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(ECMO). The rejection was appropriately treated and heart graft 
recovered appropriate function. Nevertheless, as a consequence of 
the ischemic insult, the patient developed end-stage renal disease 
(ESRD) requiring renal replacement therapy with intermittent 
hemodialysis.

The patient presented at our Institution for evaluation of kidney 
transplant from a related living donor (sister). During pre-transplant 
workup, recipient was cleared from cardiologist point of view with a 
normal left ventricular size and function. She had history of multiple 
vascular accesses in upper extremities and previous endovascular 
procedures in the left femoral vessels for cardiac catheterizations. At 
time of evaluation, the patient had a right polytetrafluoroethylene 
(PTFE) femoral arterio-venous (AV) graft for vascular access. The 
graft consisted on a 7-Artegraft® (Artegraft Inc. North Brunswick, 
NJ) loop AV graft using the right common femoral artery to right 
common femoral vein. The graft was placed in 2012 and since the 
fistula creation the patient denied any history leg pain, intermittent 
claudication or other ipsilateral vascular symptoms. There was no 
history of flow problems during dialysis sessions. We performed a 
hand-assisted laparoscopic left donor nephrectomy with normal 
anatomy of the renal graft. The kidney was prepared in the back 
table and transplanted in the right iliac fossa of the recipient. 
Standard technique was used anastomosing renal vessels to iliac 
artery and vein and the ureter reconstructed with an extravehicular 
ureterocystostomy. After reperfusion, the renal had good color and 
turgor, no evidence of outflow obstruction. Immunosuppression 
as per Institution protocol with induction using thymoglobulin (3 
mg/kg divided in 3 doses), and basiliximab (two doses of 20 mg 
day 0 and 4) with steroids. For maintenance immunosuppression 
she was startedon tacrolimus (1 mg/kg, trough level 6-8 ng/dL), 
mycophenolate sodium (720 mg twice a day) and low dose steroids 
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Steal syndrome is an infrequent complication of arteriovenous 
fistulas (AV) graft for patients on hemodialysis. We report a case 
of a patient with history of orthotopic heart transplant with end-
stage renal disease that subsequently underwent real transplant 
from a living donor that developed delayed graft function due to 
steal syndrome of a thigh AV fistula. We discuss the presentation, 
diagnosis and treatment.
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Introduction
Steal phenomena or steal syndrome is an infrequent complication 

of arteriovenous fistulas (AV) for patients on hemodialysis. This 
represents a vascular insufficiency distal to the site of AV fistula 
creation. We present a case of a patient who presented with delayed 
graft function after kidney transplant and steal syndrome was 
diagnosed after extensive work up and high suspicion of diagnosis.

Case Report
This is a 23 year old Hispanic female patient with history of 

orthotropic heart transplant in 2003 secondary to right ventricular 
dysplasia. She presented acute rejection of the heart graft in 2010 
requiring transient use of extra-corporeal membrane oxygenation 
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(10/15), moderate interstitial fibrosis and tubular atrophy (26 – 
50% of cortical area), and chronic allograft arteriolopathy and 
arteriopathy. Repeated renal transplant Doppler ultrasound showed 
patent vessels, with normal resistive indexes with suspicion for renal 
artery stenosis. A CO2 renal arteriogram was performed, which raised 
concern for a steal syndrome from the ipsilateral thigh AV fistula. 
There was no evidence of stenosis in arterial anastomosis or tortuosity 
of renal artery (Figure 1). Pressure arteriogram with sensor probe of 
the renal artery demonstrated an increase in perfusion pressure of 
the renal graft after compression of the arterio-venous fistula in the 
ipsilateral femoral artery (Table 1). Decision was made to thrombose 
the AV graftvia endovascular approach to preserve graft perfusion 
pressure by interventional radiology. The urinary volumes and serum 
creatinine improved after the AV fistula thrombosis. The patient 
was discharged three days later free of hemodyalsisis with a serum 
creatinine of 1.4 mg/dL. After 18 months post-transplant patient 
remains with stable renal and cardiac function.

Discussion
Patients with end-stage kidney disease on hemodialysis have 

different vascular access alternatives from tunneled catheters to 
creation of arterio-venous (AV) fistulas. Prosthetic AV grafts are 
indicated in patients with failed AV fistulas (AVF) or difficult vascular 
access due to previous line insertion and thrombosis [1]. Steal 
phenomena or steal syndrome is essentially a vascular insufficiency 
that has been described in the vascular literature since 1969 [2]. 
This condition presents symptomatic extremity ischemia caused 
by the diversion of arterial flow through the access site. Literature 
reports this presentation in approximately 5 - 10% of the cases. The 
hemodynamic changes that are believed to cause symptoms in these 
patients consist in arterial stenosis, high flow in the fistula, and lack 
of compensation perfusion by collateral flow [3]. Diagnosis can be 
made by clinical suspicion, and confirmed with doppler ultrasound 
or arteriogram [4]. Treatment options vary from observation if 
the symptoms are mild, to surgical fistula ligation, percutaneous 
angioplasty, and distal revascularization with interval ligation of the 
fistula. Surgical treatment for ischemic steal syndrome is successful 
for ischemia resolution in up to 95% of patients [5].

Use of grafts for AVF creates a high flow state with high velocities 
and turbulent flow in distal vessels. Venous stenosis and proximal 
hypertension in the site of anastomosis can present in up to 38% of cases 
after graft placement [6]. This condition can compromise the distal flow 
and perfusion. In the condition of a femoral AVF, proximal venous 
hypertension of kidney grafts connected to iliac vessels, can potentiate an 
artificial vascular insufficiency [7]. Steal syndrome has been previously 
described in patients with kidney transplant. The classic report of 
Kuwertz-Bröking suggested that steal syndrome can present after kidney 
transplantation and affect the function on the graft, independently of the 
location of the AV graft in respect to kidney transplant [8]. Ligation of the 
thigh AV fistula usually results in rapid improvement of renal function 
after the period of chronic hypoperfusion of the graft. Gourlay reported 
the experience of three renal transplant patients with ipsilateral femoral 
loop vascular grafts with normal renal function without ligation of the 
graft. This results suggest that ligation of AV grafts is not an absolute 
requirement for ipsilateral kidney transplant [9].

In the case presented, the decision for selection of the site for 
revascularization of the kidney graft was based on history of multiple 
catheterizations of left iliac vessels for cardiac procedures. In the setting 
of oliguria and slow creatinine clearance after kidney transplant, with 
history of heart transplant, our main concern was hypoperfusion 
of renal graft secondary to heart failure. Cardiac studies showed 
preserved cardiac function which turned our attention to alternative 
causes of acute tubular necrosis such as ischemia-reperfusion injury, 
early acute rejection, or calcineurin induced nephrotoxicity (CNI). 
Immunological cross-match for living donor was ideal with 5/6 HLA 
matches. Panel reactive antibody (PRA) was 0% for class and class 
II antibodies and no donor specific antibodies (DSA) were detected. 
Patient was initiated on tacrolimus on day 2 after transplant because 
of history of previous heart transplant.

(5 mg daily).  Patient was transferred to intensive care unit for 
monitoring cardiac and renal function more closely.

After the first 24 hours the patient remained oliguric without 
a significant change in serum creatinine from pre transplant value. 
Renal graft ultrasound reported patent vessels with normal resistive 
indexes. Technetium 99 m-diethylenetriamine penta acetic acid 
nuclear renogram showed signs of acute tubular necrosis and good 
flow. Repeated echocardiogram showed preserved cardiac ejection 
fraction. The patient was managed cautiously with intravenous fluid 
for volume expansion with special consideration for prevention of 
lung edema. She was transferred to the service ward three days later 
with diagnosis of slow graft function.

Over the course of the hospitalization, the oliguric state did not 
improved even with use of intravenous diuretics. Her serum creatinine 
persisted elevated with discrete decrease from 7.7 mg/dL to 4.5 mg/
dL after one week. Ejection fraction remained stable in serial cardiac 
echocardiograms without signs of ventricular dilatation. Repeated 
nuclear renal scan reported persistent acute tubular necrosis. 
Two weeks after transplant, patient presented dyspnea requiring 
ultrafiltration. She was discharged with intermittent hemodialysis 
with diagnosis of delayed graft function.

Three weeks after discharge the patient presented to the emergency 
department with signs of urinary tract infection. Cultures were 
ordered and patient was admitted for empiric antibiotic treatment. We 
performed a kidney biopsy at this point, which reported no evidence 
of acute T cell mediated rejection, moderate glomerulosclerosis 

           

Figure 1:  Renal Angiogram

Right transplant renal artery and right external iliac CO2 angiogram 
demonstrated a normal expected take off for a transplant renal artery 
anastomosis without evidence of tortuosity, kinking, or stenosis.

Table 1: Arteriography with arterial pressure measurements (mmHg). Marked 
increase in BP in all measurements after external temporal occlusion of the AV-
fistula.

Without Graft Occlusion

(mmHg)

Graft Occlusion

(mmHg)
Aorta 100/50 (69) 108/60 (79)
Common Iliac 97/49 (65) 107/59 (77)
Distal Common Iliac 99/47 (64) 108/59 (77)
Perianastomotic 94/44 (62) 105/58 (76)
Mid Esternal Iliac 75/40 (53) 108/60 (76)
Distal External Iliac 83/42 (56) 110/50 (77)
Right Femoral Artery 78/39 (54) 103/58 (74)
Graft 68/37 (48) 108/50 (76)
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This experience shows that renal graft revascularization can 
be done disregarding the site of previous thigh fistula. There is no 
correlation of the site of the transplant and fistula in function of renal 
clearance. Interestingly, the location of the thigh AV fistula and renal 
function does not correlate with the site of the transplanted kidney 
[6]. Therefore, it may not be possible to determine which renal grafts 
will present compromised function due to steal syndrome from a 
femoral fistula before implantation.

Conclusions
The best strategy for avoidance of graft damage secondary to 

hypoperfusion by a steal syndrome consist in clinical suspicion and 
close follow up by diagnostic image techniques such as Doppler 
ultrasound. In case of any hypoperfusion suspicion, the fistula needs 
to be revised and possibly occluded by surgical means to improve 
graft perfusion.
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