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With the development of renal biopsy and improved 
treatment modalities for renal trauma, the incidence of 
acquired renal arteriovenous malformation (RAVM) has 
gradually increased in recent years [1–4]. Most cases are 
unilateral and characterized by direct communications 
between renal arteries and veins via enlarged, tortuous 
vascular spaces. The symptoms of RAVM usually include 
hematuria, vascular masses, and intractable hypertension 
[5–8]. Although digital subtraction angiography (DSA) has 
long been considered the reference standard for diagnosis 
of RAVM [9], it is an invasive technique less useful as a 

conventional means to screen patients suspected of hav-
ing RAVM. 

With advances in multidetector-row computed to-
mography (MDCT) technology, MDCT angiography of-
fers improved spatial resolution and has replaced tradi-
tional imaging work up, including DSA, for most visceral 
arteries [10–11]. Compared to traditional axial CT, maximum 
intensity projection (MIP), volume rendering (VR), mul-
tiplanar volume reconstruction (MPVR), and three-di-
mensional (3D) reconstruction MDCT imaging can offer 
more detailed visualization of vascular disorders. 
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Objective To evaluate the diagnostic value of three-dimensional multidetector-row computed tomogra-
phy (MDCT) in detecting acquired renal arteriovenous malformation (RAVM) and to compare its perfor-
mance with that of ultrasonography and digital subtraction angiography (DSA).  
Methods The institutional review board approved this retrospective study and written informed consent 
was obtained from all patients before examination. All 14 patients with acquired RAVM underwent MDCT, 
including cortical and medullary phase enhancement angiography and three-dimensional (3D) reconstruc-
tion. Five and nine patients were further examined and their diagnoses confirmed by DSA and surgery, 
respectively. The MDCT images, including 3D reconstructions, were analyzed for RAVM independently and 
in consensus by two observers using a workstation.
Results Among the 14 patients with acquired RAVM, 12 with maximum lesion diameter ≥ 10 mm, and 
one with a maximum lesion diameter between 5 and 10 mm, were correctly diagnosed with MDCT angiog-
raphy. Among these patients, four diagnoses were confirmed by DSA. One patient with a lesion 5–10 mm 
in diameter was misdiagnosed with a renal aneurysm by MDCT angiography. The other one with the maxi-
mum diameter of the lesion between 5 mm and 10 mm was misdiagnosed as renal aneurysm with MDCT 
angiography, which was diagnosed as renal arteriovenous malformation with DSA. Among 14 lesions in 14 
patients, eight and six originated in the left and right kidney, respectively.
Conclusion MDCT angiography can accurately diagnose RAVM and improve our understanding of the 
disease, which will allow clinicians to provide better care.
Key words: arteriovenous malformation; kidney; multidetector row computed tomography; digital sub-
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Thus, this study retrospectively analyzed and com-
pared MDCT angiography imaging data to that of DSA 
for diagnosis of acquired RAVM.

Materials and methods

Patients
This study was approved by the review board of Tongji 

Hospital at Tongji Medical College of the Huazhong Uni-
versity of Science and Technology, and written informed 
consent was obtained from all patients before examination. 
From September 2006 to July 2012, double phase contrast 
enhanced MDCT was routinely performed according to a 
local protocol on patients with suspected RAVM based on 
ultrasound findings and clinical features. Among these, 
14 patients (10 women and 4 men; age range, 13–54 years; 
mean age, 34.71 ± 13.57 years), each with an RAVM le-
sion at least 5 mm in diameter (mean diameter, 34.79 ± 
19.99 mm; range, 6–81 mm), were retrospectively includ-
ed in our study group. All patients had a history of per-
cutaneous renal biopsy or penetrating trauma, and were 
clinically normal before the examinations. None of these 
subjects had concomitant renal cancer or other renal dis-
eases. Five patients were further examined by DSA and 
all cases were confirmed as RAVM by DSA or surgery at 
Tongji Hospital. 

MDCT evaluation
MDCT scans of all patients were performed with a 64-

detector MDCT (LightSpeed VCT, GE Healthcare Tech-
nologies, USA). The intravenous contrast protocol was 
80–100 mL of nonionic contrast medium (Iopamiro 370 
mg/mL, Brocco Sine, Shanghai, China) and physiological 
saline injected into the antecubital vein with an 18 gauge 
intravenous cannula using a double tube high-pressure 
injector (Stellant, Medred Co., USA) at a rate of 4 mL/s. 

Patients were in a supine position. The MDCT scan-
ning parameters were as follows: tube voltage 120 kV; 
tube current 150–440 mA; rotation time 0.5 s; detector 
pitch 1.375 : 1; detector rows 64 mm × 0.625 mm; matrix 
512 × 512; table speed 39.37 mm/rotation; and slice thick-
ness/interval 0.625 mm. 

Renal cortical phase scanning was initiated by bolus 
tracking (Smartprep, GE Healthcare Technologies) when 
a threshold enhancement of 120 Hu was reached in the 
abdominal aorta [12–13]. Medullar phase imaging was initi-
ated 15 s after completion of arterial phase scanning. 

DSA evaluation
Using the Seldinger technique, a 5F Yahsiro polyeth-

ylene catheter was placed in the main renal artery to 
obtain a baseline selective angiography with cut film or 
digital subtraction techniques (Toshiba-2000 DSA sys-
tem, Toshiba, Japan). The DSA parameters were as fol-

lows: tube voltage 66 kV; tube current 400 mA; exposure 
frequency 15 p/s. The intra-arterial contrast protocol in-
cluded 35–45 mL of Iohexol (Omnipaque 350 mg/mL, GE 
Healthcare Technologies) injected using a high-pressure 
injector (Stellant, Medred Co., USA) at a rate of 3–4 mL/
s. 

Image analysis
All MDCT image data were processed on a workstation 

(Advantage Windows 4.3; GE Medical Systems). Double 
phase MDCT images were independently analyzed by 
two radiologists (DY.H. and Z.L, with 27 and 12 years of 
experience, respectively, of reporting abdominal CT find-
ings) at a GE Advantage Windows 4.3 workstation. 

The source axial enhancement images were recon-
structed using the ADW4.3 protocol. We reconstructed 
the kidney for three-dimensional (3D) analysis by vol-
ume rendering (VR), multiplanar volume reconstruction 
(MPVR), maximum intensity projection (MIP), and (3D) 
reconstruction technique. The combined source images 
were assessed for signs of RAVM and the findings com-
pared to retrospective MDCT angiography and DSA find-
ings.

Statistical analysis
MDCT angiography and DSA images were retrospec-

tively analyzed and data compared using Fisher’s exact 
test (SPSS Statistics for Windows, Version 17.0., SPSS 
Inc., Chicago, IL). P values less than 0.05 were considered 
statistically significant.

Results

Among 14 lesions from 14 patients, eight and six le-
sions originated from the left and the right kidney, re-
spectively. Eight lesions were located in the junction be-
tween the renal cortex and medulla; four were giant, and 
some abnormal vessels were located beside the kidney. 
Two lesions were located in the inferior renal pole, and 
were complicated with angiomyolipoma (Table 1 and Fig. 
1).

Of the 14 patients, 12 with lesions of maximum di-
ameter greater than 10 mm, and one with a 5–10 mm 
maximum lesion diameter, were correctly diagnosed with 
RAVM by MDCT angiography. Diagnoses in four of these 
patients were confirmed by DSA. One additional patient, 
with a 5–10 mm diameter lesion, was misdiagnosed with 
renal aneurysm by MDCT angiography (Fig. 2), a finding 
confirmed by DSA (Table 1).

Both MDCT angiography and DSA showed thickened, 
circuitous, and well-defined arterial and venous elements 
as well as cavernous channels. In one case, the thickened 
and circuitous vein filled with contrast medium in the 
arterial phase – also visible by DSA – was incorrectly con-
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sidered evidence of renal aneurysm by MDCT angiogra-
phy. 

DSA can measure the speed and pressure of blood flow 
in AVM. MDCT angiography, on the other hand, can 
show the whole shape and surrounding structures.

Among the 14 patients included in this study, nine had 
continuous hypertension and macroscopic hematuria, 
three had continuous hypertension and microscopic he-
maturia, and two had microscopic hematuria. In addition, 
a renal vascular bruit was present in one patient. Hema-
turia disappeared after surgical and DSA-assisted repair. 
Hypertension resolved in eight patients after surgical and 
DSA-assisted repair (Table 2).

Discussion

RAVM is usually classified as aneurysmal or cirsoid [1]. 
Aneurysmal RAVM is characterized by solitary arterio-
venous communications, with single, scrotiform chan-
nels, and well-defined arterial and venous elements. In 
contrast, cirsoid types are considered the true congenital 
form and are characterized by multiple vascular commu-
nications, typically near the collecting system [2–3]. The 

latter, also called acquired RAVM are the most common 
and occur as a result of penetrating trauma, percutaneous 
renal biopsy, and nephrectomy [2, 14–17]. 

The main symptoms include continuous or intractable 
hypertension and hematuria (microscopic or macroscop-
ic); the hypertension severity appears to be correlated 
with the size of the arteriovenous malformation [3]. Vas-
cular mass may be the only finding during health exami-
nations. 

Renal vascular bruits are rare signs, found only in rela-
tively large RAVM. One patient had mega-malformation 
of the left kidney and showed this rare sign of the disor-
der (Fig. 3). After surgical or DSA-assisted repair, signs 
typically disappear or diminish. At four-month follow-up 
examinations after treatment, hematuria, hypertension, 
and renal vascular bruit had resolved in all patients, eight 
patients, and one patient, respectively (Table 2). DSA is 
the accepted reference standard for diagnosis of RAVM; 
it can clearly show lesion number, size, and location, es-
pecially for small malformations. In addition to its use as a 
diagnostic technique, DSA is also a good treatment option 
for RAVM [9, 15–19] (Fig. 4). The features of RAVM in con-
ventional CT include masses of vascular density located 

Table 1 Diagnosis and therapy of 14 patients with acquired RAVM 

No. Sex/age Diagnosis Therapy Origin Cause Size of AVM (mm）
CTA DSA Surgery

1 M/19 MDCTA Surgery LK PRB 13 – 17
2 F/25 MDCTA Surgery RK PRB 35 – 32
3 M/52 MDCTA Surgery RK PT 58 – 55
4 F/49 MDCTA & DSA DSA LK PRB 19 18 –
5 F/38 MDCTA Surgery RK PT 34 – 37
6 F/45 MDCTA Surgery LK PRB 32 – 30
7 M/24 MDCTA & DSA DSA LK PT 79 81 –
8 F/53 MDCTA & DSA DSA RK PT 43 44 –
9 F/31 MDCTA Surgery LK PT 51 – 50
10 F/29 MDCTA Surgery LK PRB 38 – 36
11 M/37 MDCTA & DSA DSA RK PT – 6 –
12 F/51 MDCTA Surgery LK PRB 18 – 20
13 F/18 MDCTA Surgery LK PT 45 – 48
14 F/15 MDCTA & DSA DSA RK PRB 9 9 –

AVM, arteriovenous malformation; MDCTA, 64-detector MDCT angiography; DSA, digital subtraction angiography; LK, left kidney; RK, right kidney; 
PRB, percutaneous renal biopsy; PT, penetrating trauma 

Fig. 1 MIP-3D of cortical phase (a) and intrave-
nous phase (b) images showing AVM of the right 
kidney, complicated with angiomyolipoma, inferior 
lobe artery feeding (short arrow in A) the AVM (long 
arrow in A), and circuitous vein (white arrow in B) 
draining to right renal vein. Coronal MPVR im-
age shows the lesion fat element (white arrow in 
C). These findings were confirmed by subsequent 
surgery. MIP-3D, maximum intensity projection (3 
dimensional); AVM, arteriovenous malformation; 
MPVR, multiplanar volume reconstruction
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in the renal sinus and surrounding the pelvicalyceal sys-
tem. Renal and left gonadal vein dilation are also some-

times observed [19]. However, during conventional CT, 
enhancement techniques such as the amount of contrast 
medium and speed of injection can significantly affect di-
agnosis and differential diagnosis [20–21]. 

MDCT is considered a dependable and noninvasive 
tool for assessment of almost all types of vascular dis-
orders [10, 21]. This technique helps to identify anoma-
lous kidney vessels and their courses. However, because 
RAVM is relatively rare, only a few case reports describe 
cases of RAVM. In our study, MDCT detected 13 of 14 
RAVM lesions, visualizing irregular and varicose ves-
sels and aneurismal dilatation, as well as feeding arteries 
and draining veins. Furthermore, more anatomic details 
and surrounding renal structures can be displayed on re-
formatted CT images [13]. For those patients who choose 
surgery instead of DSA therapy, MDCT angiography can 
show more anatomic details and pathological information 
before surgery. Only one patient with RAVM was mis-
diagnosed with renal aneurysm by MDCT angiography. 
The maximum lesion diameter was 6 mm; while imag-
ing showed an abnormal vascular lesion, it did not clearly 
show nonvascular complications such as angiomyolipoma 
or renal hematoma. This finding suggests that MDCT may 

Fig. 3 Left renal AVM (a–d). Gross hematuria without pain had emerged two years prior. Vascular malformation (long arrow) and feeding artery 
were observed in the cortical phase axial CT images (a). The lesion is visible as a round, bulky vascular malformation. Cortical phase enhancement of 
maximum intensity projection images (b and c) show AVM and feeding artery (arrow). 3D volume rendering images (d) show the feeding arterial and 
draining vein associated with RAVM, as well as the aneurismal dilatation (arrow). AVM, renal arteriovenous malformation; RAVM, renal arteriovenous 
malformation

Fig. 2 MIP-3D (A) and VR-3D (b) images misleadingly suggest the lesion to be an aneurysm (short arrow in a, b), and feeding artery (long arrow). 
Subsequent selective angiography (c, d) images confirm that the feeding arterial actually is a draining vein (long arrow) associated with RAVM; these 
images also show aneurismal dilatation (short arrow). MIP-3D, maximum intensity projection (3 dimensional); VR-3D, volume rendering (3 dimensional); 
RAVM, renal arteriovenous malformation

Table 2 Comparison of multidetector-row computed tomography angi-
ography and DSA findings
Item CTA DSA
No. of case 14 5
Signs

Fed artery – +
Varicose configured vessel + +
Draining vein + +
Early venous drainage – +
Surrounding structures + –
Complication + –

Diagnosis*
No. of positive cases 13 5
No. of negative cases 1 0

Reference standard
DSA 5 5
Surgery 9 0

* Fisher’s exact test, P = 0.304; +, full view; −, lack of full view; DSA, digital 
subtraction angiography; CTA, multidetector-row computed tomography 
angiography
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not be as reliable as DSA for diagnosis of small RAVMs 
(maximum diameter < 10 mm). The reason for this lack 
of sensitivity may be that the lesion was too small to be 
displayed well by MDCT. Another reason may be that 
the double-phase enhancement scans of MDCT are inde-
pendent processes rather than continuous images as is the 
case for DSA. DSA can more easily display the continuous 
movement of blood flow in small RAVMs. However, one 
case does not provide conclusive evidence, and advanced 
research is necessary to confirm these observations. 

Compared to DSA, MDCT axial source images can be 
reconstructed as 2D or 3D images, which permits visual-
ization of the number, size, and location of malformations 
at any projection without repetitive radiation exposure 
or extra contrast agent burden [12]. MIP-3D imaging can 
clearly display renal blood vessel circuitry, dilation, and 
stenosis, as well as the relationship between the lesion 
and surrounding structures, similar to DSA. VR-3D imag-
ing is a common imaging reconstruction technique that 
can show large RAVM lesions, including the origin, cir-
cuitry, and dilation of anomalous vessels and surround-
ing structures. MPVR is a 2D imaging technique that can 
supplement VR to show RAVM shape and size, as well as 
the wall and lumen structures of abnormal vessels. MDCT 
angiography is a multidirectional imaging technique bet-
ter for visualizing normally distributed kidney sub-arter-
ies and anomalous channels between the artery and vein. 
Data from MDCT angiography are beneficial for future 
treatment by DSA or surgery.

This study has several limitations. First, because the 
disease is relatively rare, the study population was small. 
Second, there was only one small lesion (less than 10 mm) 
in the group, and this case was misdiagnosed by MDCT. 
This sample size and observation is too small to defini-
tively conclude that either method is better. Finally, DSA 
was performed on only five patients, further emphasizing 
the need for more advanced research. 

In conclusion, MDCT achieved results similar to those 
of DSA for diagnosis of RAVMs in this study, suggest-
ing that 2D and 3D reconstruction imaging can provide 

additional information for diagnosis. Compared to DSA, 
MDCT reconstruction imaging is more easily understood 
by clinical doctors, and is more acceptable in clinical 
practice as a non-invasive tool. Further study with a larg-
er sample size is required to better determine the role of 
MDCT in diagnosis of RAVM. 
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