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Original Article

Prediction for Risk of Recurrence and Delayed Metastases
of Nasopharyngeal Carcinoma: An evaluation of CT scan

Abstract

Purpose: To analyze the imaging characteristic on CT scan of the primary nasopharyngeal carcinoma
which predict the locoregional recurrence.

Materials and Methods: A retrospective review of 464 patients who had nasopharyngeal carcinoma at
Siriraj Hospital, during 2004-2009 was performed. The treatment options were radiation therapy and
concurrent chemotherapy corresponding to the staging, which were assessed by using CT. The patients
who had no available initial imaging studies, incomplete treatment or had follow up less than 1 year were
excluded. The imaging studies were analyzed for primary tumor size, direct tumor extension, and cervical
lymph node involvement. The vascular invasion was defined as the obliteration more than half of the
circumferential fat surrounding internal carotid artery. The regional nodes were evaluated for the levels of
involvement and size of the largest one.

Results: There were 99 patients (68 male, 31 female, mean age at 50 years) with the TNM classifications
as follows:  T15.2%, T2 39.4%, T3 24.2%, T4 21.2%, N0 18.2%, N1 14.1%, N2 46.5% and metastasis
11.76%. The extensions were prevertebral space (54.5%), masticator space (30.3%), skull base destruc-
tion (18.2%), and vascular invasion (42.4%). Nodal involvement was found in 81.8%. The most frequency
of the largest lymph node was at ipsilateral level V (38.4%) and II (41.4%). Recurrence was found in 40.4%
with averaged at 24 months after complete treatment (95%CI). Vascular invasion and skull base invasion
had significant associated to predictive the risk of recurrence (P=0.04 and <0.001, respectively). The size
of the tumor or lymph node showed no relation to the local regional recurrence or metastasis.

Conclusion: The risks of NPC recurrence have been correlated to TNM staging, skull base, and carotid
space involvement. Skull base invasion has been identified to be the predictive sign for tumor recurrence.
Skull base invasion and carotid space involvement have also a statistically significant prognostic factor for
overall survival.

Umasan Phuprasat, M.D.
Anchalee Churojana, M.D.

Kullathorn Thepmongkol, M.D.

Division of General Radiology, Department of Radiology, Faculty of Medicine, Siriraj Hospital, Mahidol University,
2 Prannok Road, Bangkok Noi, Bankok, Thailand 10700
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Introduction
Nasopharyngeal carcinoma (NPC) is an ag-

gressive cancer which is endemic in Southern China
and South East Asia, which has the incidence ac-
counting 2-10 per 100,000 person-years1-3. The gross
mortality of NPC is reported about 1.34 per 100
000, comprises 1.61% of tumor caused deaths and
ranks ninth in China4-5.

In Thailand, according to the statistics data-
base of Siriraj Cancer Institute Registry in 2008,
new cases of NPC were accounted for 3.28% and
1.21% which were ranking at the eighth and thir-
teenth common cancer in male and female patients,
respectively6.

Although NPC is very radiosensitive and the
treatment outcome have improved in the recent
decades, but rate of local regional failure and tumor
recurrence can occur in 19%-56% of patients within
2-5 years after definite radiotherapy4,5,7,8. The prog-
nosis following local recurrence is rather poor with-
out retreatment8,9. Moreover, after treatment, clinical
examination for detection of residual or recurrence
may be inconclusive; imaging studies may be equivo-
cal due to the presence of diffuse soft tissue edema.
In such cases, tumor recurrence should be con-
firmed by biopsy4,5.

Thus, it is essential to be able to predict the
therapeutic response of the patients with NPC from
the initial imaging study which CT scan is widely
common used4,8-10. Those patients may be need more
closely follow up for the early detection of tumor
recurrence. In this regard, early retreatment may be
benefit to achieve better tumor control and improve
patient survival4,5,7-10.

The purpose of this paper is to analyze whether
any characteristics or sign on initial CT scan which
may predict the risk of tumor recurrence in the

patients with NPC after receiving complete treat-
ment.

Materials and Methods
Patient characteristics

A number of 464 patients who had pathologi-
cal proven of nasopharyngeal carcinoma (NPC) at
Siriraj Hospital, Mahidol University, between January
2004 and April 2009 were retrospectively reviewed,
under the approval of the ethic committee of our
hospital.

All patients received definite standard radia-
tion treatment with or without concurrent chemo-
therapy corresponding to their own primary stage.
Our radiation therapy protocol for primary NPC was
achieved from external-beam radiation, either con-
ventional radiotherapy or integrated moderator ra-
diotherapy (IMRT) at a mean dose of 70 Gy in 33
fractions (range, 65-80 Gy), which were 1.8 to 2.0
Gy per fraction for 5 fractions at a weekly interval.

After complete treatment, the patients had
scheduled to follow up with evaluation of the treat-
ment response by the joint clinics of otolaryngo-
logy, radiotherapy, and oncology for every 6-8 weeks
in the first year, every 3 months in the second year,
once every 4-6 months in the third year, and once
every 6-9 months, thereafter. Endoscopic examina-
tion of the nasopharynx was evaluated at 6-8 weeks.
The follow-up imaging was performed within 3-12
months or whenever there was clinical suspicion of
tumor recurrence.

The exclusion criterias were included
1. The patients who had unavailable initial

imaging study.
2. The patients who had incomplete treatment

or loss to follow up.
3. The patients who had less than 12 months
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follow up after complete treatment.
4. The patients who had history of other

underlying malignancy with cervical lymph node
metastasis.

5. The patients who had advanced staging or
distant metastasis at the presenting diagnosis which
included intracranial extension, and/or metastases
to mediastinal lymphnode, lung, skeleton, liver, and
miscellaneous (bone marrow, skin, other viscera and
soft tissue).

6. The patients who had progressive disease
or distant metastasis during or immediate after com-
plete treatment.

Tumor response and recurrence
The patients who were enrolled in this study

were divided into 2 groups; recurrent and non
recurrent groups.

The recurrent group included those patients
who had increase or newly detectable one or more
of the following lesions; 1. loco-regional or primary
site, 2. cervical lymph node, 3. distant metastases
during the follow up period for at least one year,
after initial document of  tumor free-period or at
least stable disease after complete treatment. The
recurrent disease was diagnosed by information of
physical examination, endoscopic findings, imaging
feature and histopathology.

The non-recurrent group was defined as the
patients who had  responsed to the treatment or at
least stable disease after complete treatment with-
out evidence of new lesions or recurrence over one
year period.

The patients who had progressive disease af-
ter treatment, either at the primary site or cervical
lymph nodes were excluded from the study.

CT scan analysis
The initial CT scans were reviewed by one

neuroradiologist who had more than 10 years expe-
rience and blinded from the follow up outcome of
the patients. The CT images  were retrieved from
the picture archiving and communication system
(PACS) for evaluation of the primary tumor in term
of side, size (averaged diameter), extension and
tumor staging using TNM staging according to AJCC
2002 guideline11. The side was observed to be one
or both sides of tumor involvement. The tumor size
was calculated in the averaged diameter which
measured in two maximal dimensions with perpen-
dicular axes to each other on the cross sectional
CT image (figure 1) and classified as less than
5 mm, 5-10 mm, 11-15 mm and more than 15 mm.
The direct extension of the primary tumors are cat-
egorized into many regions as parapharyngeal space,
masticator space, parotid space, prevertebral space,
skull base, internal carotid artery (ICA) or vascular
invasion and presence of retropharyngeal lymph
nodes.

Our criteria for ICA invasion was at least de-
monstration of obliteration of the circumferential
fat plane between ICA and tumor more than 180
degrees.

The cervical lymph nodes were interpreted as
the level system according to 1977 AJCC nodal
classification12. However, the supraclavicular group
was named separately. They were documented as
positive if the short axis was longer than 10 mm.

Statistical analysis
All the statistical analyses in this study were

carried out using SPSS for Windows software ver-
sion 13.0 (SPSS; statistical software version 13.0).
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The univariate analysis was using the log rank test
and multivariate analysis was using the Cox pro-
portional hazards model. Survival analysis were
performed using estimation method of Kaplan and
Meier. Overall survival (OS) in this study was
defined as the time from NPC diagnosis to death
resulting from any cause or at the time of last
follow-up. P values less than 0.05 was considered
statistically significant.

Results
Of 464 patients with NPC, there were 99

patients (68 men, and 31 women) who met our
criteria. All patients had mean time of follow up at
24 months. Recurrent disease was found in 40/99
(40.4%) including locoregional recurrence at primary
site and/or cervical lymph node in  19 cases (19.2%)
and distance metastasis in 21 cases (21.2%), with

a relapse time range from 6 to 58 months (mean 12
months) after complete treatment. The comparison
of the demographic data and tumor characteristics
of recurrent and non recurrent groups were shown
in table 1, which showed no significant statistically
difference between both groups.

Concerning characteristics of primary lesion
of NPC (table 2), the T stage of primary tumor
according to AJCC 2002 TNM classification had
statistically significant correlation to risk of tumor
recurrence (P=0.044), whereas the higher T stage
had higher risk of recurrence. The lateralization and
size of the primary tumor showed no statistically
significant to predict risk of recurrence of NPC.

With respect to direct extension of the NPC
to other neck spaces (table 3), there were signifi-
cant association of tumor recurrence with the
involvement of carotid space or vascular invasion

Fig. 1 Demonstrated of primary tumor and lymph node measurements
(a) The primary tumor (arrow) measurement on contrast enhanced CT image in the axial plane

was obtained by the averaged measurement in two greatest dimensions in perpendicularly
axes to each other (arrow head) and classified into 4 groups as less than 5 mm, 5-10 mm,
11-15 mm and more than 15 mm.

(b) The regional nodal measurement was performed by single maximal diameter in short axis.
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Table 1: Patient and tumor characteristics of recurrence and non recurrence groups

Table 2: Comparison of feature of primary NPC between recurrence and non recurrence groups

Using Cox regression Analysis and significant p-value was less than 0.05
n: Number of cases in each group
a: Lateralization of primary nasopharyngeal cancer (NPC) which was stratified as involved one side of NP included

midline lesion, or involved both side of NP
b: Primary tumor size measured from initial CT image
c: TNM tumor classification according to AJCC 2002 guideline
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Table 3: Comparison of tumor extension between recurrence and non recurrence groups

Using Cox regression analysis and significant p-value was less than 0.05
1: The hazard risk was 2.05 with 95% Confidential Interval 1.03-4.06.
2: The hazard risk was 0.26 with 95% Confidential Interval = 0.13-0.52.

Table 4: Nasopharyngeal carcinoma: 6th edition TNM Classification (2002) according to  AJCC staging system
guideline 11
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Table 5: Comparison of the feature of lymph nodes between recurrent and non recurrent groups

Table 6: Multivariate Cox regression analysis of significant factors

*Using Cox regression analysis and significant p-value was less than 0.05
1 Harzard Risk (HR) value of Cox regression analysis
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[P-value=0.04 and 95%CI; 1.03-4.06, HR=2.05] and
skull base extension [P-value=<0.001 and 95%CI;
0.13-0.52, HR=0.26]. In our study, extension to other
adjacent spaces such as parapharyngeal space,
masticator space or parotid space had no correla-
tion with the risk of recurrence.

All patients had cervical lymph node enlarge-
ment at presentation. The distribution of lymph nodes
which were classified according to level system, the
nodal stage according to AJCC 2002 TNM classifi-
cation and nodal size were demonstrated in table 4
and 5. According to our data, the only lymph node
feature that had statistically significant to associate
with the risk of recurrent NPC was correlated with
nodal stage of TNM classification (P=0.007). Similar
to T stage, the risk of recurrence was increased
with the higher N stage. In our study, the mean
nodal size was 3.6 cm in the short axis of recurrent
group whereas it was 1.5 cm in the non recurrent
group. However, there was no statistically signifi-
cant to prognostic risk of recurrence between these
2 groups. (P=0.064).

However, after using multivariate analysis by
Cox proportion and hazard model of statistically
significant factors (as shown in table 6), which were
associated with tumor recurrence, including primary
T and N stage, vascular invasion and skull base
invasion. The result showed only skull base inva-
sion that  is persistent statistically significant fea-
ture (P <0.001), whereas another features showed
no statistically significant (P >0.05). Thus, the skull
base invasion was a predictive sign to determine
risk of recurrent NPC and another feature was un-
determined.

In our study, twenty-one of 40 patients with
recurrent disease had distant metastases, 13 pa-

tients was found metastases to lung, 7 to liver, 3 to
skeleton, and 2 had subcutaneous nodules, which
the further tissues biopsy showed metastasis carci-
noma. Three of them had both lung and bony me-
tastases and one of them had progressive liver in-
volvement after lung metastasis at the time of last
follow up. The interval duration from post complete
treatment to metastases was averaged at 24 months.

When correlation between the follow up time
and evidence of recurrent NPC, overall survival rate
for all 99 NPC patients were 85%, 71%, 56%, and
50% in first, second, third, and fourth-year after
diagnosis, respectively (figure 2). The median over-
all survival rate was 39 months.

Apart of direct extension of the NPC to other
neck spaces, there were two spaces of direct ex-
tension that had profound influence of the patientûs
survival rate. The first one was a vascular invasion
(figure 3); the patient who had a vascular invasion
will be the time of recurrence NPC rapidly more
than the patient, who did not have the vascular
invasion. Median time of recurrence was 34 months
in patient with vascular invasion and 43 months in
patient without this feature (P value = 0.032).

Similarly to survival time analysis of skull base
invasion (figure 4); the patient who had a skull base
invasion will have recurrence more rapidly than the
patient who did not have the skull base invasion.
Median time of recurrence were 24 and 44 months
in patient with and without skull base invasion, re-
spectively (P value =< 0.001).

In another parameter, included primary tumor
size, location, the rest of primary extension, nodal
size, and nodal levels, had similarly in median time
of recurrence and no statistically significant diffe-
rence within groups.
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Fig. 2  Overall survival rate of patientûs entire group at mean of covariates (n= 99).

Fig. 3 Survival of patients for the different levels of vascular/carotid space invasion
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Fig. 4 Survival of patients by skull base invasion

Fig. 5  Vascular or Carotid space invasion

(a) Axial contrast-enhanced CT scan of the nasopharynx in a patient with NPC. There is an enhancing tumor at left
nasopharynx (*), which extension caused obliterate the circumferential fat plane of left internal carotid artery or
internal jugular vein more than half of diameter (arrow). Comparisons to the right sided, which preserves normal
fat plane.

(b) Axial contrast-enhanced CT scan of the nasopharynx in a different patient with NPC. There is an enhancing
tumor at right nasopharynx (*), which extension to across midline and caused obliterate the circumferential fat
plane of right ICA more than half of diameter (arrow). Comparisons to the left sided, which preserves the normal
fat plane.

(c) Axial contrast-enhanced CT scan of the nasopharynx in a different patient with NPC. The enhancing tumor
mainly occupies at left nasopharynx and across midline to the right side (*), cause obliterate the circumferential
fat plane of both ICA more than 180 degrees (arrow). Narrowing of left ICA is also noted.
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Fig. 6 A 57 years man known case of right nasopharyngeal cancer

(a) Axial contrast-enhanced CT scan of the nasopharynx showed enhancing NPC at right NP (*) and extension to
right parapharyngeal space; PPS (arrow head) but still preserves the normal fat plane of bilateral vascular
spaces (arrow).

(b) Axial contrast-enhanced CT scan of the other patient with right NPC (*), revealed the NPC extends to right
PPS (arrow head) and encase right carotid space nearly half of its diameter, but still preserves the normal fat
plane of left vascular spaces (arrow).

Fig. 7 A 57 years old man known case of right nasopharyngeal cancer

(a) Axial contrast-enhanced CT scan of this patient at level of nasopharynx show enhancing tumor at right
nasopharynx (arrow head).

(b) Axial contrast-enhanced CT scan of the same patient at lower level has shown bilateral enlarged retropharyngeal
lymph nodes (arrow).
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Discussion
Local recurrence and distant metastasis are

the common mode of treatment failure of a na-
sopharyngeal cancer, which are determinant of sur-
vival. Locoregional control of NPC remains a signifi-
cant factor of local recurrence. It has been accepted
that the primary tumor, nodes and metastases (ac-
cording to the TNM staging) is the most important
prognostic factor. Different patterns of treatment
failure had been defined across stages. T3-4 No-1
mostly has local failure; any T with N2-3 has risk of
locoregional and distant failure13. In addition, some
investigators suggested that tumor volume had a

Fig. 8 A 49 years man known case nasopharyngeal cancer

(a) Coronal view of contrast-enhanced CT scan with soft tissue window and bone window (b) shows enhancing
NPC at both NP, which extended into cavernous sinus with predominate in the right sided, resulting of bony
destruction at right petrous, right pterygoid plate and clivus.

(b)  Axial view of contrast-enhanced CT scan with bone window showed extensive bony destruction of petrous
bones, pterygoid plates, clivus and widening of both foramen lacerum, foramen ovale and foramen spinosum.

close relationship with survival rates and recurrence
rates. The NPC with large tumor volume was asso-
ciated with more recurrence and poor survival rate14.
Moreover, De-hong et al had described the rela-
tionship between post-radiation changes and re-
current diseases and suggested, that If the nasopha-
ryngeal walls remained moderately thick (greater
than 3 mm) on a CT scan beyond 6 months after
radiotherapy, the risk of relapse would increase15.

In our study, which initially excluded me-
tastases, by using univariate analyses primary tu-
mors, nodes, skull base erosion, and carotid space
invasion were independent risk factors of tumor
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recurrence. According to TNM staging, the skull base
involvement was corresponding to T4 stage. In term
of prognostic factors, our results were in accor-
dance with various studies, in which the higher T
stage had increased risk of local failure with conse-
quently increased risk of recurrence16. However, in
our data tumor size had no statistically significant
correlation with the risk of recurrence. This finding
was disagreed with those reports which promoted
the value of tumor volume in predicting local con-
trol. This might imply that the tumor size which was
measured on the single axial image was not repre-
sented the tumor volume. Although, volumetric analy-
sis of the primary tumor has been shown to be an
important prognostic value in predicting local con-
trol, but tumor volume measurement techniques is
complicated and less applicable in routine work.
Furthermore, NPCs tend to be infiltrative and
irregularly resulting to difficult to assessment. Ac-
curate measurement of tumor volume requires a
detailed outlining of the tumor extent from imaging,
and a calculation of tumor volume from a three-
dimensional perspective17.

For early detection of skull base erosion,
multidetector CT scan has been the reliable and
the most cost-effectiveness imaging tool for evalua-
tion. MRI should be performed when subtle lesions
adjacent to the skull base or subtle intracranial
invasion is suspicious. Comparison the capacity
between CT scan and MRI was not the purpose of
this study.

Carotid space invasion had been recognized
which showing significant correlation with tumor
recurrence in our analysis. Generally speaking, ca-
rotid space is post styloid compartment of para-
pharyngeal space. Its involvement indicates post-
erolateral tumor extension in the parapharyneal

space which is corresponding to T2b stage of TNM
staging. The parapharyngeal space was the most
commonly infiltrated region.

Involvement of parapharyngeal space was
shown to be associated with prognostic factor and
poor local control in several reports16. Kalogera-
Fountzila A et al16 demonstrated that the degree of
the tumor extension into the parapharyngeal space
was an independent prognostic factor for overall
survival. Our data suggested that invasion of the
carotid space which was indicated by loss of fat
plane surrounding the internal carotid artery was
more important sign than invasion of parapharyngeal
space alone. To evaluate infiltration of perivascular
fat plane, MRI is more accurate and preferred to be
diagnostic method particularly if it is not extensive
involvement, however, multidetector CT scan can
be applied. Based on our result, skull base erosion
and carotid space involvement had statistically sig-
nificant, thus, posterior extension of the NPC may
confer the worse prognosis.

The incidence of presence of cervical lymph
node involvement in patients with NPC is quite high.
About 75% of patients have enlarged cervical nodes
at presentation18, 80% are bilateral. Nodal metasta-
sis shows an orderly inferior spread and the affected
nodes are larger in the upper neck19. It was found
100% in our study. There was correlation between
lymph node involvement according to TNM staging
and risk of tumor recurrence (p=0.02), however, the
size and the nodal levels had no significant effect.

Our data revealed metastatic retropharyngeal
lymph node at 39.4%, but no difference between
recurrent and non recurrent groups. It is considered
to be primary station of NPC and may be seen in
65% of patients with cervical lymph node metastases,
35% of metastasis bypasses this node to reach the
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cervical nodes20. Some authors had also reported
that the distant failure for these lymph node me-
tastases was similar to level II lymph node involve-
ment. In the staging system of NPC, involvement of
retropharyngeal lymph node has not been mentioned
routinely. How its abnormality influence on progno-
sis of NPC is still not well understood. The reports
of no significant influence of retropharyngeal lymph
node on predicting outcome21 are in agreement with
our results.

Concerning the lymph node size, although we
found that the averaged diameter of the largest lymph
node of recurrent group was larger than the other
group (3.6 cm and 1.5 cm respectively) but it was
no significant difference (p valve <0.05) in relation
to the risk of recurrence. However, there has been
controversy over the prognostic significance of the
size and various features of lymph node involve-
ment. Lee et al22 found that maximum lymph node
size was independently significant in predicting sur-
vival, but in contrast, many investigators found that
it was not a significant prognostic factor23,24. Fur-
thermore, Teo et al23 reported that fixed lymph nodes,
and contralateral neck lymph nodes were indepen-
dently significant in predicting survival, rather than
maximal lymph node size.

Among the other factor that were significant,
only skull base invasion had been identified to be
an independent factor for prediction of NPC recur-
rence in multivariate analysis. However, those find-
ings may be correlated with one another. Because
of late local recurrences, even after five years are
not rare, and those patients who had developed
distant metastases after primary radiotherapy had a
better prognosis22, thus, early detection of recurrent
disease or distant metastases after complete treat-
ment is very important. For NPC patients who have

those suggestive findings, particularly, skull base
invasion should be followed up closely.

Conclusion
The risks of NPC recurrence after complete

treatment have been correlated to TNM staging,
skull base invasion, and carotid space involvement.
Neither tumor size, lymph node size, parapharyngeal
space invasion alone nor retropharyngeal lymph
nodes have been shown to be significant prognos-
tic factors. Skull base invasion has been identified
to be the predictive sign for tumor recurrence. Skull
base invasion and carotid space involvement have
a statistically significant prognostic factors for over-
all survival. Carotid space involvement is indicated
by infiltration of perivascular fat plane of the inter-
nal carotid artery.
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Original Article

Functional MRI During Memory Recognition in Healthy
Adults

Abstract

Purpose: To localize the functional cortices enrolled during abstract picture recognition task that might be
a baseline study to provide Thais standard paradigm for future research.

Material and methods: The protocol study was approved by institutional review broad and local ethics
committee. Informed written consent was obtained from all participants after character of the experimental
study was fully explained. Twenty healthy subjects underwent functional MRI and axial T1 weighted image,
the latter was anatomic reference image. Abstract picture recognition task as block paradigm was used.
Statistic analysis of fMRI datas were analyzed as a whole group analysis and using sample t test random
effect analysis model, RFx (corrected P value <0.01). BOLD activities on brain surface rendering images
were displayed as color from red (less activity) to yellow (strong activity). The anatomic reference image
was loaded to overlay the colored maps and the anatomy of the cerebral cortical lobes and gyri and
hippocampal formation were defined. In addition, BOLD activities are also displayed as color overlays on
axial, coronal and sagittal views of T1W reference anatomic images, gradual change from dark blue (less
activity) to red (most strong activity).

Results: Activation for abstract picture recognition was observed at the both-sided cerebellum, bilateral
parietal lobes, left hippocampus, bilateral occipital lobes including calcarine cortices, left motor cortex,
bilateral premotor cortices, supplementary motor area and left superior temporal gyrus (Wernickeûs area).
There is asymmetry of the activities in both hemispheres with left-sided predominance. Bilateral parietal
and occipital lobes showed the most intense activities.

Conclusion: Abstract picture recognition task showed activation in multiple areas of cortical brain, which
correlates with the human memory processing.

Theeraphol Panyaping, MD
Lojana Tuntiyatorn, MD
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     Department of Radiology, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
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Background
Functional MR imaging has been proved to

be powerful non-invasive research technique to aid
in identifying regions of brain activation by particu-
lar stimuli and tasks. By using blood oxygenated
level-dependent (BOLD) technique that based on
the detection of local alteration in cerebral blood
flow (CBF) and blood oxygenation in response to
brain activity and the effect of those oxygenation
changes on the MR signal1,2.

Functional MR imaging activation patterns
during various memory tasks have been studied in
healthy volunteers. Two main groups of structures
involved in working memory and secondary memory
include the prefrontal cortex and medial temporal
lobe. Hence, these regions have been the focus of
prior functional MR imaging studies of normal
memory. In prior functional MR imaging studies1-5

the prefrontal cortex has consistently been found
to be involved in learning and recall. In those studies,
specific regions or hemispheres have been loca-
lized on the basis of the cognitive paradigm used.
Activation in the prefrontal cortex is greater with
increasing memory loads and is more pronounced
during initial, as opposed to repeated, attempts at
learning5. Increased activation during learning is
associated with more successful subsequent recall5.
Authors of functional MR imaging studies have also
documented the role of the medial temporal lobe in
learning and recall. The medial temporal lobe struc-
tures most often implicated in these studies are the
hippocampus and parahippocampal gyrus6.

In the prior functional MRI study during memory
recognition in healthy volunteers using words and
common nameable objects showed cortical activa-
tion at hippocampi with left-sided predominance.7

Corresponding with the recent functional MRI study
in patients with mild cognitive impairment, which
showed decreased cortical activation in bilateral fron-
tal cortices, hippocampus, and left cerebellum com-
pared with control subjects (P <.001).8  Hence, func-
tional MRI study during memory recognition can be
the sensitive tool in detecting cortical deactivation
in mild cognitive impairment patients or early
Alzheimerûs disease with benefit in early diagnosis
correlating with the clinical finding and psychologi-
cal test, whereas no detectable abnormality on con-
ventional MR imaging.

To date, no study of functional MRI during
memory recognition task has been established in
Thailand. This is the first study being and using
abstract picture recognition paradigm. The purpose
of this study is to localization of the functional cor-
tices during working memory task in healthy sub-
jects.

In addition, it will provide standard Thais para-
digm for future more advanced research in memory
functional MRI, especially in patients with mild cog-
nitive impairment or early Alzheimerûs disease.

Materials and Methods
Subjects

Twenty volunteer subjects (11 males, 9 females)
were included in the study. Their age varies from 25
to 59 years old, mean age: 32 years. All of them
are right-handed, healthy subjects without history
of neurological and psychiatric episodes. The
health status of the subjects was evaluated by in-
terviewing and normal finding on their routine axial
T1-weighted images. All volunteers performed MMSE
(Mini Mental State Examination) and their results
were normal. Informed written consent was obtained
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from all participants after character of the experi-
mental study was fully explained.  The institutional
review broad and local ethics committee approved
the study protocol.

Data acquisition and post processing analysis
Functional MR imaging was performed using

a 3.0-Tesla whole body imager (Acheiva; Phillips
Medical Systems, Best, the Netherlands) and sense
head coil was used. An automatic shimming method
enhanced the signal-to-noise ratio and reduced the
functional MR susceptibility artifacts. Preliminary set
up and localizing scan required about 30 sec. In
vivoûs Eloquence system was used to control what
the patient see inside the scanner. By using the
Experiment Presentation Computer (EPC), the stimuli
were presented via the Patient display hood (PDH),
which contains a 15-inch LCD, 1025x768 resolution
and 30 degree visual field coverage. The PDH was
mounted on the head coil and the subjects were
positioned in the scanner in supine position. The
patients were instructed to look at the screen whether
they can see the entire screen. Synchronization of
the fMRI scan with the stimuli from the EPC was
manually performed, and then time delay will be
corrected.

Axial T1 weighted image {repetition time (TR)
= 200 milliseconds, echo time (TE) = 2.3 millisec-
onds, in phase} will be the first step to provide
image for anatomical localization of the activation
maps.

Then functional MR imaging will be performed
using a gradient-echo, echo planar sequence with
following parameters; TR/TE=3000/35 milliseconds;
flip angle, 90 degree; matrix size, 128x128; field of
view, 240x240 mm; section thickness, 5 mm; no

gap intersection. Echo-planar images were position
perpendicular to the long axis of the whole brain.

Imaging preprocessing and data analyses will
perform with SPM2 software (Welcome Department
of Cognitive Neurology, London, England). Data
preprocessing are done in a standardized fashion
by using the following established procedures: sec-
tion timing correction, motion correction and spatial
normalization of the resection volumes to a based
on the Montreal Neurological Institute (MNI) refe-
rence brain space. After spatial normalization,
images will smooth with an 8-mm full-width-at-half-
maximum isotropic Gaussian kernel.

Statistic consideration
Results of all subjects will be analyzed as a

whole group analysis applying the general linear
model and data will be analyzed by using the one-
sample t test random effect analysis model, RFx
(corrected P value <0.01).

The results were displayed in tile viewers, show-
ing images with an overlay of colored maps (SPMs).
Pixels with a value at or above the threshold value
(corrected P value <0.01) were displayed as part of
colored overlay. BOLD activities are displayed as
brain surface rendering images with an overlay of
colored maps, gradual change from red (pixels at
threshold level) to yellow (pixels at greater thres-
hold level). In addition, BOLD activities are also dis-
played as color overlays on axial, coronal and sag-
ittal views of T1W reference anatomic images, gradual
change from dark blue (less activity) to red (most
strong activity).

The anatomic reference image was loaded to
overlay the colored maps and the anatomy of the
hemispheric lobes, cortical gyri and hippocampal
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formation were defined according to supratentorial
cortical anatomy and anatomy of the hippocampal
formation on elsewhere9. Two neuroradiologists lo-
calized anatomy of areas of activation in consensus.
Cognitive task

Paradigm:
All participants will be trained to perform the

functional MR imaging tasks by power point pre-
sentation, which will take about 10 minutes per
person immediately before imaging.

Step 1
There are eight blocks of abstract pictures

and each block contained six pictures. During pic-
ture encoding, the pictures will be projected on a
computer screen at outside the imaging room and
subjects will view the total 48 abstract pictures
sequentially. Each block will be presented with 3
seconds per picture and 3 sec interval time for
each block. These pictures will run sequentially and
three round each. In total 48 images with three
rounds each will acquire per subject and take time
about 7.2 minutes. The subjects will be instructed
to view the pictures carefully and memorize them.

Step 2: two sequential tasks
After finish the step 1, subjects will be posi-

tioned on the imaging table with a specially molded
foam pad to restrict motion of the head. The pic-
tures were projected on the small overhead LCD of

the PDH.
Task 1: Recognition
There are eight blocks of abstract pictures.

Each block consists of six abstract pictures pre-
viously seen on step 1 and following by four gray
screen pictures (control condition). Each block will
be presented, sequentially with 3 seconds per pic-
ture.

Task 2: New picture
There are eight blocks of unseen abstract pic-

tures.  Each block consists of six new abstract pic-
tures, which are not seen on step 1 and following
by four solid gray screen pictures (control condi-
tion). Each block will be presented, sequentially with
3 seconds per picture.

The sequential tasks will perform with each
block of task 1 (recognition condition) alternating
with task 2 (new picture) in same fashion for all
subjects. The functional MRI will be performed
during task 1 and task 2 in 8 minutes. The subject
will press the bottom on the right hand if there is
any picture in the step 1.

Results
Twenty healthy subjects were included in the

study, 11 males and 9 females, ages from 25 to 59
years old, mean age: 32 years. (Table 1)

BOLD activities are displayed as brain sur-

Fig. 1 Example of abstract pictures
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face rendering images with an overlay of colored
maps from red (less activity) to yellow (strong ac-
tivity) as well as color overlays on axial, coronal and
sagittal views of T1W reference anatomic image
from dark blue (less activity) to red (strong activity).

The activity for task 1 (recognition ) and task
2 (new picture ) versus baseline are observed mainly
at the both-sided cerebellum, bilateral occipital and
parietal lobes as well as some activities at frontal
lobes including supplementary motor area (Figure
1).

Using the statistical procedures as described
above ( corrected P value <0.01), activation for
abstract pictures recognition versus new abstract
pictures viewing was observed at the both-sided
cerebellum, bilateral parietal lobes, bilateral occipi-
tal lobes including calcarine cortices, left hippo-
campus, left precentral gyrus, bilateral premotor cor-
tices (posterior aspect of middle frontal and inferior
frontal gyri), supplementary motor area and left su-
perior temporal gyrus (Wernickeûs area). (Figure 2)
The BOLD signal at the left hippocampus is present
at anterior aspect. (Figure 3) No activation of the
right hippocampus is observed. Activities at the bi-

lateral caudate nuclei and left thalamus are also
observed. (Figure 4) Bilateral parietal and occipital
lobes showed the most intense activities. Note asym-
metry of the activities in both hemispheres with
left-sided predominance.

Comparing with activity during abstract pic-
ture recognition, the activity during viewing new
abstract pictures showed the same location but sig-
nificant lower in intensity (corrected P<0.01).

Discussion
Functional MRI is superior to other functional

imaging techniques (SPECT and PET) because it
can evaluate both structural and functional anatomy
in the single imaging with less time consuming and
no contrast administration. Different type of stimuli
and paradigm activates different cortical regions.
Hence, functional MRI may be an aid powerful tool
for evaluation of structure and function of the spe-
cific brain areas.

In prior functional MR imaging studies1-5, the
prefrontal cortex has been found to be activated in
learning and recall. Also, there are many studies of
prefrontal cortex lateralization on memory working.

Subject Age Sex Subject Age Sex
1 30 F 11 25 M
2 31 M 12 27 F
3 40 F 13 30 M
4 42 F 14 28 M
5 27 F 15 28 F
6 30 M 16 53 F
7 28 M 17 59 M
8 32 M 18 28 M
9 28 M 19 25 M
10 30 F 20 30 F

Table 1  Demographic data of the subjects
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Fig. 1 Brain surface rendering images with an overlay of colored maps. A; anterior view, B; posterior view, C; right
lateral view, D; left lateral view, E; inferior view, F; superior view  Intensity of activation was displayed as color
from red(less activity) to yellow (strong activity). The pictures showed activation for task 1(recognition) and task
2(new picture) versus baseline (control condition) at the both-sided cerebellum, bilateral parietal lobes, occipital
lobes and some area of frontal lobes including supplementary motor area.
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Fig. 2 Brain surface rendering images with an overlay of colored maps. A; anterior view, B; posterior view, C; right
lateral view, D; left lateral view, E; inferior view, F; superior view  Intensity of activation was displayed as color
from red(less activity) to yellow (strong activity). The pictures showed activation during abstract picture recog-
nition at the both-sided cerebellum, bilateral parietal lobes, left hippocampus, bilateral occipital lobes, left motor
cortex, bilateral premotor cortices, supplementary motor area and left superior temporal gyrus (Wernickeûs
area). These activities are predominant on the left side. Note the most intense activities at bilateral parietal and
occipital lobes.
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Fig. 3 Results at hippocampus level during abstract picture recognition are displayed as color overlays on axial (A),
coronal (B) and sagittal (C) views of T1-weighted images. Intensity of activation was displayed as color, gradual
change from dark blue (less activity) to red (strong activity).  The pictures showed activation at the anterior
aspect of left hippocampus (black arrow). Note no activation of the right hippocampus.
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Fig. 4 Color overlays on axial (A) and coronal (B) views of T1-weighted images at the basal ganglia and thalamic
regions. Intensity of activation was displayed as color, gradual change from dark blue (less activity) to red
(strong activity). The pictures showed activities at the bilateral caudate nuclei (black arrow) and left thalamus
(red arrow).
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Grady et al studied brain activity during encoding
pictures of objects and words using positron emis-
sion tomographic scans (PET). They found that dif-
ferentiated stimulus type and the different encoding
strategies yielded different brain activity with left
prefrontal and bilateral medial temporal regions
enrolled in deep processing and intentional learning
of pictures6.

Task-activated BOLD signal at the left hip-
pocampus in our study was anterior predominance,
as has been previously reported in the prior func-
tional MRI study during memory recognition in
healthy volunteers using words and common name-
able objects7. There was claimed that verbal/
semantic memory is usually attributed to the left
medial temporal structure and anterior aspect of
hippocampus also supports the executive frontal
lobe activity8. And corresponding with the recent
functional MRI study in patients with mild cognitive
impairment, which showed decreased cortical acti-
vation in the bilateral frontal cortices and left hip-
pocampus during recognition (P <.001).9 Thus, it
should be support that the left hippocampus plays
the crucial role in memory recognition.

  There has been known that cortical eye fields
including occipitotemporal, occipitoparietal, parietal
and prefrontal cortices11. Furthermore, there are pro-
jections from visual cortex to the parietal, temporal
and frontal lobes in pathway of memory processing
and learning12. Therefore, the most intense activa-
tion at parietal and occipital lobes as well as frontal
lobes in our study could be associated with visual
stimulation and memory pathway. Moreover, infe-
rior parietal lobule has been implicated in the guid-
ance of spatial attention and acts as a multifaceted
behavioral integrator that binds visuospatial, motor

and cognitive information into a topographically
salience. It may be said that the parietal cortex act as
a bridge to link perception, action and cognition13.

The activity observed in the left thalamus is
also consistent with the data in monkeys and hu-
mans at medial thalamus in previous study (Aggleton
and Brown 1999) that indicates a role of the thala-
mus in memory recognition14.

The caudate nucleus is generally considered
to be involved in the learning of more gradually
acquired visual discrimination tasks (i.e., visual habit
formation; Teng et al. 2000)15. Thus, activities at
bilateral caudate nuclei in our study can be des-
cribed with visual discrimination of the different
abstract pictures in our memory task.

In addition, we found intense activation in the
cerebellum and this finding confirms results of a
previous study with 1.5-T MR imaging in healthy
elderly subjects16. And corresponding with the
result of decreased cortical activation at the left
cerebellum in recent functional MRI study in pa-
tients with mild cognitive impairment9, which sup-
ports role of cerebellum in memory pathway.

There is also activation at the Wernickeûs area,
which may be due to receiving sensory input from
visual and auditory cortices.

In this study, we have some limitation due to
contamination of activity at the bilateral premotor
cortices from activation of motor and sensory cor-
tices during memory task.

The pictures using in this paradigm were not
meaningful, resulting in no bias of the results due to
effect of remote or long term memory. These our
observations were based on group analysis with
adequate sample size and statistically significance.
So these results can be used as a reference of the
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whole population. Thus, these results from healthy
volunteers can also be used as control group refe-
rence for further research in the patients with mild
cognitive impairment or early Alzheimerûs disease.
However, there is some limitation in age range of
the subjects in our study that is too young compa-
ring with age group of the patients with mild cogni-
tive impairment or Alzheimerûs disease.

Thus, further research of functional MRI
during memory recognition in normal cognitive
elderly subjects, with or without comparison to the
patients with mild cognitive impairment or early
Alzheimerûs disease will get more benefit in early
diagnosis combined with the clinical finding and
psychological test. In addition, this functional MRI
with abstract picture recognition paradigm could
have benefit in follow up the patient with MCI or
Alzheimerûs disease by comparison of activation at
specific areas between pre and post treatment.

Conclusion
The functional MR imaging of abstract picture

recognition task in this study showed multiple sites
of cortical activation. Significant activations were
observed at the cerebellum, bilateral parietal lobes,
occipital lobes, frontal lobes, left hippocampus,
bilateral caudate nuclei, left thalamus and left supe-
rior temporal gyrus (Wernickeûs area). There are
asymmetric activities in both hemispheres with left-
sided predominance.
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Predictive Factors for Successful Percutaneous
Sclerotherapy of Venous and Lymphatic Malformations

Abstract

Objectives: To determine the predictive factors for good response outcome of venous (VMs) and lym-
phatic malformations (LMs) by percutaneous sclerosing therapy and to compare the complications asso-
ciated with bleomycin versus alcohol treatment.

Methods: A retrospective analysis of 225 patients with lymphatic and venous malformation who had
treated by percutaneous  sclerotherapy using alcohol and/or bleomycin  was performed The treatment
outcome was graded from 0-3, in orderly of clinical responsiveness by using visual assessment of
changing in size and subjective improvement of symptoms. Predictive factors of good treatment outcome
were determined by uni- and multivariate analysis which were conducted on sex, age, onset of disease,
location, type, characteristic of lesion and  sclerosant usage.

Results: Of 225 patients, 87.6% were VMs and 12.4% were LMs. VMs were predominating in female
(6.2:3.8). Between ethanol and bleomycin, there was no statistical significant of treatment sessions, dose
and treatment outcome. (p= .42) Sclerosing therapy provided better response on VMs than LMs. (49.2%
and 21.4% respectively, p=.002), and had more effective on focal lesions than diffuse patterns (64.9% and
26.1% respectively p<.001) The gender, onset of disease, locations, characteristic on venography and
preceding treatment showed no correlation  with treatment result. Major complications of ethanol occurred
in 38.6%,including hematuria, gangrene, facial paralysis, pulmonary embolism and death. Minor adverse
reactions of bleomycin encountered in 19.8% with hyperpigmentation, flu-like symptom and localized
fibrosis.

Conclusion:  Both absolute alcohol and bleomycin were effective sclerosing agents for percutaneous
treatment of venous malformations, but no serious complications encountered with bleomycin. The cha-
racteristic of focal single lesion, at any region of body part, can be a predictor for good response.
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Introduction
Venous malformation (VM) and lymphatic

malformation (LM) are benign congenital abnormali-
ties. They grew proportionately with the patients
and did not regress1.  Although presented at birth,
they may appear clinically at any age through-
out the life. The presentations of VM and LM are
variable including asymptomatic, swelling, pain,
ulcerate, bleed, and cosmetic concerns. The clinical
severity is related to their location and extension. If
located within the oral cavity, these lesions may
lead to dysphagia, difficulties with speech or swal-
lowing, orthodontic concerns, and airway obstruc-
tion1-3.

Treatment of VM and LM were difficult, com-
pose of surgery, laser, steroid therapy, and sclero-
therapy4. Surgical resection may be hazardous, lead-
ing to major blood loss, and incomplete resection.
Recurrence and deformity were also common after
surgical resection1. Laser therapy often had an ex-
tensive scar and may ineffective in some patient
especially in deep seated lesion. Sclerotherapy, as
an alternative treatment method, has proven its
efficacy and now advocate as the treatment of
choice1,3-5.  A variety of sclerosing agents was des-
cribed in the literature, including ethanol, detergents,
hyperosmotic solutions, OK 432, ethibloc, and
bleomycin2,3.

In our institute, percutaneous sclerosing therapy
has been operated by using absolute alcohol and
bleomycin as the sclerosing agents. With regard to
difference of morphology or characteristic of the
lesions and response of sclerosing therapy, the
objective of this study was to evaluate the predic-
tive factors for successful treatment outcome of
venous and lymphatic malformations, and to com-
pare the complications associated with bleomycin

versus alcohol treatment.

Material and methods
Patients: A retrospective review of 258 pa-

tients with clinical diagnosis of venous and lym-
phatic malformations who had referred to our
Interventional Neuroradiology division, Radiology
department, Siriraj hospital, Mahidol university for
sclerosing therapy between July 2001 and July 2011
was performed. An informed consent was given to
the use of sclerosing therapy after patientûs coun-
seling. A data collection in each patient  including
age, sex, location of lesion, clinical presenting symp-
tom, dose of sclerosant, number of treatment ses-
sions, clinical response, side effects and follow-up.
Colour photographs were taken before treatment
and during every follow up period.

The diagnosis was confirmed during the ope-
ration by yielding the content either blood or lym-
phatic fluid aspiration directly from the lesion by
percutaneous puncture.

The exclusion criterias were
1. Patients who refused treatment.
2. Coexistence to other types of malforma-

tion or syndromic disease.
3. The diagnosis could not be confirmed dur-

ing operation.
4. The patients who had less than 6 months

follow up after first sclerotherapy.
Of 258 patients, there were 225 patients who

met our criteria and enrolled in this study.
The imaging studies were not routinely per-

formed, but requested in cases where boundaries
were difficult to evaluate or deep seated locations.

Technique and sclerosing agents: The pro-
cedure was performed under general anesthesia or
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regional block depending on site of each lesion and
anesthesiologistûs decision. Each lesion was as-
sessed percutaneously by using a 20 to 22 gauze
Teflon-sheathed needle canula puncture needle
through a normal skin. Once venous blood or thin
yellow fluid was freely aspirated, contrast medium
was injected to evaluate the characteristic and to
estimate the volume of the lesion.

The characteristic of the lesions were catego-
rized to be

- Focal; if involvement of one region of the
body such as finger, lip.

- Diffuse, if involvement  of more than one
region, such as hand and forearm, lip and tongue

- Isolate: if there were no venous outlet con-
necting to systemic circulation

- Systemic venous connection
Before June 2008, all VMs were treated solely

by absolute alcohol while no percutaneous treat-
ment for LMs, since then, bleomycin was the only
agent using for both VM and LM.

For technique of percutaneous sclerosing in-
jection, it was performed similarly, for both ethanol
and bleomycin, under fluoroscopic control. Manual
compression of venous outlet or venous pressure
tourniquet was applied during injection, if systemic
venous connection with the lesion was identified on
test percutaneous venography, and this was main-
tained for at least 10 minute after finishing to retain
the sclerosing agent and to minimize systemic con-
tamination. Multiple punctures were required in the
same session, if the lesion contained several non-
communicating cavities.

The absolute alcohol was opacified with non-
ionic contrast medium at the ratio of 3:1 by volume.
It was slowly injected under fluoroscopic control.
The amount of each injection was estimated from

prior test injection and termination when near total
lesion was opacified or spillage into venous outlet
was visualized. The maximum amount of absolute
alcohol was 1 ml/ kg body weight but not exceed
40 ml in each session6.

Prolonged intubation or prophylactic tracheo-
stomy was required, if the lesion located around
tongue or oral cavity.

Bleomycin was mixed at the dilution of 1 mg/
ml by normal saline. It was injected under roadmap
fluoroscope after contrast test injection. Injecting
bleomycin was stopped as soon as the contrast
medium column reached the venous outlet. The
amount of the injection varies according to the size
of the lesion. In children under 1 year of age, the
maximum dose per injection was limited to 1 mg/
kg. Patients who were older than 1 year of age, a
single dose of 15 mg was never exceed7. For LM
lesion, before starting bleomycin injection, the lymph
fluid was aspirated as much as possible with the
aim to minimize dilution effect of the sclerosant.

Repeated maneuver of sclerotherapy were
obtained in 6-8 weeks for the large or the remaining
lesions which were re-evaluated at 4-week follow
up period.

The accumulation dose of bleomycin was col-
lected in each patient, not to exceed 450 mg7.

Outcome evaluation: The result of treatment
was evaluated by comparison the size and clinical
symptoms preceding treatment and those at the
last visit. The size and morphology of the lesion
was evaluated by visual assessment from photo-
graphs. The clinical responses were included
degree of pain, bleeding and ulcer healing, using
patient self-assessment, which were evaluated by
direct interview with the patients or parents.
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Treatment outcome was evaluated by means
of clinical response and quantified by grading of
the consensus between Interventional Neuroradio-
logists and the patients or their parents into 4-point
scale, as the followings

Grade 0 = stable or worse
Grade 1 = < 50% improvement of symptoms
Grade 2 = 50-75% improvement of symptoms
Grade 3 = >75% improvement of symptoms
The treatment outcome grade 2 and 3 were

defined as good response.
Complications of the treatment by ethanol and

bleomycin were recorded separately.

Statistical analysis: The factors which may
associate with treatment outcome, including gen-
der, period of disease-onset, site, type and charac-
teristics of lesions, preceeding treatment and
sclerosants were analyzed, by using chi-square test.
The sclerosants were grouped according to period
of using as ethanol alone, ethanol and bleomycin
and bleomycin alone. The correlation of patientûs
age and treatment outcome was evaluated by the
unpaired t-test. The correlation between treatment
outcome and the predictive factors were determined
by the multiple logistic regressions. P <.05 was con-
sidered statistically significant. Data analysis was
conducted by using the PASW statistic 18.8 soft-
ware.

Result
Of total 225 patients, there were 197 VMs

(87.6%) and 28 LMs. (12.4%).  VMS were predomi-
nating in female (6.2:3.8). The mean age was 22.9
years, ranging from 5 months to 68 years. The pre-
senting symptoms, locations and characteristics of
the lesions were demonstrated on table 1. All pre-

sented with mass whereas 11% of them had addi-
tional sequelae of the diseases including pain, bleed-
ing, lymphatic leakage, and ulceration. The lesions
were revealed since birth at 48% and later in life at
52%. The locations of the diseases were found more
common at extremities (61.33%) than at head and
neck region (35.11%), and the other sites (3.6%)
were included shoulder, chest wall, back, abdomi-
nal wall and glan penis. Focal and diffuse involve-
ments of the diseases were found rather equally
(50.7% and 49.3% respectively). Preceding therapy
was documented in 35.6%, including surgery, laser
and steroid injection.

Concerning characteristic of venography, most
lesions (91.1%) had connection of venous drain-
ages into systemic circulations either with or with-
out venous ectasia, whereas 8.9% had isolated
lesion.

Among groups of sclerosant using (ethanol
only, ethanol and bleomycin, bleomycin only), there
is no statistical significant of treatment sessions,
dose and treatment outcome. (p = .42)

The average follow-up period was 13.5 months
(range 6-90 months). The treatment outcome of those
225 patients were grade 0 at 7.6%, grade 1 at 20%,
grade 2 at 26.7% and grade 3 at 45.8%.

Among patients with grade 3 treatment out-
come, VM had more response to sclerosing therapy
than LM (49.2% and 21.4% respectively p =.002),
and focal lesions had more effective than diffuse
lesions (64.9% and 26.1% respectively p<.001). The
gender, onset of disease, locations, characteristic
on venography and preceding treatment showed
no association with treatment result. The correla-
tion between treatment outcome and the variable
factors were demonstrated on table 4.

The VMs and focal lesions had been con-
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Fig. 1 VM with grade 0 treatment outcome; A 31-year-old male with asymptomatic diffuse type of VM involving left
leg, ankle and foot had 3 sessions of bleomycin injection with accumulation dose at 45  mg. (a)T1WI, (b) T2WI/
SPAIR (c) T1WI/GD/FS MR imaging of the left leg revealed superficial diffuse venous malformation (d) Percuta-
neous venography (before sclerosant injection) showed abnormal  dilated and tortuous venous structures with
systemic venous connection.(e) pre-treatment photograph. (f) Photograph taken at 1 month after last session of
sclerotherapy. Note that no significant difference in the appearance.

Fig. 2 VM with grade 1 treatment outcome; A 3-year-old girl with diffuse type of VM at left thigh and clinical of pain
was treated by one session of 15 mg bleomycin injection. T1WI MR imaging of left thigh revealed diffuse
superficial venous malformation (a) that showed abnormal dilated venous structures without systemic venous
connection on percutaneous venography - before sclerosant injection (b). The pre-treatment photograph (c) and
photograph at 6 months after first session of sclerotherapy (d) show minimal improvement. However the clinical
presentation as pain was resolved.
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Fig. 3 VM with grade 2 treatment outcome; A 40-year-old female with cosmetic concerning VM at right hand, forearm,
arm and anterior chest wall had 18 sessions of alcohol injection with total dose at 731 ml and 15 sessions of
bleomycin injection with total dose at 75 mg. Multiple time of percutaneous venography before sclerosant
injection was performed at right hand (a), right forearm (b), and right arm (c) that showed abnormal dilated and
tortuous venous structures with systemic venous connection. Pretreatment photograph (d) and photograph
taken at 90 months after first treatment (e) showed good response of the disease. Even though still remained
some residual malformation but patient had good satisfaction about cosmetic concern.
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Fig. 4 VM with grade 3 treatment outcome; there are nearly obliteration of multiple sites of VM after percutaneous
sclerotherapy, (a) pre-treatment photograph of a 30-year-old woman with VM at right lip and cheek, (b)
photograph taken after 3 sessions of bleomycin sclerotherapy with total dose at 45 mg. (c) pre-treatment
photograph of a 10-year-old girl with focal VM at left little finger, (d) photograph at 6 months after one session
of sclerotherapy with 4 ml of alcohol. (e) pre-treatment photograph of a 22-year-old man with focal VM at left
foot, (f) photograph taken after 2 sessions of bleomycin sclerotherapy with total dose of 30 mg. (g) pre-
treatment photograph of a 5-year-old girl with focal VM at upper lip, (h) photograph taken at 27 months after
5 sessions of bleomycin sclerotherapy with total dose of 56.5 mg.
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Fig. 5 Complication of alcohol sclerotherapy; a 31-year-old female with venous malformation at left 2nd finger and had
previously surgery; pre-treatment photograph (a), she developed dry finger tip gangrene after one session of 4
ml alcohol injection (b). After 6 months follow up the lesion was not improved then she was consult for
amputation.

Fig. 6 Complication of alcohol sclerotherapy; a 13-year-old boy with VM at upper lip and left cheek, he had severe
swelling at puncture site after 12 ml of alcohol injection (a) and 5 days afterthat it showed minimal improvement
(b). About 22 months after one session of alcohol injection and three sessions of bleomycin injection, near
normal of the lesion was depicted.

Fig. 7 Complication of bleomycin sclerotherapy; a 19-year-old male with VM at left cheek had one session of 15 mg
bleomycin sclerotherapy (a) pre-treatment photograph, (b) photograph taken at 7 months after first treatment
the lesion was markedly regressed. The percutaneous venography revealed malformation without systemic
venous drainage (c). He developed hyperpigmentation at right forearm which not improve after 6 months follow
up, but the patient was accepting for this complication.
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Table1:  Demographic and characters of venous and lymphatic malformations

Characteristics

LMs (28)

15, 53.57%
13, 46.43%

15.58

28, 100%
2, 7.14%
1, 3.57%
0, 0%

1, 3.57%

1, 3.57%
0, 0%

12, 42.86%
1, 3.57%

12, 42.86%
5, 17.86%
9, 32.14%
2, 7.14%

12, 42.86%
16, 57.14%

5, 17.86%
23, 82.14%

VMs (197)

70, 35.53%
127, 64.46%

23.95

197, 100%
3, 1.52%
17, 8.63%
1, 0.51%
0, 0%

3, 1.52%
4, 2.03%

57, 28.93%
2, 1.02%

67, 34.01%
59, 29.95%
65, 32.99%
6, 3.05%

102, 51.78%
95, 48.22%

15, 7.61%
182, 92.39%

Sex (n, % within group)
     Male
     Female
Mean age (yr)
Presentation (n, % within group)
     Mass
     Bleeding
     Pain
     Ulceration
     Lymphatic leakage
 Previous treatment (n, % within group)
     Laser
     Laser + surgery
     Surgery
     Steroid therapy
 Site (n, % within group)
     H&N
     Upper extremities
     Lower extremities
     Other or multiple site
Extension  of lesion (n, % within group)
     Focal
     Diffuse
Morphology of lesion (n, % within group)
     Isolated without venous drainage
     Malformation with systemic venous connection

Malformation type

Table 2:  Comparison of treatment sessions, dose and follow-up time among patient-groups treated with sclerosants

Alcohol

1-19
3.27

1-18
3.71

-
-

bleomycin

-
-

1-8
4.38

1-10
2.26

Alcohol (ml)

2-717
80.5

1.3-731
110.01

-
-

Bleomycin (mg)

-
-

0.6-120
56.96

1-150
28.27

F/U (mo)

6-74
14.78

9-90
38.29

6-70
10.09

No of sessions                       DoseSclerosing agent

Alcohol only (64)
Range
Mean

Alcohol+bleomycin (24)
Range
Mean

Bleomycin only (137)
Range
Mean
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Table 3:  comparison of  treatment outcome among patient-groups treated with sclerosants

Alcohol Alcohol + bleomycin
bleomycin

Grade 0: (n, % within group) 6, 9.4% 0, 0% 11, 8.0% 17,7.6%

Grade 1: (n, % within group) 9, 14.1% 4, 16.7% 32, 23.4% 45, 20.0%

Grade 2: (n, % within group) 19, 29.7% 9, 37.5% 32, 23.4 60, 26.7%

Grade 3: (n, % within group) 30, 46.9% 11, 45.8% 62, 45.3% 103, 45.8%

Total (n) 64 24 137 225

Treatment outcome

Sclerosant

Total

Table 4:  correlation of variable factors and treatment outcome grading

Grade 0
n (%)

9 (10.6%)
8 (5.7%)

7 (6.5%)
10 (8.5%)

11 (5.6%)
6 (21.5%)

7 (8.9%)
2 (3.1%)
7 (9.5%)
1 (12.5%)

3 (2.6%)
14 (12.6%)

1 (5.0%)
16 (7.8%)

8 (10.0%)
9 (6.2%)

Grade 1
n (%)

18 (21.2%)
27 (19.3%)

25 (23.1%)
20 (17.1%)

36 (18.3%)
9 (32.1%)

11 (13.9%)
12 (18.8%)
19 (25.7%)
3 (37.5%)

13 (11.4%)
32 (28.8%)

1 (5.0%)
44 (21.5%)\

16 (20.0%)
29 (20.0%)

Grade 2
n (%)

24 (28.2%)
36 (25.7%)

35 (32.4%)
25 (21.4%)

53 (26.9%)
7 (25.0%)

18 (22.8%)
16 (25.0%)
23 (31.1%)
3 (37.5%)

24 (21.1%)
36 (32.4%)

4 (20.0%)
56 (27.3%)

24 (30.0%)
36 (24.8%)

Grade 3
n( %)

34 (40.0%)
69 (49.3%)

41 (38.0%)
62 (53.0%)

97 (49.2%)
6 (21.4%)

43 (54.4%)
34 (53.1%)
25 (33.8%)
1 (12.5%)

74 (64.9%)
29 (26.1%)

14 (70.0%)
89 (43.4%)

32 (40.0%)
71 (49.0%)

85
140

108
117

197
28

79
64
74
8

114
111

20
205

80
145

Gender, n (% within group)
     Male
     Female
Onset, n (% within group)
     At birth
     Later
Malformation type, n (% within group)
     VMs
     LMs
Location, n (% within group)
     H&N
     Upper extremities
     Lower extremities
     Other or multiple site
Extension , n (% within group)
     Focal
     Diffuse
Morphology, n (% within group)
     Isolated without venous drainage
     Malformation with systemic venous connection
Previous treatment, n (% within group)
     Yes
      No

Factors
Outcome grading Total

n
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Table 5: Multivariate analysis of variables and good response of percutaneous sclerotherapy for venous and
lymphatic malformations

             Variable P value Odds ratio 95% confidence
interval

Sex; female 0.271 0.716 0.395 - 1.299
Onset; at birth 0.503 1.221 0.680 - 2.193
Malformation type; venous malformation 0.001 3.682 1.635 - 8.290
Location; non-extremity 0.108 0.545 0.268 - 1.108
Extension; focal <.001 4.329 0.120 - 0.442
Morphology; Isolated without venous drainage 0.066 0.269 0.060 - 1.193
Previous treatment; Yes 0.542 0.829 0.453 - 1.517

firmed to be predictors for good response of scle-
rosing therapy by the multivariate analysis (table 5).
The others were independent factor (p> .05). The
mean age of patients with and without good res-
ponse were 22.8 and 23 years respectively which
showed no statistical difference (P = 0.9).

The adverse reactions of bleomycin occurred
in 19.8% including hyperpigmentation (either at the
site of malformation or remote region) 25 patients
(15.5%), localized fibrosis 2 (1.2%) and flu-like symp-
tom 5 (3.1%). However, no serious complication
was recognized. In contrast to absolute alcohol, the
major complications had happened in 21.8%, in-
cluding transient hematuria 10 (11.4%), digital gan-
grene 1 (1.1%), facial paralysis 1 (1.1%), pulmonary
embolism 1 (1.1%) and decompensated right heart
failure from increased pulmonary pressure with death
1 (1.1%). In addition, swelling at puncture sites were
found in nearly all cases, and skin blistering in 20
patients (22.8%).

Discussion
Although both VMs and LMs are often asymp-

tomatic, however, if there are accompanying pain
and functional disturbance or cosmetic concern,
treatment is required. The diseases can be found

anywhere, in our series, peripheral locations were
more common than head and neck region, which
was rather different to other reports3,5,8. Even there
is no predilection exists for either sex in VM and
LM(5, 9), but in our study VMs were more frequent
in female (64.5%).

Sclerosing therapy by percutaneous injection
of liquid agents has been accepted to be the initial
treatment of choice and has a high reported suc-
cess rate1,10,11, with the aim to eradicate or reduce
abnormal vessels by endothelial damage leading to
inflammation, thrombosis and fibrosis with oblitera-
tion of the lesion finally2. Various sclerosing agents
have been used including ethanol, ethibloc (radio-
paque chemical sclerosant based on ethanol, corn
protein, oleum papaveris, and propylene glycol),
sodium tetradecil sulphate, polydocanol, ethanola-
mine oleate, and bleomycin1-3,10 In our experience,
we used only absolute alcohol and bleomycin
because of their availability, effectiveness and inex-
pensive.

Absolute alcohol induces cellular dehydration
and endothelial wall protein denaturation resulting
to subsequent permanent obliteraion of the vessel
lumen12. A 75%-95% response rate has been re-
ported for ethanol sclerotherapy of VM2. However,
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injection of ethanol causes severe pain due to its
local tissue reaction resulting in significant tissue
swelling or even skin necrosis. Its severe complica-
tions can be extremely dangerous including tissue
necrosis, permanent peripheral nerve injury, pulmo-
nary hypertension and pulmonary embolism6.  Simi-
lar to our population treated with alcohol, the major
complications were recognized at a rate of 21.8%,
including hemolysis, gangrene, pulmonary embolism
or even one death from uncompensated pulmonary
hypertension.

Bleomycin is an antitumor agent, developed
by Umezawa in 1966. Its mechanism is inhibition of
DNA synthesis and has sclerosing effect on the
endothelial cells4,7. First use in lymphangioma was
reported successfully by Yura et al in 1977. Since
that initial report, further studies have confirmed its
utility in treating VMs. Thereafter, introduction of
bleomycin in the treatment of venous malforma-
tions and hemangiomas was described by Muir et
al7 in 2004, with response rate at 84% and minor
complication were occurred total 8 in 95 cases in-
cluding Flu-like symptoms, ulceration, cellulitis, and
partial temporary hair loss. Since those reports, fur-
ther studies have confirmed its utility as a scleros-
ing agent for lymphangiomas, hemangiomas and
venous malformations with good results1,3-5,13. To date,
no major complications with intralesional bleomycin
injection was reported. Even the most concern,
regarding the potential development of pulmonary
fibrosis, which was dose dependent, found when
administered during cancer therapy with accumula-
tion dose higher than 300 mg3,4, has never been
described to its use as a sclerosing agent5. However,
high incidence of residual disease associated with
therapy using bleomycin alone was documented1,3.

At our institution, absolute alcohol was the

only sclerosing agent of choice to treat VMs, until
death occurred. In addition, many reports of
intralesional bleomycin injection were described with
a high success but less complication rates, we
started using bleomycin first for LM in June 2008
and increased more in VMs. Until now, it completely
replaced the use of ethanol injection. Our total 161
patients with bleomycin injection had the minor
adverse reactions occurring in 19.8% with lesser
postprocedural swelling, as compared to ethanol.
Our experience was similar to those described in
the literatures2.

Currently, regardless complications, between
ethanol and alcohol, there is no consensus to the
better sclerosant. Although there were reports of
more efficacy of ethanol than bleomycin in the
aspects of higher success rate and require fewer
treatment sessions2, but the comparison analysis
among groups of patients using sclerosant in our
study; ethanol alone, ethanol and bleomycin and
bleomycin alone, showed no statistical significant in
sessions and outcome of treatment. Of our 225
patients treated with sclerosing therapy, satisfac-
tory treatment outcome or good response, (grade
2, 3) was accounted for 72.5%

In this study, we postulated that focal lesions
and venous malformations were the predictors of
good treatment outcome. This was not surprised
since a focal lesion involving only single body part
was relatively smaller lesion with lesser extensive,
thus it needed fewer session of treatment. In addi-
tion, this study was cross sectional study at one
point of time, so it was not yet the final outcome of
a number of patients with large and diffuse lesions
who were still in the treating course.

To our experience, only 46.4% of LMs had
good response to bleomycin injection which was
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not comparable to the previously published IBI
series4,5,14. However, our study involved a relatively
small group of LMs (28 patients or 12.4%), which
was not sufficient for analysis and it needs further
study. Nevertheless, on our observation, most
lesions were multiple microcysts, with variable in
sizes, and we felt that the larger the cystic space,
the better response was.

Although our data seemed to have better out-
come of treated isolated VMs than lesions with drain-
age of venous outlet (grade 3 outcome was 70%
and 43.4% respectively) but it showed no statistical
significant (P = .12 in uni-variate analysis and .066
in multivariate analysis). As such, it was probably
due to too different numbers of cases between the
two groups (n = 20 and 205 respectively). Puig et
al10 found that VMs with drainage into dysplastic
veins and venous ectasia were more difficult to treat
with sclerosing agents because of extensive drain-
age into the normal venous circulation and increased
risk of embolic complications. As we performed
pressure over venous outlet during injection, it might
overcome this problem.

Yun et al12 reported female gender and not
extremity location were significant associated with
good response to percutaneous sclerotherapy. This
was different from our study. We found no associa-
tion between age, gender and location of the lesions
with good response. However, in our study, the
lesions at head and neck region had the highest
success rate of sclerosing therapy.

The limitations of this study were retrospec-
tive design with a lack of standardized assessment
tool, such as imaging study, to compare the result
of treatment. The visual assessment on patientsû
photograph and patientûs interview may be not
enough statistical reliable.

Conclusion
Absolute alcohol and bleomycin were proved

to be the effective sclerosing agents for percuta-
neous treatment of venous malformations. Although
no significant statistical difference between their
degree of success rate, but bleomycin showed
superior patientûs outcome due to absence of seri-
ous complications which could ensure satisfaction
for both patients and physicians. Moreover, infer-
ring from our study that  the characteristic of focal
single lesion, at any region of body part, can be a
predictor for good response, and bleomycin pro-
vides more successful treatment outcome on VMs
than LMs.
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Original Article

The Accuracy of Multidetector Row CT Angiography in
the Evaluation of Living Kidney Donors

Abstract

Purpose: To assess the value of MDCT in evaluation of the anatomy of living kidney donors and in
revealing the prevalence of renal vascular variations.

Materials and Methods: This retrospective study was approved by the Ethics committee of Rajavithi
hospital(NO.172/2555). The accuracy of the images of vessel structures obtained by using 64-row multidetector
computed tomography (MDCT) angiography in comparison with the actual vessel structures observed
during surgery was analyzed retrospectively.

We analyzed 20 patients who had undergone donor nephrectomy from 2008 to 2012. Preoperative MDCT
angiography was performed, and the surgeons themselves subsequently recorded the operative findings.

Results: Nephrectomy was performed on the left side in all 20 patients. The accuracy levels of MDCT for
the artery and the vein were 90% and 95% respectively.

Conclusions: MDCT angiography is a good investigative technique for the preoperative evaluation of the
anatomy of vessels.
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Introduction
End-stage renal failure is a growing health

problem in Thailand. The number of sufferers is
increasing due to the prevalence of many underly-
ing diseases and prolonged life expectancy. Pa-
tients who suffer from this problem end up having
to survive with hemodialysis or continuous ambula-
tory peritoneal dialysis (CAPD). Renal transplanta-
tion is a good treatment choice because it offers
improved quality of life and is cost-effective. Ca-
daveric kidneys available for transplantation are
limited: the number of patients waiting for cadave-
ric kidney transplantation is increasing, and few
patients are able to have such transplants because
of the lack of availability of cadaveric organs. To
make up for this shortage, live kidney donation is
now a widely accepted practice, with better recipi-
ent tolerance and better renal graft survival than
can be achieved with cadaveric donor transplanta-
tion1-3.

Preoperative imaging work-up of living renal
donors involves anatomic and functional evaluation
of donor kidneys for the selection of a suitable do-
nor and for the planning of surgery. In donor ne-
phrectomy, it is important to understand the exact
anatomy of the blood vessels. Information about
the number of renal arteries and early division of
the main renal artery is important when deciding
whether to remove the right or left kidney. This
information is also important for minimally-invasive
surgery in order to decrease blood loss and the
length of hospital stay by reducing complications
and accelerating recovery4,5.

In the past, preoperative evaluation were in-
cluded intravenous pyelography (IVP), angiography,
and abdominal sonography6,7. With the introduction
of multidetector computed tomography (MDCT),

those methods have been replaced by computed
tomography (CT) angiography8. CT  angiography is
less invasive than conventional angiography and has
the advantage of allowing not only highly accurate
assessment of the main vessel (renal vein, renal
artery) and ureter structure, but also detection of
renal cystic diseases, renal parenchymal lesions, tiny
stones, and hilar vessels9-11.

Many previous studies have been carried out
to examine the accuracy of CT angiography in
determining vessel structures. The level of accuracy
for the main vessels was reported to vary from
90% to 100%, and for the minor vessels from 75%
to 100%12-15. One reason for the variation in accu-
racy may be from different CT protocols.

The objective of this study was to assess the
accuracy of CTA images for pre-operative evalua-
tion of renal vascular anatomy in comparison with
the actual vessel structure observed during surgery.

Materials and Methods
This retrospective study was approved by the

Ethics committee of Rajavithi hospital (NO.172/2555).
Between 2008 and 2012, the number of kidney
donors who were evaluated with MDCT in our
center (Rajavithi Hospital) were 8 males and 12 fe-
males (a total of 20 donors) whose ages ranged
from 20-53 years old (mean age = 40.6 years old).
All 20 donors underwent nephrectomy

1. CT protocols
All CT examinations were performed with a

standardized examination protocol using a multislice
64 detector-row helical CT scanner (Lightspeed VCT,
GE Medical Systems, Milwaukee, USA). Scanning
was initiated with a scout image covering the whole
abdomen. Precontrast imaging was performed with
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5mm slices and the table rotation time was 0.6 sec
with 120 kV and automated calculation of mAs.
After a plain scan of the abdomen (scout film) had
been taken, an 18-20 gauge intravenous catheter
was placed in the antecubital vein. Using an auto-
matic injector, 100 ml of the contrast material was
injected at a flow rate of 4ml/sec. The arterial phase
was obtained after 12 seconds, and the venous
phase 60 seconds after the initiation of the contrast
bolus. The arterial phase included a volume cove-
ring the diaphragm to the pelvis. After acquiring the
images, arterial phase and venous phase images
were reconstructed by axial 3 mm and 1 mm im-
ages and coronal 3 mm images.

The reconstructed images were processed with
a commercially available work station (ADW 4.3: GE
medical systems). Two- and three-dimensional maps
of the renal arteries, renal veins and ureters were
generated by using maximum-intensity projection
(MIP), volume rendering techniques and multiplanar
reformation. In addition, a 3D reconstruction image
was acquired with 0.625 mm slice thickness. All CT
angiographies were interpreted by a radiologist be-
fore donor nephrectomy. During the evaluation, the
main vessel structures of the right and left sides
were described, together with the path of the hilar
veins. Early branching renal artery exists when the
first branch of the renal artery originates within 2.0
cm from the lateral wall of the aorta.

Results
The radiological findings of the CT of the main

vessels were compared with the surgical findings of
the 20 donors (8 males and 12 females. All nephre-
ctomies were performed on the left side with open
flank nephrectomy in 18 donors and with laparo-
scopic approach in the other 2. The mean age of

the patients was 40.6 years old (range, 20-53 years
old). CT showed that a small simple renal cyst
(diameter less than 1 cm) was present in one of 20
donor kidneys. None of the selected donor kidneys
was noted to have renal stones, fibromuscular dys-
plasia of renal artery, or any congenital vascular
abnormality on multidetector CT images.

Renal artery
A total of 23 renal arteries in the 20 donor

kidneys were depicted with CT. Only 3 kidneys were
shown to have more than one renal artery (2 renal
arteries in each kidney). During surgery, 23 arteries
were also identified in the 20 kidneys, 17 of the 20
kidneys (85%) had a single artery and 3 of the 20
kidneys (15%) had more than one artery. One ac-
cessory artery, the superior polar artery, in 1 kidney
was initially missed on CT. The sensitivity and speci-
ficity of CTA for detection of variant anatomy of
renal arteries were 66.66% and 94.11% respectively.
The accuracy of CT in detection of renal arteries,
positive predictive values, and negative predictive
values were 90%, 66.67% and 94.11% respectively,
indicating good agreement with surgical findings.
The one accessory renal artery that had been missed
at the CT initial interpretation was identified in a
retrospective review.

Renal vein
A total of 20 renal veins were identified in CT

images of 20 donor kidneys. During surgery, 21 re-
nal veins were identified in 20 kidneys; one kidney
had 2 renal veins, and each of the remainder had
just one renal vein. The sensitivity and specificity of
CT for the identification of variant anatomy of renal
veins were 50% and 100% respectively. In surgery,
the overall CT findings were concordant in 19 of the
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Fig. 1 A 3-D volume-rendered (VR) image  of a 48-year-old female renal donor obtained with a 64-slice MDCT
demonstrating single right and left renal artery

Fig. 2 (A) A  3-D maximum intensity projection(MIP) image and (B)a 3-D volume-rendered (VR) of a 20-year-old
female renal donor obtained with 64-slice CT show  two left renal arteries and early branching  of single right
renal artery (7 mm. from aorta)
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20 kidneys (accuracy 95%). The positive predictive
and negative predictive values were 100% and
94.73% respectively.

Discussion
Renal transplantation is a good therapy for

patients with end-stage renal disease. Due to the
limited number of cadaveric organs available, pa-
tients are having to suffer for extended periods of
time before undergoing cadaveric kidney transplan-
tation; consequently, the number of living donors
has been increasing in recent times3,12. It is crucial
to evaluate the donorûs vascular anatomy before
the removal of a kidney with any surgical technique,
especially when using a laparoscopic approach
because of the limited exposure during the proce-
dure13,14. Understanding the vascular anatomy of the
kidney is an essential part of pre-operative evalua-
tion of living kidney donors, and it helps the clini-

cians to choose suitable donors and decide whether
the left or the right kidney should be used15. The
anatomic information required before conventional
open and minimally-invasive surgery in living kidney
donors includes number, length, location and branch-
ing patterns of the renal arteries, as well as the
status of the donor kidneys and their venous and
blood collecting systems8,16.

In the past, conventional angiography was used
to evaluate renal arteries before surgery10,17,18. It was
a rather invasive procedure and donors had to stay
in hospital for a few days after the angiographic
procedure with the risk of endothelial damage.

Several investigators have used single-detec-
tor row helical CT for predicting renal vascular
anatomy9,14 and some have reported good corre-
lation with both catheter angiography and sur-
gery5,15-18.

Improvements in CT technology have enabled

Fig. 3 A 3-D maximum intensity projection (MIP) image of a 45-year-old female renal donor obtained with 64-slice
MDCT demonstrating double left renal vein with left gonadal vein drain into the inferior left renal vein
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multidetector row CT to achieve increased speed
of scanning and enhanced spatial resolution with
advances in post processing methods19. Multidetector
row CT provides greater volume coverage with su-
perior quality three-dimensional angiograms. Delayed
CT urographic imaging of excretory phase CT is
helpful in evaluating pyelocalyceal and ureter
anatomy and obviates the need for intravenous pyelo-
graphy.

The aim of this study was to evaluate the
accuracy of renal CT angiography obtained by the
use of 64-slice MDCT for prediction of the vascular
anatomy and its variations in living kidney donors. It
can be concluded that, for renal arteries, CT find-
ings were concordant with those from surgery in 18
of the 20 donors (accuracy 90%). Although one
accessory artery of about 1.5mm in diameter had
been missed in the initial CT interpretation, it was
identified on transverse CT scan alone in a retro-
spective review of CT data.

Accurate identification of renal veins was
achieved in 19 of the 20 donor kidneys (accuracy
95%). The initially-missed accessory renal vein in
CT was seen in retrospective review.

The accuracy of the renal vascular anatomy
was reported to be high, at 90-100%, and in studies
of multidetector row CT, successful identification of
minor venous anomalies was reported to be 75-
100%. The results of this study correspond well
with those of earlier studies with high sensitivity
and accuracy in the assessment of renal vascula-
ture11,21-25.

There have been previous reports about vas-
cular variants in living Thai donors, in which super-
numerary renal arteries were found in about 18.5-
27% of kidneys. The variations that were found on
64-row MDCT were accessory renal artery = 26.46%;

early branching = 0.62-22.4%; and venous variant
= 1.85%11,26. Accessory renal arteries were found in
about 15% of kidneys in this study.

Preoperative evaluation is important, especially
for laparoscopic surgery because of its limited field
of view. Conversion to the open approach is not
infrequent, the most common reason being vascu-
lar injury27,28. Therefore, special attention must be
paid to the assessment of donor renal vessels and
collecting system for selection of suitable kidneys
and for planning surgery.

There were some limitations in our study. First
the number of donors was low, resulting in a low
number of variations. Second, this study was a ret-
rospective one, so many donors were excluded from
this study due to incomplete information; further-
more, the study reviewed cases involving many
radiologists with varying experience, and it is
important to note that we chose to select kidneys
with normal anatomy and fewer anomalies for do-
nor nephrectomy. Therefore, the performance of
multidetector row CT in the evaluation of more com-
plex vascular and excretory anatomy and anoma-
lies could not be compared.

Conclusion
MDCT angiography can provide highly accu-

rate assessment of renal vascular anatomy in living
kidney donors that will be helpful for preoperative
planning.
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Original Article

Magnetic Resonance Imaging Features of Intramedullary
Spinal Cord Tumors with Pathological Correlations

Abstract

Objective: The purpose of this study was to determine characteristic imaging findings of intramedullary
spinal cord tumor in magnetic resonance imaging (MRI).

Material and Methods: We retrospectively analyzed MRI in 15 patients with histologicaly proven in-
tramedullary spinal cord tumors. The demographic data, MRI findings with histological findings were
recorded in terms of age, location, length, morphology, signal intensity, the presence or absence of cyst
and hemorrhage, enhancement pattern, other associated findings, necrosis, vascular proliferation and
WHO grading.

Results: Among the 15 patients, spinal cord ependymomas were eccentric 75%, well-define border 62.5%
and cervicothoracic spine located 37.5%.

Spinal cord astrocytomas were eccentrically located and ill-define border 85.7%, cervicothoracic and
thoracic spine located 28.5%. A cystic component  was seen in 87.5% of spinal cord ependymoma and
71.5% of astrocytomas. Intratumoral hemorrhage occurred in 75% of spinal cord ependymomas, and
57.1% of astrocytomas. In 12.5% of spinal cord ependymomas, a curvilinear low T2 signal, suggesting
marginal hemorrhage, was seen at the upper and/or lower margins of the tumors. Twenty-five percent of
spinal cord ependymoma and 57.2% of astrocytomas showed heterogeneous enhancement, while in
12.5% of spinal cord ependymomas, enhancement was homogeneous.

Conclusion:  Although no statistically significant characteristic MRI feature to distinguish between ependy-
moma and astrocytoma is detected. By percentage we found that border, length and signal intensity of
tumors may help diagnosis. With pathological correlation, all of spinal cord ependymomas are mark
hypervascular tumor, but astrocytomas never showed.
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Introduction
Intramedullary spinal cord tumors account for

approximately 25% of spinal tumors. Ependymoma
is the most common intramedullary cord tumors,
account for about 60%1. Whereas astrocytoma for
approximately 30%2. The differential diagnosis of
spinal tumors is primarily based on location, but the
clinical presentation, age, and gender of the patient
are also important factors in determining the diag-
nosis3.

Magnetic resonance imaging (MRI) has been
the sensitive tool for detection and diagnosis of
intramedullary spinal cord tumors. With its multiplanar
capabilities and high contrast resolution, it allows
identification and characterization of the lesion as a
noninvasive modality. The addition of intravenous
contrast administration allows further delineation
of the mass, separating tumor from edema and
cysts. The exact histologic diagnosis of tumors
remains elusive on the basis of MR signal intensity
and  enhancement alone. However, there are some
imaging characteristics which can be suggest the
diagnosis4.

The goals of surgery are to obtain a tissue
diagnosis and to improve neurological function by
removing the tumor. It is important to identify type
of spinal cord tumors, because proper treatment of
different subtypes can reduce the rate of disability
and functional impairment. Proper preoperative di-
agnosis is crucial for neurosurgeon, because most
ependymoma is well demarcated from cord tissue,
can be totally removed and usually result in cure,
whereas astrocytoma always infiltrate the surround-
ing cord tissue, making total resection is impos-
sible1. The traditional treatment of intramedullary as-
trocytoma has been biopsy or debulking followed
by radiation therapy5. Outcome for intramedullary

spinal cord astrocytoma is significantly worse than
that of ependymoma and is most closely predicted
by pathological grade6. The purpose of this study
was to determine characteristic imaging findings of
intramedullary spinal cord tumor in magnetic reso-
nance imaging (MRI).

Material and methods
We retrospectively analyzed MRIs in 15 pa-

tients with intramedullary spinal cord tumors from
1st January 2006 to 31th October 2011 at Srinagarind
Hospital, KhonKaen University, Thailand. All patients
were treated surgically, and pathological confirma-
tions were obtained.

All MRI studies had been obtained by using a
1.5T scanner (GE; Signa Horizon). The protocol in-
cluded spin-echo T1 weighted, fast spin-echo T2
weighted images in axial and saggital plane, proton
density image in saggital plane and post contrast-
enhanced (0.2 mmol per kilograms of body weight)
fat suppressed fast spin-echo T1 weighted image
in axial and saggital plane. Section thicknesses
were about 4 mm. and 5 mm. in sagittal and axial
images, respectively.

All of MRI studies and proven histological data
were evaluated by a fourteen years experienced
radiologist and pathologist by single blind technique.
The tumor characteristic were recorded in term of
location, length, morphology, signal intensity, the
presence or absence of cyst and hemorrhage, en-
hancement pattern, and other associated findings.
Additional the results of histology were assessed
with cystic component, intratumoral hemorrhage,
necrosis, vascular proliferation and WHO grading.

For each imaging sequences, the signal inten-
sity of spinal tumors was compared with spinal cord.
The location of the solid tumors was classified as
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central or eccentric on the axial image, eccentric
indicating that the whole of tumor was laterally
placed. In addition, intramedullary spinal cord
tumors were assessed with anatomical location (cer-
vical, thoracic, lumbar, cervicothoracic, thoracolum-
bar, thracolumbosacrum), longitudinal length (num-
ber of vertebral segments involving tumor), T1 and
T2 signals relative to the spinal cord (hypointense,
isointense, hyperintense, hypo-isointense and hypo-
hyperintense).

Peritumoral cyst was defined as a cyst at cau-
dal or rostral to the solid tumors without contrast
enhancement of its wall, while an intratumoral cyst
was define as a cyst within the tumor with en-
hancement of its wall(If areas of high signal inten-
sity were obscured at non-enhanced T1-weighted
image, intratumoral hemorrhage was thought to be
present). The presence or absence of a low signal
intensity rim at the boundaries of the tumor at T2-
weighted imaging, suggesting marginal hemorrhage,
was evaluated. The tumor enhancement patterns
were classified into the following categories accord-
ing to the area of solid tumor enhancement and
homogeneity: 1) no enhancement, 2) focal nodular
enhancement, 3) patchy enhancement (enhancement
of less than one-half of the solid portion of the
tumor), 4) heterogeneous enhancement (inhomoge-
neous enhancement of one-half or more of the solid
portion of the tumor), and 5) homogeneous en-
hancement (homogeneous enhancement of one-half
or more of the solid portion of the tumor).

Result
Of 15 patient intramedullary spinal cord tu-

mors, 8 patients were ependymomas and 7 pa-
tients were astrocytomas.

Age and Gender
The patient age ranged from 26 to 60 years

(mean = 43) of spinal cord ependymoma and 3 to
47 years (mean = 23) of spinal cord astrocytoma,
respectively. The demographic data are summarized
in Table 1.

Tumor morphology and location
Spinal ependymoma appears eccentric located

6/8 (75%), well-defined border 5/8 (62.5 %), ill-de-
fined border 3/8 (37.5) and central located 2/8 (25%),
whereas astrocytoma shows eccentric located 6/7
(85.7%), ill-define border 6/7 (85.7%), well-define
border 1/7 (14.3%) and central located 1/7 (14.3%).

Spinal cord ependymoma locate at CT spine
3/8 (37.5 %), lumbar spine 2/8 (25 %), TL spine
1/8 (12.5 %), cervical spine 1/8 (12.5%), and TLS
spine 1/8 (12.5%), respectively. Spinal cord astro-
cytomas locate at CT spine 2/7 (28.5%), thoracic
spine 2/7 (28.5%), cervical spine 1/7 (14.3% ), lum-
bar spine 1/7 (14.3%), and TL spine 1/7 (14.3%),
respectively. The findings appear in Table 2.

Tumor length
The lesions varied from 2 to 18 vertebral seg-

ments (mean = 7.8 vertebral segments) in length
along the neuraxis of spinal cord ependymomas
and 3 to 8 vertebral segment (mean=5.4 vertebral
segments) of spinal cord astrocytomas. The findings
appear in Table 2.

Signal Intensity
At TI-weighted imaging, 3/8 (37.5%) spinal cord

ependymomas were iso-hyperintense and 3/7 (42.9%)
were low-isointense of spinal cord astrocytomas.

At T2-weighted imaging, 6/8 (75%) of spinal
cord ependymoma were hyperintense and 4/7
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(57.2%) of spinal cord astrocytomas were hyper-
intense relative to the signal intensity of spinal cord.

Enhancement Pattern
Among the 15 patients who underwent con-

trast-enhanced scanning, tumor enhancement was
demonstrated in all spinal cord tumors. Enhance-
ment pattern was focal nodular in three (37.5%),
heterogeneous enhancement in two (25%), patchy
enhancement in two (25%) and homogeneous en-
hancement in one (12.5%) of eight spinal cord
ependymomas (Fig 1), while among seven spinal
cord astrocytomas, the observed pattern was het-
erogeneous in 4 (57.2%). In two cases (28.5%) were
focal nodular enhancement (Fig 2) and one case
(14.3%) was patchy enhancement. The MR imaging
findings of spinal ependymomas and astrocytomas
are summarized in Tables 2.

Cyst and Hemorrhage
Seven of 8 spinal cord ependymomas (87.5%)

had reactive cystic component, both rostral and
caudal cysts 3/8 (37.5%), caudal 2/8 (25%) and
rostral 1/8 (12.5%) cysts (Fig 3 and 4) and intra-
tumoral cyst 1/8 (12.5%) were present. Among spi-
nal cord astrocytomas had cysts 4/7 (57.2%), cyst
type was rostral 1/7 (14.3%), caudal 1/7 (14.3%),
syringohydromyelia 1/7 (14.3%) and intratumoral cyst
1/7 (14.3%).

Intratumoral hemorrhage occurred in 6 of 8
(75%) spinal cord ependymoma (Fig 5), while 4 of 7

(57.1%) astrocytomas occurred. At T2-weighted
imaging, rim(s) of low signal intensity, suggesting
marginal hemorrhage between normal and tumoral
tissue, were seen at the upper or lower margins of
1 (12.5%) of 8 spinal cord ependymoma.

Histological findings
Eight spinal ependymomas were tanocytic type

12.5% (1) and myxopapillary type 12.5% (1). All of
ependymomas were WHO grade II. Low grade (I-II)
spinal cord astrocytomas were 4/7 (57.1%), three
were pilocytic astrocytoma grade I (42.8%), one was
astrocytoma grade II (14.3%). High grade (III-IV)
were 3/7 (42.9%) of spinal astrocytomas, two were
anaplastic astroctyma grade III (28.6%) and one
was glioblastoma multiforme grade IV (14.3%).

There had intratumoral cysts about four (57.1%)
of seven spinal astrocytomas (Fig 6) and three
(37.5%) of eight spinal ependymomas. Intratumoral
hemorrhage were found six (85.7%) of seven spinal
astrocytomas and four (50%) of eight spinal ependy-
momas. Vascular proliferation found 42.9% of three
high grade astrocytomas. Necrosis areas were found
one (14.7%) of seven spinal astrocytoma and one
(12.5%) of eight spinal ependymoma. All of ependy-
momas show mark hypervascularity, while two of
seven (28.5%) spinal astrocytomas appear mode-
rate hypervascularity. The others associated findings
such as true ependymal rosette and/or perivascular
rosette found about two (25%) of eight of spinal
cord ependymomas. Rosenthal fiber was found three

Table 1. Patient Information
    Diagnosis Age (mean) Male (%) Female (%)

Ependymoma 26-60 years (43) 12.5 87.5

Astrocytoma 3-47 years (23) 28.6 71.4
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Table 2.  Summary of MR Imaging Findings of Spinal Cord tumor

Ependymoma
(n=8)

37.5 %
62.5 %

75%
25%

12.5%
0%
25%
37.5%
12.5%
12.5%

2-18 vertebral
segments

(mean=7.8 )

12.5%
25%
0%
25%
37.5%

75%

25%

12.5%
12.5%
37.5%
25%

12.5%
75%
12.5%

12.5%
25%
37.5%
25%

Astrocytoma
(n=7)

14.3 %
85.7 %

85.7%
14.3%

14.3%
28.5%
14.3%
28.5%
14.3%
0%

3-8 vertebral
segments
(mean=5.4)

28.5%
28.5%
0%

42.9%
0%

57.2%

42.8%

42.8%
14.3%

14.3%
14.3%
14.3%
57.1%

-

57.2%
28.5%
14.3%

p-value

0.569

>0.999

0.874

0.483

0.608

0.096

> 0.999

0.720

Morphology
Well-define
Ill-define
Axial location
Eccentric
Central
Longitudinal location
Cervical spine
Thoracic spine
Lumbar spine
Cervicothoracic spine
Thoracolumbar spine
Thoracolumbarsacral spine
Length of tumors
(mean)

Signal intensity
T1W
Isointense
Hypointense
Hyperintense
Iso-hypointense
Iso-hyperintense
T2W
Isointense
hypointense
Hyperintense
Iso-hypointense
Hypo-hyperintense
Cystic component
None
Rostal
Rostal with caudal
Caudal
Syringohydromyelia

Intratumoral cyst
Intratumoral hemorrhage

Hemosiderin cap
Enhancement pattern
No enhancement
Homogeneous
Heterogeneous
Focal nodular
Patchy enhancement
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Table 3.  Summary of pathological findings of spinal cord tumor

Ependymoma (n=8) Astrocytoma (n=7)
WHO grading Tanocytic type; 12.5% Grade I; 42.8%

Myxopapillary type; 12.5% Grade II; 14.3%
Other type; 75% Grade III; 28.6%

Grade IV; 14.3%
Cystic component 37.5% 57.1%
Intratumoral hemorrhage 50% 85.7%
Necrosis 12.5% 14.7%
Vascular proliferation - 42.8%
Calcification - -
Other findings Mark hypervascularity; 100% Moderate hypervascularity; 28.5%

True ependymal rosette or Rosenthal fiber; 42.8%
perivascular rosette; 25%

(42.8%) of seven spinal cord astrocytomas. Neither
spinal cord ependymomas nor astrocytoma had
intratumoral calcification. The histological findings
of spinal ependymomas and astrocytomas are sum-
marized in Tables 3.

Discussion
Ependymomas are the most common spinal

cord tumors in adults, with a peak incidence in the
fourth and fifth decades, and account for 60% of all
intramedullary tumors3. Spinal cord astrocytomas
are the most commonly occurring intramedullary
tumors in children and the second most common
spinal cord tumor in adults, age at presentation is
30 years3,7,8. Consistent with our series, we found
spinal ependymomas occurred between 26 and 60
years (mean age 43 years) where as spinal astrocy-
tomas occurred in the younger age group patient
ranged from 26 to 60 years, mean age 23 years.

The majority of ependymomas arise in the
cervical spinal cord, with 44% in the cervical cord
alone and 23% involving the upper thoracic spinal
cord as well3. The myxopapillary ependymomas are

commonly present in the conus medullaris and the
filum terminale3, 7. Ependymomas originate from the
ependymal walls and as such are more centromedul-
lary located compared with astrocytomas9. They are
usually well circumscribed and do not infiltrate ad-
jacent cord tissue. Astrocytomas are more frequent
in the cervical and the thoracic regions10. The typi-
cal astrocytoma is large, eccentrically located and
frequently ill-defined margin9. The mean size of the
ependymoma corresponds to a mean height of three
to four vertebral bodies (min. 2, max. 13), whereas
astrocytomas are usually more extension, with a
mean height of 5.6 vertebral bodies (min. 2, max.
19)9. In contrast, we found that most of spinal cord
ependymomas and astrocytomas were eccentric
location, 6/8 (75%) and 6/7 (85.7%), respectively.
Spinal cord ependymomas had longer extension than
spinal cord astrocytomas, 7.8 and 5.4 vertebral seg-
ments, respectively.

Ependymomas commonly are hyperintense on
T2WI. Myxopapillary ependymoma is usually hyper-
intense on T1 because of mucinous content or he-
morrhage content10, whereas most non-myxopapillary
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Fig 1 Typical spinal cord ependymoma ( WHO grade II) in 49 year-old woman. (A) T1-weight sagittal image show well-
define iso SI intramedullary tumor from L1-L4 spine epiconus region and exhibit mix hypo-hyper SI on (B) T2-
weight sagittal image (arrow head). (C) Fat suppressed CE T1-weight axial image show intense homogeneous
enhancement (curve arrow). (D) T1-weight axial image show small area of iso SI and exhibits low SI area on (E)
T2-weight gradient axial image, representing intratumoral hemorrhage (white arrow). (F) Fat suppressed CE T1-
weight axial image show intense enhancement. (G) and (H) Histology show area of intratumoral hemorrhage
(arrow) and perivascular rosette formation (curve arrow).

G. H.

A. B. C.

D. E. F.
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Fig 2 Typical spinal cord pilocytic astrocytoma (WHO grade I) in 47 years old woman. (A) T1-weight sagittal image
show ill-define iso SI intramedullary spinal cord tumor and exhibit heterogeneous hyper SI on (B) T2-weight
sagittal image (arrow head). (C) and (D) Fat suppressed CE T1-weight sagittal and axial image show focal
nodular enhancement of tumors (white arrow). (E), (F) and (G) Histology show atypical astrocyte (curve arrow)
and rosenthal reaction (arrow).

A. B. C.

D.
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Fig 3 Spinal cord tanocytic ependymoma with rostral and caudal cysts (WHO grade II) in 36 year-old woman. (A) T1-
weight sagittal image show heterogeneous iso-hypo signal intensity at conus medullaris region and exhibit
hyper SI on (B) T2-weight sagittal image with peritumoral low SI (arrow head), representing hemosiderin cap
sign. (C) and (D) Fat suppressed CE T1-weight sagittal and axial image show intense enhancement (white
arrow) with rostral and caudal cysts (curve arrow).
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Fig 4 Spinal cord ependymoma with syringohydromyelia (WHO grade II) in 39 year-old woman. (A) T1-weight sagittal
image show low signal intensity intramedullary tumors form C2-T12 spine and exhibit high signal intensity in (B)
T2-weighted image. (C) Fat-suppressed CE T1-weighted sagittal image show patchy enhancement of intramed-
ullary spinal cord lesions (curved arrow). (D) T1-weighted sagittal image (E) T2-weighted sagittal image and (F)
Fat-suppressed CE T1-weighted sagittal image show intramedullary tumors extending to the thoracic spine with
syringohydromyelia at T11/12 spine (white arrow).



Magnetic Resonance Imaging Features of Intramedullary Spinal Cord Tumors with Pathological Correlations 61

Fig 5  Spinal cord ependymoma with intratumoral hemorrhage ( WHO grade II) in 60 year-old woman. (A) T1-weight
sagittal image show well-defined mix iso-hyper SI intramedullary tumor from C3-T1 spine and exhibit hyper SI
on (B) T2-weight sagittal image (arrow head). (C) T1-weight axial image show small area of hyper SI and
exhibits low SI area with blooming artifact on (D) T2-weight gradient axial image, representing intratumoral
hemorrhage (curved arrow). (E) Fat suppressed CE T1-weight axial image show heterogeneous enhancement
pattern.
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Fig 6 Spinal cord pilocytic astrocytoma (WHO grade I) in 9 years old girl presenting with scoliosis. (A) T1-weight
sagittal image (TR/TE=700/12.5) show ill-define iso SI intramedullary spinal cord tumor form C2-T1 and exhibit
heterogeneous hyper SI on (B) T2-weight sagittal image. (C) and (D) Fat suppressed CE T1-weight sagittal and
axial image show heterogeneous enhancement of tumors (arrow head and curve arrow). (E) T1-weight sagittal
image shows long segment of syringohydromyelia entire thoracic extending to lower lumbar spine and exhibit
hyper SI on (F.) T2-weight sagittal image (white arrow). (G) Fat suppressed CE T1-weight sagittal image shows
no enhancement of this lesions. (H), (I) and (J) Histology show a large cystic area (arrow), microcystic area
(arrow head) and rosenthal fiber (curve arrow).
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ependymomas are hypointense8. These tumors
are sometimes heterogeneous due to hemorrhage.
Sometimes dark caps were seen, especially on T2WI,
rostral and caudal of the tumor representing hemo-
siderin deposits. Cyst formation and hemorrhage is
common, especially at the tumor margins. Hemor-
rhage and calcification are more common than in
astrocytomas10. After contrast administration intense
enhancement is the rule, sometimes homogeneous,
but often also heterogeneous of rim-like8. Most as-
trocytomas were iso- or hypointense relative to the
spinal cord on T1-weighted imaging and hyperintense
on T2-weighted imaging2,8. The enhancement pat-
terns of the intramedullary astrocytomas, were evenly
distributed with focal nodular, patchy, and inhomo-
geneous diffuse enhancement; however, non de-
monstrated a homogeneously diffuse enhancing
pattern2. These patchy or irregular enhancements
are one of the MR imaging characteristics of astro-
cytomas, differentiating them from ependymoma and
are supposedly the result of the pathologic features
of astrocytomas that tend to have an infiltrative nature
extending far beyond the gross tumor margin. There-
fore, patients with astrocytomas have a worse prog-
nosis and survival rate than those with ependymo-
mas.

At T2 imaging, the presence of a low-signal
rim along the rostral or caudal margin of a spinal
cord tumor is a fairly specific indicator of ependy-
moma, and was found in 17%, 20%, 20% and 64%
of cases in the series investigated, respectively, by
Choi et al.11, Fine et al.12, Alice et al.13, and Nemoto
et al14. The rim is due to the presence of hemosid-
erin at the margin of the tumor, arising, presumably,
from prior subclinical tumoral hemorrhage, and is
often referred to as a ùhemosiderin capû. In our se-
ries was found only 1/8 (12.5%) of spinal cord

ependymoma.
In the next category, the published literature

states that 50% of spinal ependymomas will de-
monstrate associated cysts7. There are two basic
types of cysts: tumoral and nontumoral. Cysts lo-
cated at the poles of the solid portion of the tumor
usually represent simply reactive dilatation of the
central canal (syringomyelia). Approximately 60%
of all intramedullary spinal tumors demonstrate these
rostral or caudal15. In these cases, only the solid
component of a spinal cord tumor must be resected;
the rostral and caudal cysts will either decompress
upon removal of the solid portion or they can be
aspirated by the surgeon at resection7,15. In fact,
rostral and caudal cysts have been shown to con-
tain either hemorrhagic or xanthochromic fluid, but
never tumor cells7. These cysts are not part of the
tumor itself and should not enhance on imaging
studies. They are not septated and do not show
echogenicity within their walls at intraoperative ul-
trasonography (US)15. Rostral or caudal cysts are
believed to arise from the egress of fluid produced
by these neoplasms through the central canal
and may also explain the relative lack of symptoms
seen in cases of intramedullary spinal neoplasms.
In contrast, tumoral cysts are contained within the
tumor itself and frequently show peripheral enhance-
ment7,15. They tend to be more commonly seen in
astrocytomas than in ependymomas15. Identification
of the location of the solid enhancing portion of the
tumor (including enhancing tumoral cysts) is vital
because current neurosurgical techniques allow lami-
notomy or laminectomy to be limited only to this
zone, thereby decreasing potential surgical morbi-
dity7,15. Balériaux et al, intratumoral cysts appeared
in 4 astrocytomas (21%) and peritumoral cysts ap-
peared in 3 (16%) patients9. In our series, patho-
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logical findings show cystic component 57.1% of
seven spinal cord astrocytomas and 37.5% of eight
spinal cord ependymomas. Whereas MRI findings
show rostal or caudal reactive cyst 87.5% of spinal
cord ependymomas more common than spinal cord
astrocytomas 28.6%.

Histological findings
Most ependymomas are histologically benign

and well demarcated and compress the adjacent
cord rather than infiltrating it. WHO grade is one
component of a combination of criteria used to pre-
dict a response to therapy and outcome16. There
are four histologic subtypes of ependymomas: cel-
lular, papillary, clear cell, and tanocytic. The cellular
form is the most common intramedullary variant.
On histologic evaluation, perivascular pseudorosettes
are the cardinal histologic feature (Fig 1), and there
is moderate cellularity with low mitotic activity.
The most common histologic subtypes are pilocytic
astrocytomas (World Health Organization [WHO]
grade I) and fibrillary astrocytomas (WHO grade II).
Glioblastoma (WHO grade IV) rarely occurs in the
spine, accounting for only 0.2-1.5% of cord astro-
cytomas. On histologic evaluation, fibrillary astrocy-
tomas show widespread parenchymal infiltration with
variable degrees of nuclear atypia and increased
cellularity. Histologically, they are often biphasic with
dense and looser areas. Pilocytic astrocytomas gen-
erally lack mitotic figures and other high-grade fea-
tures and may harbor Rosenthal fibers (intracyto-
plasmic proteinaceous inclusions) (Fig 4) and thick-
ened vascular walls. We found that in every cases
ependymomas were mark hypervascularity, while
2/7 (28.2%) of astrocytoma were moderate hyper-
vascularity. Therefore spinal cord ependymomas
show homogeneous intense enhancement, but astro-

cytomas never. In our series, we found homoge-
neous enhancement of spinal cord ependymoms
1/8 (12.5%). Most of spinal cord ependymomas had
cystic and hemorrhage component, possibly other
enhancement patterns such as focal nodular, hetero-
geneous or patchy enhancement. Spinal cord astro-
cytomas show heterogeneous enhancement 4/7
(57.2%). Two of 15 cases (13.3%) were misinter-
preted, the fist one of spinal cord ependymoma at
cervical spine and the last one of hemorrhagic as-
trocytoma.

In our study, there are some limitations as
following. The sample size was too small. The MRI
was interpreted by one experienced neurological
radiologist without intraobserver variability assess-
ment. MRI gradient sequence was not performed in
all cases which may lower sensitivity to detected
intratumoral hemorrhage.

Conclusion
The correct diagnostic spinal cord tumor is

important because the treatment and prognosis are
different. MRI has significantly changed the detec-
tion and diagnosis of intramedullary spinal cord
tumors. Although no statistically significant charac-
teristic MRI feature to distinguish between ependy-
moma and astrocytoma is detected. By percentage
we found that border, length and signal intensity
of tumors may help diagnosis. With pathological
correlation, all of spinal cord ependymomas are mark
hypervascular tumor, but astrocytomas never
showed.
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Case Report

A Nine Case Series of Ultrasound-Guided Hydrostatic
Reduction of Intussusception by Saline Enema

Abstract

Non-surgical reduction of the intussusception is the first line treatment in children with intussusception.
Among various radiological reduction techniques, barium enema reduction of the intussusception under
fluoroscopy has been widely used in Thailand while pneumatic reduction under fluoroscopy has become
popular in teaching hospitals. To our knowledge, ultrasound-guided hydrostatic reduction of the intussus-
ception by saline enema (UGHSE) has never been used in Thailand. We reported 9 cases using UGHSE
with 100% success rate without complication.
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Introduction
Intussusception is the invagination of one bowel

segment into the lumen of the other.  It is a com-
mon cause of the intestinal obstruction in infants
and children.  It frequently occurs in well-nourished
infants, mostly are 4 to 12 months old 1. The major-
ity of the causes are idiopathic2. The remaining
causes are the pathologic lead points such as polyp,
Meckelûs diverticulum, duplication cyst1,2. US is the
modality of choice for the diagnosis of intussus-
ception 3. The traditionally barium enema was used
to diagnose and reduction of  intussusception1. If
the attempt of reduction was failed, surgery was
subsequently indicated. There have been various
techniques mentioned in the literature that improved
the success rate and less perforation rate4-6. The
advantages and disadvantages of each technique
has been discussed 2,4-6. The technique of radiolo-
gical reduction in daily practice depends on the
radiologistûs preferences7. In Thailand barium enema
reduction of intussusception under fluoroscopy has
been widely used and pneumatic reduction under
fluoroscopy is popular in teaching hospitals, while
UGHSE has never been used.

Case series
From January 1, 2011 to July 31, 2013, we

performed UGHSE in 9 children. The detail of each
patient is shown in table 1. There were 5 boys and
4 girls, aged 4-36 months (average 19.6 months).
All except one patient had no fever on the presen-
tation. The most common symptom was abdominal
pain (56%), followed by fever (44%), vomiting (33%),
diarrhea (22%), and bloody stool (22%). The maxi-
mum duration of the symptoms was 6 days,average
2.28 days.  Seven out of 9 nine (78%) patients had
negative physical examinations. White blood count

was done in 8 patients. All of them showed no
leukocytosis or neutrophil shift. Five patients had
abdominal radiographs but intussusception was
suspected in only two (22%). All the intussuscep-
tions was diagnosed by US, showing target sign in
short-axis view. The most common locations of the
intussusception apices was hepatic flexure in 7
(78%).

The average axial diameter of the intussus-
ception was 2.41 cm (range 1.9-3.2 cm). Reduction
was successful by the first attempt in 7 of 9 (78%)
and the second attempt in 2 (22%). All children
was free from complication or recurrence in at least
48-hour follow up.

Technique
We informed parents, pediatricians with/or

without surgeons before the procedure. The proce-
dure was performed in the US room. An enema bag
was filled with 1,000 ml of normal saline that was
warmed at the temperature of  37oC and was kept
at 100-120 cm above the table top. The upper end
of the saline bag remained open. A well-lubricated
Foleyûs catheter (12-16 F was introduced transrec-
tally) with balloon inflation. The buttocks was firmly
taped together with adhesive tape and by manually
during the procedure. No sedation, muscle relaxant
or prophylaxis antibiotic was administered. The re-
duction was observed under the guidance of US by
using a 5-12MHz linear transducer (Toshiba Aplio,
XG SSA-790A, Japan). Successful reduction was
determined when the IC valve and terminal ileum
were visualized associated with fluid reflux into the
small bowel. During the reduction, we intermittently
observed US findings of perforation including sud-
den collapse of the colon, and rapid increased in-
traperitoneal free fluid.
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Table 1. Details of 9 patients.

Note : abdominal film - 5 cases in written part, but show only 4 cases in table

Discussion
There is a wide variation in the techniques of

non-surgical reduction of the intussusception7.  Varia-
tion refers in two aspects. The first variation de-
pends on guidance method either fluoroscopy or
US. The other variation depends on material used
either liquid or gas. Pneumatic reduction under fluo-
roscopy has become popular nowadays because
of higher success rate than barium5,6. However it
still has radiation hazard. Hydrostatic reduction by
saline enema is quite popular in Eastern world2. In
the large series of Bai YZ et al.2, they reported

UGHSE in 5218 cases and the success rate was
95.5% with 0.17% perforation rate. The only disad-
vantage of US is operator dependent. Thus learning
curve is needed to perform with confidence. Newer
techniques such as US-guided pneumatic reduc-
tion8, external manual reduction with US assistance9

have been presented recently. The best technique
has not been in consensus yet. US criterion for
successful reduction were disappearance of the
intussusceptions, and fluid reflux into the terminal
ileum2. We observed that visualization of the IC valve
made us more confident in distinguishing between
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Fig. 1 Normal saline at the apex of intussuception Fig. 2 Intussusceptum at IC valve

Fig. 3 Intussusceptum passing IC valve Fig. 4 Intussusceptum almost passed IC valve

Fig. 5 IC valve post reduction Fig. 6 Swollen terminal ileum with gradual transition to
normal wall
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colon and ileal loops. Yoon CH, et al.8 proposed the
other criteria as abrupt transition between the swol-
len terminal ileum and the proximal normal ileal loop
in long-axis scan could rule out any residual ileoileal
intususception.

We did not use any sedation in this our series
as well as in the report of 194 cases by Gonzalez-
Spinola, et al.10 which showed success rate in
almost 90%. However In the recent report of Ilivitzki
A, et al.11 claimed that using deep sedation with
propofol during reduction of intussusceptions was
safe and effective.

Conclusion
In our 9 case series, UGHSE is feasible with

high success rate without complication. The benefit
is no radiation which is a point of our concern. We
would like to encourage radiologists to perform this
technique. If we have enough number of patients,
we can generalize the advantages or disadvantages
of this technique.
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Case Report

Color Doppler Ultrasound and MRI Findings of Vein of
Galen Malformation in a Newborn, a Case Report.

Abstract

The Vein of Galen aneurysmal malformation (VGAM) is a rare intracranial arteriovenous anomaly that has
usually been diagnosed prenatally.  We reported a near term boy, 2,140 grams body weight, with a large
VGAM, who was diagnosed prenatally by color Doppler ultrasound.  After birth, his APGAR scores were 2,
4, and 8, respectively. An emergency cranial ultrasound was performed promptly when his vital sign began
to be stable. The image revealed a huge dilatation of the great vein of Galen, measured about 1.9 x 2.0 x
3.8 cm. in diameter, with mixed venous and arterial flow profiles. Abnormal dilatation of the right internal
carotid artery, and circle of Willis were also identified and likely to be an arterial feeder to choroidal artery
which directly draining into the great vein of Galen.  MRI, MRA, and MRV of the brain were performed on
the following day and also showed a huge aneurysmal dilatation of a median vein of prosencephalon
(precursor of the great vein of Galen) and marked dilatation of falcine sinus. Torcular herophili, both
transverse / sigmoid sinuses and both internal jugular veins showed abnormal dilatation on MRA and
MRV. Endovascular transarterial embolization was planned to performe on this patient but his vital sign
was not stable. He finally expired from severe congestive heart failure after 5 days of life.
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Introduction
The Vein of Galen aneurysmal malformation

(VGAM) is a rare congenital disease with an inci-
dence of 1:25000.  It was first described by Steinhel
et al in 18951. The VGAM is located in the midline in
the choroidal fissure.  It consists of multiple feeding
arteries including anterior and posterior choroidal
arteries, anterior cerebral artery.  The feeding arter-
ies drain directly into a large venous pouch called
the vein of Galen. Raybaud et al reported that mal-
formation develops between the 6th and 11th weeks
of gestation and thought to result from the deve-
lopment of an arteriovenous connection between
primitive choroidal vessels and the median prosen-
cephalic vein of Markowski2. Base on angioarchi-
tecture association, the VGAM are divided into cho-
roidal and mural types.  The Vein of Galen aneurys-
mal malformation (VGAM) can be diagnosed by many
imaging modalities such as color Doppler sono-
graphy, CT scan and MRI. It is usually or acciden-
tally been diagnosed prenatally3,4. Identification of
the type of the VGAM by the imaging helps us to
know clinical outcome and prognosis of the neo-
nate. It is also very important to distinguish the
VGAM from aneurysmal dilatation of the true vein
of Galen caused by an adjacent brain AVM called
VGAD (vein of Galen aneurysmal dilatation) which
has a higher risk of hemorrhage5.

We reported a 37 weeks gestation age boy
with 2,140 grams body weight, who was diagnosed
VGAM prenatally by color Doppler ultrasound. The
boy was delivered by Cesarean section with APGAR
scores of 2, 4, and 8, respectively.  Prenatal diagno-
sis of a large (5 mm) patent ductus arteriosus (PDA)
was reported with mild dilated coronary sinus and
cardiac chambers. Tricuspid regurgitation was also
identified with pressure gradient of 37 mm Hg and

EF 32%. An emergency transcranial Doppler sono-
graphy was performed in the NICU when his vital
sign began to be stable. The color Doppler ultra-
sound (LOGIQ P6, GE Medical System, Milwaukee,
WI, USA) revealed a huge dilatation of the great
vein of Galen, measured about 1.9 x 2.0 x 3.8 cm. in
diameter, with mixed venous and arterial flow pro-
files (Fig.1). Multiple high velocity (> 100 cm/s) and
dilated feeding vessels were clearly identified drain-
ing directly into the great vein of Galen (Fig.2). MRI,
MRA, and MRV of the brain (Philips Achieva 3.0T
TX, Netherlands) were performed on the following
day and also showed a huge aneurysmal dilatation
of a median vein of prosencephalon (precursor of
the great vein of Galen) and marked dilatation of
falcine sinus (Fig.3). Torcular herophili, both trans-
verse/sigmoid sinuses and both internal jugular veins
also showed abnormal dilatation on MRA and MRV.
The diagnosis of VGAM was reported with likely be
a choriodal type. We planned to perform endovas-
cular transarterial embolization when his clinical and
vital sign were stable. His parents were referred for
consultation with a pediatric specialist, a cardiovas-
cular surgeon, a neurointerventionist and a pallia-
tive team in order to plan an optimal management
and let them know the prognosis. Clinically, his heart
failure was progressing and superimposed with ane-
mia and septicemia. Finally, he expired on the 5th

day of life from cardiovascular failure.

Discussion
The vein of Galen malformation is actually a

misnomer term because the ectatic vein we identi-
fied was the median mesencephalic vein of Mar-
kowski, the embryonic precursor of the vein of Galen
and is normally absent in the adult2. Itûs divided into
two types; the choroidal  and mural types. The former
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Fig 1. Transcranial color Doppler sonogram shows turbulent flow (Yin-Yang sign) in the aneurysmal dilatation of the
great vein of Galen (arrow).

Fig 2. Transcranial color Doppler sonogram shows abnormal high velocity of the spectral waveform of the feeding
artery (arrow).
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type receives feeding arteries from choroidal arte-
ries before emptying into a venous pouch, and is a
primitive condition associated with poor clinical
outcome in neonates6-9. The latter type is characte-
rized by direct AVFs within the wall of the median
prosencephalic vein of Marlowski and is found in
infants with better prognosis.  We reported a cho-
roidal type of VGAM in the neonate associated with
severe high output heart failure. Transcranial sono-
graphy is the best imaging modality for definite di-
agnosis as well as during late prenatal ultrasound
scanning10. MRI with MR angiography helps us iden-
tifying the arterivenous malformations and a huge
great vein of Galen (in fact it is the median prosen-
cephalic vein of Markowski). MRA is also useful as
a preliminary noninvasive imaging plan, and a fol-
low up before performing endovascular transarterial
embolization. The therapy of choice is the endo-
vascular embolization using a special glue6-9. The
therapeutic efficacy of the treatment reported by
Lasjaunias et al, using the 21-point scale in neonate

Fig 3. A sagittal T2-weighted MRI of the brain shows a markedly enlarged median prosencephalic vein of Markowski,
or the great vein of Galen  (arrow) with marked dilatation of the straight sinus and the Torcular herophili.

based on a number of factors, including cardiac,
cerebral, hepatic, respiratory, and renal function those
help a neurointerventionist and a pediatrician to
predict the proper time to perform endovascular
embolization for a good outcome9. In a large scale
study by Lasjaunias et al reported a mortality rate
of 10.6% overall, and 52% for neonate9. In our case
report, he expired from severe high output heart
failure, regarded 21-point scale by Lasjaunias. His
scale was less than 8 suggested that endovascular
therapy would be unsuccessful and thus treatment
was not indicated.
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