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Abstract
Hilar cholangiocarcinoma is a common malignant tumor 
of the biliary tree. It has poor prognosis with very 
low 5-year survival rates. Various imaging modalities 
are available for detection and staging of the hilar 
cholangiocarcinoma. Although ultrasonography is the 
initial investigation of choice, imaging with contrast 
enhanced computed tomography scan or magnetic 
resonance imaging is needed prior to management. 
Surgery is curative wherever possible. Radiological 
interventions play a role in operable patients in the 

form of biliary drainage and/or portal vein embolization. 
In inoperable cases, palliative interventions include 
biliary drainage, biliary stenting and intra-biliary 
palliative treatment techniques. Complete knowledge 
of application of various imaging modalities available 
and about the possible radiological interventions is 
important for a radiologist to play a critical role in 
appropriate management of such patients.We review 
the various imaging techniques and appearances of 
hilar cholangiocarcinoma and the possible radiological 
interventions.

Key words: Cholangiocarcinoma; Biliary malignancy; 
Imaging; Biliary intervention; Computed tomography; 
Magnetic resonance imaging

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Poor prognosis of hilar cholangiocarcinoma 
mandates early diagnosis. The article outlines the 
performance of various imaging modalities in making 
a diagnosis and allows the readers to decide the 
appropriately modality in a given case. Further, the brief 
descriptions of a wide range of radiological interventions 
in hilar cholangiocarcinoma educate the readers about 
the available options and choose them judiciously.

Madhusudhan KS, Gamanagatti S, Gupta AK. Imaging and 
interventions in hilar cholangiocarcinoma: A review. World J 
Radiol 2015; 7(2): 28-44  Available from: URL: http://www.
wjgnet.com/1949-8470/full/v7/i2/28.htm  DOI: http://dx.doi.
org/10.4329/wjr.v7.i2.28

INTRODUCTION
Cholangiocarcinoma (CC) is a malignant tumor 
of the biliary tree, originating from the bile duct 
epithelium. It is the second most common biliary 
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tract malignancy, after carcinoma of gall bladder and 
second most common primary hepatic malignancy 
after hepatocellular carcinoma. The occurrence of 
the disease is increasing worldwide with an incidence 
of 1-2/100000[1]. The symptoms at presentation are 
mostly non-specific and occur late in the course of 
the disease. Further, hilar massesinvade adjacent 
vascular structures early and curative surgery is possible 
in less than half of the cases[2]. The tumorhas very 
poor prognosis with 5-year survival of about 5%[3]. 
Hence, early diagnosis and curative surgery is 
needed to improve survival in these patients. We 
describe the various imaging modalities used in 
the diagnosis of CC and its appearances in these 
modalities. We further discuss various interventional 
radiological procedures playing role in management 
of patients with CC.

Cholangiocarcinoma can arise from any part of 
the biliary tree and depending on the location, they 
have been classified in to three types -peripheral CC 
(or intrahepatic CC), hilar CC (or Klatskin tumor) 
and distal CC[4]. Hilar CC is the most common 
variety forming about 40%-60% of all cases; distal 
CC forms 30%-42% and intrahepatic CC forms 
5%-10%[5,6]. Intrahepatic CC typically arise from 
beyond second order bile ducts whereas distal CC 
arise from extrahepatic common bile duct. Bismuth 
has classified hilar cholangiocarcinoma into four 
types depending on the location and extent of 
involvement bile ducts[7]. Involvement of common 
hepatic duct (CHD) alone is defined as type 1, 
involvement of CHD and primary biliary confluence 
(PBC) as type 2, involvement of CHD, PBC and right 
or left hepatic ducts as type 3a or 3b respectively 
and involvement of CHD, PBC and both hepatic ducts 
or multifocal tumor as type 4.

Hilar cholangiocarcinoma (HiCC) is the most 
common anatomical type of CC. Although it can 
involve both intrahepatic and extrahepatic bile 
ducts, it is considered as a type of extrahepatic CC 
according to WHO classification[8]. The tumor may 
arise from primary biliary confluence, right or left 
hepatic ducts, secondary biliary confluence or distal 
second order bile ducts (which together form the 
hilum) (Figure 1)[9]. Although, the lesion is mostly 
extrahepatic, it may also extend intrahepatically 
and thus some use the term perihilar CC for the 
same.Macroscopically, HiCC has been classified 
into three types based on the growth pattern on 
gross specimen[10]. They include nodular, periductal 
infiltrating and papillary types, of which the 
periductal infiltrating variety is the most common 
type (Figure 2). The nodular type begins as a small 
mucosal nodule and grows beyond the walls of 
the bile ducts to form a mass[11]. The bile duct is 
obstructed at an early stage. Periductal-infiltrating 
type grows along the walls of the bile ducts causing 
its thickening and irregular luminal narrowing. 
Associated desmoplastic reaction may show smooth 
stenosis of the bile ducts adjacent to the tumor. 
Papillary tumor arises as a mucosal polypoidal or 
sessile lesion remains limited to the bile duct wall 
till late stages. This variety has better prognosis 
compared to the other two types. Histologically, about 
90% of HiCC are adenocarcinomas, which range from 
well differentiated to poorly differentiated glands[9]. 
Microscopically, the tumor consists of glands or 
tubules with fibrous stroma and inflammatory cells. 
Perineural, perilymphatic and perivenous invasion may 
be seen, of which the former is characteristic.

CLINICAL FEATURES
Due to the location of the tumor, even small masses 
produce biliary obstruction at an early stage and 
most patients present with obstructive jaundice. 
Other symptoms at presentation include anorexia, 
weight loss, right upper quadrant pain and pruritus. 
Patients may present with high-grade fever asso
ciated with chills and rigorsdue to cholangitis. Vari
ous risk factors predispose to the development of 
CC. These include primary sclerosing cholangitis, 
hepatolithiasis, liver fluke infection (Opisthorchis 
viverrini and Clonorchis sinensis), choledochal cyst 
and inflammatory bowel disease[12]. Hepatitis B and 
C viruses have also been associated with increased 
risks of CC.

RADIOLOGICAL IMAGING
Imaging evaluation of HiCC is very important for 
accurate staging of the tumor and possible curative 
surgical resection. Assessment of longitudinal 
and extra-ductal extent of the tumor is critical as 
it defines treatment planning. However, varying 
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Figure 1  Schematic diagram showing structures forming hilum. chd: 
Common hepatic duct; ll: Left lateral segmental duct; lm: Left medial segmental 
duct; ls: Left secondary confluence; p: Primary biliary confluence; ra: Right 
anterior segmental duct; rp: Right posterior segmental duct; rs: Right secondary 
confluence.
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morphologies of HiCC may result in over or under
estimation of the tumor extent along the ducts and 
result in failure of curative treatment[13]. Local extension 
of the tumor which suggest non-resectability on 
imaging include involvement of bilateral secondary 
biliary confluence, portal vein of one lobe and hep
atic artery of other lobe, proper hepatic artery, main 
portal vein, hepatic artery or portal vein of one 
lobe with atrophy of other lobe. Ultrasonography, 
computed tomography (CT) and magnetic resonance 
imaging (MRI) are the most common non-invasive 
imaging modalities which are used in the diagnosis 
and staging of HiCC. Other less commonly used 
techniques are invasive and include percutaneous 
transhepatic cholangiography (PTC) and endoscopic 
retrograde cholangiography (ERC).

ULTRASONOGRAPHY
Sonography is the initial investigation which is 
performed in most patients presenting with obstru
ctive jaundice or abdominal pain. In addition to 
detection of CC, it helps in excluding other causes of 
obstructive jaundice, primarily gall stones. The most 
common finding is dilatation of intrahepatic bile 
ducts[14]. The union of right and left hepatic ducts 
is usually not visualized. At the site of obstruction, 
tumormay be seen with the currently available 
equipments. The primary tumor is most commonly 
isoechoic on ultrasonography (USG) (65%), but 
may be hypoechoic (21%) or hyperechoic (15%) 
(Figure 3)[15]. Thenodular and papillary varieties 
can be seen as ill-defined lesions at the primary 
biliary confluence. The infiltrating variety may be 
seen as irregular isoechoic wall thickening of the 
right or left hepatic or proximal common hepatic 
ducts (Figure 3C). Lobar atrophy is a less common 
finding and is suggested by crowding of the dilated 
ducts and smaller size of the lobe (Figure 3D). 
This occurs when there is dominant involvement of 
one duct than the other. Lobar atrophy is seen in 
about 14% of patients with CC[16]. Sonography also 
helps in evaluation of vascular structures, regional 
nodes and liver.The accuracy of lesion detection 

on USG is about 82% and the sensitivity and 
specificity of portal vein involvement is 75%-83% 
and 93%-100%, respectively[15,17]. USG has low 
accuracy for hepatic artery involvement. Contrast 
enhanced USG is an additional technique which can 
be performed in arterial, venous and delayed phases 
for better visualization and characterization of the 
tumor[18,19]. Administration of USG contrast agents 
variably improves detection of primary lesion, the 
sensitivity of which may reach up to 100%[20].

Endoscopic ultrasonography (EUS) is a technique 
where a high-frequency ultrasound probe is attached 
to the end of the endoscope. This helps in better 
visualization of hilar masses through stomach or 
duodenum[21]. The benefits of EUS include no inter
ference due to bowel gas (as seen with trans-
abdominal USG), better visualization of mass and 
loco-regional lymph nodes and ability to obtain fine 
needle aspiration (FNA) or biopsy from the mass 
and nodes. The sensitivity and specificity of EUS in 
diagnosing and staging cholangiocarcinoma is 94% 
and 85% respectively[22]. The diagnostic sensitivity 
and specificity of EUS with the use of FNAC for 
suspected HiCC is 89% and 100% respectively[23]. 
Intraductal USG (IDUS) is another technique of 
using a high-resolution USG probe through either 
ERC or percutaneous transhepatic biliary drainage 
(PTBD) route[24]. Hilar lesions are seen as hypoechoic 
masses around the biliary channels with irregular 
outline. This technique, when used with ERC has 
a sensitivity and specificity of 90% and 93%[25]. 
However, visualization of deeper structures like 
vessels and nodes is difficult.

CT
CT scan is the most common widely used modality 
used for detection and staging of HiCC. Multidetector 
CT (MDCT) scan offers excellent spatial resolution 
and fast scanning and optimally depicts relation of 
the tumor with hepatic artery and portal vein[26,27]. 
Multiplanar reformats (MPR) and maximum and 
minimum intensity projections are useful in accurately 
demonstrating ductal and vascular invasion (Figure 4). 
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Figure 2  Schematic diagram showing three morphological types of hilar cholangiocarcinoma. A: Nodular variety; B: Periductal infiltrating; C: Intraductal 
papillary.
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important role of MDCT is in assessment of volume 
of future liver remnant (FLR) prior to surgery. The 
volume of FLR can be calculated either automatically 
or manually (Figure 7). Depending on the FLR 
volume in relation to body weight, either surgery 
can be planned directly or portal vein embolization 
may be performed to increase its volume. MDCT 
cholangiography without administration of biliary 
contrast agent can be done with volume rendering 
after adjusting the rendering parameters[26]. This 
technique has a sensitivity and specificity of 
about 94% each in diagnosis of malignant biliary 
obstruction.

Nodular or mass-forming CC typically show thick 
irregular peripheral or heterogeneous enhancement 
in the arterial phase images with gradual centripetal 
enhancement in portal venous and delayed phase 
images (Figure 8)[31]. However, very often the mass 
is small and may be difficult to visualize. Periductal 
infiltrating lesions typically show wall thickening and 
enhancement, which may completely obliterate the 
lumen. The lesion is usually hypoenhancing and may 
show enhancement in the delayed phase(Figure 
9); occasionally it can enhance in arterial phase[30]. 
Intraductal papillary lesions show single or multiple 
intraluminal polypoidal soft tissue which show 
contrast enhancement and distend the lumen of the 

MDCT has an accuracy of about 86% in assessment 
of ductal extent of HiCC[28]. The sensitivity and 
specificity of MDCT in evaluation of portal vein, 
hepatic artery and lymph node involvement are 
89% and 92%, 84% and 93%, and 61% and 88%, 
respectively.

The routine protocol for performing a CT scan 
in patients with suspected HiCC includes an arterial 
phase (25-35 s after beginning of contrast injection), 
portal venous phase (70-80 s) and delayed phase 
(180 s). Oral contrast is usually neutral or negative. 
Positive oral contrast is not given as it interferes 
with formation of MPRs. The arterial phase, dem
onstrates involvement of arteries (importantly 
main, right or left hepatic artery) by the tumor 
and also any variations in the arterial anatomy, 
which is useful for the surgeon.Portal venous phase 
reveals involvement of main portal vein or its first 
order branches. Further, this phase also better 
demonstrates primary tumor, liver metastases and 
extrahepatic spread (nodes, peritoneum) (Figure 
5)[29]. Delayed phase is useful in demonstration of 
primary mass which shows enhancement in delayed 
phase due to its scirrhous nature (Figure 6)[30]. 
Oblique and curved MPRs show involvement of biliary 
tree and vessels better than the axial images and 
improve diagnostic accuracy[29]. An additional and 
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Figure 3  Ultrasonographic appearances of hilar cholangiocarcinoma. A: Isoechoic lesion (arrow) involving primary biliary confluence; B: Hyperechoic mass (arrow) 
involving hilum; C: Infiltrative lesion (arrow) with periductal wall thickening; D: Atrophy of left lobe with crowding of bile ducts (arrow) due to isoechoic hilar mass (arrow 
head).
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bile duct (Figure 10). Extension beyond the bile duct 
wall and lymph node involvement is uncommon. In 
addition to the primary lesion, CT scan also shows 
dilatation of the bile ducts upto the lesion and 
atrophy or hypertrophy of the lobes or segments 
(Figure 11). As with any other malignant tumors, 
vascular invasion is suggested by the presence of 
soft tissue encasing the vessel, large area of contact, 
narrowing of the calibre and complete luminal 

obstruction (Figure 12).

MRI
Magnetic resonance cholangio-pancreatography 
(MRCP) is a heavily T2-weighted sequence used for 
demonstration of biliary channels and is as accurate 
as ERCP[32]. Its advantages over ERCP include 
its non-invasiveness, its ability to visualize ducts 
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Figure 4  Post processing of computed tomography scan. A: Coronal reformat showing ill-defined enhancing mass (arrow) in relation to hilum and common 
hepatic duct; B: Coronal thick maximum intensity projection showing same mass as in A (short arrow) with irregularity of right posterior hepatic artery (long arrow); C: 
Minimum intensity projection showing the extent of biliary involvement by the mass (arrow).

Figure 5  Axial contrast enhanced venous phase images. A: Showing hilar mass (white arrow) with multiple liver metastases (black arrows); B: Showing multiple 
metastatic retroperitoneal nodes (n).

Figure 6  Axial contrast enhanced computed tomography scan in arterial (A), venous (B) and delayed (C) phases showing mild enhancement of the lesion 
(arrow) in arterial phase with persistence of enhancement in venous and delayed phases suggesting scirrhous nature of the lesion.
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proximal to the obstruction and better visualization 
of the mass and non-requirement of contrast. Thin 
sections of MRCP and 3D-MRCP sequence further 
improve accuracy of lesion demonstration. MRI with 
gadolinium based contrast agents accurately depicts 
the mass, local extension, vascular involvement 
and regional metastases[13,33]. The benefits of MRI 
over CT scan include no radiation, higher soft tissue 
contrast which helps in better demonstration of 

tumor extent and better demonstration of biliary 
tree. MRI has its own share of limitations including 
longer acquisition times, motion artifacts, lower 
spatial resolution and lower accuracy in the presence 
of stents[29]. The accuracy of MRI with MRCP in the 
prediction of involvement of biliary confluence, 
hepatic artery, portal vein and lymph node is 89%, 
86%, 96% and 74%, respectively[13].

Routine evaluation requires MRCP and MRI 
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Figure 7  Axial venous phase computed tomography images (A and B) showing automated volumetry map with colour coding indicating the volume of 
future liver remnant (arrow).

Figure 8  Axial contrast enhanced computed tomography scan in arterial (A), venous (B) and delayed (C) phases of nodular variety of hilar 
cholangiocarcinoma (arrow) showing mildly enhancing ill-defined mass lesion in arterial phase with increasing enhancement in venous and delayed phases.

Figure 9  Axial (A) and coronal (B) images of venous phase of computed tomography scan of periductal infiltrating type of hilar cholangiocarcinoma 
showing wall thickening and enhancement of proximal common hepatic duct (arrow) causing luminal obstruction.
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Figure 10  Axial contrast enhanced computed tomography scan in venous 
phase of papillary type of hilar cholangiocarcinoma showing minimally 
enhancing intraductal polypoidal lesion (arrow) causing distension of the 
duct.

Figure 11  Axial computed tomography images showing atrophy of right lobe (r) due to hilar mass (arrow) in A, and atrophy of left lobe (l) caused by a 
mass (arrow) in B.

Figure 12  Axial computed tomography scan images showing vascular invasion. A: Small hilar mass (white arrow) abutting right hepatic artery posteriorly; 
B: Hilar mass (white arrow) encasing right hepatic artery causing irregularity in outline; C: Ill-defined hilar mass (white arrow) encasing portal vein and causing its 
narrowing (black arrow); D: Multiple collaterals (white arrows) seen in periportal and perigastric location due to portal vein obstruction.
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with contrast in multiple phases, similar to that of 
multiphase CT scan. On MRCP, the lesions cause 
irregular narrowing of the bile ducts, with or with
out obstruction, asymmetric luminal narrowing, 
abrupt luminal narrowing and as intraluminal filling 
defects (Figure 13). The appearance of the three 
morphological types of HiCC on contrast enhanced 
MRI is similar to that seen on CT scan (Figures 14 
and 15). As in CT scan, the lesion shows peripheral 
or heterogeneous arterial enhancement with gra
dually increasing enhancement in the venous and 
delayed phases. Enhancement of ductal wall and 

periductal infiltration is often better seen on MRI 
than on CT scan due to inherent higher contrast 
resolution of MRI. Diffusionweighted imaging (DWI) 
is useful in detecting smaller lesions (Figure 16). The 
b-values routinely used are 0, 500 and 800 s/mm2. 
The technique has higher sensitivity and accuracy 
than MRI in detection of lesions and has high 
positive predictive value[34]. Some inflammatory and 
benign lesions may mimic HiCC on MRI, but short 
segment involvement, irregular margins,asymmetric 
narrowingand diffusion restriction on DWI may 
point towards HiCC[35]. The presence of stent affects 
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Figure 13  Magnetic resonance cholangio-pancreatography images showing various appearances of hilar cholangiocarcinoma. A: Smooth luminal narrowing 
(arrow); B: Complete hilar obstruction (arrow); C: Irregular asymmetric complete obstruction (arrow); D: Intraluminal filling defect (arrow).

Figure 14  Case of nodular type of hilar cholangiocarcinoma. A: Axial T2-weighted magnetic resonance image show hypointensehilar mass (arrow) with biliary 
dilatation; B and C: Axial T1-weighted magnetic resonance images in arterial (B) and venous (C) phases showing mildly enhancing ill-defined mass lesion (arrow) 
encasing right hepatic artery and left portal vein.
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evaluation of the tumor due to difficulty in assessing 
the level of obstruction as the bile ducts are deco
mpressed after stenting and due to secondary sub-
clinical cholangitis which cause wall thickening 
(Figure 17). Thus, imaging should be done prior to 
biliary decompression for accurate evaluation of the 
tumor.

POSITRON EMISSION TOMOGRAPHY CT
Cholangiocarcinomas express glucose transporter 
in higher concentration and take up 18Fluoro-deoxy 
Glucose (FDG). The sensitivity of detection depends 
on the morphological type and location of the tumor 
with lower rates of sensitivity seen in infiltrating 
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Figure 15  Axial contrast enhanced T1-weighted magnetic resonance images in arterial (A), venous (B) and delayed (C) phases of periductal infiltrating 
variety of hilar cholangiocarcinoma showing mildly enhancing thick walled proximal hepatic duct in arterial phase (arrow) with increasing contrast 
enhancement in venous and delayed phases.

Figure 16  A case of periductal type of hilar cholangiocarcinoma. A: Axial T1-weighted contrast enhanced magnetic resonance (MR) image in delayed phase 
showing enhancing periductal lesion (arrow); B and C: Axial diffusion weighted b-800 MR images (B) and ADC map (C) showing diffusion restriction of the lesion.

Figure 17  Axial (A) and coronal (B) computed tomography scan of a case of hilar cholangiocarcinoma after endoscopic stenting showing circumferential 
wall thickening of common hepatic duct around the stent. It would be difficult to differentiate this from reactive thickening.
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types and extrahepaticcholangiocarcinoma[36]. 
Nodular lesions show better uptake but infiltrating 
lesions are seen as streak-like uptake, which is 
sometimes difficult to detect. In the detection of 
primary tumor, FDG positron emission tomography 
CT (PET-CT) has a sensitivity, specificity and 
accuracy of 84%, 79% and 83%, respectively[37]. 
However, for HiCC, sensitivity of PET-CT is lower 
than CT scan[38]. Hence, routine use of PET-CT does 
not offer advantage over CT scan or MRI in the 
detection of HiCC. However, it has higher accuracy in 
the detection of metastatic regional lymph nodesand 
distant sites than other imaging modalities.

DIRECT CHOLANGIOGRAPHY
PTC and ERC are invasive techniques which involves 
injection of contrast directly into the bile ducts[29]. In 
PTC, the dilated bile ducts are directly punctured under 
fluoroscopic or USG guidance through transhepatic 
route and contrast is injected antegradely to define 
the level and type of obstruction (Figure 18). In ERC, 
the duodenal ampulla is canulated endoscopically 
and contrast is injected retrogradely to fill the bile 
ducts distal to the obstruction; proximal ducts may be 
visualized if obstruction is partial. Presence of short 
segment involvement, irregular stricture, asymmetric 
narrowing and nodularity suggests malignancy. Nodu
lar type is usually seen as complete obstruction 
at primary biliary confluence[39]. Short segment 
irregular or smooth narrowing is seen in case of 
periductal infiltrating variety and polypoidal or plaque 

like filling defect in case of papillary type of HiCC. 
Additional benefits of PTC and ERCP include drainage 
of the obstructed system and ability to obtain brush 
cytology/biopsy.

Cholangioscopy is a technique of direct visuali
zation of the tumor either thorough ERC route or 
PTBD route. It can help in differentiation of benign 
and malignant biliary strictures on the basis of 
presence of nodularity and irregularity of the mucosa 
and mucosal vessels[40]. It has good accuracy in 
detection and evaluation of extent of HiCC which can 
be improved with the use of biopsy. 

CLASSIFICATION AND STAGING
Bismuth-Corlette classified cholangiocarcinoma 
based on the longitudinal extent of the tumor[41]. 
MRCP has high accuracy in classification of HiCC with 
an accuracy of 95% when compared to findings at 
surgery[42]. The classification has been described in 
Table 1. This classification alone is not sufficient for 
assessing resectability of the tumor as it does not 
define lateral extension and it has little prognostic 
value[43].

American Joint Committee on Cancer uses TNM 
classification for staging HiCC which is useful for 
selecting surgical candidates[44]. “T” stands for 
primary tumor stage, “N” for nodal disease and 
“M” for metastases. The classification is as follows: 
(1) T stage: T1 - Tumor confined to bile duct, T2 - 
Tumor extending beyond the bile duct, this is further 
divided into T2a where there is involvement of 
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Figure 18  Percutaneous cholangiograms showing complete obstruction of common hepatic duct with patent primary biliary confluence (arrow, A), 
blocked primary biliary confluence with irregular outline (arrow, B) and intraluminal polypoidal filling defect (arrow, C).
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  Stage Description

  Ⅰ Tumor involving common hepatic duct without involvement of primary biliary confluence (confluence of right and left hepatic ducts) (Figure 19)
  Ⅱ Tumor involving primary biliary confluence (Figure 20)
  Ⅲa Tumor involving primary biliary confluence and right secondary biliary confluence (confluence of right anterior and posterior sectoral ducts) (Figure 21)
  Ⅲb Tumor involving primary biliary confluence and left secondary biliary confluence (confluence of left medial and lateral sectoral ducts) (Figure 22)
  Ⅳ Tumor involving primary and both secondary biliary confluence (Figure 23)

Table 1  Bismuth-Corlette classification of hilar cholangiocarcinoma



periductal fat and T2b where there is involvement of 
adjacent liver, T3 - Tumor involving unilateral portal 
vein or hepatic artery branches, T4 - Tumor involving 
one lobar portal vein branch and other lobar hepatic 
artery branch, main portal vein or common hepatic 
artery, second order bile ducts; (2) N stage: N0 - No 
lymph node involvement, N1 - Regional lymph nodes 
involvement (periductal or periportal nodes), N2 - 
Retroperitoneal nodes involvement; (3) M stage: M0 
- No distant metastasis, M1 - Distant metastasis; 
and (4) Stages: Ⅰ - T1 N0 M0, Ⅱ - T2a-b N0 M0, Ⅲ
A - T3 N0 M0, ⅢB - T1-3 N1 M0, IVA - T4 N0-1 M0, 
ⅣB - Any T N2 M0 or Any T Any N M1.

Imaging with multiphase CT scan and/or contrast 
enhanced MRI is helpful in accurately staging 
HiCC[28]. Staging laparoscopy may rarely be needed 
when imaging findings are inconclusive.

RADIOLOGICAL INTERVENTIONS
Various radiological interventions are available in the 
management of HiCC, which could be either pre-
operative (prior to definitive surgery) or palliative 
(in inoperable cases). Often the tumors are un-
resectable at the time of presentation and palliation 
is the only treatment possible to improve patients’ 
quality of life[2]. The main aim of palliation is to 
create a communication between the biliary system 
and small intestine to allow physiological drainage. 
This procedure reduces pain and relieves biliary 
obstruction and thus significantly decreases the 

incidence of cholangitis and prepares the patient 
to receive chemotherapy. If it is done as a pre-
operative procedure, it improves the liver function so 
that the patient can be treated surgically[45]. 

Several safe and effective percutaneousradiological 
interventions are available in the management 
of HiCC. Although endoscopic drainage has the 
advantages of causing less pain, absence of an 
uncomfortable external drainage tube and less 
risk of biliary peritonitis, its success rate in too 
high obstructions is less and hence percutaneous 
technique is preferred[46]. Cholangitis is seen in 
significantly higher number of patients as compared 
to percutaneous intervention as some of the obs
tructed ducts may not be drained[45]. Various 
radiological interventional procedures include PTBD, 
biliary stenting (BS), intrabiliary tumor therapyand 
portal vein embolization (PVE). After the initial 
imaging, optimal further management is planned 
at the gastrointestinal-radiology meeting involving 
surgeons, gastroenterologists and radiologists.

PTBD
PTBD is the most common and well established 
interventional procedure performed in the mana
gement of HiCC. This is done either as a pre-oper
ative procedure to improve liver functions or as a 
palliative procedure. Drainage of a single lobe (or 
atleast 20% of liver parenchyma) is sufficient to 
relieve jaundice and improve liver functions[47]. The 

38 February 28, 2015|Volume 7|Issue 2|WJR|www.wjgnet.com

Madhusudhan KS et al . Hilar cholangiocarcinoma

Figure 19  Schematic diagram and magnetic resonance 
cholangio-pancreatography image of type 1 hilar cholangi
ocarcinoma.

Figure 20  Schematic diagram and magnetic resonance 
cholangio-pancreatography image of type 2 hilar cholang
iocarcinoma.



primary biliary confluence is most often blocked 
in patients with HiCC and draining either the right 
or left lobe is adequate. The factors determining 
the selection of lobe to be drained are the size 
of the lobe and involvement of secondary biliary 
confluence. Prior imaging plays a crucial role in 
assessing the extent and severity of biliary dilatation 
and location of stricture. The larger lobe and one 
with patent secondary biliary confluence is preferred 
to allow maximum drainage. However, any dilated 
system could be a source of infection due to stasis 
and an attempt must be made to drain it, espe
cially if it is infected. When unilateral drainage, 
which has lower incidence of complications, is 
planned, cholangiogram must be carefully done 
to avoid filling of the non-drainable biliary system 
and thus subsequent infection[48]. If the primary 
biliary confluence is patent, either left or right 

sided drainage can be done depending on the local 
practice, patient comfort and radiologist’s expertise. 
Bilobar or multiple system drainage may also be 
done. In cases where there is atrophy of a lobe due 
to chronic biliary obstruction, the system may not 
need drainage as improvement in liver function is 
unlikely[49]. But it needs drainage if this lobe is the 
source of cholangitis. No absolute contraindication 
exists for PTBD. Relative contraindications include 
bleeding diathesis, contrast allergies and ascites.

Prior to the procedure, patient preparation is 
needed. This includes correction of coagulation 
profile, if deranged and administration of a dose 
of broad spectrum antibiotic. Ascites should be 
drained before PTBD. The segmental duct (preferably 
segment 3 for left sided and segment 6 for right 
sided drainage) is punctured, using ultrasonography 
as guidance. The puncture needle is exchanged for 
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Figure 21  Schematic diagram and magnetic resonance cholangio-
pancreatography image of type 3A hilar cholangiocarcinoma.

Figure 22  Schematic diagram and magnetic resonance cholangio-
pancreatography image of type 3B hilar cholangiocarcinoma.

Figure 23  Schematic diagram and hilar cholangiocarcinoma 
image of type 4 hilar cholangiocarcinoma.



a dilator over a guidewire, and check cholangiogram 
is performed to define the biliary anatomy (Figure 
24A). Subsequently a guidewire is manipulated 
across the stricture following which the tract is dilat
ed and an 8.3 F internal-external drainage catheter 
(Ring biliary catheter, Cook, Bloomington, IN) is 
placed across the stricture (Figure 24B). In cases 
where there is difficulty in crossing the stricture, an 
external drainage catheter is placed in situ (Figure 
24C) and internal drainage is attempted two-four 
days later. This approach often helps in reducing 
the inflammation and edema and increases the 
chances of negotiating the stricture. Küçükay et 

al[50], in their study (n = 256) on percutaneous 
treatment of malignant biliary obstructions found 
that suprahilar lesions and lesions with flat or ovoid 
shape had higher failure rates. They suggested 
that an external drainage should be done after 
five unsuccessful attempts of internal drainage. 
Mueller et al[51], reported easier catheterization 
of a stricture in a delayed second session due to 
straightened course of the guide wire directing into 
the lumen by decreased duct calibre above the 
obstruction, resolution of reactive edema at the site 
of obstruction and development of a tract around the 
catheter enabling the use of large-caliber catheters. 
An additional advantage of PTBD is the ability to 
obtain endobiliary tissue sample for histopathology 
using brush (for cytology) or forceps (for biopsy)[52]. 

BILIARY STENTING
Biliary stenting is done in inoperable cases as a 
palliative measure. It can be done as a primary 
procedure or after PTBD. In primary stenting, 
once the stricture is crossed with guide-wire, stent 
can be deployed over the guide-wire across the 
obstruction. This reduces the incidence of procedure 
related complications compared to stenting done 
after PTBD[53]. Self-expandablemetallic stents are 
preferred. Metallic stents have higher patency 
rates, lower overall cost and shorter hospital stay 
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Figure 24  Types of biliary drainages. A: Initial cholangiogram showing dilated intrahepatic bile ducts with hilar obstruction; B: Cholangiogram after placement of 
ring biliary catheter (Internal-External drainage) showing opacification of bile ducts and duodenum; C: Cholangiogram after placement of external drainage pig-tail 
catheter.
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Figure 25  Types of biliary stenting. A: Cholangiogram after 
placement of unilobar (right sided) biliary metallic stent; B: 
Cholangiogram after bilobar stent placement showing free flow of 
contrast into duodenum across the stricture.

Figure 26  Percutaneous biliary drainage through ring biliary catheter 
after obstruction of biliary metallic stent due to tumor ingrowth.
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than plastic stents (Figure 25)[54]. Pre-stent balloon 
dilatation is usually avoided as it increases the risk 
of bleeding[53]. The stent usually expands completely 
within 24-48 h and allows decompression of the 
biliary tree. If it does not adequately expand after 
48 h, balloon dilatation of the stent may be done 
subsequently for adequate drainage. For masses 
involving the primary biliary confluence, two metallic 
stents (right and left side) can be placed in “Y” 
shape to drain both the systems (Figure 25B).

The biliary stent may get blocked by internal 
biliary sludge or by the tumor. Tumor ingrowth occurs 
when the tumor grows into the stent lumen through 

the gaps between the struts of the stent. This may 
be dealt with endoscopically or percutaneously. 
Endoscopic placement of plastic stent through 
the blocked primary stent is often successful[55]. 
Otherwise, percutaneous intervention in the form of 
balloon dilatation or placement of a smaller calibre 
coaxial stent or ring biliary catheter is done (Figure 
26)[55]. Use of covered metallic stents prevents 
tumor ingrowth and thus improves stent patency 
rates and reduces the incidence of re-intervention[56]. 
Progression of the tumor may result in involvement 
of more proximal ducts and the stent may become 
ineffective. Such cases may need further drainage 
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Figure 27  Percutaneous radiofrequency ablation for hilar cholangiocarcinoma. A: Pre-radiofrequency ablation (RFA) image with probe in situ (arrow); B: 
Cholangiogram after RFA showing opening of obstruction (arrow).

Figure 28  Right portal vein embolization with ipsilateral (A and B) and contralateral (C and D) approaches. A: Right portal venogram with ipsilateral approach. 
percutaneous transhepatic biliary drainage catheter is seen (arrow); B: Portal venogram after embolization of right portal vein with PVA and glue; C: Right portal 
venogram with contralateral approach; D: Portal venogram after embolization of right portal vein with glue and vascular plug.
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which is often is difficult to achieve. Stent migration, 
a very rare complication, may require repeat 
procedure. 

INTRA-BILIARY PALLIATIVE THERAPY
Intra-biliary brachytherapy or photodynamic therapy 
prior to stenting improves the life expectancy of 
patients with HiCC and also stent patency[57]. The 
primary advantage of intraluminal brachytherapy 
over external beam radiotherapy is that higher 
doses of irradiation can be given without damaging 
adjacent normal tissues[58]. This procedure is 
usually done through PTBD route, preferably after 
metallic stent placement. The iridium-192 strands 
are intraluminally placed at the site of the tumor or 
stricture through PTBD catheter. Chen et al[59], found 
98% success rate of intraluminal brachytherapy 
using Iridium-192 in 34 patients of malignant bilia
ry obstruction and concluded that intraluminal 
brachytherapy is a safe palliative therapy and imp
roves patient survival. In photodynamic therapy, a 
photosensitizer is injected intravenously followed by 
application of light to the tumor, endoscopically or 
through PTBD route. The photosensitizer interacts 
with the light releasing free radicles and causing cell 
death. Lee et al[60] in their study (n = 33) found that 
photodynamic treatment prior to metallic stenting 
resulted in significantly longer stent patency and 
longer survival, with low risk of complications 
(17%). 

RADIOFREQUENCY ABLATION
Radiofrequency ablation (RFA), a technique which 
causes coagulation necrosis of tissue, is well known 
in the treatment of hepatic tumors. Its use as a 
palliative procedure in unresectable HiCC has prod
uced promising results[61]. The procedure can be 
done either through transhepatic route with routine 
probes used for liver tumors or through endoscopic 
or PTBD route with the use of special endobiliary 
probe (Figure 27)[62,63]. RFA in unresectable cases is 
a safe procedure and it improves stent patency and 
survival.

PVE
This procedure is done to induce hypertrophy of 
non-involved lobe of liver by HiCC if the remnant 
liver volume is insufficient to maintain normal body 
function. Although it is not specific for HiCC, it is 
done in a few such patients so that a curative sur
gery can be performed. Embolization of the portal 
vein branch of the lobe which is involved by the 
lesion and which would be subsequently resected is 
done to induce hypertrophy of the other lobe[64,65]. 
Hypertrophy normally occurs in 2-4 wk after which 
surgery can be done. Various embolizing materials 

are used including polyvinyl alcohol particles, gelatin 
sponge (gelfoam) and n-butyl cynacrylate (glue)[66]. 
Vascular plugs can also be used in addition to these 
materials to increase the chance of hypertrophy.

The procedure can be performed puncturing 
either ipsilateral or contralateral portal vein branch 
under USG guidance. Once within the system, the 
puncture needle is exchanged for a catheter over a 
guide-wire. With the tip of the catheter sufficiently 
distal to the bifurcation, the embolizing material is 
injected till the flow slows down significantly (Figure 
28). After embolization, the needle tract either can 
be left alone or can be embolized with a coil or 
gelatin sponge. Imaging is then usually performed 
after 3-4 wk and the volume of future liver remnant 
is measured. If it is adequate, curative surgery can 
be performed. The procedure has a technical success 
rate of 99.3%, clinical success rate of 96.1% and 
mean liver hypertrophy rate of 38%[66].

CONCLUSION
HiCC is a common malignancy of the biliary tract and 
imaging with various modalities play an important 
role planning appropriate management. Selection of 
appropriate imaging modality is important to obtain 
complete information needed for management. 
Multiphase CT scan and MRI are comparable in 
pre-operative diagnosis and staging. Additional 
modalities like EUS, IDUS, cholangioscopy and DWI 
are complementary. Surgery, wherever possible, 
is the only curative treatment available. Various 
percutaneous interventions are available including 
PTBD, stenting, intra-biliary palliation and PVE as 
either pre-operative or palliative procedure in such 
patients.
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Abstract
AIM: To evaluate the changes of intracranial blood 
flow after carotid artery stenting (CAS), using the 
flow assessment application “Flow-Insight”, which was 
developed in our department. 

METHODS: Twenty patients treated by CAS participated 
in this study. We analyzed the change in concentration 
of the contrast media at the anterior-posterior and 
profile view image with the flow assessment application 
“Flow-Insight”. And we compared the results with 
N-isopropyl-p-[123I] iodoamphetamine-single-photon 
emission computed tomography (IMP SPECT) performed 
before and after the treatment. 

RESULTS: From this study, 200% of the parameter 
“blood flow” change in the post/pre-treatment is 
suggested as the critical line of the hyperperfusion 
syndrome arise. Although the observed blood flow 
increase in the digital subtraction angiography system 
did not strongly correlate with the rate of increase of 
SPECT, the “Flow-Insight” reflected the rate of change 
of the vessels well. However, for patients with reduced 
reserve blood flow before CAS, a highly elevated site 
was in agreement with the site analysis results. 

CONCLUSION: We concluded that the cerebral 
angiography flow assessment application was able to 
more finely reveal hyperperfusion regions in the brain 
after CAS compared to SPECT.

Key words: Intracranial blood flow; Cerebral angio
graphy; Carotid artery stenting; Single-photon emission 
computed tomography

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Hyperperfusion syndrome is a relatively 
rare, but potentially serious, complication of carotid 
revascularization procedures. It is important to detect 
the excessive increase blood flow after treatment 
as soon as possible. We found that, although the 
observed blood flow increase in the digital subtraction 
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angiography system did not strongly correlate with the 
rate of increase of single-photon emission computed 
tomography before and after carotid artery stenting, 
the digital subtraction angiography flow assessment 
application more finely reflected the rate of change of 
the vessels well. 

Wada H, Saito M, Kamada K. Evaluation of changes of 
intracranial blood flow after carotid artery stenting using digital 
subtraction angiography flow assessment. World J Radiol 
2015; 7(2): 45-51  Available from: URL: http://www.wjgnet.
com/1949-8470/full/v7/i2/45.htm  DOI: http://dx.doi.org/10.4329/
wjr.v7.i2.45

INTRODUCTION
Cerebral hyperperfusion after carotid revascularization 
treatment is defined as a major increase in ipsila­
teral cerebral blood flow (CBF) well above the 
metabolic demands of the brain tissue. Cerebral 
hyperperfusion syndrome is characterized by a 
unilateral headache, face and eye pain, seizures, 
and focal symptoms secondary to cerebral edema 
or intracerebral hemorrhage. The pathological 
mechanisms of the irreversible changes have been 
theorized to involve organic dysautoregulation of 
maximally dilated cerebral vessels. Although the 
incidence of intracerebral hemorrhage is relatively 
low, the prognosis for patients with this condition 
is poor[1,2]. Schroeder et al[3] reported that CBF on 
N-isopropyl-p-[123I] iodoamphetamine-single-
photon emission computed tomography ([123] 
IMP-SPECT) postoperatively is increased beyond 
that in the preoperative state[3]; and, in cases of 
marked hypoperfusion, hyperperfusion after surgical 
revascularization is known to occur[4].

In this study, we aimed to evaluate the change of 
intracranial blood flow after carotid artery stenting 
(CAS) using the flow assessment application “Flow-
Insight,” which was developed in our department; 
and to compare the results with those of IMP-
SPECT, which is currently commonly used in clinical 
practice[5].

MATERIALS AND METHODS
A total of 20 patients (18 men and 2 women), aged 
56-82 years (mean, 70.0 ± 5.9 years), without 
large cortical infarction on conventional magnetic 
resonance imaging, who underwent CAS between 
October 2012 and April 2014 were enrolled in the 
present study. The mean degree of internal car­
otid artery stenosis was 75.3% ± 15.8% (range, 
59%-93%), according to the method of the North 
American Symptomatic Carotid Endarterectomy 
Trial[6]. Three patients had symptomatic stenosis 
and 4 patients had occlusion or stenosis greater 

than 50% in the contralateral internal carotid artery. 
All cases of CAS were performed under general 
anesthesia, using a proximal balloon, distal filter 
protection, and flow reverse to the femoral vein. 
Using the location memory of the digital subtraction 
angiography (DSA) suit Artis zee (Siemens AG 
Healthcare, Erlangen, Germany), intracranial ang­
iography acquisitions were evaluated in the same 
position before and after treatment. We analyzed 
the changes in the concentration of the contrast 
media as changes in brightness using the novel flow 
assessment application “Flow-Insight” (Infocom, 
Tokyo, Japan). The result images were created as 
an anterior-posterior (AP) view and a profile image. 
The software converts DSA DICOM image data to 
8 bit digital data. It utilizes a mutual information 
method and phase correction of the two-dimensional 
Fourier transformation as a motion artifact corre­
ction method, and can calculate the integral value 
of the luminance change of each pixel in the con­
verted data and the peak periods to examine. 
The calculated parameters include the calculation 
amount arrival time, time to peak, and mean transit 
time, with a focus on the time and blood volume, 
as determined by the accumulated amount of 
brightness and blood flow. In the result images, the 
rate of the blood flow is displayed by a color bar 
representing changes of 50%-200%. In this study, 
we used paired t test for parameter changes before 
and after CAS and statistical significance was less 
than 0.05. We determined the region of interest 
(ROI) in the result images, and compared the results 
by the ARG method with one 123I-IMP SPECT before 
and after CAS, using Spearman’s rank correlation 
coefficient and simple regression analyses.

Statistical analysis
The study protocol was performed in accordance 
with the Declaration of Helsinki and its later amen­
dments. All participants provided written informed 
consent.

RESULTS
Our results show that the novel “Flow-Insight” 
application was capable of determining a qualitative 
value of the blood flow, which was defined as the 
blood volume divided by the mean transit time 
(Figure 1B and C) using a central volume principle 
as previously described[7]. The blood volume and 
mean transit time were determined using a time 
density curve (Figure 1A). We next created an ROI 
and calculated the cerebral blood flow before and 
after treatment, and compared the increased rate 
with the corresponding rate evaluated by IMP SPECT. 
The increased rate was calculated by taking the ratio 
of the cerebellum and the left and right blood flow 
communication. We found that the “Flow-Insight” 
blood flow increase rate of the middle cerebral artery 
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territory correlated with the increase ratio of the 
same SPECT territory in the cerebellum (Figure 2). 
The distribution with “Flow-Insight” was close to the 
50%-200% range in all patients.

Because of the nature of DSA, it is generally 
difficult to capture the brain tissue blood perfusion 
changes. However, the images obtained using the 
“Flow-Insight” application were found to reflect the 

changes in the vessels well. To avoid the vessels, we 
set the ROI as the motor and premotor cortex in the 
frontal lobe, just above the Sylvian fissure (Figure 
1C and D). “Flow-Insight” successfully showed the 
highly elevated blood flow increase rate areas of 
patients with reduced vascular reserve areas.

In order to detect the actual increasing area in 
the human brain, we next created images based 
on the DSA blood flow increase ratio in the AP and 
lateral views, by dividing the post-operative CAS 
images by the pre-operative images (Figures 2 
and 3). The result images showed the rate of blood 
flow, as defined by the color bar at 50%-200%. 
This range was chosen based on the range from the 
correlation of blood flow with SPECT. We reduced the 
image matrix settings to 100 × 100, because the 
displacement of high-resolution image calculations 
may lead to overestimation of the results.

It should be noted that the increased distribution 
observed after CAS was variable. For example, while 
Cases 1 and 2 did not show any blood flow from 
the contra-lateral via the anterior communicating 
artery, differences in the increased area and in the 
degree of the increase were noted upon DSA (Figure 
3). Conversely, Cases 3 and 4 suffered severe right 
cervical internal carotid artery stenosis, and our 
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Figure 1  Digital subtraction angiography. A: Time-density curve of digital subtraction angiography lateral view. The change in the concentration of the contrast 
media, visualized as a change in brightness, was calculated; B: The parameters calculable by the “Flow-Insight” application; C: Lateral view of a pre-operative 
qualitative image of cerebral blood flow in Case 2; D: Pre-operative N-isopropyl-p-[123I] iodoamphetamine-single-photon emission computed tomography image.
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Figure 2  Horizontal axis: Rate of change of the “Flow-Insight” (%); Vertical 
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risk of intraoperative ischemic complications[8,9]. 
Moreover, intraoperative measurement of distal 
internal carotid artery pressure reflects the intracranial 
vascular reserve, and is important in predicting 
postoperative hyperperfusion[4]. Reduced blood flow 
due to internal carotid artery stenosis results in 
decreased blood flow reserves intracranially, and this 
has been demonstrated to be significantly influenced 
by the microscopic vascular bed and the left and 
right or anterior and posterior communication[10]. 
Local increases of blood flow after treatment and 
blood flow buffering through the left-right or anterior-
posterior communication may lead to hyperperfusion 
syndrome. Therefore, hyperperfusion syndrome 
cannot completely be predicted by the presence or 
absence of blood flow communication only. Furth­
ermore, local variations at the site of the blood 
flow increase may cause different symptoms of 
hyperperfusion syndrome, such as headaches, 
intracranial hemorrhage (subarachnoid hemorrhage, 
subcortical hemorrhage, or basal ganglia hemo­
rrhage), delirium, or convulsions[1,2,11].

IMP-SPECT is currently the conventional modality 
for measuring intracranial blood flow. In this study, 
when comparing the SPECT and the “Flow-Insight” 
blood flow increase rates in the whole treated area, 
no clear correlation was observed. However, when 
evaluating the correlation restricted to the MCA 
territory, which is devoid of major vessels and which 

analyses revealed blood flow from the contra-lateral 
side via  the anterior communicating artery at the 
preoperative DSA (Figure 4). However, while the 
SPECT for case 4 showed a 114.2% increase ratio, 
the “Flow-Insight” showed a 265% increase ratio. 
The patient suffered mild delirium symptoms for 2 d 
after CAS. On the other hand, Case 3 also showed 
blood flow via the anterior communicating artery. 
However, in this case, the “Flow-Insight” blood flow 
increase ratio was only 131%, while the SPECT also 
showed a relatively low ratio, at 111.3%, suggesting 
that the patient did not suffer hyper-perfusion 
syndrome per se. The fact that the distribution of 
the intracranial blood flow increase rate after CAS 
showed quite different results in each case, not 
only in terms of the presence or absence of the left 
and right or anterior-posterior communication, but 
also in terms of the diameter and length, may be 
due to differences in the degree and area of the 
increased blood flow. The “Flow-Insight” application 
successfully revealed the presence of increased 
blood flow regions, which were not evident upon 
conventional SPECT.

DISCUSSION
In the case of carotid endarterectomy, the presence 
or absence of collateral flow via the anterior or 
posterior communicating artery deeply affects the 
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Figure 3  Upper panel: Digital subtraction angiography anterior-posterior view, lateral view showing the blood flow increase ratio, and the anterior-
posterior view in Case 1; and Lower panel: Case 2, same series. Pre-operative digital subtraction angiography in Cases 1 and 2 did not reveal blood flow to the 
operative side via the anterior communicating artery. In Case 1, a wide and slight increase was noted in the area in the middle cerebral artery territory. In Case 2, the 
increase was only noted in a part of the middle cerebral artery perfusion area; the rate of increase was high.
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is the perfusion area of the internal carotid artery, 
we detected a good correlation. We moreover found 
that increased blood flow after treatment of internal 
carotid artery stenosis is not confined to a uniform 
territory. However, we were unable to draw any firm 
and conclusions regarding this observation because 
of the limited size of the study, since only one patient 
presented with typical hyperperfusion syndrome. 
This novel evaluation method revealed the increase 
ratio and its intracranial distribution, and because 
it strongly reflected the local vascular reserve, as 
well as the left and right or anterior-posterior artery 
communication, we believe that is has the potential 
to predict the presence of hyperperfusion syndrome.

At this time, quantification of cerebral blood flow 
is not available from the “Flow-Insight”. However, 
we hypothesized that if there was a high correlation 
with the results of the post-operative blood flow 
achieved from the “Flow-Insight” and that obtained 
from SPECT, the “Flow-Insight” would be able to 
predict post-operative hyperperfusion syndrome. 
Accordingly, we found that the “Flow-Insight” blood 
flow increase rate correlated with the increase 
ratio of SPECT. However, the correlation, R2, was 
0.324, which suggests that the correlation was only 
moderate. One reason for why no strong correlation 
was observed could be that the “Flow-Insight” is 
performed immediately after treatment, whereas 
SPECT is usually performed approximately 24 h 

post-operation. After CAS, normalization of cerebral 
blood flow may spontaneously be initiated. Thus, 
the results of the flow assessment using DSA will be 
different from the blood flow measured by SPECT in 
the following points: first, contrast medium is a non-
diffusible tracer. The contrast medium is injected just 
proximal of the lesion in “Flow-Insight,” indicating 
that this evaluation method is highly focal. Moreover, 
it is based on processing of an image acquired by 
the inhibition of the radiation translucency and 
subtraction of an X-ray image. Accordingly, “Flow-
Insight” reveals slightly different blood flow from 
that evaluated by conventional SPECT or computed 
tomography perfusion. In terms of the terminology 
of this novel method, it should be pointed out that 
“Flow-Insight” is the flow assessment software 
used, while cerebral angiography is simply a method 
used to obtain the black-and-white 2D image, and 
is used only to evaluate the appearance of the vas­
cular system, such as the form of aneurysms or 
continuity of vessels. However, a major advantage 
of DSA is that it has a time scale, which computed 
tomography angiography and magnetic resonance 
angiography do not.

It has been previously reported that the right and 
left venous phase appearance times are symmetrical 
in the internal carotid artery occlusion test (balloon 
occlusion test)[12], and this method has been pro­
posed as an alternative to angiographic imaging. 
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Figure 4  Upper panel: Digital subtraction angiography anterior-posterior view, lateral view showing the blood flow increase ratio, and the anterior-
posterior view in Case 3; and Lower panel: Case 4, same series. Pre-operative digital subtraction angiography in Cases 3 and 4 revealed blood flow to the 
operative side via the anterior communicating artery. A wide and uniform increase in the area in the middle cerebral artery territory was noted in Case 3. In Case 4, the 
increase was only noted in a part of the middle cerebral artery perfusion area, especially in the basal ganglia; the rate of increase was high.
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However, it was due to the statistical processing 
taking a partial ROI. 

By using the “Flow-Insight” software, it is easy to 
visualize the intracranial blood flow changes using 
the color bar, despite the 2D nature of the images. It 
is hence a useful indicator to understand the entire 
brain, unlike focal methods evaluating only the ROI. 
Moreover, the fact that it can be used immediately 
after treatment unlike other post-operative evalu­
ations such as SPECT or computed tomography per­
fusion is a great advantage.

Application of flow assessment angiography 
with indocyanine green in bypass surgery has been 
previously reported[13-15], and cerebral blood flow 
assessment using the latest DSA system may also 
be applied for these patients[16]. The “Flow-Insight” 
application is based on the same principle as flow 
assessment angiography and is easy to use with the 
proper equipment. However, the method of analysis 
could be improved further, and the application is 
currently inconvenient to apply in other ways. DSA 
flow assessment is also associated with a number 
of issues related to certain factors, such as the head 
position during data acquisition, the velocity and 
amount of contrast media used, and the diameter 
of the catheter. Moreover, it is a direct injection of 
contrast media, which may cause increased pressure 
in the arteries, rather than a systemic intravenous 
administration into the physiological blood flow. 
Furthermore, since it is based on two-dimensional 
images, the accumulated value of the 2D images 
are greatly affected by the three-dimensional 
volume, such as for example the intracranial venous 
phase overlapping with the arterial phase, and 
the image accumulated by subtraction images can 
be easily affected by motion artifacts. However, 
the risk of this can be minimized by using general 
anesthesia to keep the patients stationary, and by 
the angle and position of the table being memorized 
by a specialized device during the treatment. In 
the future, if it becomes possible to perform 3D 
assessment analyses, it can be expected that the 
accuracy of this application will dramatically improve.

In the present study, using flow assessment 
application we were able to reveal more finely 
hyperperfusion regions in the brain after CAS. Flow 
assessment application was useful for understanding 
the pathology of the brain post-CAS. Further studies 
to determine the optimal angiographic conditions, 
such as the optimal contrast agent concentration 
and amount, are warranted.
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Abstract
AIM: To compare time average maximum mean 
velocity (TAMV) and peak systolic velocity (PSV) criteria 
of Trans Cranial Doppler (TCD) in their ability to predict 
abnormalities on magnetic resonance imaging (MRI)/
magnetic resonance angiogram (MRA) in patients with 
sickle cell disease. 

METHODS: A retrospective evaluation was performed 
of the outcomes in all patients with a Transcranial 
Doppler examination at our institution since the imp
lementation of the hospital picture archiving and 
communication system (PACS) system in January 2003 
through December 2012. All ultrasound imaging exams 
were performed by the same technologist with a 3 
MHz transducer. Inclusion criteria was based upon the 
Transcranial Doppler procedure code in our PACS which 
had an indication of sickle cell disease in the history. 
The patient’s age and gender along with the vessel with 
the highest time averaged mean velocity as well as the 
highest peak systolic velocity was recorded for analysis. 
A subset of the study cohort also had subsequent MR 
imaging and Angiograms performed within 6 mo of 
the TCD examination. MRI results were categorized as 
having a disease related abnormality (vessel narrowing, 
collateral formation/moya-moya, or abnormal fluid 
attenuation inversion recovery signal in parenchyma 
indicative of prior stroke) or normal. The MRI results 
formed the comparison standards for TCD exams in 
evaluating intracranial injury. Sensitivity and specificity 
for the two TCD criteria (TAMV and PSV) were calculated 
to determine which could be a better predictor for 
intracranial vasculopathy /clinically occult strokes.

RESULTS: The study cohort for our institution was 110 
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patients with a total of 291 TCD examinations. These 
patients had a mean age of 7.6 years with a range from 
2-18 years of age. Sixty-two of the 110 patients (56%) 
had two or more TCD exams. Thirty-seven patients (34%) 
had at least one MRI following a TCD examination. Of 
the 291 TCD examinations, 46 (16%) were conditional 
or abnormal by TAMV criteria. One hundred and sixteen 
(40%) were conditional or abnormal by PSV criteria. All 
studies that were abnormal by TAMV were also abnormal 
by PSV criteria. Seventy of the 116 (60%) studies which 
were conditional or abnormal by peak systolic criteria 
would not have been identified by time averaged mean 
maximum velocity criteria. The most frequent location 
of highest velocity measurement was noted to be in 
the middle cerebral artery regardless of whether it was 
measured by PSV or TAMV. From the 37 patients having 
one or more MRIs, 43 MRI exams were performed within 
6 mo of a TCD examination. Twenty two (51%) MRIs had 
a disease related abnormality reported. When evaluating 
conditional or abnormal exams by PSV criteria against 
follow-up MRI/MRA, the sensitivity was 73% [16/(16 + 6)] 
and specificity was 81% [17/(4 + 17)]. When evaluating 
conditional or abnormal exams by TAMV criteria by 
follow-up MRI/MRA as the gold standard, the sensitivity 
was 41% [9/(9 + 13)] and the specificity was 100% 
[21/(21 + 0)]. In using conditional or abnormal criteria 
from PSV and TAMV to predict abnormalities on follow-
up MRI/MR Angiogram, PSV was more sensitive (73% vs 
41%) while TAMV was more specific (100% vs  81%). 

CONCLUSION: Based on the data obtained at our 
institution and using the assumption that the best 
screening test is the one with the highest sensitivity, 
the peak systolic velocity could be the measurement of 
choice for TCD screening.

Key words: Sickle; Ischemic; Stroke; Trans Cranial 
Doppler; Average maximum mean velocity; Peak systolic 
velocity; Magnetic resonance imaging
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Core tip: To the best of our knowledge, there has been 
no direct comparison between peak systolic velocity and 
time average maximum mean velocity in their ability to 
predict abnormalities on magnetic resonance imaging 
(MRI)/magnetic resonance angiogram in children with 
sickle cell disease. With the growing clinical use of MR 
Angiography to assess sickle cell patients, the sensitivity 
of Trans Cranial Doppler (TCD) should be maximized 
if it is to maintain its role as a screening test in the 
sickle cell population. Based on the data obtained at 
our institution and using the assumption that the best 
screening test is the one with the highest sensitivity, 
the peak systolic velocity could be the measurement of 
choice for TCD screening. 
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INTRODUCTION
Over the past 20 years, there has been a significant 
increase in understanding the cerebrovascular 
consequences of sickle cell disease. Without treat­
ment, 11% of children with sickle cell disease will 
have an ischemic stroke by 20 years of age[1]. It is 
also well documented that children with an ischemic 
stroke are at high risk for recurrence unless treated 
with repeated transfusions with a goal of maintaining 
the level of sickle hemoglobin below 30%[2]. By 
treating the patients with abnormal time average 
maximum mean velocity (TAMV) with transfusion, 
the 10% per year risk of stroke is reduced to less 
than 1%[3].

The Stroke Prevention Trial in Sickle Cell Anemia 
(STOP) was a significant advance in screening for 
this complication of sickle cell disease as it demo­
nstrated the efficacy of Trans Cranial Doppler (TCD) 
in identifying patients at high risk for ischemic 
brain injury. The trial involved correlating the TAMV 
in the internal carotid artery (ICA) and proximal 
middle cerebral artery (MCA) on an annual Doppler 
waveform tracing with the clinical outcome of stroke. 
A TAMV of 200 cm/s was indicative of a 10% stroke 
risk over the ensuing year, while a level of 170 cm/s 
was considered conditional, requiring shorter interval 
follow-up[3]. 

The thresholds that carried forward into the 
STOP trial grew from a post hoc analysis of potential 
cutoff values for TAMV which looked to minimize 
false positives and yield the highest relative risk. 
The analysis did not maximize sensitivity as would 
be assumed if the intent were to utilize this test 
to screen asymptomatic patients with sickle cell 
disease. This fundamental oversight in selecting the 
TAMV criteria ultimately undercuts TCD’s potential 
as a screening test. The reference standard in 
evaluating thresholds in the 1992 analysis was 
cerebral angiography and not MRI; the latter is now 
the current standard of care for stroke detection. 
Indeed, in many centers, MRI is now ordered more 
frequently than TCD for sickle cell patients as 
reporting of TCD results based upon TAMV criteria 
do not satisfy the criteria of an optimal screening 
test. If we look back at the original data, the highest 
sensitivity for patients with stroke was not at 170 
cm/s, but rather, at a much lower level of 140 cm/s. 
A final consideration in how this cutoff determination 
process ultimately limits TCD’s applicability is 
the relatively small cohort of seven patients with 
clinically evident stroke that was included in the 
original analysis[4]. 

In 2005, the results from the STOP trial were 
revisited to determine if another, equally predictive, 
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criterion for clinically apparent stroke could be 
found for TCD with imaging acquisition (the more 
common TCD method utilized in practice for sickle 
cell patients). Peak systolic velocity (PSV) was one of 
the measures evaluated as it has long been a metric 
for determining stenosis in other important vascular 
distributions[5]. A comparison of PSV and TAMV 
revealed that the PSV appeared to predict stroke as 
well as TAMV albeit with different velocity cutoffs. 
From this analysis, came the recommendation of 
using a PSV of 250 cm/s being as abnormal (high 
risk) and a PSV of 200 cm/s or greater considered 
conditional requiring increased surveillance[6]. 

Following this analysis, there are now two possible 
criteria (PSV and TAMV) which validated against 
the same data set, as being equally predictive of 
a clinically apparent stroke. In practice, it would 
seem that the sensitivity of the TCD evaluation in 
predicting the more proximate cause of sickle cell 
stroke (intracranial vasculopathy) should depend 
upon which of these criteria were utilized to identify 
“normal”. To our knowledge, there has been no 
comparison of these two criteria in their ability to 
predict abnormalities on MRI/MRA. 

With the growing clinical use of magnetic res­
onance imaging (MRI)/magnetic resonance angiogram 
(MRA) to assess sickle cell patients, the sensitivity of 
TCD should be maximized if it is to maintain its role 
as a screening test in the sickle cell population. Our 
retrospective analysis of eight years of TCD data at 
our institution aims to provide this correlation.

MATERIALS AND METHODS
Our Institutional Review Board approved a retro­

spective evaluation of the outcomes in all patients 
with a Transcranial Doppler examination at our 
institution since the implementation of the hospital 
PACS system in January 2003 through December 
2012. All ultrasound imaging exams were performed 
by the same technologist with a 3 MHz transducer. 
Inclusion criteria was based upon the Transcranial 
Doppler procedure code in our PACS which had 
an indication of sickle cell disease in the history. 
Indications other than sickle cell disease were 
excluded (e.g., ancillary brain death evaluation, 
vasospasm). The patient age and gender along with 
the vessel with the highest time averaged mean 
velocity as well as the highest peak systolic velocity 
was recorded for analysis (Figure 1).

A subset of the study cohort also had subsequent 
MR imaging and Angiograms performed within 6 
mo of the TCD examination on a 1.5 Tesla MRI. MRI 
results were categorized as having a disease related 
abnormality (vessel narrowing, collateral formation/
moya-moya, or abnormal fluid attenuation inversion 
recovery signal in parenchyma indicative of prior 
stroke) or normal. The MRI results formed the 
comparison standards for TCD exams in evaluating 
intracranial injury. 

Sensitivity and specificity for the two TCD criteria 
(TAMV and PSV) were calculated to determine 
which could be a better predictor for intracranial 
vasculopathy /clinically occult strokes.

Statistical analysis 
The statistics were reviewed and analyzed by the 
authors. Determinations of sensitivity and specificity 
were made based upon data collected and public 
domain information. No biostatistician was involved 
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Figure 1  Example of time averaged mean maximum velocity measurement in the left middle cerebral artery. The green line represents the cutoff for PSV (200 
cm/s) which was considered conditional requiring increased surveillance. The blue line represents the cutoff for TAMV (170 cm/s) which was considered conditional 
requiring increased surveillance. This study did not result in a conditional interpretation by either criteria (TAMV = 126 cm/s and PSV = 185 cm/s). MCA: Middle 
cerebral artery; TAMV: Time average maximum mean velocity; PSV: Peak systolic velocity.
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was 100% [21/(21 + 0)]. In using conditional or 
abnormal criteria from PSV and TAMV to predict 
abnormalities on follow-up MRI/MR Angiogram, PSV 
was more sensitive (73% vs 41%) while TAMV was 
more specific (100% vs 81%). 

DISCUSSION
Since the original STOP trial publication, there has 
been a significant increase in utilization of TCD 
with imaging in asymptomatic sickle cell patients to 
identify increased stroke risk[7]. A finding of elevated 
velocities requires further monitoring or transfusion 
intervention. The use of TCD in this manner is that 
of a screening test. A good screening test is one 
with maximum sensitivity, so that if the test is 
negative, the condition is not present. In this case, 
the condition was “clinically evident stroke”. The 
threshold for TCD velocities was set in the STOP trial 
to detect 97% of all patients with clinically evident 
stroke. The trial did not measure TCD sensitivity 
against the presence or progression of intracranial 
vasculopathy, which is a more proximate cause of 
stroke in these patients. While nearly all patients 
with an abnormal TCD by STOP criteria will have 
vasculopathy, not all patients with vasculopathy will 
have an abnormal TCD by the STOP TAMV criteria. 

It has been further documented that clinically 
silent strokes in sickle cell patients with normal 
neurologic and TCD exam are detectable by MR 
Imaging[8]. This observation is also concordant with 
data indicating that patients with silent infarcts 
on MRI and normal TCD results by the original 
STOP criteria are more than twice as likely as the 
unscreened sickle cell population to develop a 
clinically apparent stroke[9]. Indeed, even though 
patients with abnormalities only on MRI frequently 
have a “normal” neurologic exam, it is becoming 
more apparent that neuropsychological deficits 
exist[10]. 

In order for TCD screening to maintain its role 
as an adequate screening test, it must perform 
close to the level of MRI at least in predicting the 
presence or progression of intracranial vasculopathy. 
To this purpose, a number of studies have compared 
TCD velocity measurements with the presence of 

with this project due to resource constraints.

RESULTS
The study cohort for our institution was 110 patients 
with a total of 291 TCD examinations. These patients 
had a mean age of 7.6 years with a range from 
2-18 years of age. Sixty-two of the 110 patients 
(56%) had two or more TCD exams. Thirty-seven 
patients (34%) had at least one MRI following a TCD 
examination. The subset of patients with an MRI 
exam following the TCD exam had a higher age, as 
expected, with a mean of 8.6 years with a range of 
3-18 years. 

Of the 291 TCD examinations, 46 (16%) were 
conditional or abnormal by TAMV criteria. One 
hundred and sixteen (40%) were conditional or 
abnormal by PSV criteria. All studies that were 
abnormal by TAMV were also abnormal by PSV 
criteria. Seventy of the 116 (60%) studies which 
were conditional or abnormal by peak systolic 
criteria would not have been identified by time 
averaged mean maximum velocity criteria.

The most frequent location of highest velocity 
measurement was noted to be in the MCA regardless 
of whether it was measured by PSV or TAMV. This 
accounted for over 80% of all exams during our 
study period. For TAMV measurement, the ACA 
demonstrated the highest velocity in 19% of exams. 
The highest PSV was found in the ACA in 16% of 
exams. One exam demonstrated the highest velocity 
within the PCA, although the TAMV and PSV were 
both less than 100 cm/s. No exams (using either 
criteria) found the highest velocity to be within the 
ICA.

From the 37 patients having one or more MRIs, 43 
MRI exams were performed within 6 mo of a TCD 
examination. Twenty two (51%) MRIs had a disease 
related abnormality reported. When evaluating 
conditional or abnormal exams by PSV criteria 
against follow-up MRI/MRA (Table 1), the sensitivity 
was 73% [16/(16 + 6)] and specificity was 81% 
[17/(4 + 17)]. When evaluating conditional or 
abnormal exams by TAMV criteria by follow-up MRI/
MRA as the gold standard (Table 2), the sensitivity 
was 41% [9/(9 + 9 + 13)] and the specificity 
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MRI/MRA

Condition/
abnormal

Normal

  Peak systolic criteria Conditional/
abnormal

16   4

Normal   6 17

Table 1  Evaluating Peak Systolic Criteria by follow-up 
magnetic resonance imaging/magnetic resonance angiogram

MRI/MRA

Condition/
abnormal

Normal

  Mean velocity criteria Conditional/
abnormal

  9   0

Normal 13 21

Table 2  Evaluating mean velocity criteria by follow-up 
magnetic resonance imaging/magnetic resonance angiogram

The sensitivity was 73% [16/(16 + 6)] and specificity was 81% [17/(4 + 17)]. 
MRI: Magnetic resonance imaging; MRA: Magnetic resonance angiogram. 

The sensitivity was 41% [9/(9 + 9 + 13)] and the specificity was 100% [21/(21 + 
0)]. MRI: Magnetic resonance imaging; MRA: Magnetic resonance angiogram. 
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stenosis at MR Angiography. Lowering the TAMV 
threshold to 165 cm/s could yield a sensitivity of 
92% in predicting stenosis on MRI[11]. Adult studies, 
however, indicate that the threshold for TAMV would 
have to be set at 123 cm/s for 100% sensitivity[12]. 

The restricted availability of the exam with only 
a single trained technologist ensured uniformity 
throughout the study period. The limitations of 
our study include the small sample size given the 
relative underutilization of sickle cell services and 
difficulty of follow-up. While the ultrasound technical 
exam factors remain well controlled, variations in 
MRI technique over the 10-year time period could 
have influenced uniformity of the gold standard. 
We also did not have the ability to correlate clinical 
outcomes given the relatively recent transition 
to an electronic medical record (2010) at our 
institution. A larger prospective study with the 
ability to correlate TCD TAMV, PSV, MRI and MRA 
findings, neuropsychological exam results, and 
clinically apparent stroke could provide a useful 
follow-up to the STOP trial to update best practice 
recommendations for what is one of the leading 
causes of stroke in pediatric patients.

Based on the data obtained at our institution 
and using the assumption that the best screening 
test is the one with the highest sensitivity, the peak 
systolic velocity could be the measurement of choice 
for TCD screening. A more specific test with MRI or 
neuropsychological evaluation should follow in those 
patients who may have suffered clinically silent 
ischemic brain injury.

COMMENTS
Background
Without treatment, 11% of children with sickle cell disease will have an ischemic 
stroke by 20 years of age. Trans Cranial Doppler (TCD) is used as a screening 
test to prevent this complication in the sickle cell population. A finding of elevated 
velocities requires further monitoring or transfusion intervention. Velocities can be 
measured using the time average maximum mean velocity (TAMV) or the peak 
systolic velocity (PSV) criteria.
Research frontiers
With the growing clinical use of magnetic resonance imaging (MRI)/magnetic 
resonance angiogram (MRA) to assess sickle cell patients, the sensitivity of TCD 
should be maximized if it is to maintain its role as a screening test in the sickle cell 
population.
Innovations and breakthroughs
To the best of our knowledge, there has been no comparison of PSV and TAMV 
criteria in their ability to predict abnormalities on MRI/MRA.
Applications
Based on the data obtained at our institution and using the assumption that the 
best screening test is the one with the highest sensitivity, the peak systolic velocity 

could be the measurement of choice for TCD screening. 
Terminology
The STOP trial is the acronym for Stroke Prevention Trial in Sickle Cell Anemia. It 
was a significant advance in screening for the complication of ischemic stroke in 
sickle cell disease as it demonstrated the efficacy of TCD in identifying patients at 
high risk for ischemic brain injury.
Peer review
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