppler Ultra sound;
CIN: Contrast-Induced Nephropathy; CKD: Chronic Kidney
Disease; CNIs: Calcineurin Inhibitors; CO,: Carbon dioxide; Cr:
Creatinine; CSN: Canadian Society of Nephrology; CTA: Computed
Tomography Angiography; CVD: Cardio Vascular Disease; DDRT:
Deceased Donor Renal Transplantation; DES: Drug-Eluting Stent;
DGF: Delayed Graft Function; EBPG: European Best Practice
Guidelines; ESRD: End-stage Renal Disease; GFR: Glomerular
Filtration Rate; K*: Potassium; KDIGO: Kidney Disease: Improving
Global Outcomes; K/DOQI: Kidney Disease Outcomes Quality
Initiative; LDRT: Living Donor Renal Transplantation; MRA:
Magnetic Resonance Arteriography; NSF: Nephrogenic Systemic
Fibrosis; PSV: Peak Systolic Velocity; PTA: Percutaneous
Transluminal RenalArtery angioplasty; RAR: Renal/aortic Ratio;
RAS: Renal Artery Stenosis; RI: Resistive Index; RIR: Renal/iliac
Ratio; SGF: Slow Graft Function; TRAS: Transplant Renal Artery
Stenosis; UPCR: Urine Total Protein to Creatinine Ratio

INTRODUCTION

Kidney transplantation is the treatment of choice for end-
stage renal disease (ESRD) patients [1]. It improves patient
survival and quality of life. The initial barrier to maintaining renal
allograft survival is primarily immunologic, specifically acute
rejection. Since the introduction of calcineurin inhibitors (CNIs)
in 1980, early renal allograft survival has been tremendously
improved; however, long-term renal allograft outcomes have
not changed significantly [2,3]. This leads to more focus on the
non-immunologic causes of renal allograft dysfunction or loss.
Uncontrolled hypertension remains one of the most important
non-immunological causes of renal allograft dysfunction and
diminished patient survival. In this review, we discuss general
aspects of post-transplant hypertension with emphasis on
transplant renal artery stenosis (TRAS).

Post-transplant hypertension

Cardiovascular complications during the post-transplant
period are among the most common causes of death with a
functioning allograft (DWFG) in kidney transplant recipients
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[4,5]. As cardiovascular disease (CVD) is a systemic condition and
involves almost all vascular beds in the vital organs, including
the cerebral, coronary, and renal circulations, controlling
and modifying cardiovascular risk factors is one of the main
strategies to prevent multisystem organ dysfunction including
renal allograft loss.

The majority of kidney transplant recipients have multiple
traditional risk factors for CVD such as diabetes mellitus,
hypertension, and hyperlipidemia [6]. These risk factors remain
after transplant and continue affecting the involved vessels.
Similar to chronic kidney disease (CKD) patients, kidney
transplant recipients encounter ongoing or even new onset
hypertension and its complications.

Epidemiology and risk factors for post-transplant
hypertension

Uncontrolled hypertension is a very common non-
immunological co-morbid condition in kidney transplant
recipients with a prevalence of more than 80% [7-9]. Risk factors
associated with post-transplant hypertension include: deceased-
donor renal transplantallografts (particularly those from a donor
with a family history of hypertension), chronic renal allograft
dysfunction, presence of native kidneys, use of CNIs (cyclosporine
and tacrolimus) or glucocorticoids, weight gain, and renal artery
stenosis (RAS) [10-15].

Kidney dysfunction can be responsible for the development
of hypertension. Evidence from one study demonstrated that
transplantation with kidneys from normotensive donors into
recipients with ESRD secondary to essential hypertension could
correct hypertension in the kidney transplant recipients [16].

In addition to the condition of donor organs, genetic risk
factors play a role in post-transplant hypertension. One study
showed that kidney transplant recipients with normotensive
families who received kidneys from donors with a family history
ofhypertension had less withdrawal from and more introductions
ofantihypertensive medications thanrecipients receivingkidneys
from donors without a family history of hypertension. Moreover,
in order to achieve similar blood pressure control, kidney
transplant recipients without a family history of hypertension
receiving kidneys from donors with hypertension demonstrated
a tenfold greater increase in a requirement for antihypertensive
therapy than the recipients who received kidneys from donors
without hypertension [17].

Apart from genetic factors, several associated risk factors for
post-transplant hypertension can contribute to the development
of hypertension at different time points post-transplant, which
is generally divided into 3 periods: immediate, early, and late
post-transplant (Table 1) [18-27].During the immediate post-
transplant period (the first 3 months post-transplantation),
surgical-related factors such as postoperative pain or
hypervolemic status resulting from high volume intra operative
fluid administration are the major causes of hypertension.
In addition, the majority of ESRD patients have underlying
hypertension requiring multiple blood pressure medications.
Discontinuation of antihypertensive medications, especially
clonidine, during the perioperative period often leads to rebound

hypertension and blood pressure medications may need to be
restarted during the immediate post-transplant period. High dose
intravenous glucocorticoids as a part of an immunosuppressive
regimen could contribute to hypertension, but are generally
not the main factor as intravenous glucocorticoids are typically
restricted to the first 3 post-transplant days. Renal allograft
dysfunction may become an important cause of uncontrolled
hypertension during this period, especially in the setting of
deceased donor renal transplantation (DDRT) with a higher
incidence of slow graft function (SGF) or delayed graft function
(DGF) than in living donor renal transplantation (LDRT). This is a
common scenario where diuretics may not be effective and post-
transplant dialysis may be required to control volume status as
well as blood pressure.

Immunological factors causing renal allograft dysfunction
start to play an important role in hypertension during the early
post-transplant period (3 - 12 months post-transplantation).
Acute renal allograft dysfunction from acute rejection and acute
CNIs nephrotoxicity are the common causes.

Similar to the early post-transplant period, renal allograft
dysfunction during the late post-transplant period (> 1 year post-
transplantation) may cause uncontrolled hypertension. Chronic
CNIs nephrotoxicity is one of the most common causes of chronic
renal allograft dysfunction and subsequent chronic kidney
disease in kidney transplant recipients. Recurrent native kidney
disease and complicated urological problems may contribute to
hypertension.

Renovascular hypertension, specifically TRAS, is usually
suspected as a cause of uncontrolled or new-onset hypertension
after the immediate post-transplant period, especially when
ultrasound with color-Doppler (CDUS) demonstrates some
evidences of stenosis in the transplant renal arteries, external iliac
artery, or at the anastomotic site. In addition, CDUS performed
for other reason such as acute renal allograft dysfunction may
incidentally detect TRAS.

Pathogenesis of post-transplant hypertension

The pathogenesis of hypertension during the post-transplant
period is likely multi factorial and could result from several risk
factors, given the potential for complex underlying medical and
surgical sources as well as immunological causes (Table 1) [18-
27]. The majority of these factors are reversible and some are
preventable. In this review, we discuss on TRAS, one of the most
important causes of reversible resistant hypertension.

TRANSPLANT RENAL ARTERY STENOSIS (TRAS)
Epidemiology and risk factors for TRAS

The incidence of TRAS is unclear. A wide range of incidence
from 1% to 23% has been reported in different studies, partly
due to variations in definitions and the methods used to diagnose
TRAS [28]. The onset of TRAS can occur at anytime post-
transplant, but it is commonly diagnosed between 3 months and
2 years post-transplant [29]. Several medical and surgical-related
risk factors have been associated with TRAS (Table 2) [15,30-32].

Medical risk factors for renal artery stenosis in kidney
transplant recipients are similar to those that occur in non-
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Table 1: Common risk factors contributing to hypertension during different post-kidney transplant periods [18-27].

Post-transplant

. Risk factors Pathogenesis Comments
period
Immediate Genetic predisposition Unknown
(< 3 months) [18,19] Volume overload Intraoperative volume Treatment by volume removal including diuretics and/or dialysis
management especially in DGF
Surgical procedure Sympathetic activation
[20]

Renal allograft dysfunction

Increased vascular
resistance, inadequate
relaxation rather than
active vasoconstriction
[21]

Ischemia
Acute rejection
CNI nephrotoxicity

Glucocorticoids

Salt and water retention

Increased systemic and renal vascular resistance especially in the
afferent arteriole

Increased vasoconstrictors particularly endothelin) [22-24]
Increased sodium transport in the loop of Henle [25]

Not a major contributor risk factor of post-transplant
hypertension. However, gradual glucocorticoid withdrawal

leads to blood pressure in most patients especially those with
preexisting hypertension [26]

Early Genetic predisposition Unknown
(3 months to 1 year) Acute renal allograft

dysfunction

CNI nephrotoxicity

TRAS

risk factors

Medical and/or Surgical

Late Unknown

(> 1year) [27]

Genetic predisposition
Recurrent native renal
diseases

Urinary tract obstruction
Chronic renal allograft
dysfunction

Failed prior renal allograft
Hypo perfused end-stage
native kidneys

CNIs

Glucocorticoids

TRAS

Abbreviations: CNIs: Calcineurin Inhibitors; DGF: Delayed Graft Function; TRAS: Transplant Renal Artery Stenosis.

transplant patients. Atherosclerotic disease remains the most
common cause of TRAS and vascular lesions are usually found
in the anastomotic vessels of the recipients who have underlying
atherosclerotic risk factors. Atherosclerotic plaques in the
donor renal arteries and aorta can be detected during organ
procurement. These plaques are graded as mild, moderate, or
severe and also scored as soft or hard plaques. Donor kidney
organs with moderate to severe and hard arterial plaques
can potentially cause complications or difficulty during the
anastomosis and these organs are usually discarded. Therefore,
atherosclerotic disease causing TRAS usually arises from the
recipient iliac arteries. Conflicting transplant-related risk
factor data have been reported. Recent studies suggest that
cytomegalovirus (CMV) infection and DGF are independent risk
factors for TRAS, possibly by causing endothelial dysfunction
[15].

Surgical risk factors involve the interplay between

donor, recipient- and other surgical-related factors. Since the
anastomotic site is the most common location of TRAS, surgical
trauma during harvesting kidney organs, traumatic clamping of
the recipient external iliac artery, or suturing the donor renal
arteries to the recipient artery are the major causes of early post-
transplant TRAS.

Pathogenesis of TRAS

Similar to the non-transplant population, common traditional
risk factors of CVD lead to unfavorable effects on blood vessels
in the majority of kidney transplant recipients [6]. The renal
artery is often one of the major affected vessels, leading to
worsening renal allograft function if the change in vessel
structure subsequently causes RAS. The pathogenesis of RAS
in renal transplant recipients may differ from non-transplant
patients due to surgical factors including donor renal vascular
manipulation or reconstruction in the preparation of renal
vessels for anastomosis to recipient vessels [28,29,33], as well
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Table 2: Risk factors associated with transplant renal artery stenosis [15, 30-32].

Risk factors

Medical Traditional risk factors
Atherosclerotic disease
Fibromuscular dysplasia

Iliac artery dissection
Neurofibromatosis type 1

Segmental arterial mediolysis [30]

Cytomegalovirus (CMV) infection
Delayed allograft function

Vasculitides (polyarteritis nodosa, Takayasu arteritis, radiation)

Transplant/Immunological related risk factors [15,31,32]

Donor-related
Difficulties in harvesting

Surgical

Recipient-related
Vascular calcifications
Vascular malformation or abnormalities

Surgical-related

DCD (potential vascular injury during organ procurement)

Operative technique such as improper suturing and vessel trauma
Donor or recipient renal artery manipulation or reconstruction

Abbreviations: DCD: Donation after Cardiac Death

Table 3: Imaging modalities utilized to screen and/or diagnose TRAS [32,34,41-45].

Imaging Modality Sensitivity

Specificity

Limitations/ Complications /
Contraindications

58-100% [34]

Color-Doppler ultrasonography (100% with PSV >2.5 m/second) [41]

87-100% [34]
(100% with PSV >2.5 m/second)
[41]

Commonly used for
screening[32,34,41,42]; but
operator-dependent

Spiral CT angiography (CTA)

Data in non-transplanted kidneys [32,43]

Noninvasive

Magnetic resonance angiography

100% with gadolinium-enhanced MRA and three-dimensional phase

Nephrogenic systemic fibrosis

(MRA) contrast post-gadolinium [44] \e/\f}?:]:lglli}},{ <30 ml/min
Rengl artery Gold standard Invasive
angiography

Not sensitive in patients with a
history very suggestive for TRAS [45,
67]

Radioisotope renography

Useful for predicting the
physiologic significance of a
moderately severe stenotic lesion

Negative renogramunlikely to
respond to correction of the
stenosis [67]

Abbreviations: GFR: Glomerular Filtration Rate; PSV: Peak Systolic Velocity; TRAS: Transplant Renal Artery Stenosis

as immunological factors from exposure to immunosuppressive
medications that may potentially cause endothelial damage
[15,30-32] (Table 2).

Pathologic lesions of TRAS

In the non-transplant population, several renovascular
pathologies can lead to RAS including atherosclerosis,
fibromuscular dysplasia (FMD), aortic dissection, abdominal
aortic coarctation, vasculitides (polyarteritis nodosa, Takayasu
arteritis, radiation), neurofibromatosis type 1, and segmental
arterial mediolysis [30]. In kidney transplant recipients, any
arteries involved in the anastomosis, including donor and
recipient arteries, could be involved in physiological stenosis
[34].

In the experience of the authors, a case was noted where
fragile intraluminal tissue in the recipient external iliac artery
adjacent to the anastomotic site of the donor renal artery

resulted in an intraluminal flap and subsequent stenosis that
compromised blood flow from the recipient external iliac artery
to the donor renal artery (Figure 1). CDUS in this patient revealed
an elevated peak systolic velocity (PSV) at the anastomosis of 454
cm/sec. The PSV in the native right external iliac artery proximal
and distal to the anastomosis were 13.9 and 27.8 cm/sec,
respectively. Distal to the anastomotic site, the PSVs in the hilar
portion and mid-portion of the main renal artery were 86 and 82
cm/sec, respectively. The high PSV at the anastomosis supported
physiological stenosis. The resistive index (RI) in the superior,
mid, and inferior portions were all normal at 0.50, 0.63, and 0.63,
respectively (Figures 2-4).

Clinical manifestation of TRAS

Renovascular hypertension is one of the most common causes
of resistant hypertension in the non-transplant population.
However, kidney transplant recipients with TRAS may present
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Figure 1 Longitudinal gray scale sonographic scan of the right lower
quadrant of a transplanted renal allograft (yellow arrows) shows a
dissection flap in the recipient distal external iliac artery adjacent
to the anastomotic site of the donor renal artery (white arrow). The
dissection flap caused physiologic stenosis and compromised blood
flow from the recipient external iliac artery to the donor renal artery.

Figure 2 Longitudinal color-Doppler sonographics can of the right
lower quadrant of the transplant renal allograft (yellow arrows)
shows bidirectional flow above and below the dissection flap (white
arrow).

Figure 3 Spectral Doppler image shows an elevated peak systolic
velocity within the true lumen (white arrow) near the dissection flap,
reflecting reduced lumen diameter.

Figure 4 Spectral Doppler image of the main renal artery distal to the
dissection flap shows an elevated peak systolic velocity of up to 454
cm/second.

*  Hypokalemia
+  Recurrent acute decompensated heart fallure / flash pulmonary edema
+  Unexplained renal allograft dysfunction

‘Renal allograft function

i \

Figure 5 Suggested algorithm for screening and diagnosis of
transplant renal artery stenosis.

with clinical manifestations that are different from non-
transplant patients. Presentation could include typical resistant
hypertension, renal allograft dysfunction from ischemic renal
allograft nephropathy, or even asymptomatic RAS incidentally-
detected during abdominal/pelvic imaging [30]. The first two
presentations are most common [35]. Other manifestations
include an acute elevation in blood pressure or flash pulmonary
edema [36]. Similar to the non-transplant population, areversible
reduction in glomerular filtration rate (GFR) from angiotensin-
converting enzyme inhibitors(ACEs) or angiotensin II receptor
blockers (ARBs) are clues suggesting TRAS [29,37].

Screening and diagnosis of TRAS

Since the prevalence of RAS is much higher in patients with
clinical presentations suggesting some evidence or characteristic
of renovascular hypertension, such as hypertension in the young,
abdominal bruits on physical exam, malignant hypertension,
hypokalemia, recurrent acute decompensated heart failure,
or flash pulmonary edema, screening for RAS in hypertensive
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patients without these clinical presentations is recommended
only after other secondary causes of hypertension are excluded
[38,39].The typical scenario that should lead to evaluation for
TRAS include uncontrolled hypertension with antihypertensive
agents, hypertensive patients with audible bruits over the renal
allograft or with unexplained renal allograft dysfunction. Isolated
moderate to severe hypertension is not a significant clinical
indicator by itself for evaluation for TRAS [40].

Renal artery angiography remains the gold standard for the
diagnosis of TRAS and can detect other lesions that may mimic
clinical presentations of TRAS such as intrarenal arteriovenous
fistula (AVF), a common complication causing an acute rise
in serum creatinine after transplant renal biopsy. In addition,
vascular interventions with renal artery balloon angioplasty
with/without renal artery stenting can be performed at the
same time if stenotic lesions amenable to treatment are detected.
However, renal artery angiography is an invasive procedure with
rare but potentially significant complications such as contrast-
induced nephropathy (CIN), arterial dissection, or cholesterol
embolism [30]. To minimize iodinated iso-osmolar contrast
material use during transplant renal artery angiography, our
institute routinely uses carbon dioxide (CO,) angioplasty as an
alternative non-nephrotoxic contrast agent. Due to the invasive
nature of renal artery angiography, imaging modalities especially
CDUS, magnetic resonance arteriography (MRA), and computed
tomography angiography (CTA) are increasingly performed as
initial studies to screen and diagnose TRAS [29,32].

Imaging studies that can identify the stenotic sites,
localize the main renal artery and its branches, measure
hemodynamics of the arteries, and determine other related
pathology such as abdominal aortic aneurysm or mass seem
to be the ideal investigational tools for screening for RAS [30].
Table 3 summarizes imaging modalities utilized to screen and/
or diagnose TRAS [32, 34, 41-45]. In this review, we will focus
on CDUS since this imaging modality meets the criteria of ideal
investigational tools above.

Color-Doppler ultrasound (CDUS)

Among the imaging techniques used to screen for RAS, CDUS is
widely utilized as an initial screening tool since it is non-invasive,
reproducible, and inexpensive. However, the accuracy varies
depending on the skill of the ultrasonographer. In addition, given
variations in transplant renal artery anatomy, the information
from CDUS needs to be interpreted with caution.

In non-transplant patients, two pieces of information
commonly used to determine the degree of RAS are PSV and RI.
The normal PSV in the main renal artery and its branches is <
120 cm/second [46]. Rl is a parameter calculated by the formula:
{(PSV - End-diastolic velocity) / PSV} and indicates the degree of
intrarenal arterial impedance. It is variable per the patient age
and area of measurement. Average RI values from different areas
of the renal artery are shown in (Table 4) [46-52].

To diagnose RAS by CDUS, there are main diagnostic criteria
used to evaluate evidences of artery stenosis.

1) Proximal criteria:These criteria directly evaluate the

stenotic area and diagnose proximal stenosis of the renal artery
(Table 5) [53-60].

1.PSV

2. Velocity gradient between stenotic and prestenotic
segments

3. Renal artery Doppler signal
4. Color artifacts and turbulence

Among of these, the abnormalities detected in criteria 3 and 4
are the immediate and first signs of RAS.

2) Distal criteria: These criteria are used to indirectlyevaluate
the stenotic area by detecting the alteration of flow at the renal
vasculature distal to the site of stenosis (Table 5) [53-60].

A discrepancy of RI between 2 kidneys is another criterion
that has been used to diagnose RAS, but this is uncommonly
used in clinical practice and is not relevant to kidney transplant
recipients with a single functioning renal allograft [61-63].

Spiral computed tomography (CT) scan

A spiral (helical) CT scan with intravenous contrast (CT
angiography or CTA) is diagnostic study with a high accuracy
for detecting renal artery stenosis from atherosclerotic disease.
It is not as accurate for the detection of fibromuscular dysplasia
because the nature of fibromuscularinvolvement in the distal
arterial segment causes difficulty in the visualization of stenosis
[64-66]. Even though CTAis anoninvasive test, it could potentially
cause CIN especially in patients with renal impairment. There is
no data to evaluate its use in kidney transplant patients [32,43].

Magnetic resonance angiography (MRA)

MRA is another noninvasive study commonly performed to
screen for renal artery stenosis. Similar to CTA, MRA is associated
with the study-related complication nephrogenic systemic
fibrosis (NSF) from gadolinium exposure, especially in patients
with renal dysfunction. Gadolinium should be avoided in the
patient with eGFR< 30 mL/min. However, due to a very high
sensitivity and a specificity of up to 100% in one study, MRA may
be the preferred screening imaging in patients with very high
suspicion for renal artery stenosis, even before CDUS [44].

Radioisotope renography

This modality is rarely used to screen for or diagnose renal
artery stenosis. It is more useful for detecting the physiologic
significance of a moderately severe stenosis. A negative result
may predict unresponsiveness to treatment [45,67].

Since the above screening and diagnostic imaging studies
are not risk-free, especially in a patient with impaired renal
allograft function, we suggest an algorithm to screen and
diagnose for TRAS in kidney transplant recipients (Figure 5).
As mentioned above, causes of non-renovascular hypertension
should first be excluded in patients with resistant hypertension.
Kidney transplant recipients with clinical symptoms or signs
of renovascular hypertension requiring further investigation
should be divided into 2 groups: patients with normal and
abnormal renal allograft function. In patients with normal renal
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Table 4: Normal resistive index measured by color-Doppler ultrasound in different areas of the renal artery [46-52].

Arterial site and utility RI Comments
Renal artery (hilar region) 0.65+/-0.17
Interlobar artery 0.54 +/-0.20
P The large arterial segment of interlobar arteries producing the best signals toward
Discriminating value between normal and . . .
athologic resistance 0.7 the transducer probe is the optimal areas for evaluation [46,47,49].
p 9 Peripheral or arcuate arteries with weak signals should not be used [50,51]
Not recommend for renal artery stenting >0.8[52]

Abbreviations: RI: Resistive Index

Table 5: Color-Doppler ultrasound criteria for diagnosis of renal artery stenosis in non-transplanted and transplanted kidneys [53-60].

Abnormal value of the CDUS criteria

CDUS criteria

Native kidney Transplanted kidney

1.1PSV

1. Proximal criteria ) . .
(the first and most important sign)

> 180 cm/sec > 250 cm/sec

1.2 Velocity gradient between stenotic
and prestenotic segments > 2:1

(PSV ratio of the renal artery to the pre
renal artery)

RAR (PSV ratio of the
renal artery to the pre
renal abdominal aorta in
native kidney)> 3.5

RIR (PSV ratio of the donor renal artery to the pre renal
recipient iliac artery in transplant kidney)> 3.5

*1.3Renal artery Doppler signal [55] No signal if occlusion

Significant upstream

*1.4 Color artifacts and turbulence [55] stenosis

Flow at the renal hilum downstream of a significant stenosis is damped and slowly
rises to the peak. AT > 0.07 seconds and Al < 3 m/s?

Abbreviations: Al: Acceleration Index; AT: Acceleration Time; PSV: Peak Systolic Velocity; RAR: Renal/aortic Ratio; RAS: Renal Artery Stenosis; RIR:
Renal/iliac Ratio

“The immediate and first signs of RAS [55]

2. Indirect criteria Tardus-parvus [56]

Table 6: Recommended blood pressure goals in kidney transplant recipients from different guidelines [69-72].

Comorbid condition Medical society guideline Goal blood pressure (mmHg)
Non-proteinuric CSN <140/90 [69]

K/DOQI and KDIGO <130/80 [70, 71]
Proteinuric (spot UPCR 500 to 1000 mg/g of Cr) <130/80

EBPG 125/75 [72]

Abbreviations: Cr: Creatinine; CSN: Canadian Society of Nephrology; EBPG: European Best Practice Guidelines; KDIGO: Kidney Disease Improving
Global Outcomes; K/DOQI: Kidney Disease Outcomes Quality Initiative; UPCR: Urine Total Protein to Creatinine Ratio

Table 7: Suggested antihypertensive medications for kidney transplant recipients [12,13].

Recipients with Antll.lypfertenswe Pros Cons Comments
medications
CNIs CCBs Preferred antihypertensive
agents [12, 13]
Decreases CNIs dose used
Decreases renal allograft
loss Increases GFR
ACEIs Decreases proteinuria Decreased GFR interferes with interpretation Wait 3-6 month post-
ARBs Decreases serum uric acid of renal allograft function . transplant to initiate
Decreases proteinuria Hyperl'(alemla (decreases urinary Kf . ACEIs/ARBs
excretion by CNI and decreases angiotensin
Il production and subsequent aldosterone
secretion by ACEls/ARBs)
Decreases hemoglobin
Non-CNI CCBs
ACEIs/ARBs
B-blockers
Diuretics

Abbreviations: ACEIs: Angiotensin-Converting Enzyme Inhibitors; ARBs: Angiotensin Receptor Blockers; CCBs:
Calcium-Channel Blockers; CNIs: Calcineurin Inhibitors; GFR: Glomerular Filtration Rate; K*: Potassium
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allograft function, CDUS, CTA, or MRA may be performed. CDUS is
the most common initial imaging study and is usually followed by
CTA or MRA and finally renal artery angiography with / without
interventions. In patients with renal allograft dysfunction, CDUS
should be the first screening study, followed by either CTA or
MRA depending on the degree of renal allograft dysfunction.
Since NSF is one of the serious complications of gadolinium, MRA
should be avoid in the patient with eGFR< 30 ml/min and CTA
may be considered with prophylaxis for CIN.

Management of TRAS

Similarly as in non-transplant patients, treatment for
TRAS includes medical and non-medical intervention: either
percutaneous transluminal renal artery angioplasty (PTA) with
or without stenting, or surgery.

MEDICAL MANAGEMENT

Blood pressure control

TRAS with stable renal allograft function and no
hemodynamically significant stenosis can be medically managed
to control blood pressure [29]. Different medical societies have
developed different blood pressure goals depending on the
presence or absence of proteinuria and/or comorbid conditions,
such as diabetes mellitus or atherosclerotic cardiovascular
disease [9, 68]. (Table 6) [69-72].

Since CNIs are most commonly used as the backbone of
immunosuppressive medication for kidney transplantation,
interactions with these drugs should be considered in managing
antihypertensive medications. Suggested antihypertensive
medications for patients with and without concomitant CNIs use
are shown in the Table 7 [12,13].

Non-dihydro pyridine calcium channel blockers are one of
the preferred antihypertensive medication classes in kidney
transplant recipients with CNIs. The CYP4503A4 enzyme
inhibitory effect leads to increased CNIs level and allows a
minimized dose of CNIs. In addition, the use of calcium channel
blockers has been associated with a decreased incidence of renal
allograft loss and increased GFR [12,13].

Since TRAS causes renal allograft hypo perfusion and
subsequent activation of the renin-angiotensin-aldosterone
system (RAAS) and impaired sodium excretion, angiotensin-
converting enzyme inhibitors and angiotensin-receptor blockers
(ACEIs/ARBs) should be effective in the control of blood pressure
in patients with TRAS. However, ACEIs/ARBs are not commonly
used, especially in the immediate or even early post-transplant
periods. ACEIs/ARBs are a known cause of increased serum
creatinine. Even though this is a physiologic effect of ACEIs/ARBs
and a decrease in GFR < 30% of the baseline is an acceptable
physiological threshold, this effect could interfere with an
interpretation of renal allograft function especially in kidney
transplant recipients who are sensitive to volume depletion
during the immediate post-transplant period. In addition, the
hyperkalemic side effects of ACEIs/ARBs could be additive to
that caused by CNIs. Even though these are unfavorable side
effects, the antiproteinuric effects of ACEIs/ARBs are beneficial
and ACEIs/ARBs remain a commonly used antihypertensive

medication in early or late post-transplant periods when kidney
transplant recipients have established baseline renal allograft
function. This period is also the time when TRAS commonly
occurs,and ACEIs/ARBs remain useful as antihypertensive agents
as long as there is no acute renal allograft dysfunction. Another
potential beneficial effect of ACEIs/ARBs is the treatment of post-
transplant erythrocytosis. The mechanism is unclear but likely
related to inhibition of erythropoiesis.

For kidney transplant recipients who do not take CNIs,
effective control of blood pressure may be achieved using CCBs,
ACEIs/ARBs, (-blockers, or diuretics. Mechanisms contributing
to hypertension and the specific benefit and side effect profiles
should be taken into consideration when selecting any of these
antihypertensive agents. In addition to blood pressure control,
conservative management indicates that dyslipidemia should be
treated with statins even though there is no clear data in kidney
transplant recipients [29].

NON-MEDICAL INTERVENTION

Percutaneous transluminal renal artery angioplasty
(PTA)

Medical management generally controls blood pressure in
patients with TRAS; however, non-medical treatment such as
PTA and/or stenting may be indicated especially in resistant
hypertension without response to antihypertensive medications
and progressive decline in renal allograft function.

The success rate of PTA is up to 80% and the overall rate
of restenosis is 20% [73,74]. Short, linear stenotic lesions that
are distal from the anastomosis have the highest chance of
success[29].Conversely, renal artery anatomy with arterial
kinking, anastomotic strictures, and long lesions have a higher
risk of unsuccessful intervention and complications [28,75,76].

The recurrence rate for stenosis with PTA alone is 10 - 33%
in 6 - 8 months [77];this reduces to < 10% with combined PTA
and renal artery stenting [78], making this intervention very
useful for patients with recurrent stenosis [79,80]. Restenosis
may be further prevented by using radioactive or drug-eluting
stents (DES). These stents locally release antiproliferative agents
such as rapamicin and enoxaparin, inhibiting intimal hyperplasia
[81-84]. However, unlike the efficacy of DES in coronary arteries,
data regarding the use of DES in the renal artery in transplant
is limited [85].From our experiences, similarly to the non-
transplant patient population, PTA with/without renal-artery
stenting may not significantly improve renal allograft function
or blood pressure control in kidney transplant recipients
(unpublished data) [86,87].

Surgery

Surgical intervention for TRAS is uncommon, especially
when extensive fibrosis and scarring around the transplanted
kidney may make surgical correction of a transplant artery
stenosis difficult. Surgical correction is considered in patients
with proximal recipient arteriosclerotic disease, stenosis at
the anastomosis line, or resistant hypertension [76,88]. The
rates of success and recurrent stenosis are 60 -90% and 10%,
respectively [28].
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Outcomes of post-transplant hypertension

Similarly to the non-transplant population, persistent
hypertension and wide pulse pressure could lead to several
complications both related and non-related to transplantation.

Transplant-related outcomes

hypertension

of post-transplant

Hypertensive nephrosclerosis can occur or recur in kidney
transplant allografts. Hypertension during the post-transplant
period shortens renal allograft survival times and post-transplant
blood pressure inversely relates to the GFR of the renal allograft

[9].

Non-transplant related outcomes of post-transplant
hypertension

Approximately half of late renal allograft loss is due to DWFG
[89],and CVD is the major cause of mortality in kidney transplant
recipients. Asisalsotrue ofthe general population, post-transplant
hypertension is still among the most important traditional risk
factors for CVD. Chronic uncontrolled hypertension can result in
left ventricular hypertrophy, which is an independent risk factor
for heart failure and death in kidney transplant recipients [10,90-
93].

CONCLUSIONS

Even though post-transplant hypertension is very common
and has a complex pathogenesis, with medical and surgical as well
as transplant-related (immunological) and transplant-unrelated
risk factors, the majority of these factors are treatable. TRAS is
considered a rare but recognized cause of resistant hypertension
during the post-transplant period; however, the incidence may
be underestimated. For patients with a typical presentation
of especially resistant hypertension and unexplained renal
allograft dysfunction, recognition and investigation of TRAS
could increase the opportunity for early diagnosis of this under-
recognized, threatening, but curable disease in order to preserve
renal allograft and patient survival.

ACKNOWLEDGEMENTS

The authors would like to thank Anna Pawlowski and
Eric Stanczyk from Northwestern Medicine Enterprise Data
Warehouse (NMEDW), Northwestern University Feinberg
School of Medicine for data analysis and Dr. Monzer Chehab
from the Department of Radiology and Molecular Imaging,
Oakland University William Beaumont School of Medicine for his
assistance in obtaining images. We appreciate Dr. Steven Cohn,
Dr. Vandad Raofi, and Dr. Damanpreet S. Bedi from Multi-Organ
Transplant Center, Department of Surgery, Oakland University
William Beaumont School of Medicine for their inputon surgical
aspects. We would also like to thank Ms. Rose Callahan fromthe
Department of Surgery, Beaumont Hospital - Royal Oakfor
review of the manuscript. We also appreciate grant support for
data management from the Northwestern Medicine Enterprise
Data Warehouse (NMEDW) Pilot Data Program, Northwestern
University Feinberg School of Medicine.

REFERENCES

1. Suthanthiran M, Strom TB. Renal transplantation. N Engl ] Med. 1994;
331: 365-376.

2. Hariharan S, Johnson CP, Bresnahan BA, Taranto SE, McIntosh M],
Stablein D. Improved graft survival after renal transplantation in the
United States, 1988 to 1996. N Engl ] Med. 2000; 342: 605-612.

3. Meier-Kriesche HU, Schold ]D, Srinivas TR, Kaplan B. Lack of
improvement in renal allograft survival despite a marked decrease in
acute rejection rates over the most recent era. Am ] Transplant. 2004;
4:378-383.

4. US Renal Data System. USRDS 2008 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States, National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD. 2008.

5. Ojo AO. Cardiovascular complications after renal transplantation and
their prevention. Transplantation. 2006; 82: 603-611.

6. Kasiske BL. Risk factors for accelerated atherosclerosis in renal
transplant recipients. Am ] Med. 1988; 84: 985-992.

7. Kasiske BL, Anjum S, Shah R, Skogen ], Kandaswamy C, Danielson B, et
al. Hypertension after kidney transplantation. Am ] Kidney Dis. 2004;
43:1071-1081.

8. Paoletti E, Gherzi M, Amidone M, Massarino F, Cannella G. Association
of arterial hypertension with renal target organ damage in kidney
transplant recipients: the predictive role of ambulatory blood
pressure monitoring. Transplantation. 2009; 87: 1864-1869.

9. Mangray M, Vella JP. Hypertension after kidney transplant. Am ]
Kidney Dis. 2011; 57: 331-341.

10.Hernandez D. Left ventricular hypertrophy after renal transplantation:
new approach to a deadly disorder. Nephrol Dial Transplant. 2004;
19: 1682-1686.

11.Sayegh MH, Lazarus JM. Renal parenchymal disease and hypertension.
In: Cooke JP, Frohlich ED, editors. Current Management of
Hypertension and Vascular Disease. Philadelphia: Decker. 1992; 76.

12.First MR, Neylan JF, Rocher LL, Tejani A. Hypertension after renal
transplantation. ] Am Soc Nephrol. 1994; 4: S30-36.

13.Textor SC, Canzanello V], Taler SJ, Wilson D], Schwartz LL, Augustine
JE, et al. Cyclosporine-induced hypertension after transplantation.
Mayo Clin Proc. 1994; 69: 1182-1193.

14.Pérez Fontan M, Rodriguez-Carmona A, Garcia Falcon T, Fernandez
Rivera C, Valdés F. Early immunologic and nonimmunologic predictors
of arterial hypertension after renal transplantation. Am ] Kidney Dis.
1999; 33: 21-28.

15.Audard V, Matignon M, Hemery F, Snanoudj R, Desgranges P, Anglade
MC, et al. Risk factors and long-term outcome of transplant renal
artery stenosis in adult recipients after treatment by percutaneous
transluminal angioplasty. Am ] Transplant. 2006; 6: 95-99.

16.Curtis J], Luke RG, Dustan HP, Kashgarian M, Whelchel JD, Jones P, et
al. Remission of essential hypertension after renal transplantation. N
Engl ] Med. 1983; 309: 1009-1015.

17.Guidi E, Menghetti D, Milani S, Montagnino G, Palazzi P, Bianchi G.
Hypertension may be transplanted with the kidney in humans: a
long-term historical prospective follow-up of recipients grafted with
kidneys coming from donors with or without hypertension in their
families. ] Am Soc Nephrol. 1996; 7: 1131-1138.

18.Curtis JJ. Hypertension after renal transplantation: cyclosporine
increases the diagnostic and therapeutic considerations. Am ] Kidney
Dis. 1989; 13: 28-32.

19.Luke RG. Pathophysiology and treatment of posttransplant
hypertension. ] Am Soc Nephrol. 1991; 2: S37-44.

20.Scherrer U, Vissing SF, Morgan BJ, Rollins JA, Tindall RS, Ring S, et al.

Ann Clin Exp Hypertension 3(3): 1030 (2015)

9/12


http://www.ncbi.nlm.nih.gov/pubmed/7832839
http://www.ncbi.nlm.nih.gov/pubmed/7832839
http://www.ncbi.nlm.nih.gov/pubmed/10699159
http://www.ncbi.nlm.nih.gov/pubmed/10699159
http://www.ncbi.nlm.nih.gov/pubmed/10699159
http://www.ncbi.nlm.nih.gov/pubmed/14961990
http://www.ncbi.nlm.nih.gov/pubmed/14961990
http://www.ncbi.nlm.nih.gov/pubmed/14961990
http://www.ncbi.nlm.nih.gov/pubmed/14961990
http://www.usrds.org/2008/view/ckd_00_intro.asp
http://www.usrds.org/2008/view/ckd_00_intro.asp
http://www.usrds.org/2008/view/ckd_00_intro.asp
http://www.usrds.org/2008/view/ckd_00_intro.asp
http://www.ncbi.nlm.nih.gov/pubmed/16969281
http://www.ncbi.nlm.nih.gov/pubmed/16969281
http://www.ncbi.nlm.nih.gov/pubmed/3287917
http://www.ncbi.nlm.nih.gov/pubmed/3287917
http://www.ncbi.nlm.nih.gov/pubmed/15168388
http://www.ncbi.nlm.nih.gov/pubmed/15168388
http://www.ncbi.nlm.nih.gov/pubmed/15168388
http://www.ncbi.nlm.nih.gov/pubmed/19543066
http://www.ncbi.nlm.nih.gov/pubmed/19543066
http://www.ncbi.nlm.nih.gov/pubmed/19543066
http://www.ncbi.nlm.nih.gov/pubmed/19543066
http://www.ncbi.nlm.nih.gov/pubmed/21251543
http://www.ncbi.nlm.nih.gov/pubmed/21251543
http://www.ncbi.nlm.nih.gov/pubmed/15150353
http://www.ncbi.nlm.nih.gov/pubmed/15150353
http://www.ncbi.nlm.nih.gov/pubmed/15150353
http://www.ncbi.nlm.nih.gov/pubmed/8193293
http://www.ncbi.nlm.nih.gov/pubmed/8193293
http://www.ncbi.nlm.nih.gov/pubmed/7967781
http://www.ncbi.nlm.nih.gov/pubmed/7967781
http://www.ncbi.nlm.nih.gov/pubmed/7967781
http://www.ncbi.nlm.nih.gov/pubmed/9915263
http://www.ncbi.nlm.nih.gov/pubmed/9915263
http://www.ncbi.nlm.nih.gov/pubmed/9915263
http://www.ncbi.nlm.nih.gov/pubmed/9915263
http://www.ncbi.nlm.nih.gov/pubmed/16433762
http://www.ncbi.nlm.nih.gov/pubmed/16433762
http://www.ncbi.nlm.nih.gov/pubmed/16433762
http://www.ncbi.nlm.nih.gov/pubmed/16433762
http://www.ncbi.nlm.nih.gov/pubmed/6353230
http://www.ncbi.nlm.nih.gov/pubmed/6353230
http://www.ncbi.nlm.nih.gov/pubmed/6353230
http://www.ncbi.nlm.nih.gov/pubmed/8866403
http://www.ncbi.nlm.nih.gov/pubmed/8866403
http://www.ncbi.nlm.nih.gov/pubmed/8866403
http://www.ncbi.nlm.nih.gov/pubmed/8866403
http://www.ncbi.nlm.nih.gov/pubmed/8866403
http://www.ncbi.nlm.nih.gov/pubmed/2660549
http://www.ncbi.nlm.nih.gov/pubmed/2660549
http://www.ncbi.nlm.nih.gov/pubmed/2660549
http://www.ncbi.nlm.nih.gov/pubmed/1932642
http://www.ncbi.nlm.nih.gov/pubmed/1932642
http://www.ncbi.nlm.nih.gov/pubmed/2388667

@SCiMedCentra]

Gallon et al. (2015)
Email: I-gallon@northwestern.edu

Cyclosporine-induced sympathetic activation and hypertension after
heart transplantation. N Engl ] Med. 1990; 323: 693-699.

21.Passauer ], Lassig G, Biissemaker E, Pistrosch F, Gross P. Reduced
endothelin-1- and nitric oxide-mediated arteriolar tone in
hypertensive renal transplant recipients. Kidney Int. 2004; 65: 1782-
1789.

22.Takeda Y, Miyamori I, Wu P, Yoneda T, Furukawa K, Takeda R. Effects
of an endothelin receptor antagonist in rats with cyclosporine-induced
hypertension. Hypertension. 1995; 26: 932-936.

23.Watschinger B, Sayegh MH. Endothelin in organ transplantation. Am ]
Kidney Dis. 1996; 27: 151-161.

24.Perico N, Ruggenenti P, Gaspari F, Mosconi L, Benigni A, Amuchastegui
CS, etal. Daily renal hypoperfusion induced by cyclosporine in patients
with renal transplantation. Transplantation. 1992; 54: 56-60.

25.Esteva-Font C, Ars E, Guillen-Gomez E, Campistol JM, Sanz L, Jiménez
W, et al. Ciclosporin-induced hypertension is associated with
increased sodium transporter of the loop of Henle (NKCC2). Nephrol
Dial Transplant. 2007; 22: 2810-2816.

26.Hricik DE, Lautman ], Bartucci MR, Moir EJ], Mayes JT, Schulak JA.
Variable effects of steroid withdrawal on blood pressure reduction
in cyclosporine-treated renal transplant recipients. Transplantation.
1992; 53: 1232-1235.

27.Broyer M, Guest G, Gagnadoux MF, Beurton D. Hypertension following
renal transplantation in children. Pediatr Nephrol. 1987; 1: 16-21.

28.Fervenza FC, Lafayette RA, Alfrey EJ, Petersen J. Renal artery stenosis
in kidney transplants. Am ] Kidney Dis. 1998; 31: 142-148.

29.Bruno S, Remuzzi G, Ruggenenti P. Transplant renal artery stenosis. |
Am Soc Nephrol. 2004; 15: 134-141.

30.Granata A, Fiorini F, Andrulli S, Logias F, Gallieni M, Romano G, et
al. Doppler ultrasound and renal artery stenosis: An overview. ]
Ultrasound. 2009; 12: 133-143.

31.Pouria S, State OI, Wong W, Hendry BM. CMV infection is associated
with transplant renal artery stenosis. QJM. 1998; 91: 185-189.

32.Humar A, Matas AJ. Surgical complications after kidney transplantation.
Semin Dial. 2005; 18: 505-510.

33.Smellie WA, Vinik M, Hume DM. Angiographic investigation of
hypertension complicating human renal transplantation. Surg Gynecol
Obstet. 1969; 128: 963-968.

34.0’neill WC, Baumgarten DA. Ultrasonography in renal transplantation.
Am | Kidney Dis. 2002; 39: 663-678.

35.Luke RG, Curtis J. Biology and treatment of transplant hypertension.
In: Laragh JH, Brenner BM, editors. Hypertension Pathophysiology,
Diagnosis and Management. New York: Raven Press. 1995; 2471-83.

36.Voiculescu A, Schmitz M, Hollenbeck M, Braasch S, Luther B,
Sandmann W, et al. Management of arterial stenosis affecting kidney
graft perfusion: a single-centre study in 53 patients. Am ] Transplant.
2005; 5:1731-1738.

37.Hricik DE, Browning PJ, Kopelman R, Goorno WE, Madias NE, Dzau
VJ. Captopril-induced functional renal insufficiency in patients with
bilateral renal-artery stenoses or renal-artery stenosis in a solitary
kidney. N Engl ] Med. 1983; 308: 373-376.

38.Bloch M], Basile ]J. The diagnosis and management of renovascular
disease: a primary care perspective. Part . making the diagnosis. ] Clin
Hypertens (Greenwich). 2003; 5: 210-8.

39.Strandness DE. Doppler and ultrasound methods for diagnosis. Semin
Nephrol. 2000; 20: 445-449.

40.Kolofousi C, Stefanidis K, Cokkinos DD, Karakitsos D, Antypa E,
Piperopoulos P. Ultrasonographic features of kidney transplants and
their complications: an imaging review. ISRN Radiol. 2012; 2013:
480862.

41.Baxter GM, Ireland H, Moss ]G, Harden PN, Junor BJ, Rodger RS, et al.
Colour Doppler ultrasound in renal transplant artery stenosis: which
Doppler index? Clin Radiol. 1995; 50: 618-622.

42.Loubeyre P, Abidi H, Cahen R, Tran Minh VA. Transplanted renal
artery: detection of stenosis with color Doppler US. Radiology. 1997;
203: 661-665.

43.Rubin GD. Spiral (helical) CT of the renal vasculature. Semin
Ultrasound CT MR. 1996; 17: 374-397.

44.Johnson DB, Lerner CA, Prince MR, Kazanjian SN, Narasimham DL,
Leichtman AB, et al. Gadolinium-enhanced magnetic resonance
angiography of renal transplants. Magn Reson Imaging. 1997; 15: 13-
20.

45.Erley CM, Duda SH, Wakat P, Sokler M, Reuland P, Miiller-Schauenburg
W, et al. Noninvasive procedures for diagnosis of renovascular
hypertension in renal transplant recipients--a prospective analysis.
Transplantation. 1992; 54: 863-867.

46.Krumme B. Renal Doppler sonography--update in clinical nephrology.
Nephron Clin Pract. 2006; 103: c24-28.

47.Zubarev AV. Ultrasound of renal vessels. Eur Radiol. 2001; 11: 1902-
1915.

48.Korst MB, Joosten FB, Postma CT, Jager GJ, Krabbe JK, Barentsz JO.
Accuracy of normal-dose contrast-enhanced MR angiography in
assessing renal artery stenosis and accessory renal arteries. AJR Am
] Roentgenol. 2000; 174: 629-634.

49.Meola M, Petrucci I. Color Doppler sonography in the study of chronic
ischemic nephropathy. J Ultrasound. 2008; 11: 55-73.

50.Moghazi S, Jones E, Schroepple ], Arya K, McClellan W, Hennigar RA,
O’Neill WC. Correlation of renal histopathology with sonographic
findings. Kidney Int. 2005; 67: 1515-1520.

51.Lee HY, Grant EG. Sonography in renovascular hypertension. ]
Ultrasound Med. 2002; 21: 431-441.

52.Radermacher J, Chavan A, Bleck ], Vitzthum A, Stoess B, Gebel MJ, et al.
Use of Doppler ultrasonography to predict the outcome of therapy for
renal-artery stenosis. N Engl ] Med. 2001; 344: 410-417.

53.Missouris CG, Allen CM, Balen FG, Buckenham T, Lees WR, Mac Gregor
GA. Non-invasive screening for renal artery stenosis with ultrasound
contrast enhancement. ] Hypertens. 1996; 14: 519-524.

54.Gao ], Ng A, Shih G, Goldstein M, Kapur S, Wang ], et al. Intrarenal color
duplex ultrasonography: a window to vascular complications of renal
transplants. ] Ultrasound Med. 2007; 26: 1403-1418.

55.Soares GM, Murphy TP, Singha MS, Parada A, Jaff M. Renal artery
duplex ultrasonography as a screening and surveillance tool to detect
renal artery stenosis: a comparison with current reference standard
imaging. ] Ultrasound Med. 2006; 25: 293-298.

56.Souza de Oliveira IR, Widman A, Molnar L], Fukushima JT, Praxedes
JN, Cerri GG. Colour Doppler ultrasound: a new index improves the
diagnosis of renal artery stenosis. Ultrasound Med Biol. 2000; 26: 41-
47.

57.Taylor K], Morse SS, Rigsby CM, Bia M, Schiff M. Vascular complications
in renal allografts: detection with duplex Doppler US. Radiology. 1987;
162:31-38.

58.Tublin ME, Dodd GD 3rd. Sonography of renal transplantation. Radiol
Clin North Am. 1995; 33: 447-459.

Ann Clin Exp Hypertension 3(3): 1030 (2015)

10/12


http://www.ncbi.nlm.nih.gov/pubmed/2388667
http://www.ncbi.nlm.nih.gov/pubmed/2388667
http://www.ncbi.nlm.nih.gov/pubmed/15086917
http://www.ncbi.nlm.nih.gov/pubmed/15086917
http://www.ncbi.nlm.nih.gov/pubmed/15086917
http://www.ncbi.nlm.nih.gov/pubmed/15086917
http://www.ncbi.nlm.nih.gov/pubmed/7490151
http://www.ncbi.nlm.nih.gov/pubmed/7490151
http://www.ncbi.nlm.nih.gov/pubmed/7490151
http://www.ncbi.nlm.nih.gov/pubmed/8546132
http://www.ncbi.nlm.nih.gov/pubmed/8546132
http://www.ncbi.nlm.nih.gov/pubmed/1631945
http://www.ncbi.nlm.nih.gov/pubmed/1631945
http://www.ncbi.nlm.nih.gov/pubmed/1631945
http://www.ncbi.nlm.nih.gov/pubmed/17595192
http://www.ncbi.nlm.nih.gov/pubmed/17595192
http://www.ncbi.nlm.nih.gov/pubmed/17595192
http://www.ncbi.nlm.nih.gov/pubmed/17595192
http://www.ncbi.nlm.nih.gov/pubmed/1604477
http://www.ncbi.nlm.nih.gov/pubmed/1604477
http://www.ncbi.nlm.nih.gov/pubmed/1604477
http://www.ncbi.nlm.nih.gov/pubmed/1604477
http://www.ncbi.nlm.nih.gov/pubmed/3153254
http://www.ncbi.nlm.nih.gov/pubmed/3153254
http://www.ncbi.nlm.nih.gov/pubmed/9428466
http://www.ncbi.nlm.nih.gov/pubmed/9428466
http://www.ncbi.nlm.nih.gov/pubmed/14694165
http://www.ncbi.nlm.nih.gov/pubmed/14694165
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/9604070
http://www.ncbi.nlm.nih.gov/pubmed/9604070
http://www.ncbi.nlm.nih.gov/pubmed/16398714
http://www.ncbi.nlm.nih.gov/pubmed/16398714
http://www.ncbi.nlm.nih.gov/pubmed/4888702
http://www.ncbi.nlm.nih.gov/pubmed/4888702
http://www.ncbi.nlm.nih.gov/pubmed/4888702
http://www.ncbi.nlm.nih.gov/pubmed/11920331
http://www.ncbi.nlm.nih.gov/pubmed/11920331
http://www.ncbi.nlm.nih.gov/pubmed/15943633
http://www.ncbi.nlm.nih.gov/pubmed/15943633
http://www.ncbi.nlm.nih.gov/pubmed/15943633
http://www.ncbi.nlm.nih.gov/pubmed/15943633
http://www.ncbi.nlm.nih.gov/pubmed/6337327
http://www.ncbi.nlm.nih.gov/pubmed/6337327
http://www.ncbi.nlm.nih.gov/pubmed/6337327
http://www.ncbi.nlm.nih.gov/pubmed/6337327
http://www.ncbi.nlm.nih.gov/pubmed/12826784
http://www.ncbi.nlm.nih.gov/pubmed/12826784
http://www.ncbi.nlm.nih.gov/pubmed/12826784
http://www.ncbi.nlm.nih.gov/pubmed/11022897
http://www.ncbi.nlm.nih.gov/pubmed/11022897
http://www.ncbi.nlm.nih.gov/pubmed/24967275
http://www.ncbi.nlm.nih.gov/pubmed/24967275
http://www.ncbi.nlm.nih.gov/pubmed/24967275
http://www.ncbi.nlm.nih.gov/pubmed/24967275
http://www.ncbi.nlm.nih.gov/pubmed/7554736
http://www.ncbi.nlm.nih.gov/pubmed/7554736
http://www.ncbi.nlm.nih.gov/pubmed/7554736
http://www.ncbi.nlm.nih.gov/pubmed/9169685
http://www.ncbi.nlm.nih.gov/pubmed/9169685
http://www.ncbi.nlm.nih.gov/pubmed/9169685
http://www.ncbi.nlm.nih.gov/pubmed/8858776
http://www.ncbi.nlm.nih.gov/pubmed/8858776
http://www.ncbi.nlm.nih.gov/pubmed/9084020
http://www.ncbi.nlm.nih.gov/pubmed/9084020
http://www.ncbi.nlm.nih.gov/pubmed/9084020
http://www.ncbi.nlm.nih.gov/pubmed/9084020
http://www.ncbi.nlm.nih.gov/pubmed/1440854
http://www.ncbi.nlm.nih.gov/pubmed/1440854
http://www.ncbi.nlm.nih.gov/pubmed/1440854
http://www.ncbi.nlm.nih.gov/pubmed/1440854
http://www.ncbi.nlm.nih.gov/pubmed/16543752
http://www.ncbi.nlm.nih.gov/pubmed/16543752
http://www.ncbi.nlm.nih.gov/pubmed/11702122
http://www.ncbi.nlm.nih.gov/pubmed/11702122
http://www.ncbi.nlm.nih.gov/pubmed/10701600
http://www.ncbi.nlm.nih.gov/pubmed/10701600
http://www.ncbi.nlm.nih.gov/pubmed/10701600
http://www.ncbi.nlm.nih.gov/pubmed/10701600
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/15780105
http://www.ncbi.nlm.nih.gov/pubmed/15780105
http://www.ncbi.nlm.nih.gov/pubmed/15780105
http://www.ncbi.nlm.nih.gov/pubmed/11934100
http://www.ncbi.nlm.nih.gov/pubmed/11934100
http://www.ncbi.nlm.nih.gov/pubmed/11172177
http://www.ncbi.nlm.nih.gov/pubmed/11172177
http://www.ncbi.nlm.nih.gov/pubmed/11172177
http://www.ncbi.nlm.nih.gov/pubmed/8761903
http://www.ncbi.nlm.nih.gov/pubmed/8761903
http://www.ncbi.nlm.nih.gov/pubmed/8761903
http://www.ncbi.nlm.nih.gov/pubmed/17901143
http://www.ncbi.nlm.nih.gov/pubmed/17901143
http://www.ncbi.nlm.nih.gov/pubmed/17901143
http://www.ncbi.nlm.nih.gov/pubmed/16495488
http://www.ncbi.nlm.nih.gov/pubmed/16495488
http://www.ncbi.nlm.nih.gov/pubmed/16495488
http://www.ncbi.nlm.nih.gov/pubmed/16495488
http://www.ncbi.nlm.nih.gov/pubmed/10687791
http://www.ncbi.nlm.nih.gov/pubmed/10687791
http://www.ncbi.nlm.nih.gov/pubmed/10687791
http://www.ncbi.nlm.nih.gov/pubmed/10687791
http://www.ncbi.nlm.nih.gov/pubmed/3538150
http://www.ncbi.nlm.nih.gov/pubmed/3538150
http://www.ncbi.nlm.nih.gov/pubmed/3538150
http://www.ncbi.nlm.nih.gov/pubmed/7740105
http://www.ncbi.nlm.nih.gov/pubmed/7740105

Gallon et al. (2015)
Email: I-gallon@northwestern.edu

@SCiMedCentra]

59.Snider JF, Hunter DW, Moradian GP, Castaneda-Zuniga WR,
Letourneau ]G. Transplant renal artery stenosis: evaluation with
duplex sonography. Radiology. 1989; 172: 1027-1030.

60.Kim SH. Vascular diseases of the kidney, WB Saunders, Philadelphia,
Pa, USA, 2003. In: Kim SH, editor. Radiology Illus- trated. Philadelphia,
PA: WB Saunders. 2003; 429-32.

61.Lockhart ME, Robbin ML. Renal vascular imaging: ultrasound and
other modalities. Ultrasound Q. 2007; 23: 279-292.

62.Bardelli M, Veglio F, Arosio E, Cataliotti A, Valvo E, Morganti A. Italian
Group for the Study of Renovascular Hypertension. New intrarenal
echo-Doppler velocimetric indices for the diagnosis of renal artery
stenosis. Kidney Int. 2006; 69: 580-587.

63.Stavros AT, Parker SH, Yakes WF, Chantelois AE, Burke BJ, Meyers PR,
et al. Segmental stenosis of the renal artery: pattern recognition of
tardus and parvus abnormalities with duplex sonography. Radiology.
1992; 184: 487-492.

64.Glockner JF, Vrtiska T]. Renal MR and CT angiography: current
concepts. Abdom Imaging. 2007; 32: 407-420.

65.Echevarria JJ, Miguélez JL, Lépez-Romero S, Pastor E, Ontoria M,
Alustiza JM, et al. [Arteriographic correlation in 30 patients with renal
vascular disease diagnosed with multislice CT]. Radiologia. 2008; 50:
393-400.

66.Vasbinder GB, Nelemans PJ, Kessels AG, Kroon AA, Maki JH, Leiner T,
et al. Accuracy of computed tomographic angiography and magnetic
resonance angiography for diagnosing renal artery stenosis. Ann
Intern Med. 2004; 141: 674-682.

67.Shamlou KK, Drane WE, Hawkins IF, Fennell RS 3rd. Captopril
renography and the hypertensive renal transplantation patient: a
predictive test of therapeutic outcome. Radiology. 1994; 190: 153-
159.

68.Gill JS. Cardiovascular disease in transplant recipients: current and
future treatment strategies. Clin ] Am Soc Nephrol. 2008; 3 Suppl 2:
$29-37.

69.Ruzicka M, Quinn RR, McFarlane P, Hemmelgarn B, Ramesh Prasad
G, Feber ], et al. Canadian Society of Nephrology commentary on the
2012 KDIGO clinical practice guideline for the management of blood
pressure in CKD. Am ] Kidney Dis. 2014; 63: 869-887.

70.Kidney Disease Outcomes Quality Initiative (K/DOQI). K/DOQI clinical
practice guidelines on hypertension and antihypertensive agents in
chronic kidney disease. Am ] Kidney Dis. 2004; 43: S1-290.

71.Wheeler DC, Becker GJ. Summary of KDIGO guideline. What do we
really know about management of blood pressure in patients with
chronic kidney disease? Kidney Int. 2013; 83: 377-383.

72.Transplantation EEGoR. European best practice guidelines for renal
transplantation. Section IV: Long-term management of the transplant
recipient. IV.5.2. Cardiovascular risks. Arterial hypertension. Nephrol
Dial Transplant. 2002; 17: 25-26.

73.Sankari BR, Geisinger M, Zelch M, Brouhard B, Cunningham R, Novick
AC. Post-transplant renal artery stenosis: impact of therapy on long-
term kidney function and blood pressure control. ] Urol. 1996; 155:
1860-1864.

74.Reisfeld D, Matas A], Tellis VA, Sprayragen S, Bakal C, Soberman R,
et al. Late follow-up of percutaneous transluminal angioplasty for
treatment of transplant renal artery stenosis. Transplant Proc. 1989;

21:1955-1956.

75.Chandrasoma P, Aberle A M. Anastomotic line renal artery stenosis
after transplantation. ] Urol. 1986; 135: 1159-1162.

76.Sutherland RS, Spees EK, Jones JW, Fink DW. Renal artery stenosis
after renal transplantation: the impact of the hypogastric artery
anastomosis. ] Urol. 1993; 149: 980-985.

77.Raynaud A, Bedrossian ], Remy P, Brisset JM, Angel CY, Gaux ]C.
Percutaneous transluminal angioplasty of renal transplant arterial
stenoses. AJR Am ] Roentgenol. 1986; 146: 853-857.

78.Leertouwer TC, Gussenhoven EJ, Bosch JL, van Jaarsveld BC, van Dijk
LC, Deinum J, et al. Stent placement for renal arterial stenosis: where
do we stand? A meta-analysis. Radiology. 2000; 216: 78-85.

79.Sierre SD, Raynaud AC, Carreres T, Sapoval MR, Beyssen BM, Gaux JC.
Treatment of recurrent transplant renal artery stenosis with metallic
stents. ] Vasc Interv Radiol. 1998; 9: 639-644.

80.Leertouwer TC, Gussenhoven EJ, van Overhagen H, Man in ‘t Veld
AJ], van Jaarsveld BC. Stent placement for treatment of renal artery
stenosis guided by intravascular ultrasound. ] Vasc Interv Radiol.
1998; 9: 945-952.

81.Kiesz RS, Buszman P, Martin JL, Deutsch E, Rozek MM, Gaszewska E, et
al. Local delivery of enoxaparin to decrease restenosis after stenting:
results of initial multicenter trial: Polish-American Local Lovenox NIR
Assessment study (The POLONIA study). Circulation. 2001; 103: 26-
31.

82.Morice MC, Serruys PW, Sousa JE, Fajadet ], Ban Hayashi E, Perin M,
et al. A randomized comparison of a sirolimus-eluting stent with a
standard stent for coronary revascularization. N Engl ] Med. 2002;
346:1773-1780.

83.Waksman R, Ajani AE, White RL, Chan RC, Satler LF, Kent KM, et al.
Intravascular gamma radiation for in-stent restenosis in saphenous-
vein bypass grafts. N Engl ] Med. 2002; 346: 1194-1199.

84.Stoeteknuel-Friedli S, Do DD, von Briel C, Triller ], Mahler F,
Baumgartner [. Endovascular brachytherapy for prevention of
recurrent renal in-stent restenosis. ] Endovasc Ther. 2002; 9: 350-353.

85.Sousa JE, Costa MA, Abizaid A, Sousa AG, Feres F, Mattos LA, et al.
Sirolimus-eluting stent for the treatment of in-stent restenosis:
a quantitative coronary angiography and three-dimensional
intravascular ultrasound study. Circulation. 2003; 107: 24-27.

86.ASTRAL Investigators, Wheatley K, Ives N, Gray R, Kalra PA, Moss ]G,
Baigent C. Revascularization versus medical therapy for renal-artery
stenosis. N Engl ] Med. 2009; 361: 1953-1962.

87.Tantisattamo E, Ratanasrimetha P, Pitukweerakul S, Shetty A, Gallon
L. Transplant renal artery stenosis: A treatable cause of resistant
hypertension and renal allograft dysfunction. North American Artery
Fifth Annual Meeting Hemodynamics & Target Organ Damage:
Mechanisms, Measurements, Management; September 11-12, 2015;
Chicago, lllinois. Abstract# P0O-015.2015; 44.

88.Roberts JP, Ascher NL, Fryd DS, Hunter DW, Dunn DL, Payne WD, et al.
Transplant renal artery stenosis. Transplantation. 1989; 48: 580-583.

89.Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N, Cosimi AB.
Strategies to improve long-term outcomes after renal transplantation.
N Engl ] Med. 2002; 346: 580-590.

90.Rigatto C, Foley R, Jeffery ], Negrijn C, Tribula C, Parfrey P.

Ann Clin Exp Hypertension 3(3): 1030 (2015)

11/12


http://www.ncbi.nlm.nih.gov/pubmed/2672101
http://www.ncbi.nlm.nih.gov/pubmed/2672101
http://www.ncbi.nlm.nih.gov/pubmed/2672101
http://www.ncbi.nlm.nih.gov/pubmed/18090838
http://www.ncbi.nlm.nih.gov/pubmed/18090838
http://www.ncbi.nlm.nih.gov/pubmed/16407882
http://www.ncbi.nlm.nih.gov/pubmed/16407882
http://www.ncbi.nlm.nih.gov/pubmed/16407882
http://www.ncbi.nlm.nih.gov/pubmed/16407882
http://www.ncbi.nlm.nih.gov/pubmed/1620853
http://www.ncbi.nlm.nih.gov/pubmed/1620853
http://www.ncbi.nlm.nih.gov/pubmed/1620853
http://www.ncbi.nlm.nih.gov/pubmed/1620853
http://www.ncbi.nlm.nih.gov/pubmed/16952021
http://www.ncbi.nlm.nih.gov/pubmed/16952021
http://www.ncbi.nlm.nih.gov/pubmed/19055917
http://www.ncbi.nlm.nih.gov/pubmed/19055917
http://www.ncbi.nlm.nih.gov/pubmed/19055917
http://www.ncbi.nlm.nih.gov/pubmed/19055917
http://www.ncbi.nlm.nih.gov/pubmed/15520423
http://www.ncbi.nlm.nih.gov/pubmed/15520423
http://www.ncbi.nlm.nih.gov/pubmed/15520423
http://www.ncbi.nlm.nih.gov/pubmed/15520423
http://www.ncbi.nlm.nih.gov/pubmed/8259396
http://www.ncbi.nlm.nih.gov/pubmed/8259396
http://www.ncbi.nlm.nih.gov/pubmed/8259396
http://www.ncbi.nlm.nih.gov/pubmed/8259396
http://www.ncbi.nlm.nih.gov/pubmed/18309001
http://www.ncbi.nlm.nih.gov/pubmed/18309001
http://www.ncbi.nlm.nih.gov/pubmed/18309001
http://www.ncbi.nlm.nih.gov/pubmed/24725980
http://www.ncbi.nlm.nih.gov/pubmed/24725980
http://www.ncbi.nlm.nih.gov/pubmed/24725980
http://www.ncbi.nlm.nih.gov/pubmed/24725980
http://www.ncbi.nlm.nih.gov/pubmed/15114537
http://www.ncbi.nlm.nih.gov/pubmed/15114537
http://www.ncbi.nlm.nih.gov/pubmed/15114537
http://www.ncbi.nlm.nih.gov/pubmed/23325075
http://www.ncbi.nlm.nih.gov/pubmed/23325075
http://www.ncbi.nlm.nih.gov/pubmed/23325075
http://www.ncbi.nlm.nih.gov/pubmed/12091630
http://www.ncbi.nlm.nih.gov/pubmed/12091630
http://www.ncbi.nlm.nih.gov/pubmed/12091630
http://www.ncbi.nlm.nih.gov/pubmed/12091630
http://www.ncbi.nlm.nih.gov/pubmed/8618274
http://www.ncbi.nlm.nih.gov/pubmed/8618274
http://www.ncbi.nlm.nih.gov/pubmed/8618274
http://www.ncbi.nlm.nih.gov/pubmed/8618274
http://www.ncbi.nlm.nih.gov/pubmed/2523597
http://www.ncbi.nlm.nih.gov/pubmed/2523597
http://www.ncbi.nlm.nih.gov/pubmed/2523597
http://www.ncbi.nlm.nih.gov/pubmed/2523597
http://www.ncbi.nlm.nih.gov/pubmed/2940375
http://www.ncbi.nlm.nih.gov/pubmed/2940375
http://www.ncbi.nlm.nih.gov/pubmed/8483249
http://www.ncbi.nlm.nih.gov/pubmed/8483249
http://www.ncbi.nlm.nih.gov/pubmed/8483249
http://www.ncbi.nlm.nih.gov/pubmed/2937276
http://www.ncbi.nlm.nih.gov/pubmed/2937276
http://www.ncbi.nlm.nih.gov/pubmed/2937276
http://www.ncbi.nlm.nih.gov/pubmed/10887230
http://www.ncbi.nlm.nih.gov/pubmed/10887230
http://www.ncbi.nlm.nih.gov/pubmed/10887230
http://www.ncbi.nlm.nih.gov/pubmed/9684836
http://www.ncbi.nlm.nih.gov/pubmed/9684836
http://www.ncbi.nlm.nih.gov/pubmed/9684836
http://www.ncbi.nlm.nih.gov/pubmed/9840039
http://www.ncbi.nlm.nih.gov/pubmed/9840039
http://www.ncbi.nlm.nih.gov/pubmed/9840039
http://www.ncbi.nlm.nih.gov/pubmed/9840039
http://www.ncbi.nlm.nih.gov/pubmed/11136681
http://www.ncbi.nlm.nih.gov/pubmed/11136681
http://www.ncbi.nlm.nih.gov/pubmed/11136681
http://www.ncbi.nlm.nih.gov/pubmed/11136681
http://www.ncbi.nlm.nih.gov/pubmed/11136681
http://www.ncbi.nlm.nih.gov/pubmed/12050336
http://www.ncbi.nlm.nih.gov/pubmed/12050336
http://www.ncbi.nlm.nih.gov/pubmed/12050336
http://www.ncbi.nlm.nih.gov/pubmed/12050336
http://www.ncbi.nlm.nih.gov/pubmed/11961147
http://www.ncbi.nlm.nih.gov/pubmed/11961147
http://www.ncbi.nlm.nih.gov/pubmed/11961147
http://www.ncbi.nlm.nih.gov/pubmed/12096950
http://www.ncbi.nlm.nih.gov/pubmed/12096950
http://www.ncbi.nlm.nih.gov/pubmed/12096950
http://www.ncbi.nlm.nih.gov/pubmed/12515737
http://www.ncbi.nlm.nih.gov/pubmed/12515737
http://www.ncbi.nlm.nih.gov/pubmed/12515737
http://www.ncbi.nlm.nih.gov/pubmed/12515737
http://www.ncbi.nlm.nih.gov/pubmed/19907042
http://www.ncbi.nlm.nih.gov/pubmed/19907042
http://www.ncbi.nlm.nih.gov/pubmed/19907042
http://www.ncbi.nlm.nih.gov/pubmed/2529678
http://www.ncbi.nlm.nih.gov/pubmed/2529678
http://www.ncbi.nlm.nih.gov/pubmed/11856798
http://www.ncbi.nlm.nih.gov/pubmed/11856798
http://www.ncbi.nlm.nih.gov/pubmed/11856798
http://www.ncbi.nlm.nih.gov/pubmed/12538748

Gallon et al. (2015)
Email: I-gallon@northwestern.edu

@SCiMedCentra]

Electrocardiographic left ventricular hypertrophy in renal transplant
recipients: prognostic value and impact of blood pressure and anemia.
] Am Soc Nephrol. 2003; 14: 462-468.

91.Mange KC, Feldman HI, Joffe MM, Fa K, Bloom RD. Blood pressure and
the survival of renal allografts from living donors. ] Am Soc Nephrol.
2004; 15: 187-193.

92.De Vries AP, Bakker SJ, van Son W], van der Heide JJ, Ploeg R], The HT,

et al. Metabolic syndrome is associated with impaired long-term renal
allograft function; not all component criteria contribute equally. Am ]
Transplant. 2004; 4: 1675-1683.

93.Fernandez-Fresnedo G, Escallada R, Martin de Francisco AL, Ruiz
JC, Rodrigo E, Sanz de Castro S, et al. Association between pulse
pressure and cardiovascular disease in renal transplant patients. Am ]
Transplant. 2005; 5: 394-398.

Cite this article

Tantisattamo E, Ratanasrimetha P, Spanuchart |, Shrivastava P, Samarapungavan D, Gallon L (2015) Transplant Renal Artery Stenosis: An Overlooked Cause of

Resistant Hypertension in a New Kidney. Ann Clin Exp Hypertension 3(2): 1030.

Ann Clin Exp Hypertension 3(3): 1030 (2015)

12/12


http://www.ncbi.nlm.nih.gov/pubmed/12538748
http://www.ncbi.nlm.nih.gov/pubmed/12538748
http://www.ncbi.nlm.nih.gov/pubmed/12538748
http://www.ncbi.nlm.nih.gov/pubmed/14694172
http://www.ncbi.nlm.nih.gov/pubmed/14694172
http://www.ncbi.nlm.nih.gov/pubmed/14694172
http://www.ncbi.nlm.nih.gov/pubmed/15367224
http://www.ncbi.nlm.nih.gov/pubmed/15367224
http://www.ncbi.nlm.nih.gov/pubmed/15367224
http://www.ncbi.nlm.nih.gov/pubmed/15367224
http://www.ncbi.nlm.nih.gov/pubmed/15644000
http://www.ncbi.nlm.nih.gov/pubmed/15644000
http://www.ncbi.nlm.nih.gov/pubmed/15644000
http://www.ncbi.nlm.nih.gov/pubmed/15644000

	Transplant Renal Artery Stenosis: An Overlooked Cause of Resistant Hypertension in a New Kidney
	Abstract
	Abbreviations
	Introduction
	Post-transplant hypertension
	Epidemiology and risk factors for post-transplant hypertension
	Pathogenesis of post-transplant hypertension

	Transplant renal artery stenosis (TRAS) 
	Epidemiology and risk factors for TRAS 
	Pathogenesis of TRAS 
	Pathologic lesions of TRAS 
	Clinical manifestation of TRAS 
	Screening and diagnosis of TRAS 
	Color-Doppler ultrasound (CDUS) 
	Spiral computed tomography (CT) scan 
	Magnetic resonance angiography (MRA) 
	Radioisotope renography 
	Management of TRAS 

	Medical management 
	Blood pressure control 

	Non-medical intervention 
	Percutaneous transluminal renal artery angioplasty (PTA) 
	Surgery
	Outcomes of post-transplant hypertension 
	Transplant-related outcomes of post-transplant hypertension 
	Non-transplant related outcomes of post-transplant hypertension 

	Conclusions
	Acknowledgements 
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 4
	Table 5
	Table 6
	Table 7

