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Abstract
Spinal arteriovenous malformations (AVMs) may be associated with sensory and motor deficits, bowel or bladder dysfunc-

tion, radicular pain or deficit, and back pain. Hemorrhage can occur in the parenchyma leading to the acute onset of symptoms. 
Neurosurgical resection is one of the way of treatment. Several techniques including intraoperative angiography, dye-injection 
and the micro Doppler method have proven to be useful during the surgical resection of spinal vascular lesions. Herein, we 
report our experience with intraoperative ultrasonography (IOUS) and color Doppler ultrasonography guidance for visualizing 
a spinal cord AVM during surgery. IOUS is a time-saving and noninvasive method for intraoperative imaging of spinal AVM.
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Introduction

Arterial and venous vascular malformations of the 
spinal cord represent a heterogeneous group of vessel 
disorders that affect the tissue of the spinal cord either di-
rectly or indirectly [1]. Spinal arteriovenous lesions may 
be associated with sensory and motor deficits, bowel or 
bladder dysfunction, radicular pain and back pain. Hem-
orrhage can occur in the parenchyma and subarachnoid 
space of the spinal cord, leading to the acute onset or 
sudden worsening of neurological deficits. The risk of 
hemorrhage is greater in spinal cord arteriovenous mal-
formations (AVMs) (Type II) than in other types of le-
sions. Neurosurgical resection is the choice of treatment 
especially for type II malformations [2]). 

In recent years, intraoperative tools such as fluores-
cence angiography, Doppler ultrasonography and intra-
operative digital subtraction angiography (DSA) have 

been used adjunctively to confirm excision of the vascu-
lar malformations [2,3]. However, these tools have their 
own respective disadvantages like being time consum-
ing. With real-time images, intraoperative ultrasonogra-
phy (IOUS) can inform neurosurgeons about the location 
of the lesion, its relation to the spinal cord and the re-
sidual following the excision.

Herein, we present our experience with the use of 
IOUS and color doppler ultrasonography in a patient 
with intramedullary glomus AVM (Type II) to localize 
before surgical removal and to confirm total resection af-
ter surgery.

Case report 

A 53 year old woman presented with an acute onset 
back pain and weakness of the legs. Paraparesis, bilateral 
superficial sensory disturbance below the T12 level and 
disturbance of bladder were detected on neurological ex-
amination. 

Patient underwent magnetic resonance imaging 
(MRI). T2-weighted (fig 1a), T1-weighted images re-
vealed intramedullary hemorrhage in the spinal cord 
extending from the T11-12 level to the conus. Follow-
ing contrast administration focal linear and nodular 
enhancement in the spinal cord and clustered tortuous 
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extramedullary vascular structures were detected. The 
high resolution contrast enhanced magnetic resonance 
angiography (MRA) demonstrated tortuous vascular 
structures that anterior spinal artery (ASA) end on (fig 
1b). The MRI findings were consistent with vascular 
malformation-AVM. Spinal DSA from the left L1 inter-
costal artery demonstrated an AVM which was supply-
ing by ASA (fig 1c). 

The patient underwent a T10-L1 laminectomy. We 
performed IOUS before the dura was opened, used 
Logiq p6 (GE Healthcare, Madison, WI) and a linear ar-
ray transducer (7-11 MHz). The operation site was filled 
with sterile saline and scanning was done without touch-
ing the dura mater. With conventional B-mode sonogra-
phy, intramedullary multilobulated hiperechogenic and 
isoechogenic focal areas in the distal spinal cord were de-
tected. The color Doppler ultrasound mode showed high-
velocity, high turbulence vessels within a focal nodular 
component in the proximal part of the hemorrhage that 
was thought to belong the nidus (fig 2a,b). 

Fig 1. Preoperative; sagital T2-weighted (a) image revealed intramedullary hemorrhage in the spinal cord extending from the 
T11-12 level to the conus (arrows). The high resolution contrast enhanced MRA (b) demonstrated tortuous vascular structures 
(arrows). Spinal DSA (c) from the left L1 intercostal artery demonstrated an AVM (arrow) which was supplying by ASA. 

Fig 2. IOUS (a) showed intramedullary multilobulated hiperechogenic and isoechogenic focal areas in the distal spinal cord at 
the level T11-12 (arrows), the color Doppler ultrasound (b) showed high-velocity, high turbulence vessels within a focal nodular 
component in the proximal part of the hemorrhage that was thought to belong the nidus (arrows). Following a midline myeloto-
my, after resection of the multilobulated focal hemorrhagic areas and a nodular component the repeated the color Doppler IOUS 
(c), showed no intramedullary vascular lesion. The ASA flow was demonstrated with spectral Doppler ultrasonography (d).

The dura was opened under the operative microscope 
and physiological monitoring. Tortuous vessels were de-
tected on the dorsal surface of the spinal cord. Following 
a midline myelotomy, multilobulated focal hemorrhagic 
areas and a nodular component were detected intramed-
ullary. After the resection the color Doppler IOUS was 
repeted (fig 2c) and no intramedullary vascular lesion was 
detected. We demonstrated the ASA flow with spectral 
Doppler ultrasonography (fig 2d). Postoperative MRI and 
MRA demonstrated disapperance of the enhancing lesion 
and of the tortuous vascular structures, respectively. 

Discussions

Spinal vascular malformations are rare entities that, if 
not treated properly, can lead to considerable morbidity 
with progressive spinal cord symptoms. All types of arte-
riovenous shunts or vascular malformations account for 
3% to 16% of all space-occupying lesions of the spinal 
cord [4].
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Arteriovenous shunts and vascular malformations in 
the spinal cord region are classified based on their nidus 
location, vascular supply, and drainage pattern. The le-
sions are divided into 4 types: type I – the typical dural 
arteriovenous fistula (DAVF); type II – glomus AVM; 
type III – juvenile AVMs, without an obvious nidus; type 
IV – perimedullary DAVF. Type II lesions are glomus 
AVMs, with a mass of dysmorphic arteries and veins 
without an intervening capillary bed inside a short seg-
ment of the spinal cord. These lesions can be partial or 
entirely intramedullary [5]. There is a high rebleeding 
rate if the AVM is not treated; therefore, prompt recogni-
tion and treatment is warranted [4].

Reid first applied IOUS to visualize and diagnose an 
intramedullary spinal cord tumor in 1978 with a low fre-
quency sector scanner [6]. IOUS was used for brain and 
spinal lesions especially in intra-axial brain tumor sur-
geries. Furthermore, intraoperative color Doppler US has 
been used in intracranial vascular lesions [7], cerebral 
and spinal AVMs and aneurysms [8], and a spinal per-
imedullary fistula [9]. 

MRI, CT fluorescence angiography and intraopera-
tive DSA have been used for intraoperative imaging in 
neurosurgical operations over the last few years [2]. In 
spite of higher resolution, these techniques are not practi-
cal and difficult to repeat for real-time imaging during 
surgery. In comparison, IOUS is of low cost and easily 
accessible, can be adapted for various applications in sur-
gery [3,7-9].

IOUS helps surgical planning with its capability of 
continuous and real-time visualization of intradural spi-
nal lesions. IOUS could help to locate the lesion and opti-
mize the localization and dimension of the incision of the 
dura and myelotomy. IOUS imaging will point the loca-
tion of the lesion and show the shortest way to reach it. 
By real time imaging of the lesion surgeons can plan an 
image-guided optimal removal of lesions. In the present 
case we identified the locations and margins of the paren-
chymal changes and hemorrages by using conventional 
B-mode sonography. By using the color Doppler ultra-
sound we demonstrated the vascular morphology of the 
lesion. A focal nodular component with high turbulence 
vessels in the proximal part of the parenchymal changes 
was detected. Intraoperative color Doppler ultrasonogra-
phy can detect the abnormal vessels, navigate easily the 
vascular lesions and also provides information about the 
flow direction and velocity. We used spectral Doppler ul-
trasonography to control the patency of the ASA after the 
resection of the lesion.

Despite multiple reports, IOUS is not commonly and 
routinely used as a diagnostic tool in many countries. IOUS 
is a quick, inexpensive, widely available, and easy to apply 
imaging modality that provides the experienced user with 
real-time information [10]. Furthermore, image quality 
may decrease with ongoing resection because of blood and 
air bubbles in the surgical field during resection of lesions.

In this paper, the use of IOUS and color Doppler ul-
trasonography in surgical removal of spinal AVM is re-
ported. IOUS provides real-time information about the 
precise location of the lesion and the residual following 
excision. IOUS is a useful and practical intraoperative 
tool that helps to improve surgical precision and might 
reduce the procedure related morbidity.
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