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Original Article
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Abstract

Objective: To study bone scintigraphy using between F-18 NaF PET/CT and Tc-99m MDP scan for

detecting bone metastases.

Material and Methods:  Thirteen patients (5 males, mean age 55.4 years, range 34-74 years) who were

suspected bone metastases with single or two equivocal lesions on Tc-99m MDP bone scan were

recruited between October 2010 and October 2012. All these patients underwent F-18 NaF PET/CT scan

within one week after Tc-99m MDP bone scan. The sensitivity, specificity and accuracy of Tc-99m MDP

bone scan and F-18 NaF PET/CT in differentiating metastatic bone lesion from benign lesion by patient-

based and lesion-based analyses were studied.

Results:  F-18 NaF PET/CT could identify all seven patients with malignant bone metastases that Tc-99m

MDP bone scan was interpreted as malignancy in only three patients (42.9%) and equivocal in the rest of

these patients. For lesion-based analysis of the overall 75 lesions, the sensitivity, specificity and accuracy

of Tc-99m MDP bone scan were 48%, 83.3% and 70.7% and F-18 NaF PET/CT were 100% for all

parameters. Besides the ability of F-18 NaF PET/CT to accurately identify malignancy from benign lesion,

unenhanced CT portion of PET/CT can show extra-osseous findings that may change patient manage-

ment.

Conclusion: F-18 NaF PET/CT provides an excellent bone image quality and higher accuracy than

Tc-99m MDP bone scan. Then F-18 NaF PET/CT is a good choice for evaluating bone metastases.

Keywords: Bone scan, F-18 NaF PET/CT, Tc-99m MDP, bone metastases.
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Introduction

Bone metastases are the most common ma-

lignant bone tumor and occur in 30%-70% of all

cancer patients
(1)
. In 1971, Subramanian and McAfee

developed Tc-99m MDP for bone imaging and this

technique has been the method of choice for rou-

tine skeletal surveys
(2,3)

. Although F-18 NaF (511 keV;

half-life, 110 minutes) was introduced as a radiop-

harmaceutical for bone imaging by Blau et al in

1962, the image quality of a gamma camera was

poor because it performed best at lower energy

levels
(4,5)

. In the early 1990s, Phelp et al used F-18

NaF as a model for the development of whole body

PET because of the favorable skeletal kinetics of

F-18 NaF
(6)
.

For the past few years, there was a problem

with Tc-99m shortage that affected nuclear medi-

cine services around the world. Reimbursement for

F-18 NaF was approved by Centers for Medicare

and Medicaid Services and many nuclear medicine

centers in the USA started to use this radiopharma-

ceutical for routine PET bone scan.

The aim of this study was to prospectively

compare the detection of bone metastases by Tc-

99m MDP planar bone scan and F-18 NaF PET/CT

in patients with a known primary tumor.

Materials and Methods

Subjects

Descriptive prospective study was performed

at Division of Nuclear Medicine, Faculty of Medicine

Siriraj Hospital between October 2010 and October

2012. Thirteen patients (5 male and 8 female: mean

age 55.4+10.6 years; range 34-74 years) were re-

ferred for evaluation of suspected (11 patients) or

progression (2 patients) of bone metastases in the

course of the disease. The patients had various

oncologic diseases including cancer of the breast

(n = 6) and one patient in each of the following

cancers of thyroid, prostate, ovary, colon, pyriform

sinus, kidney and nasopharynx. The study was ap-

proved by the Siriraj Ethics Committee for Human

Experiment and a written informed consent was

obtained from each subject.

Planar whole body bone images were per-

formed 3 hours after intravenous injection of 20

mCi Tc-99m MDP using a dual-head gamma cam-

era (Infinia Hawk Eye: GE Healthcare). F-18 NaF

PET/CT study was studied within 1 week after Tc-

99m MDP bone scan. Imaging was performed 60

minutes after intravenous injection of 10 mCi F-18

NaF using a Discovery PET/CT system (GE Health-

care). Low-dose CT acquisition was performed first

with 140 kV, 80 mA, 0.8 seconds per CT rotation,

a pitch of 6 and a table speed of 22.5 mm/second.

A PET emission scan was performed immediately

after acquisition of the CT without changing patientûs

positioning. Five to 7 bed positions were performed

with an acquisition time of 3 minutes per bed from

skull to midthigh. PET images were reconstructed

using an ordered-subsets expectation maximization

algorithm. CT data were used for attenuation cor-

rection. Studies were interpreted on a Xeleris work-

station.

Image interpretation

Whole body bone scan and F-18 NaF PET/CT

were interpreted blindly and separately. Interpreta-

tion of PET/CT was done as a consensus reading

of a nuclear medicine physician and a radiologist.

Each area of abnormal increased uptake of Tc-99m

MDP or F-18 NaF was categorized as normal, be-

nign, equivocal or malignant. Lesions on bone scan

were classified as benign when they appeared as
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hot osteophytes or located around joints. Vertebral

lesions were categorized as malignant when they

involved the posterior aspect of the vertebral body

and pedicle or involved the vertebra extensively
(7)
.

Rib lesions were considered malignant when they

appeared as elongated uptake. When they involved

vertically several ribs, they were categorized as be-

nign. CT data of PET/CT were used to categorize

as benign when they appeared at the correspond-

ing areas as degenerative changes, fractures or

benign bone lesions. The osteoblastic metastases

were classified as malignancy. Lesions not classi-

fied as benign or malignant were categorized as

equivocal. Lesions on F-18 NaF PET/CT that were

not visible on bone scan were classified as normal

on bone scan. Patients were monitored for 6 months

and the final diagnosis was concluded from their

medical records.

Statistical analysis

Both patient-based and lesion-based analy-

ses were performed. The sensitivity, specificity, ac-

curacy, positive predictive value and negative pre-

dictive value with 95% confidence intervals were

analyzed for the diagnosis of bone metastases from

benign lesion.

Results

Patient-based analysis

From 13 patients, seven patients (53.8%) had

bone metastases according to definite F-18 NaF

PET/CT findings and follow-up imaging. A lesion

with abnormal increased uptake on F-18 NaF PET

scan was identified as bony metastasis if CT data

of the corresponding area also showed osteoblas-

tic metastasis. Thus F-18 NaF PET/CT could iden-

tify all 7 patients with malignant bone metastases.

The rest of patients had benign bone lesions which

were determined by benign findings at the corre-

sponding location on CT part of F-18 NaF PET/CT.

Follow-up for at least 6 months of these patients

with benign bone lesions had no clinical or imaging

evidence of bone metastasis.

In 7 patients with bone metastases on F-18

NaF PET/CT, Tc-99m MDP bone scan was inter-

preted as equivocal (n=4; 57.1%) and malignancy

(n=3; 42.9%) (Table 1). In 6 patients with benign

PET/CT findings, planar bone scan was interpreted

Table 1 Assessment of bone metastases by Tc-99m MDP planar bone scan (BS) and F-18 NaF PET/CT (PET/CT)

in 13 patients
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as equivocal (n=3; 50%) and benign lesion. Among

7 patients with equivocal results on planar bone

scan, PET/CT accurately identified the presence of

bony metastases in 4 patients (57.1%) and excluded

bone metastases in 3 patients (42.9%).

Lesion-based analysis

Seventy-five lesions with increased F-18 NaF

uptake were studied. Location and final diagnosis

of these lesions were shown in Table 2. Twenty-

seven lesions (36%) showed osteblastic metastases

on the CT part of the PET/CT images. Fourty-eight

lesions (64%) showed benign abnormalities on the

CT part in the corresponding location with increased

F-18 NaF uptake.

In 27 bone metastatic lesions on PET/CT, bone

scan was interpreted as benign/normal (n=14; 51.9%),

equivocal (n=8; 29.6%) and malignancy (n=5; 18.5%)

(Table 3). In 48 benign bone lesions on PET/CT

findings, bone scan was interpreted as benign/

normal (n=40; 83.3%), equivocal (n=7; 14.6%) and

malignancy (n=1; 2.1%). Among 15 equivocal le-

sions on bone scan, PET/CT accurately confirmed

the presence of bony metastases in 8 lesions (53.3%)

and excluded bone metastases in 7 lesions (46.7%).

There were 3 equivocal lesions on bone scan that

PET/CT demonstrated no abnormality in one lesion

(Fig 1) and extra-osseous abnormalities in 2 lesions

(Fig 2).

Additional extra-osseous findings on unen-hanced

CT images of F-18 NaF PET/CT scan

The unenhanced CT images of F-18 NaF PET/

CT scan were analyzed. From 13 patients, 6 pa-

tients (46.2%) showed additional extra-osseous find-

ings which four of them were previously known

before their participation in this study (Table 4). The

other two patients showed clinically significant new

extra-osseous findings. In one patient, there was

progression of right mastoiditis (patient no. 2) while

the other patient (patient no. 4) showed multiple

new abnormal lesions as followed: a mass in de-

scending colon with pericolic nodes, a nodule at

right peri-renal and right buttock and a mass at left

lateral aspect of urinary bladder (Fig 2).

Table 2  Location and diagnosis of 74 lesions seen on F-18 NaF PET/CT
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Table 3 Assessment of bone metastases by Tc-99m MDP bone scan (BS) and F-18 NaF PET/CT (PET/CT) (lesion-

based)

Fig 1 A) Planar bone scan anterior and posterior show equivocal lesion at right iliac bone (arrow) from artifact as

compared with normal appearance on F-18 NaF PET (B).
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Fig 2 A) Anterior and posterior planar bone scan show two equivocal lesions at left iliac bone (arrow) and scarum

(arrow head) B) PET/CT clearly demonstrated false-positive lesions from C) colonic mass in the left lower

abdomen superimposed left iliac bone (arrow) and D) recurrent mass in left lateral aspect of urinary bladder

(arrow) mimics lesion in sacrum.
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Table 4 Additional extra-osseous findings on unenhaced CT of F-18 NaF PET/CT
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Discussion

Tc-99m MDP bone scan is a well-accepted

imaging for the detection of bone metastases due

to its high sensitivity and cost-effectiveness but its

main drawback is lack of specificity
(8)
. The uptake

mechanism of F-18 NaF in the skeleton is depen-

dent on regional blood flow and new bone forma-

tion resembles that of Tc-99m MDP but has better

pharmacokinetic characteristics including faster blood

clearance and twice higher uptake in the bone
(9)
.

At the beginning, imaging of 511-keV annihilation

photons produced by the decay of F-18 was not

suitable by gamma-camera but the use of PET/CT

machine has significantly improved the specificity

of F-18 NaF imaging as the CT component can

demonstrate morphologic characterization of abnor-

mal uptake and accurately differentiate between

benign and metastatic lesion
(9,10)

.

In this study, most of the equivocal lesions on

planar bone scan were found in ribs (n = 6). Four

patients in this group have their rib lesions as a

single bone scan abnormality. This is an especially

difficult group which was found around 7% of pa-

tients with bone metastases
(11)

. The probability of a

malignant cause for a solitary increased uptake in

patients with a known primary cancer varies with

the site of the abnormality on bone scan. Tumeh et

al reported that solitary rib lesions were rare in can-

cer patient and were usually due to benign dis-

ease
(12)

. McNeil estimated the frequency of a malig-

nant cancer in a solitary rib lesions vary between

1% and 17%
(13)

. In our four patients with a single

rib abnormality, three patients had rib fracture and

only one patient had osteoblastic bony metastasis.

The rest of equivocal ribs on bone scan (n = 2)

were osteoblastic bony metastases. Other equivo-

cal lesions on bone scan were found in the spines

(n = 5), pelvis (n = 3) and skull (n = 1). Two lesions

in lumbar spines were degenerative changes as

clearly demonstrated on CT part of PET/CT (Fig 3).

These two lesions were confirmed on follow-up MRI

scan. Bony destruction was clearly identified in other

three equivocal spine lesions on CT part of PET/CT

(Fig 4). All three equivocal lesions in the pelvis were

false-positive which were clearly identified on CT

part of PET/CT as shown in Fig 1 and Fig 2. There-

fore all equivocal bone scan abnormalities should

be correlated with the results of other more specific

investigations. In clinical practice, a radiograph of

the area showing abnormal uptake should be ob-

tained. If standard radiographs were normal, CT of

bone can be used in evaluating the significance of

a scan abnormality
(14,15)

. Thus the use of hybrid PET/

CT or SPECT/CT systems can significantly improved

the specificity of bone imaging by the combination

of cross-sectional functional and anatomic imaging

for definite diagnosis.

This study showed that the sensitivity, speci-

ficity, accuracy, positive predictive value and nega-

tive predictive value of Tc-99m MDP bone scan

were 48%, 83.3%, 70.7%, 61.9% and 70.7%, re-

spectively and F-18 NaF PET/CT were 100% for all

parameters. The similar result were published by

Even-Sapir, et al who reported the sensitivity, speci-

ficity, positive predictive value and negative predic-

tive value of Tc-99m MDP bone scan of 70%, 57%,

64%, and 55% and F-18 NaF PET/CT of 100% for

all parameters
(7)
. Besides the ability of F-18 NaF

PET/CT to accurately identify malignancy from be-

nign lesion, unenhanced CT portion of PET/CT can

show extra-osseous findings that may change pa-

tient management.

Many research showed that NaF-18 bone scan

with PET/CT has undoubtedly superiority than Tc-
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Fig 3 A) Anterior and posterior spot images of Tc-99m bone scan show increased radioactivity uptake at L3

and L4 (arrows) B) Fusion PET/CT image shows degenerative change at L3 and L4 (arrow)
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Fig 4 A) Anterior and posterior spot images of Tc-99m bone

scan show increased radioactivity uptake at left

aspect of L4 (anterior) B) CT part of PET/CT image

shows bony destruction (arrow) C) PET shows

abnormal metabolism at the corresponding bony

destruction (arrow) and D) Fusion PET/CT of bony

metastasis.
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99m MDP with gamma camera and similarly to this

study. At present, PET/CT seems to be under-

used in Thailand due to the cost of the study. Bone

imaging with NaF-18 PET/CT may be a good op-

tion for the patient who can afford the cost but

rewarding in terms of higher accuracy in identifying

malignancy. This study would like to introduce the

new option for bone metastases imaging.

Conclusion

Tc-99m MDP bone scan is good for screening

abnormal bone lesions but specificity is poor while

F-18 NaF PET/CT is superb in characterization of

abnormal bone lesions. Even though the cost of

PET/CT is relatively high, higher accuracy in identi-

fying malignancy is rewarded. Then F-18 NaF PET/

CT is a good choice for evaluating bone metastases.
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Original Article

Diagnostic Efficacy of CT/MR Imaging and Adrenal Vein

Sampling for Localization of Aldosterone-producing Adrenal

Adenomas in Primary Aldosteronism

Abstract

Objective: To test the sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predic-

tive value (NPV) of CT/MR imaging and adrenal vein sampling (AVS) for diagnosis of aldosterone-produc-

ing adrenal adenoma (APA).

Material and method: Retrospective study of 14 patients with primary hyperaldosteronism (PAL) who

underwent both CT/MR imaging and AVS between June 2007 and June 2012 were performed. The study

included 7 male and 7 female patients. Review CT/MR findings of these cases and compared with AVS

results were done.

Results: Five of fourteen patients (35%) had unilateral adrenal nodules on CT, and one of fourteen

patients (7.1%) had bilateral adrenal nodules on CT[D1]. The remaining eight patients had no significant

nodules in both adrenal glands.

Among 5 patients who had unilateral adrenal nodule detected from CT, 4 patients (80%) with nodule

greater than 10 mm also presented with lateralization from AVS and finally pathological proven APA. The

last patient with unilateral nodule showed small size less than 10 mm and had AVS results of bilateral

lesion. Medical therapy was applied for this patient instead of surgical treatment.

In other group (8 of 14 patients, 57.1%), there was no significant nodule from CT or MRI and AVS results

indicated bilateral lesions in two patients (25%). The rest of six patients found unilateral lesion on AVS

which underwent adrenalectomy and histological revealed adrenal hyperplasia of all cases. Two of six

patients concluded to be primary adrenal hyperplasia (PAH) or unilateral adrenal hyperplasia (UAH), which

showed clinical cure after adenalectomy. The remaining four patients who showed no improvement of

hypertension after adrenalectomy concluded to be bilateral adrenal hyperplasia (BAH).

Nontika Boontankan, MD., Kewalee Sasiwimonphan, MD.

Division of Diagnostic Radiology, Department of Radiology, King Chulalongkorn Memorial Hospital,

Thai Red Cross Society,  Faculty of Medicine, Chulalongkorn University
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The sensitivity, specificity, accuracy, PPV and NPV for detected adrenal adenoma by CT/MRI of our study

were 66.67%, 87.50%, 78.57%, 80.00%, and 77.78%, respectively. The sensitivity, specificity, accuracy,

PPV and NPV for detected adrenal adenoma by AVS at cut point AVS ratio at 2 were 100%, 50%, 71.43%,

60% and 100%, respectively.

Conclusion: In patient with suspected PAL who presented with unilateral adrenal nodule at least 10 mm

in size detected by CT, these patient should be referred for adrenalectomy without need to performing

AVS. The differentiation of subtype in patients with PAL is most reliably achieved with AVS which may

reserve for patient who had no significant adrenal nodule from CT/MRI.

Contact: kewalees@hotmail.com

Keywords: Primary aldosteronism, aldosterone-producing adenoma, bilateral adrenal hyperplasia, unila-

teral adrenal hyperplasia, computed tomography, magnetic resonance imaging, adrenal venous sampling.
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Introduction

Primary aldosteronism (PAL) is defined as

secondary hypertension accompanied by aldoste-

rone hypersecretion leading to suppressed plasma

renin, resulting in hypertension and usually hypokale-

mia. It is accounted for 3-15% of all hypertensive

patients
(1)
. Two most common causes of PAL in-

clude aldosterone-producing adrenal adenoma (APA,

or Connûs syndrome) and bilateral adrenal hyper-

plasia (BAH) which account for over 95% of all

cases
(2)
. It is important to differentiate between APA

and BAH because of different in treatment tech-

niques. APA should be treated surgically, whereas

bilateral adrenal hyperplasia is best managed medi-

cally
(3)
. The rare entity of PAL is primary adrenal

hyperplasia (PAH) or unilateral adrenal hyperplasia

(UAH) which physiologically and biochemically mi-

mics APA and also still has benefit from surgery
(4)
.

Several techniques have been used as the

pre-operative identification of unilateral disease

including APA and PAH, included computed tomo-

graphy, MR imaging and adrenal venous sampling.

Computed tomography (CT) is the modality

of choice for the detection of APA. It is a fast, easily

accessible and non-invasive investigation with sen-

sitivity, specificity and accuracy varying from 53-

100%, 33-100% and 37-86%, respectively. The CT

characteristics of adrenal adenoma is low density

on CT scan (<10 Hounsfield units) due to high in-

tracellular lipid content
(2)
. Many studies employ CT

attenuation and washout value to differentiate ad-

renal adenoma and non adenoma
(5)
. However, up to

20% of APA has been reported as being smaller

than 1 cm and CT scan might miss these nodules.

In contrast, CT scan may indentify a non secreting

nodule in patients with BAH as an APA
(6)
.

Magnetic resonance imaging (MRI) has the

advantage of superior soft-tissue contrast resolu-

tion and lack of ionizing radiation. Disadvantages

include higher cost, longer scanning time, poorer

spatial resolution compared with CT
(2)
. Chemical shift

imaging quantitatively assesses lipid content in

tissue that has close relationship between lipid

content and the functional aspect of adrenocortical

lesions. It has been suggested that chemical shift

image may enable better differentiation between

APAs and nonfunctional adenomas from MRI than

Hounsfield unit measurement from CT scan
(7)
. How-

ever, some studies
(8)
 suggested that chemical shift

imaging could not help in the differentiation among

functional and non functional adrenal adenoma,

because both were found to contain lipid without

significant differences in appearance
(2)
. Adrenal vein

sampling (AVS) was initially described in 1967 to

aid determination of the sub-type of primary aldo-

steronism and to differentiate between unilateral and

bilateral production of aldosterone, with sensitivity

approaching 100%
(1,2)

. However, this procedure is

invasive, difficult technique especially the right renal

vein catheterization and this procedure also requires

long fluoroscopy time, which exposes patient to

high radiation exposure. The success rate depends

on the angiographerûs experience and failure rate is

as high as 30%
(9)
. And there are reported complica-

tions of AVS such as venous extravasations, hemor-

rhage and adrenal vein thrombosis
(2)
.

Aim of this study is try to compare efficacy of

CT and/or MRI and AVS in differentiation of PAL.

Material and Methods

Retrospective analysis of all patients with

secondary hypertension who were biochemically

suspected to be PAL and underwent both CT/MR

imaging and adrenal vein sampling in our hospital
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from June 2007 to June 2012. Five patients were

excluded from the study due to failure to indentify

right adrenal vein and three patients were excluded

due to unavailability of CT or MRI. Total fourteen

patients were included in this study.

Computed tomography was performed in all

cases with standard, contiguous 5 mm slice thick-

ness obtained using 16-channel (Sensation16, Sie-

mens, Cleveland, OH) and 320-channel (Aquilion

One Dynamic Volume CT, Toshiba Medical System,

Tochigi-ken, Japan) CT scanners.  All cases had pre

contrast and post contrast enhanced CT imaging of

adrenal glands. Two-mm slice thickness was gener-

ated in most of cases. Pre contrast studies were

reviewed in which low density (<10 Hounsfield units)

nodule indicated lipid rich adenoma. If adrenal

adenoma was not diagnosed with pre contrast CT,

contrast enhanced CT would be used to determine

their enhancement. If relative washout value is more

than 40% or absolute washout value is more than

60%, lipid poor adrenal adenoma is suggested.

Morphology of both adrenal glands were analyzed

and described as çnormalé if the adrenal glands

were normal, çplumpé if its edges lose concavity

and çnoduleé if a circular adrenal lesion was de-

tected. Size of nodule was recorded in millimeter

(mm).  A macronodule was a nodule that size is at

least 10 mm.

One case underwent MR imaging for adrenal

gland using 3 Tesla system (Achieva 3T, Philips

Medical System, Best, the Netherlands) generally

consists of axial T1 gradient echo in-phase and

out-of-phase and axial T2-weighted with fat sup-

pression sequences. Chemical shift imaging se-

quence was used to differentiate adrenal mass.

AVS was performed in all cases. Blood samples

were obtained from bilateral adrenal veins and infe-

rior vena cava (IVC) for cortisol and aldosterone

measurements. Successful AVS was determined by

at least double elevation in adrenal vein cortisol

levels compared with IVC level. Lateralization crite-

ria or unilateral aldosterone hypersecretion were

defined as followed (1) the ratio of adrenal vein

aldosterone concentration to the homolateral corti-

sol concentration on the side with higher ratio over

the contralateral aldosterone to cortisol ratio (AVS

ratio) was greater than 2. (2) The aldosterone/corti-

sol (A/C) ratio of the non-dominant adrenal vein

was less than that of the IVC
(10)

.

Definition of primary aldosteronism sub-type

1. Aldosterone-producing adenoma (APA)

was defined by concordant results between the uni-

lateral adrenal nodule detected by CT or MRI and

lateralized aldosterone production as assessed by

AVS which are finally pathological proven.

2. Primary adrenal hyperplasia (PAH)/Unilat-

eral adrenal hyperplasia (UAH) was defined by nor-

mal, unilateral or bilateral plump on CT, and latera-

lized aldosterone production as assessed by AVS.

3. Bilateral adrenal hyperplasia (BAH) was

defined by normal or bilateral CT abnormalities and

bilateral aldosterone secretion or unilateral aldo-

sterone secretion on AVS that clinical is not im-

provement after adrenalectomy
(12)

.

A final diagnosis of APA and PAH/UAH was

considered proven, providing that all the following

conditions were satisfied:

1) Histological proven of adenoma

2) Normalization of hypokalemia if present

3) Cure or improvement of hypertension. Cure

of hypertension was defined as normal blood pres-

sure level without treatment; improvement was de-

fined as achievement of normal blood pressure with



THE ASEAN JOURNAL OF RADIOLOGY

May-August 2013, Volume XIX  No.II

92

a reduced number of drugs, compared with the

number before adrenalectomy.

Patient characteristics were reported descrip-

tive analysis. Efficacy of CT/MRI and AVS were evalu-

ated and reported as sensitivity, specificity, accu-

racy, NPV and PPV.

Results

The medical records of 14 included patients

were reviewed. There are 7 men and 7 women with

mean age of 58 years for men (43-69 years) and 43

years for women (13-65 years).

Five of 14 patients (35%) had unilateral adre-

nal nodules on CT, and one of fourteen patients

(7.1%) had bilateral adrenal nodules on CT. The

remaining patients had no significant nodules in both

adrenal glands (Fig 1).

In five patients who had unilateral adrenal

nodules on CT, 4 patients (80%) had nodule greater

than 10 mm and also had lateralization from AVS.

These patients underwent adrenalectomy, which were

pathological proven adrenal adenoma. Two of them

had unilateral lipid rich adenoma (Fig 2). Other two

had unilateral lipid poor adenoma. The last patient

in this group who had unilateral nodule less than 10

mm from CT, AVS result indicates bilateral lesions

(Fig 3). Medical therapy was applied for this patient

instead of surgical treatment.

In other 8 patients (57.1%) which CT scan/

MRI showed no detectable nodule, 2/8 patients had

AVS result of bilateral diseases and received medi-

cal therapy with clinical improvement later. The other

six patients found unilateral disease on AVS which

underwent adrenalectomy and histological revealed

adrenal hyperplasia. Two of 6 patients showed im-

provement of hypertension after adrenalectomy

which diagnosis of UAH/PAH (Fig 4). The remaining

four patients were not improved after adrenalec-

tomy.

The result of 4 of 8 patients (50%) may have

inappropriate treatment from AVS when AVS cutoff

ratio is at 2 (Fig 5).

The sensitivity, specificity, accuracy, positive

predictive value(PPV) and negative predictive

value(NPV) of CT/MRI to detect APA were 66.67%,

87.50%, 78.57%, 80.00%, and 77.78%, respectively.

The sensitivity, specificity, accuracy, PPV and NPV

of AVS at ratio cut point 2 to detect APA were

100%, 50%, 71.43%, 60% and 100%, respectively.

When increased AVS ratio cut point to 4, the speci-

ficity, accuracy and PPV increased to 87.5%, 92.8%,

and 85.7%, respectively (table 1).

Discussion

Patients with a bilateral source of excess aldo-

sterone secretion should undergo pharmaceutical

therapy
(12)

. AVS is a difficult procedure that may not

be available in many general hospitals and typically

require interpretation from experts so it may not

always be the gold standard for diagnosing primary

hyperaldosteronism. Our study showed that 22.7%

of patients had incomplete AVS due to the difficul-

ties in right adrenal vein catheterization similar to

prior literatures
(9,10)

, the catheterization failure ranges

from 10 to 30%.

To our understanding, CT is less sensitive in

assessment of lesion localization compared to AVS,

which can cause improper management in PAL. Two

of 14 patients (14%) demonstrated no nodule from

CT whereas AVS indicated lateralization. The pa-

tients were performed adrenalectomy and proven

unilateral adrenal hyperplasia. However, our study

showed lower percentage of inappropriate manage-

ment in PAL than the prior literatures. Prior study
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Fig.1 Summarized findings of computed tomography and adrenal venous sampling for causes of primary aldoste-

ronism.

(APA, adenoma-producing aldosterone; AVS, adrenal venous sampling; BAH, bilateral adrenal hyperplasia;

PAH, primary adrenal hyperplasia; UAH, unilateral adrenal hyperplasia)



THE ASEAN JOURNAL OF RADIOLOGY

May-August 2013, Volume XIX  No.II

94

Fig.2 A 65-years-old female with right adrenal adenoma. (A-C) Pre contrast axial CT reveals a 17x14-mm nodule at

medial limb of right adrenal gland that attenuation is less than 10 HU, indicating lipid-rich adenoma. Coronal

reformat (D) reveals right adrenal nodule.

Fig.3 A 50-years-old female had unilateral adrenal nodule and finally proven bilateral adrenal hyperplasia (A-B). Axial

non contrast CT of adrenal gland reveals a nodule at medial limb of right adrenal gland which attenuation is

less than 10 HU, indicating lipid-rich adenoma (C) Axial post contrast 15-min delayed phase of adrenal gland

shows hypo enhancement of the right adrenal nodule that size less than 10 mm. (D) Coronal reformat in

portovenous phase confirmed right adrenal nodule.
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Fig.4 A 65-years-old male with left unilateral adrenal hyperplasia (UAH). (A-B) Post contrast axial CT of adrenal

glands reveal normal appearance of right adrenal gland and plump (arrow) at left adrenal gland.

Fig.5 A 57-years-old male with BAH. (A) Pre contrast and (B) post contrast axial CT of adrenal gland reveal plumps

(arrow) at left adrenal gland. He underwent left adrenalectomy due to lateralization from AVS ratio greater than

2 that is not cure after adrenalectomy.

Fig.6 A 34-years-old female with BAH. Plain CT of adrenal glands reveals a 13x13-mm nodule at medial limb of left

adrenal gland(A) and a 11x8-mm nodule at medial limb of right adrenal gland(B), which attenuation are less

than 10 HU and AVS results indicated bilateral lesions.
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Fig.7  Flow chart for management of primary hyperaldosteronism.

AVS ratio > 2 AVS ratio >3 AVS ratio > 4

Sensitivity 100% 100% 83.3%

Specificity 50% 75% 87.5%

Accuracy 71.43% 85.7% 85.7%

PPV 60% 75% 83.3%

NPV 100% 100% 87.5%

Table.1 Sensitivity, specificity, accuracy, PPV and NPV to detect adrenal adenoma by AVS at cut point normalized

aldosterone ratio (AVS ratio) at 2, 3 and 4.
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such as Sarlon-Bartol G, et al
(11)

 and Oh EM, et al
(13)

reported that many of patients (37% and 22.09%,

respectively) had received inappropriate surgery and/

or management if decision making is based solely

on CT findings alone.  And both studies recom-

mended that AVS should be performed before an

adrenalectomy regardless of the nodule size found

by CT. In other prior studies showed superiorly of

AVS over CT in differentiating subtype of PAL. Sen-

sitivity of CT varies among previous literatures, ap-

proximately 53% in study of Happer R et al
(3)
 and

82% in study of Dunnick NR, et al
(14)

. Direct com-

parison between the two methods in study of

Doppman JL, et al
(15)

 reported only 67% sensitivity

for CT and 92% sensitivity for AVS.

Our study shows about 66.67% sensitivity and

77.78% NPV of CT/MRI to detect APA and 100%

sensitivity and 100% NPV of AVS at cut point ratio

= 2 to detect APA which similar to the study of

Doppman JL, et al
(15)

 that the sensitivity and NPV of

CT are lower than AVS. However, PPV of CT in our

study is higher than PPV of AVS (80% vs 60%) and

can reach 100% in case of macronodule. Similar

results were also suggested by Happer R, et al
(3)

who studies AVS and CT imaging in 34 patients.

This study reported that PPV of CT scan is about

100% and also suggested that if CT imaging of

patients with PAL showed a focal mass, ipsilateral

adrenalectomy could be performed with the expec-

tation of cure. However, if no mass was found on

CT imaging,  AVS could be used to detect an ade-

noma instead.

Some clinician recommended that for the pa-

tient aged below 40 years old, who has an adrenal

macronodule and normal appearance of contrala-

teral gland, no further imaging or evaluation is

needed, and the patient should be referred for

adrenalectomy
(16)

. However, there is no patient

under 40 years old with adrenal nodule had been

included in our study.

AVS is a better alternative for detecting un-

demonstrable nodule because of its high NPV which

sometimes reaches 100% compared to CT and MRI

imaging which produce significantly lower NPV. If

AVS showed no lateralization, patient should be

treated medically. However, If AVS found lateraliza-

tion; surgical treatment should be carefully consi-

dered. Due to low PPV of AVS, it may cause false

positive in adrenal hyperplasia which cannot be cured

by adrenalectomy. Cut point value for lateralization

criteria vary between different institutions. Higher

cut point raised specificity of AVS but decreased

sensitivity. From our study, we can increase the cut

point AVS ratio up to 3 without degrading sensiti-

vity and NPV and also increase specificity to 75%.

However, when the cut point AVS ratio is raised up

to 4, the specificity can be as high as 87.5%, which

equal to CT scanbut decrease sensitivity and NPV.

Zarnegar et al
(18)

 concluded that a CT could

be used to reliably diagnose adenomas larger than

10 mm and that AVS should be used when CT scan

findings are normal or both adrenal glands are ab-

normal.

Our suggestion which similar to study of

Zarneger et al
(18)

 which suggested that if unilateral

adrenal adenoma larger than 10 mm in case of

suspected PAL is found, patient should be decided

to adrenalectomy without performing  AVS. AVS

should be preserved when CT scan findings shows

normal adrenal gland or both adrenal glands are

abnormal. In case of unilateralization found on AVS

and AVS ratio more than 3 should be decided to

adrenalectomy and in case of bilateral disease,

medical treatment is recommended which summa-



THE ASEAN JOURNAL OF RADIOLOGY

May-August 2013, Volume XIX  No.II

98

rized in diagram on Fig 7. However, our study is

limited due to retrospective study with small num-

ber of cases. Further study with increase number of

the patients should be considered.

Conclusion

The results of this study confirm that differen-

tiation of subtype in patients with PAL is most reli-

ably achieved with AVS. However, CT/MRI still has

high PPV in case of detectable unilateral adrenal

nodule, especially the nodule size is more than 10

mm. This patient groups should be referred to

adrenalectomy without performing  AVS. AVS is

suitable for patient who had no adrenal nodule from

CT/MRI imaging. If no lateralization is detected from

AVS, medical treatment should be considered.  And

the cut point of AVS ratio at 3 is a proper value for

differentiating  APA from BAH due to increased PPV

without degrading sensitivity and NPV.
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Unsatisfactory Ultrasound-Guided Fine Needle Aspiration

of Thyroid Nodule: Which Factors Limit Cytology Result?

Pratirop Poonotoke, MD.

Department of Radiology, Lerdsin Hospital,Bangkok 10500, Thailand.

Abstract

Objective:  The purpose of this study is to focus on which factors affect or limit fine-needle aspiration-

cytology (FNAC) results of thyroid nodule, in order to increase the satisfactory cytologic results and to

avoid unnecessary FNAC in patients with asymptomatic benign nodules and highly possible unsatisfactory

results.

Materials and Methods:  The records of 217 thyroid nodules in 179 patients referred to the radiology

department at Lerdsin Hospital for US-guided FNAC between January 2010 and December 2013 were

retrospectively reviewed. Cytologic specimens of the FNAC were classified as unsatisfactory (non-diagnos-

tic) and satisfactory (diagnostic) results and analyzed by mean of Logistic regression analysis, based on

patientûs age, gender, nodule size, number and solid-cystic composition of nodule.

Results: The cytologic result was satisfactory for  diagnosis in  154 specimens (71%) and unsatisfactory

in 63 specimens (29%). Patientûs age, gender, number and size of nodule of the unsatisfactory result group

were not different from the satisfactory result group but the nodule composition was different. Percentage

of the unsatisfactory aspiration increased as the cystic component increased, ranging from 15.3% in solid

nodules to 59.3% in predominant cystic nodules (cystic >75%). Upon the binary logistic regression

analysis, the predominant cystic nodule was the only significant predictor of unsatisfactory result (p-value

< 0.001) while solid nodules, predominant solid nodules and solid-cystic nodules are not significant.

Unsatisfactory FNAC result of the predominant cystic nodules was about 8 times higher than the solid

nodule (crude odds ratio = 8.087, p-value < 0.001).

Conclusion: To optimize the usefulness of FNAC,we should realize that solid-cystic composition of the

thyroid nodules influence the non-diagnostic and diagnostic cytology.
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Introduction

Thyroid nodules represent a common pro-

blem, with an estimated prevalence of 4-10% in the

adult population for palpable nodules
1-3

. The preva-

lence of non-palpable thyroid nodules appears to

be higher with ultrasonographic(US) examination,

approximately 10-40%
1,4
. Most of thyroid nodules

are benign. Only 5-10% of these are malignant.
1,3-5

Unfortunately,no specific sonographic characteris-

tics of malignancy have been published and there

is overlap of sonographic characteristic findings in

benign and malignant nodules.  Fine-needle aspira-

tion cytology (FNAC)) is minimally invasive proce-

dure that is usually performed on an out-patient

basis. Real-time ultrasonography guidance permits

visualization of the needle tip within the nodule re-

sulting in decreased needle misplacement and in-

creased FNAC accuracy of the non-palpable nod-

ules. It has become the standard of care for the

initial diagnostic workup of a thyroid nodule. Al-

though the majority of FNAC are adequate for diag-

nosis, 5-20% are inadequate
1,4,6

. The achievement

of FNAC results requires not only an US guidance

aspiration technique skill to obtain adequate mate-

rial for cytology but also awareness of limitation of

FNAC. The purpose of this study is to focus on

which factors affect or limit material adequacy for

FNAC, based on nodule size,number and US fea-

tures so we can decide which nodules should be

subjected to US-guided fine needle aspiration and

which thyroid nodules need not be subjected to

fine-needle aspiration because of high possibility of

inadequate specimen.

Materials and Methods

We reviewed the records of all patients re-

ferred to the radiology department at Lerdsin Hos-

pital for evaluation of thyroid nodule with US-guided

FNAC between January 2010 and December 2013.

For each thyroid nodule that FNAC was performed,

gray-scale US was used to evaluate the US fea-

tures, which included number, size and composi-

tion .

Maximum diameter of each nodule was reported

and classified as <1 cm ,1.1-2.0 cm and >2 cm.

Number of nodules was classified as single

nodule or multiple nodules on US examination.

In case of multiple nodules, FNAC was per-

formed in the prominent nodule or suspicious nod-

ule.

Composition was classified as a solid, a pre-

dominantly solid nodule (<25% cystic), a solid-cys-

tic (25%< cystic < 75%) and a predominantly cystic

nodule (>75% cystic,including 100% cystic).

US-guided FNAC was performed by the same

interventional radiologist,using a high-resolution (11.5

MHz) linear-array transducer. A 21-gauge needle

with 10 ml disposable syringe was used. A perpen-

dicular puncture was done with limited local anes-

thesia. When the needle tip reached the target

nodule, the needle was observed as a small echo-

genic spot within the nodule on the US monitor.

After the needle tip was placed in the appropriate

area of the target nodule, the needle was moved up

and down with aspiration for a few seconds under

US guidance. After a sample was obtained, it was

smeared promptly onto a glass slide. The smears

were quickly fixed in 95% ethyl alcohol. We ob-

tained 4-6 slides by performing 2-3 punctures from

each nodule.  All specimens were processed using

the Papanicolaou staining method. All slides were

reviewed and interpreted by a cytopathologist at

Lerdsin Hospital.

Cytologic specimens of the FNA were classi-
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fied as unsatisfactory (non-diagnostic) and satis-

factory(diagnostic).

Specimens were considered unsatisfactory

(non-diagnostic) if insufficient cellular material, air

drying artifact or blood contamination was found.

Satisfactory specimens (benign, intermediate and

malignant/suspicious of malignancy) were including

nodular goiter, follicular lesion, follicular lesion with

cystic degeneration, Hashimoto thyroiditis, hemor-

rhagic cyst, presence of atypical cells, suspicious

of papillary thyroid carcinoma.

Results of FNAC of thyroid nodules were ret-

rospectively analysed. The Ethic Committee of

Lerdsin Hospital has approved the study.

Fig. 1  US features of thyroid nodules. A - solid, B - predominantly solid, C -solid-cystic, D - predominantly cystic

Statistics

Descriptive statistics were presented accord-

ing to nodule or patient.  Binary logistic regression

analysis was performed using SPSS software (ver-

sion 17.0, SPSS, Inc., Chicago, IL). Patientûs age

gender and number of nodule (single or multiple)

were analyzed as dichotomous variables. Patientûs

age (10 year interval from 20-29 years to 60-69

years and more than 70 years) , nodule size (<1 cm,

1.1-2.0 cm or >2 cm.)  and solid-cystic composition

(solid , cystic <25%, 25<cystic< 75%, or cystic >75%)

were analyzed as categorical variables. Significance

was accepted at P < 0.05.  Adjusted odds ratio and

crude odds ratio were calculated.
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Results

FNAC of 217 thyroid nodules were performed

in 179 patients (16 men and 163 women), aged

from 20 to 87 years (mean 49.88) The aspiration

was performed twice in 16 patients and three times

in 1 patient on follow-up, due to unsatisfactory cy-

tological result or nodule growth.The indication was

single nodule in 54 patients and dominant nodule

of multiple nodules in 125 patients. In multiple nod-

ules, FNAC of 2 nodules per patient were done in

18 patients and 3 nodules per patient in 1 patient.

A total of 217 cytological diagnoses were reviewed.

The maximum diameter of nodules vary from 0.4-

4.8 cm (mean 2.05 cm. SD. = 0.9651) The cytologic

result was satisfactory for  diagnosis in  154 speci-

mens (71%) and unsatisfactory in 63 specimens

(29%). The demographic and US features were com-

pared between theses 2 groups (table 1). Patientûs

age, gender, nodule composition, nodule size and

number of nodules were evaluated as possible pre-

dictors of an unsatisfactory FNAC. Gender,age, nod-

ule size and number of the unsatisfactory result

group were not different from the satisfactory result

group but the nodule composition was different.

Percentage of the unsatisfactory aspiration increased

as the cystic component increased,ranging from

15.3% in solid nodules, 15.9% in predominant solid

nodules, 23.8% in solid-cystic nodules to 59.3% in

predominant cystic nodules (table 2). Upon the bi-

nary logistic regression analysis, the predominant

cystic nodule was the only significant predictor of

unsatisfactory result (p-value < 0.001) while solid

nodules, predominant solid nodules and solid-cys-

tic nodules are not significant. Unsatisfactory FNAC

result of the predominant cystic nodules (cystic

>75%) was about 8 times higher than the solid

nodule (crude odds ratio = 8.087, p-value < 0.001).

Discussion

Thyroid nodules are very common in the gen-

eral population, but malignancy is relatively rare.

Ultrasonography (US) is increasingly able to detect

thyroid nodules, and the differentiation between

malignant and benign nodules has been raising is-

sues among both physicians and patients. Thyroid

FNAC is a well-established method and its main

goal is to differentiate malignant from benign nod-

ules. Its reliability depends on several factors, such

as the skill of the interventional radiologist or the

experience of the cytopathologist.  Although use of

ultrasonography in FNAC increases significantly the

sensitivity, specificity and accuracy compared with

conventional palpation-guided FNAC
7,8,9

 ,unsatisfac-

tory cytology is frequently troubled.

The aims of our study are to define to which

factors unsatisfactory results are related,in order to

increase the satisfactory cytologic results and to

avoid unnecessary FNAC in patients with benign,

asymptomatic and highly probable unsatisfactory

result.

We used 2 categories (satisfactory and unsat-

isfactory). All patients were recorded for their de-

mographic features, that is, age and gender and US

features of nodules were recorded in the term of

single vs. multiple, size and solid-cystic composi-

tion. In our study, unsatisfactory results were found

in 29%. Almost all of unsatisfactory cytology were

insufficient cellular material for diagnosis. The rests

are limited by air-drying artifact and blood contami-

nation.

We found that the patientûs age, gender, nod-

ule size and number with unsatisfactory cytology

were not different from those with satisfactory cy-

tology and were not the predictive factors for non-

diagnostic specimens (P > 0.05) upon the binary
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Table 1  Demographic and US features between satisfactory and unsatisfactory result groups.

logistic regression analysis. The predominant cystic

nodule was the only significant predictor of unsatis-

factory result (p-value < 0.001).

Cystic composition was a significant pro-

blem in our study, with unsatisfactory specimens

reaching 59% in nodules more than 75% cystic.

We found that the highest proportion of unsatis-

factory specimens occurred in nodules with the

greatest cystic content. In our study, 16 simple thy-

roid cysts were included in the predominant cystic

nodule group and showed no satisfactory cytology,

due to insufficient cellular materials in all cysts. It

could be due to dilution effect of the sample and

scant thyroid follicular cell in the cystic content. In

spite of US-guided FNAC, there is a risk of unsatis-

factory cytology, especially the nodule with promi-

nent cystic portion. We may assume that the unsat-

isfactory cytology is influenced more by lesion com-

position than by mistaken targeting. Aspiration is

normally done when the US shows the tip of needle

in the solid portion of the nodule to avoid aspiration

of the cystic portion. However cystic content is

usually contaminated in the samples, especially in

the greater cystic nodule. It may dilute specimens,

resulting in insufficient cellular material
10
. If the

nodule has a large cystic portion, aspiration of the
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Table 2 Binary logistic regression analysis of patient age, gender, nodule composition ,nodule size and number of

nodules as possible predictors of an unsatisfactory FNAC.
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cystic portion should be done to evacuate fluid.

Then FNAC of the residual solid portion may be

performed. In case of simple cysts, aspiration of

the fluid content is inevitably done and satisfactory

cytology is not expected. Insufficient cellular mate-

rial does not reflect poor aspiration skill in the simple

cyst aspiration.  Most thyroid cysts are benign but

a small number of papillary carcinoma are cystic so

it is reasonable to perform FNAC in thyroid cysts.

About 50-70% of benign cysts do not recur,in con-

trast, all cystic papillary carcinoma recur
10
. Repeated

FNA is suggested if cyst recurs or shows progres-

sive growth on follow-up.

In an ideal settings, slides are immediately

reviewed by an on-site cytopathologist. This allows

immediate feedback regarding specimen adequacy

to the interventional radiologist performing the as-

piration. In less ideal environment, the radiologist

may require skill and training to produce high qua-

lity slides.

Any residual specimen can be dispersed into

an appropriate rinse solution by flushing the needle

to extract all of the specimen for cytologic exami-

nation as liquid-based technique. In the cytopatho-

logy laboratory this material will be spun in a centri-

fuge, and the resulting precipitant will be used to

produce smears. Liquid-based technique appears

to produce more satisfactory slides than the con-

ventional smear
11
.

In our study ,we prepared specimens only with

conventional smear technique which had some limi-

tations related to the low cellularity and bloody back-

ground. No on-site cytopathologist was available

during the procedure.

Besides insufficient cellular materials, air-dry-

ing artifact is one of the causes of unsatisfactory

FNAC. This problem can be easily avoided with

immediate fixation of the smears in 95% ethyl alco-

hol.

Blood contamination may limit the cyto-

pathologist to evaluate the smears, resulting in un-

satisfactory result. In our study, we used a 21-gauge

needle for aspiration with suction technique. Some

have suggested the use of 23-, 25- or 27 gauge

needle and non-suction technique for FNA of mark-

edly hypervascular nodules to produce specimens

that are less bloody
9
. However conventional suction

technique sometimes yields more material
10
. Liquid-

based smear may also show cleaner background
11
.

Not only FNA technique but also specimen

preparation has influenced the diagnostic or non-

diagnostic cytology. The interventional radiologist

who performs the procedure should produce high

quality specimens by improving his skill and tech-

nique for FNA and specimen preparation. Liquid-

based smear may increase diagnostic result from

increasing cellular material, particularly in case of

predominant cystic nodule so liquid-based tech-

nique should be implemented.

Conclusion

To optimize the usefulness of FNAC, we should

realize that solid-cystic composition of the thyroid

nodules influence the non-diagnostic and diagnos-

tic cytology. The appropriate technique of US guided

FNAC and specimen preparation should be tailored

especially in case of the predominant cystic nodule

which has a high possibility of unsatisfactory cyto-

logy.
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A Region at Risk in Endoscopic Sinus Injury
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Abstract

Objective: To determine the olfactory fossa depth according to the Keros classification and determine the

incidence of asymmetry in height and configuration of the ethmoid roof.

Materials and Methods: Retrospective analysis of 75 coronal computed tomography studies of paranasal

sinuses and facial bones were performed. Measurement of the depth of the lateral lamella, classification of

the depth according to Keros type and determination of the asymmetries in the ethmoid roof depth and

configuration were done.

Results: The mean height of the lateral lamella cribiform plate (LLCP) was 2.15+1.29 mm. The cases were

classified as 87.33% Keros type1 and 12.67 % as Keros type 2. No Keros type 3 was found .There was

asymmetry in the LLCP height of 33.33% of cases and a configuration asymmetry in 8% of the cases.

No significant difference between the mean height and distribution of Keros type between gender and

laterality were also found.

Conclusion:  As regards the olfactory fossa depth, the Keros type 1 was most frequently found. Asymme-

try in the depth and configuration were detected in 33.33 and 8% respectively. Risk of inadvertent

intracranial  entry through the lateral lamella among Thai may be lower than other studies with majority of

cases classified as Keros type 2 or 3.

Keyword:  Ethmoid roof, Keros type
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Introduction

Endoscopic sinus surgery (ESS) is now con-

sidered as the treatment of choice for chronic

rhinosinusitis which is resistant to medical treat-

ment as well as for other diseases such as muco-

cele, nasal polyposis, sellar and parasellar tumors,

choanal atresia, and optic nerve decompression.
(1)

There may be intraoperative complications because

this surgery is performed in a complex anatomy.

The complications are categorized into minor and

major types. Minor complications occur in 1.1-20.8%

of the cases which are hemorrhage, infection, co-

hesion, narrowing in the ostium, insensitivity the teeth

or lips and the relapse of the disease. The major

complications are cerebrospinal fluid leakage, ocu-

lar trauma, meningitis or intracranial penetration which

occur in 0-1.5% of cases.
(2-4)

Most of major complications are related to

surgical manipulation of the ethmoid and frontal

sinuses. The roof of the ethmoidal labyrinth is formed

by the fovea ethmoidalis; an extension of the frontal

bone orbital plate separating the ethmoidal cells

from the anterior cranial fossa. It connects with the

lateral lamella of the cribiform plate (LLCP), the thin-

nest bone of the skull base.
(5,6)

 The fovea ethmoidalis

and the lateral lamella both are the most vulnerable

skull base to be injured during ESS.
(6,7)

 In 1962,

Keros determined the depth of the olfactory fossa

into 3 types according to the height of the lateral

lamella as Table 1.

Depending on the Keros type,the greater the

depth of olfactory fossa, the higher the risk of its

penetration into the anterior cranial fossa is.
(8)
 Be-

sides the depth of olfactory fossa, one factor which

may cause surgical difficulties is the configuration

of the ethmoid roof. Asymmetry of the height of the

ethmoid roof between two sides must be deter-

mined as well as the variation in their contour. The

shape of the contour is identified by the angle at

which the fovea ethmoidalis joins with the cribiform

plate. It may be straight or in the shape of a broken

wing if the angle increase.
(9)
 This angulation may

result in surgical difficulties. That is why the know-

ledge about the complex skull base anatomy and

variation is essential for pre-operative evaluation in

endoscopic nasal surgeries.

Computed tomography (CT) has become the

potential investigation not only to evaluate of sinona-

sal disease, but also to be a road map in characte-

rization of the paranasal sinus anatomy in the plan-

ning of ESS.
(8)

The reasoning of this study are evaluation the

depth of the olfactory fossa, characterization them

according to Keros classification, and determina-

tion the asymmetry of the ethmoid roof. The end

goal is to gather this knowledge for the surgeons in

an effect to reduce the surgical complications.

Table 1  Three types of Keros classification according to the height of lateral lamella
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Materials and Methods

Retrospective analysis of all paranasal sinus

an facial bone CT acquired in the period between

June 2013-May 2014 in Lerdsin General hospital

were done. The exclusion criteria were patients un-

der the age of 16, previous history of trauma or

surgery in the paranasal sinuses or skull base,

sinonasal tumor and serious rhinosinusitis. Seventy

five CT studies were included in this study. This

study was approved by the Human Ethics Commit-

tee of Lerdsin General hospital.

All CT studies were performed using a 64 multi-

slice CT equipment. (Somatom Definition AS Siemen)

The  technical parameter are shown in Chart 1.

Only coronal images were utilized in this study.

The images were acquired perpendicular to the hard

palate from the anterior margin of the frontal sinus

to the anterior margin of the clivus. All images were

evaluated by the same radiologist. The ethmoid roof

measurement was performed manually using a digital

screen. The standard anatomic points were deter-

mined such as the medial ethmoid roof point, the

cribiform plate point and the infraorbital nerve point.

Measurements were performed using the dis-

tance measurement technique in the coronal plane.

The horizontal line crossing between both infraor-

bital neural foramen were performed. The vertical

line drawn from the medial ethmoid roof to the hori-

zontal plane was measured and defined as the medial

ethmoid roof height (MEH). The length of a vertical

line from the cribiform plate to the horizontal line

was defined as the cribiform plate height (CPH).

The height of the lateral lamellar (LLH) was the

result of subtracting the CPH from MEH. (fig 1a)

Measurements were compared between the

right and left side and categorized according to

Keros classification (fig 1c, d) and their distribu-

tions were analyzed according to gender. Mean

height of the lateral lamellar (LLH) with standard

deviation were calculated. All differences in means

were analyzed using standard T test. Difference in

the distribution of Keros classification according to

laterally and gender were tested by Fisherûs exact

test whichever was appropriate p-value less than

0.05 were considered significant.

The configuration of the ethmoid roof was

evaluated a having straight or significant broken

wing type. (fig 1b) The asymmetry of the roof was

calculated in depth differences and divided into 3

categories; 1) right side deeper than left, 2) left side
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Fig 1: a: Measurement of the depth of the lateral lamella in a coronal paranasal sinus CT scan

b: Measurement of angulation

c: Example of Keros type 1 with angulation

d: Example of Keros type 2
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deeper than right and symmetrical right and left

side.

Results

CT scans of 75 patients (150 sides) were ana-

lyzed. There were 51 males (68%) and 24 females

(32%). The average age of the patients was 40.91

(17-77) which of the male and female were 49.83

and 36.71 respectively.

The height of the lateral lamellar cribiform plate

(LLCP) {N=150} range from 0-6 mm. The average

height of LLCP was 2.15+1.29 mm and 2.16+1.35

and 2.13+1.15 mm for the right and left side res-

pectively. [Table 1]

There were no statistic difference between the

average right and left LLCP height in both men,

women and overall. (p=0.243, 0.242 and 0.741). Com-

parison between gender, there were also no statis-

tic difference of average of LLCP height. (p=0.078)

When the LLCP height  of  right and left side

were compared for each individual, asymmetrical

height between two sides were found in 33 cases

(30.67%). The average height difference was 0.39

mm. which was no statistic difference between the

gender. The distribution of the difference between

two sides according to gender is presented in Table

2.

According to Keros classification, the LLCP

height were classified into Keros type1 in 131 sides

(87.33%) and Keros type 2 in 19 sides (12.67%).

There was no Keros type 3 found in our study. No

significant difference between male and female in

term of Keros classification type (Fisher exact test

p=0.80). The distribution and percentage values of

Table 1  Average+standard deviation of LLCP height according to gender and laterality

Table 2  Distribution and percentage values of the right and left LLCP height difference according to gender
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the LLCP height according to Keros type are shown

as in Table 3.

The average LLCP height of each Keros type

was calculated as in Table 4. There was only statis-

tic difference in average height of Keros type 2

between gender. (p=0.05)

For each individual different Keros type were

seen in 3 cases (4%), 2 male and 1 female. Con-

figuration asymmetry in the fovea ethmoidalis were

found in 6 cases (8%) which one case shown bila-

terally. (Table 5)

Table 3  Distribution and percentage values of the LLCP height according to Keros classification

Table 4  Average height of the LLCP according to Keros classification between gender

Table 5  Distribution and percentage of the LLCP height symmetry-asymmetry
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Table 6  Distribution and percentage of Keros classification in different studies.

Discussion

With advanced in ESS, CT study has been an

important tool for preoperative evaluation together

with the clinical examination and nasal endoscope.

With CT study, determining the depth of the eth-

moid roof is crucial for planning the upper limit of

the dissection and providing a road map for the

surgical procedure and assisting in avoidance sur-

gical manipulation.

In anatomical study of 450 skulls by Keros,

type 1 was found in 12%, type 2 in 70% and type

3 in 18 %.

As compared to Keros study, we find the dif-

ference in the distribution of the Keros type. Our

study shows that Keros type 1 is the most frequent

type, 89.33%, followed by type 2, 12.67%. There is

no type 3 at all. Our finding is the same as Paber et

al study in Philippine (109 patients) which classified

81.6% of the sides as Keros type 1 and 17.9% as

type 2. Only 1 case (0.5%) was classified as type

3.Distribution and percentage of Keros type in dif-

ferent studies are seen in Table 6.

The average of the LLCP height in our study

is 2.15 mm. The study from Philippines showed 2.11

mm.

Melani et al determined the mean LLCP height

to be 5.9 mm. in subjects from Italy. Alazzawi et al

found a mean height of 2.64 mm. in the study from

Malaysia, China and India and Kaplanoglu et al

reported a mean height of 4.92 mm. from Turkey.

Analysis the results from Table 6 and average

values of LLCP height from many studies support

and strengthen the hypothesis that the ethmoid roof

configuration varies between populations.

Comparison between gender,our study shows

no different regards to the mean LLCP height or in

terms of the distribution of Keros classification. These

findings are the same as Kaplanoglu et al study.

There is also no significant difference between

the mean height or distribution of Keros type of the

right and left side. Therefore the risk of intracranial

entry through the lateral lamella during ESS is the

same regardless of laterality.

About the ethmoid roof configuration, there



Computed Tomography Analysis of the Ethmoid Roof: A Region at Risk in Endoscopic Sinus Injury 115

are 36.7% of cases that show different in LLCP

height. However there are only 8% of cases that

show angulation of the ethmoid roof.

In conclusion, this study evaluates the height,

classification and configuration of the ethmoid roof

and analyzes the difference between gender and

side. In this study, Keros type 1 is the most fre-

quent type. Only 8% of cases showing angulation

of the ehmoid roof is observed. That means there

may be low risk of inadvertent intracranial entry

during ESS procedure in Thai patients. However the

sample size is not enough to represent Thai people.

Further collection of cases is recommended. More-

over the careful pre-operative evaluation of the

anatomy of each patient is still crucial for the sur-

geon. The LLCP height and presence of ethmoid

roof asymmetry must be included in the routine

description of CT reports.
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Abstract

Introduction

Madelungûs disease is a rare condition char-

acterized by the growth of fatty masses in different

parts of the body in a very specific pattern or dis-

tribution. The disease frequently affects men with a

Mediterranean origin between the ages of 30 and

70 with a history of alcohol abuse. Non-alcoholics

and women are also affected. The signs and symp-

toms are varying greatly from person to person.

The disease may cause cosmetic deformity, move-

ment limitation, and peripheral neuropathy. The se-

rious complication is airway obstruction. The dis-

ease is benign condition that unknown cause but

most strongly associated with alcohol consump-

tion. However, there is a reported case in which

became liposarcoma.  The treatment might include

reduced alcoholic intake, correct metabolic condi-

tions and surgery to remove lipomas in cases of

mass effect or cosmetic concerned(1). We report

two cases of the Madelungûs disease in Asian coun-

tries and review the radiological findings.

Case report

Case 1

A 43-year old man presented with painless

left neck mass with progressive growth for 1 year.

The physical examination revealed an ill-defined mass

at left upper neck and submandibular area approxi-

mately 6 cm and an ill-defined mass at right upper

neck about 3 cm, other ENT examinations are within

normal limits. No neurological deficit or muscular

weakness is noted. Past history of heavy alcohol

consumption for 20 years and was a nonsmoker.

No other underlying disease was noted.

Laboratory test results were the following: Hb

12.8 g/dl ; Hct 40%; MCV 82.3 fl; MCH 26.2 pg;

MCHC 31.8 g/dl; RDW 15.5%; WBC 8540/mm3 (Neu

67%, mono8%, lymph 23%, Eos 1%) ; platelet

222,000/mm3; Anti-HIV negative. A liver ultrasound

showed mild liver enlargement with diffuse fatty in-

filtration.

Multi-Detector Computed Tomography (MDCT)

scan showed excessive fat deposit diffusely in sub-

Madelungûs disease or Benign symmetric lipomatosis is the rare disease that is the one of differential

diagnosis of palpable neck mass that easily diagnosis by CT imaging. We report two cases of this

condition and review the radiological findings.

Key words: Maldelungûs diseases, Multiple symmetric lipomatosis (MSL), Launois-Bensaude Syndrome
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cutaneous tissue of the anterior part of neck (su-

prahyoid, infrahyoid, interclavicular and superior

mediastinal regions), both cheeks, bilateral carotid

spaces, above and below bilateral sternocleidomas-

toid muscles, bilateral posterior triangles, paraspinal

muscles and posterior aspect of the neck and bilat-

eral supraclavicular regions, predominately at left

sided. A clinical diagnosis of Madelungûs disease

type I was made. (Figure 1A-H)

Since our patient was asymptomatic, no sur-

gical treatment was proposed. He was started on

lipid-lowering therapy and referred to an alcohol

detoxification program.

Case 2

A 47-year old man presented with bilateral

cervical neck masses for 2 years. No dysphagia,

odynophagia or weight loss was noted. The patient

had a history of longstanding alcohol consumption

more than 10 years and was a nonsmoker. The

physical examination showed generalized soft tis-

sue masses at both cervical necks. The ENT exami-

nation was normal. Both lungs were clear. No neuro-

logical deficit or myelopathy.

The Laboratory results were only; BUN = 12

mg/dl, Cr = 0.75 mg/dl and eGFR = 118.84 cc/min.

Multi-Detector Computed Tomography (MDCT)

scan revealed generalized excessive fat density

deposition at chin, cervical paraspinal and surround-

ing all anterior, lateral and posterior necks without

definite mass, cyst or calcification.  The clinical di-

agnosis of Madelungûs disease type I was also noted

(Fig 2A-F). This patient was also asymptomatic, just

reassuring and no surgical treatment was performed.

He was started in a reduced lipid and alcohol in-

takes and exercise program.

.

Figure.1 1A - 1D axial views and Figure. 1E - 1H coronal reconstruction of CT study showed excessive fat deposit

diffusely in subcutaneous tissue of both cheeks and bilateral carotid spaces (small white arrow), the anterior

part of neck (arrow head) , above and below bilateral sternocleidomastoid muscles (blank arrow), paraspinal

muscles, bilateral posterior triangles (yellow circle) and posterior aspect of the neck (star), predominately on

the left sided.
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Figure. 2. 2A - 2D Axial CT scan, Figure 2E and 2F Coronal reconstruction MDCT scan of the neck revealed

generalized excessive fat density deposition at both cheeks (star), chin (arrow head),  paraspinal region

and surrounding all anterior, lateral and posterior necks (small white arrow)
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Discussion

Multiple symmetric lipomatosis was first de-

scribed in 1888 by the German surgeon Otto

Maldelung. Several years later, Lanois and Bensaude

described a further case series of the same entity,

which is now referred to as Madelungûs disease,

Launois-Bensaude syndrome, benign symmetric lipo-

matosis or cephalothoracic lipodystrophy(2,3). This is

a rare disorder of unknown cause. In reported case

series, up to 90% of patients have a history of

chronic alcoholism, and there is a strong male pre-

dominance (4). There is a predilection for people from

the Mediterranean(2,5) and not much in oriental coun-

tries(6). The signs and symptoms of Madelungûs di-

sease vary from person to person. The deposits

present in the disease typically occur around the

face, the back of the head, the neck, the upper

arms, the abdomen, and the back and upper parts

of the leg in a very specific pattern or distribution,

rarely tongue, mediastinal or below knee involve-

ment occurs. Often, the disease has a period of

rapid growth following by a period of stabilization,

without spontaneous resolution. Unlike the usual

lipoma, these benign fatty masses are not enclosed

within a membranous capsule with very distinct

boundaries that are often dismissed as simple obe-

sity. It has been divided into three types: Type I or

diffuse lipomatosis of the neck (horsecollar lipomata);

Type II or multiple symmetric lipomata of the shoul-

der girdle, the upper arms, the thorax, the thighs

and sometimes the abdomen (pseudoathletic ap-

pearance); and Type III or a rare type with prepon-

derance of the lipomatosis in the thigh girth (gyne-

coid type).  Women tend to have Type II and III(7).

The most common complaint is the significant cos-

metic deformities. However, some patients also com-

plain of movement limitation and neurological dis-

turbances such as weakness, areas of paresthesia

as well as autonomic nervous system manifesta-

tions such as unusual flushing and sweating (par-

ticularly after eating), wide fluctuations in blood pres-

sure and heart rate, adult onset asthma, glucose

intolerance, gastrointestinal problems (particularly

nocturnal diarrhea), difficulty swallowing, hoarseness,

sleep problems and foot problems such as ulcers

on the plantar surface of the foot or spontaneous

fractures of small bones. The only serious condition

is laryngeal involvement causing respiratory obstruc-

tion. The prognosis is probably more dependent on

the associated alcoholism.

The differential diagnosis includes obesity, ste-

roid adiposity, harmartomatous polyposis, adiposis

dolorosa (Dercumûs disease: multiple painful lipo-

mas) and lipomas. There is also one reported case

of spontaneous transformation of Maldelungûs dis-

ease into liposarcoma. From the radiological point

of view, this can be problematic because of diffi-

culties in distinguishing between lipoma and well-

differentiated liposarcoma(2).

The exact cause of Madelungûs disease re-

mains unknown, but several theories have been pro-

posed. The condition may also relate to another

type of an enzyme defect, or a change in the sur-

face of cells, that prevents the breakdown of fat.

Some study suggests that the disease is an endo-

crine disorder due to inability to properly metabo-

lize fat in affected individuals. One published data

suggest that children with similar findings might have

an underlying mitochondrial dysfunction(2). There have

been some cases reported among women as well

as in nonalcoholic males and females. Alcohol con-

sumption may play an important role in any of these

potential causes. Blood studies tend to be quite

normal. CT scan and MRI demonstrate the pres-
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ence of the fatty masses that helpful in diagnosis.

However, biopsy of a fatty mass with underlying

muscle tissue, and the identification of specific pa-

thology, is significant in confirming a diagnosis(8).

The most effective treatment for Madelungûs

disease is surgery (surgical excision and/or

liposuction). Liposuction has gained popularity in

more recent years due to its minimal scarring, less

invasive, technically easier, and better suited for in-

dividuals with a higher surgical or anesthetic risk

but its limitation for inadequate aspiration of lipoma.

Some researchers believe it is unnecessary to take

surgical risk because the condition is usually benign.

The surgical excision should be limited to those

with airway compression or severe cosmetic defor-

mities. Reportedly, it is rarely possible to remove

the lipomas completely. Some studies have reported

successful treatment with salbutamol, which in-

creases the breakdown of lipids (lipolysis). Abstain-

ing from alcohol intake, weight loss, and correction

of any associated metabolic/endocrine abnormali-

ties are recommended (1).

Conclusion

Madelungûs disease is a rare benign slowly

progressive disorder but associated with a signifi-

cant morbidity and mortality, particular respiratory

obstruction. Surgical treatment should be performed

only in case of airway compression or severe cos-

metic deformities. Abstinence from ethanol inges-

tion and corrected metabolic disorder could relief

the affectation.
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Case Report

Cerebral Hemorrhage and Femoral Neck Fracture as Initial

Presentations of Hepatocellular Carcinoma

Abstract

Hepatocellular carcinoma (HCC) is the most common primary liver tumor and one of the most

common causes of cancer-related death in Thailand, particular in male. Extrahepatic metastases are

common but usually diagnosed after detection of HCC. These reported cases presented with cere-

bral hemorrhage and femoral neck fracture which are rare initial presentations of HCC.

Patanee OûCharoen, MD.

Division of Radiology, Bangkok Metropolitan Administration General Hospital, Department of Medical Services, Bangkok

Metropolitan Administration, Pomprap, Pomprapsattrupai, Bangkok 10110, Thailand

Introduction

Hepatocellular carcinoma (HCC) is the most

common primary liver tumor and one of the most

common causes of cancer-related death worldwide,

particular among males in Asia-Pacific region in-

cluding Thailand.
1-5

  This may be related to high

prevalence of hepatitis B virus and hepatitis C virus

nfections in this region.
6
 HCC is a devastating tu-

mor known for its propensity to directly invade the

portal and hepatic veins, but lymphatic and distant

metastases are not rare, especially in tumors greater

than 5 cm.
7
 Extrahepatic metastases are seen in

13-64%, and common metastatic sites are lungs,

lymph nodes, bones and adrenal glands, respec-

tively.
8-11

 Brain metastasis from HCC is extremely

rare with a reported frequency ranging from 0.2-

2.2%, with utterly poor prognosis.
12-15

 Bone metasta-

sis is commonly seen in the vertebrae.
9,16,17

 It is

usually diagnosed after detection of HCC, and rarely

developed pathological fracture as the first clinical

manifestation.
17-21

Case reports

Case I : Thai male presented with left hemi-

paresis. CT scan of the brain revealed a 4 cm round
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Fig 1. Axial CT scan of the brain (A) revealed a 4 cm round hyperdense lesion at right high frontal lobe. The lesion

showed mostly iso SI on T1-weighted image (B), mixed SI on T2-weighted image (C) and enhancement after

gadolinium administration (D). Perilesional edema is evident.

Fig 2. Axial T1-weighted image (A), post gadolinium T1-weighted image with fat saturation (B), T2- weight image (C),

and FLAIR (D) demonstrated a 0.8 cm round lesion at posterior aspect of right parietal lobe (arrows) showing

same SI as the large lesion in right frontal lobe with homogeneous enhancement and surrounding edema.
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hyperdense lesion with perilesional edema at right

high frontal lobe consistent with hemorrhage (Fig

1A). MRI of the brain (Fig 1B-D) showed a 4x3.3 cm

lesion at right high frontal lobe showing slightly low

signal intensity (SI) on T1-weighted image, dark SI

on T2-weighted image, FLAIR and gradient echo

image with areas of high SI at anteromedial aspect,

rim enhancement and small area of enhancement

at anterior aspect. Marked surrounding edema was

observed causing effacement of adjacent cortical

sulci and midline shift to the left about 0.4 cm.

There was a 0.8 cm round lesion at posterior as-

pect of right parietal lobe showing same SI with

intense homogeneous enhancement and mild sur-

rounding edema (Fig 2). These two lesions were

considered hemorrhagic metastases.

Laboratory findings showed positive HBsAg,

Anti HBs, Anti HBc, Anti HCV, and negative HBeAg.

Tumor markers were as following : AFP 5268

(0-7.02) ng/ml, PSA 0.51 (0.59-2.0) ng/ml, CA19-9

102.40 (0-37) U/ml, CA125 84.41 (0-35) U/ml, CEA

4.62 (0-4.6) ng/ml.

CT scan of the abdomen revealed multiple

hepatic masses showing arterial enhancement and

rapid washout. The largest mass was in right he-

patic lobe (Fig 3). CT scan of the chest showed

multiple nodules in both lungs consistent with pul-

monary metastases (Fig 4).

Fig 3. Post-contrasted CT scan of the abdomen, arterial phase (A) and venous phase (B) revealed a large mass at

right hepatic lobe showing arterial enhancement and rapid washout (arrows).

Fig 4.  CT scan of the chest showed multiple nodules in both lungs (arrows).
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Right frontal parasagittal craniotomy with clot

and tumor removal was performed. Pathological and

immunohistochemical report showed metastatic

adenocarcinoma and the most possible diagnosis

was HCC. Patient received whole brain radiation

after surgery and the patient died a few months

later.

Case II : A 55-year-old, Thai male presented

with right hip pain after sound at right hip while

wearing slacks for 2 weeks. He has underlying dia-

betes mellitus and hypertension. Plain radiograph

of right hip revealed osteolytic lesion at femoral

neck with pathologic fracture (Fig 5).  Hemi-

arthroplasty of right hip was performed and patho-

logy revealed anaplastic cells in organoid patterns,

suggesting HCC.

Laboratory findings revealed RBC 2.53x

1,000,000/mm
3
, Hb 8.1 g/dl, Hct 23.2%, WBC 12.8

x1,000/mm
3
 (neutrophil 78.1%, lymphocyte 10.9%,

monocyte 9.2%, eosinophil 0.9%, basophil 0.9%),

platelet count 641,000/mm
3
, total protein 7.0 (6-8)

g/dl, albumin 3.0 (3.5-5.6) g/dl, globulin 4.0 (1.3-3)

g/dl, total bilirubin 1.44 (0-1.5) mg/dl, direct bilirubin

0.27 (0-0.5) mg/dl, indirect bilirubin 1.17 (0-1) mg/

dl, AST 72 (0-35) U/L, ALT 23 (0-43) U/L, alkaline

phosphatase 406 (39-117) U/L, Anti HIV-non reac-

tive, CEA 9.04 (0-4.6) ng/ml, CA 19-9 152 (0-37)

U/ml, AFP 70.24 (0-7.02) ng/ml, PSA 0.334 (0.75-

3.1) ng/ml.

He developed ascites and right leg edema

after operation. Ultrasonography of abdomen was

performed and revealed heterogeneously increased

parenchymal echo of the liver with a 6.4x4.9x4.8

cm hyperechoic mass with central low echo at left

hepatic lobe (Fig 6) and ascites. CT scan of whole

abdomen demonstrated hepatic cirrhosis with a

5.8x4.3 cm mass with central necrosis at left lobe

(Fig 7). Right portal vein thrombosis with caver-

nous transformation was observed. Moderate as-

cites and minimal right pleural effusion were seen.

Patient readmitted with anemia, abdominal

distension, infected wound and electrolyte imba-

lance, and died two months after surgery.

Fig 5. Plain radiograph of right hip revealed osteolytic lesion at femoral neck

with pathologic fracture (arrow).
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Fig 6. Ultrasonograpphy of abdomen, axial (A) and sagittal (B) showed heterogeneously increased parenchymal echo

of the liver with a 6.4x4.9x4.8 cm hyperechoic mass with central low echo at left hepatic lobe (arrow)

Fig 7. Post-contrasted CT scan of abdomen, arterial phase (A) and venous phase (B) revealed a mass at left hepatic

lobe showing  arterial enhancement with rapid washout and central necrosis (black arrows). Right portal vein

thrombosis with cavernous transformation is shown (white arrows) with heterogeneous enhancement of he-

patic parenchyma. Ascites is visualized (*).

Discussion

HCC is still a fatal disease possibly associ-

ated with the advanced stage at which the disease

is usually diagnosed.
4,11

 HCC spreads locally and

metastasizes distally by hematogenous and lym-

phatic routes. Common metastatic sites are lungs,

regional lymph nodes, bones and adrenal glands.

Brain and bone metastases as the initial manifesta-

tions are extremely rare.

Most of the brain lesions showed hyperdensity

on non-contrasted computed tomography and ho-

mogeneous enhancement after contrast material

administration, with perifocal edema. Some presented

with intracerebral hemorrhage and some had skull

involvement.
14,22

 The reported Case I manifested with

intracerebral hemorrhage with perifocal edema, with-

out skull involvement.

There was no survival difference according to
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gender, age, control of HCC, liver function, levels of

AFP, CEA and CA19-9, hepatitis virus B infection,

intracranial hemorrhage, location and number of brain

lesions, and interval between diagnosis of HCC and

brain metastasis.
12 

Bone metastases from HCC

ranged from 3% to 20%.
17
 The incidence of HCC

with bone metastasis at the time of initial diagnosis

was around 5%.
20
 The most common sites of bone

metastases were the vertebra, followed by the pel-

vis, rib and skull.
17
 All the lesions were osteolytic

type.
8,9,17-21

 The reported Case II presented with

osteolytic lesion at femoral neck and pathological

fracture.

In conclusion, brain metastases from HCC are

fairly rare and it is even rare to find them as initial

manifestation of HCC. Although bone metastasis is

not uncommon but it is also rare to find bone me-

tastasis as the first overt manifestation of HCC. The

reported cases presented with cerebral hemorrhage

and fracture femoral neck as initial manifestations

of HCCs, thus, patients present with osteolytic bone

lesions or hemorrhagic brain metastases, HCC should

be included in the differential diagnosis, particular

in Thai male.
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Case Report

Reports of Four Cases of Hypertrophic Olivary Degeneration

in King-Chulalongkorn Memorial Hospital from August

2010 to November 2011

Abstract

We report four cases of hypertrophic olivary degeneration (HOD) , the first three cases after pontine

hemorrhage from cavernous malformation, arteriovenous malformation (AVM) and hypertension and the

latter one after surgery for removal of Non-Hodgkin lymphoma (NHL) involving dentate nucleus. The

magnetic resonance (MR) features of all cases and diffuse tensor imaging (DTI) with fiber tractography

findings in one case are described as well as discussion and review literature of this uncommon condition

are performed.

Keywords: Hypertrophic olivary degeneration, Dentato-rubral-olivary pathway.

Pra Urusopone M.D., Sasitorn Petcharunpaisan M.D., Sukalaya Lerdlum M.D.

Department of Radiology, King-Chulalongkorn Memorial Hospital, Bangkok, Thailand

Introduction

Hypertrophic olivary degeneration (HOD) was

first described by Oppentieim in 1887.
(1)
 It is a

transynaptic degeneration after injury to the neu-

ronal connections in the dentatorubral olivary path-

way or Guillian-Mollaret triangle (GMT) and is re-

garded as a unique morphologic type of neuronal

degeneration because of hypertrophy rather than

atrophy of the affected neurons within the inferior

olivary nucleus (ION).
(2)

Clinically patients may develop signature syn-

drome: palatomyoclonus  or cyclic jerk at the soft

palate, dentatorubral tremor or ocular nystagmus 
(3)

The MR imaging features are enlarged size

and increased signal intensity (SI) of the ION on

T2- weighted image (T2 WI). On DTI there was a

report of decreased volume and the fractional anisot-

ropy (FA) value of the central tegmental tract at the

same side of the affected ION by R. Shah et al in

Oct 2010.
(4)
 Another report on 2011 also demon-

strated dynamic changes of signal intensity and DTI

parameters in all anatomic components of the af-

fected GMT.
(5)

For radiologists, familiarity with the characte-

ristic features and understanding the pathophysio-

logy of this degeneration will protect them not to

misinterpret this condition as other lesions such as

infarction, tumor or demyelinating diseases. In addi-

tion, recognization and prompt diagnosis of this

condition lead to the appropriate counseling and

treatment for the patients who may develop de-

layed symptoms.
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Results

Case 1 :

History : A 32 year old woman with history of

bleeding cavernous hemangioma at right sided pons

on January 1998. She had underwent suboccipital

craniectomy with removal blood clot. Post opera-

tion she had developed right lateral rectus and fa-

cial palsy. She had lost follow up since 2003.

On October 2010, she went to the hospital

because of vertigo and diplopia. On neurologic

examination, she still had right sixth and seventh

cranial nerve palsy. Left torsional nystagmus was

also detected. No cerebellar sign or palatomyoclonus

was observed.

Imaging : MRI of the brain showed a well

defined oval shaped low SI on T1WI and hyper SI

on T2 WI with hemosiderin rim at right lateral as-

pect of dorsal pons with minimal enhancement at

the medial part, representing the prior residual bleed-

ing cavernous hemangioma. (Fig.1) The right infe-

rior olivary nucleus (ION) revealed iso SI on T1WI

and hyper SI on T2WI and FLAIR without restricted

diffusion or contrast enhancement, compatible with

HOD. There was also left cerebellar atrophy. (Fig. 2)

Fig.1 A) T1WI reveals : a well defined hypo SI with hyper SI rim at right sided dorsal pons.

B) T2WI : There is also a hemosiderin rim around the hyper SI lesion.

C) T1WI with contrast  shows  enhancement at medial part of the lesion.

The findings are compatible with previous bleeding cavernous angioma.
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Fig.2 A-F : T1WI, T2WI, FLAIR, T1WI with CE,DWI and ADC reveal  an iso SI lesion on T1WI, hyper SI on T2WI and

FLAIR without contrast enhancement at right inferior olive. This lesion shows no restrict diffusion or enlarge-

ment, so HOD is compatible. There is also evidence of left cerebellar atrophy.
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Fig.3 A-C : Axial T1WI,T2WI and T1WI with contrast studies

reveal a surpigenous flow void lesions with hemosiderin rim

and tortuous contrast enhancement at left sided dorsal

pons. DSA (not shown) also demonstrates multiple feeding

arteries, nidus and draining veins, so AVM with bleeding is

likely.

D-E : Axial and coronal T2WI reveal enlarged size of left

inferior olive with hyper SI which  is suggestive of HOD. At

coronal T2WI there is also demonstrated an inciting lesion

(AVM with bleeding) involving left central tegmental tract.

Case 2 :

History : A 30 year old man presenting with

diplopia for 2 years after history of intracranial

bleeding. On neurologic examination he had bila-

teral horizontal rotary nystagmus. No ataxia or

palatomyoclonus was observed.

Imaging : MRI revealed a serpigenous flow

void lesion at left sided pons and pontomedullary

region and a well defined lobulated lesion with hypo

SI on T1WI, mixed hyper and hypo SI on T2WI and

blooming SI on GRE T2*WI at left dorsal pons ex-

tending  to left sided tegmentum of midbrain.  DSA

findings also demonstrated multiple feeding arter-

ies and draining veins which are highly suggestive

of AVM with previous bleeding. There was also evi-

dence of left HOD, showing enlarged size of ION

with iso SI on T1WI and hyper SI on T2WI. (Fig. 3)
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Case 3 :

History : A 75 year old woman with history

of a right cerebellar mass detected on December

2009. The patient had had right suboccipital craniec-

tomy with removal tumor. Post operation there had

been hematoma at surgical bed. Pathologic result

had concluded of NHL. So the patient had been

treated by whole brain radiation. During follow up,

the patient developed right facial palsy and right

pronator drop without palatomyoclonus.

Imaging : First MRI on August 2010 had shown

gliotic change at right cerebellum passing through

right dentate nucleus without leptomeningeal en-

hancement. So post operative change without re-

current tumor had been concluded. There had been

enlarged size of left ION with iso SI on T1WI and

hyper SI on T2W, showing no restricted diffusion or

contrast enhancement. (Fig. 4) Second MR findings

of left ION on January 2011 were the same to the

first study. So left HOD was diagnosed. (Fig. 5)

Fig.4 Case 3: First MRI : A-B ) Axial T1WI and T1WI  with contrast : Evidence of slitlike hypo SI on T1WI without

contrast contrast enhancement at  right dentate nucleus is detected. C)Coronal  GRE T2*WI also reveals hyper

SI with blooming artifact . These findings are suggestive of encephalmalacia with previous bleeding .
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Fig.5 A-C) Axial T1WI,T2WI and FLAIR reveal prominent sized left

inferior olivary nucleus with hypo SI on T1WI and hyper SI on

T2WI and FLAIR . This lesion shows no contrast enhancement or

restricted diffusion on DWI.

D) Follow up T2WI on Jan 2011 still demonstrates enlarged left

inferior olive with hyper SI. So HOD is likely.

Case 4 :

History : A female , 64 year of age, with his-

tory of hypertensive pontine hemorrhage and a small

right parasagittal meningioma two years ago. She

had underwent craniectomy with removal  the men-

ingioma on February, 2010. Five months later, she

presented with pontine hemorrhage  again.

Imaging : CT findings on September, 2010

showed a hematoma at pons. (Fig.6) MRI on No-

vember 2011 revealed an evidence of hemosiderin

deposit along transverse pontocerebellar fibers and

dorsal part of pons which was compatible with prior

pontine hemorrhage. Prominent size of left ION and

signal intensity change representing HOD was also

found (Fig.7)

DTI and fiber tractography were performed by

placing regions of interest (ROI) on axial slices at

five levels. The first level at upper part of midbrain

was used for ROI of both red nuclei and then fiber

tractography were generated . Evidence of relatively

thin left central tegmental tract was detected. (Fig.8)

The second level at upper part of pons was used

for ROI of both superior cerebellar peduncles. The

third to fifth level were at pons through the fifth

nerve entry zone for both central tegmental tracts,

at medulla through the inferior cerebellar peduncle

for both ION and at pons through the middle cere-

bellar peduncle for both dentate nuclei respectively.

(Fig.9) The average FA and apparent diffusion
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Fig.6  Case 4 A-B) Axial NCECT reveals a hematoma at dorsal pons and right sided midbrain

Fig.7 Case 4 A-C) Axial T2WI and

coronal GRE T2WI reveal

hemosiderin deposit at dorsal

aspects of pons representing

prior pontine hemorrhage.

D-E) Axial and coronal T2WI

also demonstrates enlarged size

and hyper SI of left inferior

olive compatible with HOD.
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Fig.8 Fiber tractography performed by placing region of interest on both red nuclei . The study shows relatively thin

left central tegmental  tract.

Fig.9 A-E demonstrates position-

ing of region of interest for

FA and ADC on both red

nuclei, superior cerebellar

peduncles,central tegmental

tracts, inferior olivary nuclei

and dentate nuclei respec-

tively.
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Table I

coeffcient (ADC) values of five levels were calcu-

lated and summarized as table I.

Demographics and clinical profiles of all pa-

tients with HOD are summarized as table II.

Table II
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Discussion

HOD is a unique type of transsynaptic dege-

neration with hypertrophy of the affected ION. It

represents to the end result of disruption of the

components in GMT pathways.
(6,7)

 Common causes

include bleeding injury (hypertensive, cavernous mal-

formation or trauma), neoplasm and demyelination.
(8)

This triangle was described by Guillian and Mollaret

in 1931.
(6)
 It consists of three anatomical structures:

the ipsilateral dentate nucleus in cerebellum, the

contralateral red nucleus in the midbrain and ION in

the medulla.

The afferent pathway originates in the con-

tralateral dentate nucleus, passes over the superior

cerebellar peduncle, crosses the midline through

the inferior colliculi, enters the ipsilateral red nucleus

and descends through the central tegmental tract

to the ION. The efferent fibers from ION exits out of

the hilus medially, crosses the midline and con-

nects to the contralateral dentate nucleus through

the contralateral inferior cerebellar peduncle : the

olivocerebellar tract. (Fig. 10) 
(6)
 Although the path-

way has been described as a triangle, HOD is only

the result of the disruption of the afferent fibers,

less likely of the efferent ones.
(9)

Knowledge of the components of the GMT is

essential for understanding how the disruption can

influence the ION. Three possible patterns of HOD

are described. First the ipsilateral HOD occurs if the

lesion involves the red nucleus or central tegmental

tract. Secondly, when the lesion is at the dentate

nucleus or the superior cerebellar peduncle, the

contralateral HOD develops. Finally bilateral HOD

appear in a paramedian lesion affecting both the

central tegmental tract and the superior cerebellar

peduncle or at the level of brachium conjunctivum

where the decussation of bilateral GMT locates.

The major pathologic change of HOD includes

Fig.10  Diaphragm of dentatorubral-olivary pathway or Guillain-Mollaret triangle
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vacuolar degeneration of the enlarged neurons, hy-

pertrophy of the astrocytes and gliosis. The spec-

trum and predictable temporal microscopic changes

in HOD was documented and categorized into six

stages by Goto and coworker in 1981 and assessed

correlation with MRI findings in 1994 by Mika Kitajima

et al as summarized in table III.
(10)

Three distinct MR stages and temporal evolu-

tion of the histopathology of HOD abnormalities have

been demonstrated by Birbamer et al and Mayank

Goyal  and co workers.
(11)

Stage 1: Increased Sl on T2WI and Proton

Density without hypertrophy of the olive which oc-

curs at 1-6 months after onset.

This finding may relate to the 3
rd
 to 4

th
 classi-

fied by Goto in which gliosis and increased water

content are associated with demyelination and

vacuolization.

Stage 2: Hypertrophy and increased Sl on

T2WI which ends up as resolution of hypertrophy

at 3-4 years after onset.

This stage is most likely the result of neuronal

and astrocytic hypertophic precursors to cell death

(stage 4
th
-5

th
 of Goto et al)

Stage 3: Persistence of increased SI leading

to atrophy of olive (stage 6th of Goto et al)

About DTI and fiber tractography studies, nor-

mal white matter anatomy in the brain stem has

been described by several authors on MRI 1.5 and

3T system. The central tegmental tracts are symme-

trical running  in a superior-inferior directions.
(12,13)

Decreased central tegmental tract volume away

from the site of affected ION without deviation, de-

formation or interruption of tract in HOD has been

reported.
(4)
 Dynamic change of signal and DTI pa-

rameters of all anatomical components in the GMT

of HOD have also been studied which have shown

the statistic significant increase in ADC of affected

ION and other regions in GMT, excluding the inciting

lesion.
(5)

For our four cases, the remote inciting lesion,

affected GMT, ION lesion, time evolution, possible

pathologic classification by Goto et al and MRI stages

are defined and summarized at Table IV.

All of the findings are compatible with pre-

vious reports of the causes of HOD (remote inciting

lesion), pattern of pathway, disruption and temporal

evolution with MRI findings.

Table  III  Goto and Kaneko findings of HOD
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Table IV

About the first patient, there was also left cer-

ebellar atrophy, likely to be a crossed cerebellar

diachisis. (CCD)
(14)

. This lesion resulted from an in-

terruption of the cerebro pontine cerebellar tract .

This tract  receives axons from extensive areas of

the cerebrum, passes through the cerebral peduncles,

enters to the ipsilateral pontine nuclei and then runs

to the contralateral cerebellum via the middle cer-

ebellar peduncle. (Fig.11)
(15)

In our patient, the old bleeding site also in-

volved right middle cerebellar peduncle. So we pos-

tulated that this lesion might be from degeneration

via right pontocerebellar tract. However, there was

another report of cavernous angioma at left tectum

of midbrain with left HOD and right cerebellar atro-

phy by Yunichi Komabe et al in 1997.
(16)

 Of their

patient the lesion did not involve the ponto-cerebel-

lar tract, so they postulated that it was caused by

interruption of GMT.

Of the DTI study in the forth case, our find-

ings of decreased DTI volume of the left central

tegmental tract (affected tract ) were the same as

the case report in October 2010.(4) Decreased FA

and increased ADC of affected left ION were also

observed identical to the study of AIp. Dricer et al 
(5)

Increased ADC of left central tegmental tract

and right dentate nucleus relatively to the contralat-

eral side were also detected which the findings were

the same as formentioned report, represent pro-

gressive demyelinative lesion of left GMT tract. We

also detected increased ADC of left superior cer-

ebellar peduncle and right red nucleus relatively to

the contralateral side. This might be from recent

bleeding involving left superior cerebellar peduncle
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which caused the degeneration of the components

of right GMT tract (red nucleus). We postulated that

there might be right HOD in the future.

However the study of DTI was limited because

no control study of compatible white matter tract

was available for comparison.

Conclusion

Hypertrophic olivary degeneration is a unique

pathology with characteristic imaging manifesta-

tions. This process should be concerned when there

is a non enhancing enlargement of the inferior oli-

vary nucleus with T2 hyper signal intensity. Although

these findings are non specific and can be seen in

a wide variety of lesions including demyelination,

infection, inflammation, infarction and tumor, lack of

contrast enhancement, no restricted diffusion and

evidence of an remote inciting lesion in the con-

tralateral cerebellum or ipsilateral brainstem should

lead to the diagnosis of HOD.

In addition to conventional MRI features, DTI

and fiber tractography can demonstrate the disrup-

tion pathways of HOD and are useful for confirm

diagnosis. Moreover, DTI parameters may reflect the

temporal spatial progression of transneuronal de-

generation in HOD. So further study of DTI in this

rare condition needs to be performed.

Fig.11  Diagram of corticopontocerebellar tract
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Case Report

Blunt Traumatic Diaphragmatic Hernia: Case Report

Siwipan Changtham, MD.

Department of Radiology, Buddachinnaraj Hospital, Muang, Phitsanulok, Thailand. 65000

Case Report

A 55-year old man visited the orthopedic OPD

due to tenderness and swelling at left ankle from a

motorcycle accident, 3 hours before. Left medial

malleolus fracture was diagnosed. A short leg cast

was performed by orthopedist.  During the wait to

receive his medicines, he had sudden onset of chest

discomfort, pain at left lower chest and left upper

abdomen. He was sent to the ER department. He

had blood pressure of 110/75 mmHg, pulse rate of

64 beats/min, respiratory rate of 20 breaths/min and

oxygen saturation of 97%. A physical examination

found mild pale conjunctiva, tender at left chest

wall, equal breath sounds. Mild tenderness at LUQ

was also noted without guarding or rebound ten-

derness.

Chest film showed air-fluid level within left

hemithorax and mild shifting of mediastinum to the

right. A CT chest including upper abdomen with

contrast study was performed. Discontinuity of left

hemidiaphargm with herniation of stomach and

duodenum into left hemithorax was seen. Splenic

laceration and minimal left hemothorax were also

noted.

He was admitted at the traumatic surgery ward

for an exploratory laparotomy. Rupture of left hemi-

diaphragm, approximately 10 cm in diameter, with

herniation of stomach, duodenum and omentum into

left thorax was found. Left hemothorax and splenic

contusion were also found. Repair to left diaphragm

with interrupted non-absorptable sutures was per-

formed.  No evidence of complication was detected.

Discussion

Diaphragmatic hernia is a herniation of ab-

dominal structures into the thoracic cavity through

a defect on the diaphragm.
1
 It can be broadly clas-

sified as acquired or congenital.
2
 Traumatic diaphrag-

matic hernia, acquired diaphragmatic hernia, is rare

and often overlooked complication of penetrating

and blunt trauma.
3
 It is present in 1-6% of major

thoracic injuries.
4
 The common causes of traumatic

diaphragmatic hernia are depending on the geo-

graphic location and socioeconomic status of trauma

patients.
5

In blunt traumatic diaphragmatic rupture, mo-

tor vehicle accident is the most common cause,

followed by falls and crush injuries.
6-8 

Mechanisms
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of blunt diaphragmatic injury include a sudden in-

crease in transdiaphragmatic pressure caused by

direct frontal impact, distortion of the chest wall

with resultant avulsion of the diaphragmatic attach-

ments and direct penetration by rib fragments.
9
 The

left-sided injury is significant predominantly, up to

95%, while right-sided injury is less common from

protective effect of liver.
10-12

The stomach is the most common herniated

organ in left-sided diaphragmatic rupture, followed

by colon.
13
 The liver, kidney, spleen and small intes-

tine may also migrate within thorax.
1
 The diaphragm

is rarely injured alone, with an associated injury rate

approaching 100%, both intra-abdominal injuries and

extra-abdominal injuries.
14
 Common intra-abdomi-

nal injuries are spleen and liver.
8,13

 Extra-abdominal

Fig 1. Chest radiographs in PA upright (a) and left lateral views (b) reveal air-fluid level within the left hemithorax.

Mild shifting of the mediastinum to the right is noted.

Fig 2. Axial contrast-enhanced CT images: (a) The stomach is in left hemithorax and in a dependent position.

Contact of the stomach and the posterior thoracic wall is noted. (dependent viscera sign).    (b) The waist like

contraction of the stomach is seen at the level of left hemidiaphragm (The collar sign; white arrow).
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Fig.3 Contrast-enhanced CT images with coronal (a) and sagittal (b) show a focal defect of the left hemidiaphragm

(segmental diaphragmatic defect sign; white arrow). Herniation of the stomach through this defect into left

hemithorax is noted with the waist like contraction of the stomach at the level of diaphragm (The collar sign).

injuries are hemothorax, lung injury, fracture and

head injury.
6,8,13

Clinical presentation of diaphragmatic rupture

was described in 3 phases.
15
 The acute phase is at

the time of injury. Acute phase may be asymptom-

atic or present with chest pain, abdominal pain,

respiratory distress or shock.
16
 Dyspnea and chest

pain were the most common presenting complaint.
17

The delayed phase is associated with transient her-

niation of viscera that could be absence or intermit-

tent non specific symptoms. The obstruction phase

is complication of a long standing herniation, mani-

festing as obstruction, strangulation and rupture.

Chest film, direct peritoneal lavage, fluoro-

scopy, upper GI studies, ultrasound, CT scan, MRI,

Liver-spleen scintigraphy, peritoneo-scintigraphic

establish the diagnosis, however, lack both sensi-

tivity and specificity.
18

Chest film is basic screening for thoraco-

abdominal injury. The specific radiographic signs of

blunt diaphragmatic rupture include intrathoracic

location of abdominal viscera, with or without a site

of focal constriction (collar sign) and clear demon-

stration of a nasogastric tube tip above the left

hemidiaphragm.
19 

 Chest film at the time of admis-

sion may be diagnostic traumatic diaphragmatic

injury, 27 to 62% of left side injury and 33% of right

side injury.
9
 So, chest film obtained at admission

and repeated soon after are more valuable in sug-

gestive the diagnosis of rupture of the diaphragm,

especially left-sided injury.
20

Ultrasound uses for evaluation of the blunt

traumatic patient. It can be performed bed side and

can suggest diaphragmatic rupture during FAST

examination.
21
 However, diagnosis of diaphragmatic

hernia by ultrasound is difficult because of gas-

filled intestinal loops, aerate lungs and acoustic

shadowing from the rips.
1

Barium studies are also used for diagnosis of

traumatic diaphragmatic injury in non-acute setting,
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to confirm herniation of stomach and intestine.
13,22

CT is the imaging modality of choice in se-

vere blunt abdominal trauma and has a sensitivity

of 61-71% and a specificity of 87-100% for diagno-

sis of acute traumatic diaphragmatic rupture.
23
 The

multidetector CT with multiplanar reformatted

images improves sensitivity and specificity of diag-

nosis. CT sign of diaphragmatic rupture can divide

to direct sign and indirect sign. The direct signs are

segmental diaphragmatic defect, dangling sign and

absent diaphragm.
5
 The indirect signs related to

herniation and loss of border between thorax and

abdomen are herniation through a defect, hump sign,

band sign, dependent viscera sign, sinus cutoff sign,

abdominal content peripheral to the diaphragm or

lung, elevated abdominal organs, abdominal fluid

abutting a thoracic structure, abdominal viscera

abutting thoracic fluid or a thorax organ, pneumotho-

rax and pneumoperitoneum, hemothorax and he-

moperitoneum.

MRI is not suitable in most acute traumatic

cases, however, it may use in selected traumatic

diaphragmatic hernia patients, especially in chronic

complicated cases.
1
 MRI imaging with multiplanar

capability will clearly reveal the normal diaphragm

and the hernia orifice as a diaphragmatic disconti-

nuity on sagittal and coronal images.

The traditional method of treating blunt trau-

matic diaphragmatic injuries is open surgical re-

pair.
14
  Acute left-sided traumatic diaphragmatic rup-

ture is best approached through abdomen, although

the chest approach adding laparotomy should be

performed when necessary. Acute right -sided and

chronic traumatic diaphragmatic rupture should be

approached through the chest.
24

The mortality rate in blunt diaphragmatic rup-

ture vary from 7-42%, associated with concurrent

injuries rather than the diaphragm rupture itself.
6,25

Mortality factors are age, high injury severity score,

shock and bilateral diaphragmatic injury.
6,16

Conclusion

Blunt traumatic diaphragmatic rupture can

present with associated injuries. In cases of blunt

thoracoabdominal injury, delayed clinical presenta-

tion of chest pain should be re-evaluated. Chest

film is a basic imaging modality and can be used to

make a diagnosis in these cases. A CT was per-

formed to confirm diagnosis and showed associ-

ated splenic injury. However, it should be remem-

bered that there is a high suspicious index of dia-

phragmatic injury in cases of thoracoabdominal

trauma.
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Abstract

Tumefactive multiple sclerosis is a form of demyelinating disease which patient can present with acute

stroke. We reported a case of a 49-year-old woman with well controlled hypertension, who presented with

right hemiplegia 15 hours prior to admission. The initial diagnosis of acute stroke was made. Emergency

computed tomography showed hypodense lesion at the left lentiform nucleus and posterior limb of the left

internal capsule. The magnetic resonance imaging (MRI) study showed hyperintense FLAIR lesion in the

left lentiform nucleus, left internal capsule, left thalamus, and periventricular area of the left frontoparietal

region, some areas of restricted diffusion and inhomogeneous enhancement. The MR spectroscopy (MRS)

of the lesion showed increased choline peak, decreased creatine and NAA peaks, and maximal choline to

creatine ratio 2.25. Her symptoms deteriorated with progressive headache and motor aphasia. The follow

up MRI showed extension of the inhomogeneous enhancing lesion along the biopsy tract at the left frontal

lobe with the enhancing and MR spectra pattern similar to the lesion.

The craniotomy with left frontal lesion excision included the mass and the biopsy tract was done. The

lesion showed acute and chronic inflammatory cell infiltration with macrophages, necrotic tissue and

reactive gliosis. The further pathological worked up demonstrated foci of demyelination with relative axonal

preservation, numerous CD68+ macrophages with intracyto-plasmic Luxol fast blue(+) myelin debris. Perivas-

cular and parenchymal CD3+ T-cells were identified, especially in demyelinating foci. These findings

supported the diagnosis of tumefactive multiple sclerosis.

Her conditions were improved after treating with pulse methylprednisolone and intravenous immunoglobu-

lin (IVIG). Follow up MRI study 4 months after treatment revealed almost resolution of the preexisting

inhomogeneous enhancing lesion.

* Corresponding author: Arunee Singhsnaeh, email: arueed@gmail.com
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Introduction

Tumefactive multiple sclerosis is often de-

scribed as atypical feature of multiple sclerosis that

is larger than 2 cm, mass effect, oedema and/or

ring enhancement, which clinically and radiographi-

cally mimicking stroke, intracranial tumor and infec-

tion
(1,2)

. We reported a case of biopsy-proven tume-

factive MS patient that clinically mimicking acute

stroke and radiographically mimicking intracranial

lymphoma that challenged neurologist and radiolo-

gist.

Case reports

A 49-year old woman with well controlled

hypertension presented with acute right upper and

lower extremities weakness 15 hours prior to hospi-

talization. Physical examination showed right hemi-

paresis, right facial palsy upper motor neuron type,

positive right Babinski reflex, positive jaw jerk re-

flex, and motor power grade I on the right extremi-

ties.

CT scan of the brain at emergency room

showed hypodense lesion at the left lentiform

nucleus and posterior limb of the left internal cap-

sule (Fig 1A).

First MRI of the brain in two days later dis-

closed the lesion seen as hyperintense T2W and

FLAIR in the left lentiform nucleus, genu & posterior

limb of the left internal capsule, left thalamus, left

corona radiata, left cerebral peduncle and periven-

Fig 1. (A) Non contrast CT scan at initial presentation showed hypodense lesion at the left lentiform nucleus and

posterior limb of the left internal capsule. (B) FLAIR MRI showed hyperintense at the left lentiform nucleus,

genu & posterior limb of the left internal capsule, left thalamus and left external capsule. (C) ADC showed the

area of restricted diffusion within the lesion. (D) Gd-THRIVE showed inhomogeneous enhancing and non-

enhancing areas. (E) SWI showed prominent parallel venules within the lesion. (F) Perfusion images revealed

increased CBF of the lesion. (G) MRS revealed increased choline peak, decreased creatine and NAA peaks.
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Fig 2. (A,B) Perivascular and intraparenchymal acute and chronic inflammatory cell infiltration

tricular area of the left frontoparietal region with

prominent perivenular space within the lesion (Fig

1B). The area of restricted diffusion within the le-

sion was detected (Fig 1C). The inhomogeneous

enhancing and non-enhancing areas on axial Gd-

THRIVE were noted, which demonstrated intense

patchy enhancement at the periventricular area (Fig

1D). In SWI, there were prominent parallel venules

within the lesion radial to the body of left lateral

ventricle (Fig 1E). Also, there were the increased

cerebral blood flow (CBF) and cerebral blood vol-

ume (CBV) of the lesion in MR perfusion (Fig 1F).

There was increased choline peak, decreased cre-

atine and NAA peaks, maximal choline to creatine

ratio 2.25, maximal choline to NAA ratio 1.61 on MR

spectra using multivoxel, 2000/ 144 TR/ TE) (Fig 1).

First biopsy obtained from the left thalamus

revealed perivascular acute and chronic inflamma-

tory cell infiltration in the background of reactive

gliosis. Inflammation/infectious process were sus-

pected (Fig. 2). Special stains for acid fast bacilli

and fungi showed negative findings.

Two week later, the patient had progressive

headache and motor aphasia. The 2
nd
 MRI showed

an increased enhancing area within the preexisting

lesion (Fig 3). Also seen was an extension of the

enhancing lesion along the biopsy tract at the left

frontal lobe with the enhancing and MR spectra

pattern similar to the lesion (Fig 4, 5).

The 2
nd
 biopsy obtained from the left frontal

lobe and tissue from biopsy tract also showed simi-

lar pathologic findings that were acute and chronic

inflammatory cell infiltration along perivascular area

in background of gliosis and numerous foamy his-

tiocytes.

Because of suspicious of neoplastic process

and deterioration of clinical conditions, the cranio-

tomy with left frontal lesion removal of the mass

and biopsy tract was done. The lesion showed more

acute and chronic inflammatory cell infiltration with

marked increased macrophages, necrotic tissue and

reactive gliosis (Fig. 6). The further pathological

worked up demonstrated foci of demyelination with

relative axonal preservation, numerous CD68+ mac-

rophages with intracyto-plasmic Luxol fast blue(+)

myelin debris. (Fig 7) Perivascular and parenchymal

CD3+ T-cells were identified especially in demyeli-

nating foci. These findings supported the diagnosis
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Fig 3. Two weeks later, follow up MRI of the brain

(A) FLAIR MRI revealed increased hyperintense area of the preexisting lesion. (B) Gd-THRIVE showed in-

creased enhancing area within the preexisting lesion

Fig 5. (A, B) MRS showed similar pattern of the lesion along the biopsy tract at the left frontal lobe and the left

lentiform nucleus
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of tumefactive multiple sclerosis.

Her clinical improved after treatment with pulse

methylprednisolone and intravenous immunoglobu-

lin (IVIG). Follow up MRI studies 4 months after

treatment revealed almost resolution of the pre-

existing inhomogeneous enhancing lesion that known

as tumefactive multiple sclerosis.

Discussion

Multiple sclerosis is an inflammatory demyeli-

nating condition attacking the myelin that causes

absence of proteolipid protein in area of demyelina-

tion
(3)
. Tumefactive MS is atypical feature of multiple

sclerosis that sometimes mimic intracranial tumor

such as lymphoma or glioblastoma multiforme

(GBM)
(3)
. In our case, there were some characters

on MR perfusion and MR spectroscopy which

showed markedly increased CBF and CBV, increased

choline peak, choline to NAA and choline to crea-

tine ratio. These findings made the difficulty to ex-

clude high grade brain tumor.  However prominent

venules in SWI and dilated perivenular space on

T2W in our case were the clues for diagnosis of

tumefactive MS, that represented inflammatory ac-

tivity and perivenular lymphocytic cuffing
(4,5).

Interestingly, there was an extension of the

demyelinating lesion along the biopsy tract which

sometimes confused with the tumor seeding. The

Fig 6. More acute and chronic inflammation with numerous macrophage infiltrations

Fig 7. Luxol fast blue PAS and Bielschowsky staining show demyelination with axonal preservation



Tumefactive Multiple Sclerosis Clinically Mimicking Acute Stroke and Lesional Migration Along the Biopsy Tract: A Case Report 153

pathological-proven this migratory lesion along the

biopsy tract confirmed the same demyelination as

the basal ganglion & thalamic lesion. These findings

may be explained by the activation of immune &

inflammatory process along the biopsy tract.

Conclusion

Tumefactive multiple sclerosis is çtumor-likeé

lesion and radiologically mimicking tumors, which

can infiltrates along the biopsy tract confusing with

tumor seeding. Prominent venules in SWI and di-

lated perivenular space on T2W are helpful signs

for diagnosis. Biopsy is required, if there are atypi-

cal clinical presentations and MR imaging. Luxol

fast blue PAS and Bielschowsky stains should be

considered if tumefactive multiple sclerosis is sus-

pected.
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Abstract

Summary: In spite of the recent acceptance to be a common cause of acute severe headaches, reversible

cerebral vasoconstriction syndrome (RCVS) is still commonly missed.

The syndrome is characterized by acute severe headaches due to the vasoconstriction of the cerebral

arteries, which eventually resolve spontaneously.  We present a reported case of RCVS with a typical

magnetic resonance angiography (MRA) appearance and a review of the literature.

* Corresponding author: Hirunpat S, MD., Email: hirsirip@hotmail.com
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Case report

A 38-year-old man presented with the sudden

onset of a severe headache, the feeling of almost

syncope (presyncope) and dizziness. The patient

was previously healthy and had no underlying

disease. On clinical examination, the patient had full

consciousness with a blood pressure of 130/80 mm

Hg. No evidence of neurological deficit was found

and all basic investigations revealed normal results.

He was sent for an MRI and MRA in order to search

for the cause of his acute severe headache, such

as ruptured aneurysm, and to exclude the possibil-

ity of minor stroke.

MRI and MRA studies were performed with a

3-Tesla imaging unit (Archieva-X series, Phillips

Healthcare, Best, the Netherlands). The results were

reported as normal by a radiologist. Therefore,

chronic stress and migraine were diagnosed as the

causes of his symptoms by the clinician.

Later consultation with a neuro-radiologist,

multiple scatter foci of tiny high signal intensities

on SET2w and FLAIR within the subcortical white

matter of both frontal and left parietal lobes were

detected (Fig.1). Although these lesions are com-

monly seen as part of normal aging, or due to

underlying small vessel disease such as DM or HT,

other causes, such as migraines, vascular dissec-

tion, anoxia or vasculopathy, should be of concern

when detected in younger patients that do not have

a definite underlying disease like in this case.

The MRA study of intracranial arteries was

first performed using the 3-dimensional time- of-

flight (3D TOF) technique (FA=20
o
, TR ~ 25 msec,

TE 3.45 msec, matrix size 500x287, FOV=139x139

mm) and the post processing, by maximum inten-

sity projection (MIP) technique, revealed segmental

narrowing and dilatation along the wall of the M2

segment of the left middle cerebral artery (MCA)
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and the A2 segments of both anterior cerebral

arteries (ACA), which  resembled sausages on a

string (Fig. 2).

With regard to the possibility of artifacts mi-

micking a lesion, on the following day the patient

underwent a second MRA study which incorporated

a number of MRA techniques, such as 3DTOF

(FA=20
o
,TR ~ 25 msec, TE 3.45 msec, matrix

size 328x572, FOV=152x152mm), 3D PC (venc 45

cm/sec, TR=6.63 msec, TE=3.69 msec, matrix size

272x272, FOV=134x134 mm) and post contrast en-

hanced MRA ( FA=30
o
, TR=4.86 msec, TE 1.67 msec,

matrix size 250x400, FOV=200x200 mm).  Persisting

irregularities along the wall of the M2 segment of

the left MCA and the A2 segments of both ACAs

were noted in all the studies (Fig 3) and a non-

specific cause of vasculopathy was suggested.

Since no definite cause of vasculopathy or

vasculitis could be found upon further investiga-

tions, the patient was diagnosed as a complicated

migraine. Symptomatic treatments were provided.

Follow-up MRA studies at about 6 weeks and the

following year (Fig. 4a&4b) revealed a full recovery

of the vasoconstriction and RCVS was diagnosed.

The patient also recently had a 3-year clinical fol-

low-up.  His severe headache has not returned and

he is fine.
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Discussion

Reversible cerebral vasoconstriction syndrome

(RCVS) is characterized by acute severe headache

due to the constriction of the cerebral arteries which

will eventually resolve spontaneously. It was first

described by Call et al. in 1988
(1)
, followed by

Calabrese et al. in 1993.
(2)
 The acute severe head-

ache was often described as a çthunderclap in

natureé because of the sudden excruciating pain

reaching its maximal intensity within 1 minute, like

a çclap of thunderé mimicking that of a ruptured

aneurysm. Screaming, crying, agitation, confusion

and collapse are also common. Associated with

photophobia, nausea/vomiting and focal neurologi-

cal deficit secondary to ischemia or hemorrhage

can sometimes occur. Most thunderclap headaches

are as short as a few minutes; however, some have

been reported to last as long as several days. A

single attack is possible, but usually patients have a

mean of 4 attacks during 1-4 weeks.
(3)

RCVS affects females more than males, with

the variable frequency for females between 64-92%
(4)
,

and the mean age of onset is around 42 years.
(5,6)

Diagnosis requires the demonstration of seg-

mental narrowing and dilatation along the walls of

the affected cerebral arteries, which resemble a

çstring of beadsé or çsausages on a stringé on an

angiography, and complete resolution on a repeated

angiography, within 3 months after onset.
(7)

RCVS is a unifying term proposed in 2007 by

Calabrese et al.
(8) 

which encompasses a group of

recurrent headache syndromes, including Call-

Fleming syndrome, benign angiopathy of the CNS,

post-partum angiopathy, drug induced arteritis, mi-

grainous vasospasm, migraine angiitis, primary (or

idiopathic) thunderclap headache with reversible

vasospasm, fatal vasospasm in migrainous infarc-

tion, drug induced cerebral vasculopathy,  and CNS

pseudovasculitis.
(7,9,10)

 Since then, reports of the con-

dition have been accumulating rapidly.  In spite of

the unknown exact incidence, it has been postu-

lated that RCVS is under-recognized and is a com-

mon cause of acute severe headache.
(11-14)

RCVS can occur spontaneously (idiopathic)

or be secondary to a precipitating factor. The pro-

portion of spontaneous cases has varied depend-

ing on the studied populations, from 37% in a French

study
(5)
 to 96% in a Taiwanese cohort.

(9)
 Precipita-

ting factors include postpartum state, migraine his-

tory and exposure to vasoactive substances, such

as cannabis, cocaine, ecstasy, amphetamines, binge

drinking, selective serotonin reuptake inhibitors,

triptans, nasal decongestants, ergotamine tartrate,

LSD (lysergic acid diethylamide), methergine, bromo-

criptine, nicotine patches, ginseng and caffeine.
(7,15,16)

Other causes such as hypercalcemia, pheochromocy-

toma, exertion, and sexual activity also have been

described to be related with this syndrome.
(7,13,17)

The syndrome may occur after a few days of expo-

sure or after several months of regular or irregular

exposure in normal or excessive doses. Post-partum

RCVS has been described to start in two-thirds of

cases during the first week after delivery, usually

after a normal pregnancy. In 50-70% of cases it is

associated with the intake of vasoconstrictors, mostly

ergots used to treat post-partum hemorrhage or to

inhibit lactation.
(7)

Despite recently accepted to be a common

cause of acute severe headaches, RCVS is still com-

monly missed due to its recent description in litera-

ture. Furthermore, the degree of vasoconstriction

may be too subtle to be definitely detected, or the

detected lesion may be missed classified as vascu-

litis or other causes of vasculopathy.
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RCVS is likely to be one of the most common

vasculopathies that is confused with vasculitis.

Vasculopathy is any disorder of blood vessels while

vasculitis implies inflammation of blood vessels. Dis-

tinguishing RCVS from vasculitis seen in primary

angiitis of the CNS (PACNS), which often requires

brain biopsy for definite diagnosis, is very important

for determining the appropriate treatment. Treatment

for PACNS is much more aggressive, often inclu-

ding steroids and immunosuppressive agents with

substantial adverse effects. By contrast with RCVS,

PACNS usually has an insidious onset.  Headaches

are frequent but not of the thunderclap type and

are followed by a stepwise deterioration. MRI scans

are abnormal in most cases and show several small

deep or superficial infarcts of different ages with or

without white matter abnormalities. CSF analysis

also shows an inflammatory reaction. Angiography

is frequently normal in PACNS, whereas, by defini-

tion, it is always abnormal in RCVS (except when

done early).
(3)
 Some features suggest PACNS, ir-

regular eccentric and asymmetrical narrowing or

several occlusions on angiograms and contrast en-

hancement of the vessel wall in MRI.
(18,19)

 When the

clinicians remain unsure of the diagnosis, waiting

for a few days might be best.  RCVS should stabi-

lize, improve quickly and  resolution of vasocon-

striction, whereas arterial irregularities in PACNS do

not improve rapidly.
(6)
 Response to intra-arterial

nimodipine has been proposed as a differential

diagnosis test that remains to be validated; the drug

immediately normalized arterial abnormalities in a

few cases of RCVS, but is not expected to change

the lesions in PACNS.
(20,21)

The diagnosis of RCVS does not require ag-

gressive brain biopsy but can be suggested by the

following triad;

1. Appropriate clinical history (acute severe

or thunderclap headache)

2. Eventual resolution of angiographic vaso-

constriction (within 3 months)

3. Absence of inflammatory/infection etiology.

The sensitivity and specificity of various

imaging modalities for RCVS have not been esta-

blished but cerebral angiogram is generally accepted

to be the gold standard for the diagnosis. Since

angiography is not a convenient tool for frequent

follow-up, CTA or

MRA could be good alternative options.  CTA

and MRA also have been reported to be valuable

tools for clinical evaluation and risk assessment in

patients with RCVS.
(17,22,23)

The large amount of bony artifacts from the

skull base interfering with the arteries around the

Circle of Willis causes the more popularly used MRA

than CTA in our institution. Furthermore, MRI, which

is generally more sensitive to brain lesions than CT,

can be performed in the same setting.

  MRI in RCVS can be normal, but may also

show small ischemic/infarcts lesions, especially in

the posterior circulation and watershed areas.
(3,6,15)

The incidences of infarcts vary between 4-39%.
(3,6,24)

The MRI brain scan of this 38-year-old patient with-

out underlying disease revealed multiple scatter foci

of tiny high signal intensities on T2w and FLAIR

within the watershed ischemic distributions of the

subcortical white matter of both frontal and left

parietal lobes. Although similar multiple scatter foci

of high signal intensities are commonly seen in the

elderly, as part of normal aging, other causes of

small vessel disease, such as DM, HT, migraine,

vascular dissection, anoxia or other non-specific

causes of vasculopathy, should be of concern in

younger patients, like in this case.



THE ASEAN JOURNAL OF RADIOLOGY

May-August 2013, Volume XIX  No.II

160

 Vasoconstriction in RCVS is most common

in large- and medium-sized vessels.
(25)

 Although an

MRA can demonstrate vasoconstriction in the proxi-

mal parts of the cerebral arteries, a normal MRA

does not rule out the diagnosis. In a series of 44

RCVS patients, 6 had a normal MRA while with the

cerebral angiography there were signs of vasocon-

striction.
(26)

  Vasoconstriction can persist for weeks

after the resolution of the headaches
(3)
 but resolu-

tion of vasoconstriction is expected in all patients

at repeat angiography within 3 months. In our pa-

tient, complete resolution of vasoconstriction was

seen at 6 weeks; the patient recovered fully without

any specific treatment. Follow-up MRA at 1 year,

which was conducted in order to write this report,

revealed no evidence of vasoconstriction.

The exact cause of RCVS is still unknown.

The sympathetic nervous system may play a role in

the pathogenesis of this headache since this head-

ache has been reported to be associated with mul-

tiple factors elevating the sympathetic tone, such

as adrenergic drugs and physical stress.
(27)

 Further-

more, proximal parts of the intracranial vessels are

also strongly innervated by sympathetic afferents,

which modulate vascular tone.

RCVS and posterior reversible encephalopa-

thy syndrome (PRES) are frequently associated.

Reversible brain edema occurs about 8-38% of

RCVS.
(3,16,28) 

Moreover, a multifocal cerebral vaso-

constriction has been noted in more than 85% of

patients with PRES whenever the investigation in-

cluded angiography. This vasoconstriction was shown

to be reversible on follow-up MRA.
(3)
 PRES can

complicate toxaemia of pregnancy, immunosuppres-

sive treatment after transplantation, chemotherapy,

autoimmune diseases, hypertension and septic

shock, all of which are associated with endothelial

damage or activation. It was thought to be caused

by severe hypertension, leading to altered cerebral

autoregulation with hyperperfusion and vasogenic

edema. However, a quarter of the patients with PRES

are normotensive. A more recent view is that endo-

thelial dysfunction of any cause can affect the regu-

lation of cerebral arterial tone and trigger vasocon-

striction with subsequent hypoperfusion, and break-

down of the blood-brain barrier and vasogenic

edema.
(3,7,29)

Intracranial hemorrhage, especially cortical

subarachnoid hemorrhage (SAH), has been reported

to accompany RCVS.
(26,28,30-32)  

Up to 34% of pa-

tients with RCVS developed intracranial hemor-

rhage
(28)

 and the most common intracranial hemor-

rhage was tiny localized cortical subarachnoid

hemorrhage, unilateral or bilateral, which was seen

as much as 22-50% in patients with RCVS.
(28,31)

Vasoconstriction as a result of subarachnoid

hemorrhage is well-known, but vasoconstriction as

the cause of subarachnoid hemorrhage is rather

difficult to believe without question. Ducros et al.

hypothesized an interesting concept, in an opposite

way to the others, that arterial abnormalities first

involve small distal arteries and then progress to-

ward medium-and large-sized vessels, which could

explain the high rate of normal early angiogram( up

to 33%).  Moreover, marked vasoconstriction could

persist for weeks after headache resolution, sug-

gesting that vasoconstriction was not the direct cause

of the headache.

Segmental vasodilatation is likely to play an

important role in the initial stage of RCVS, trigger-

ing thunderclap headaches by abruptly stretching

the vessel walls and causing hemorrhage by small

vessel rupture or reperfusion injury. In the second

stage, vasoconstriction of the second and first
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segments of the major cerebral arteries becomes

the major problem causing ischemia or mainly wa-

tershed infarction.
(3,23)

RCVS also has been recently included as a

possible cause of spontaneous subarachnoid he-

morrhage, especially for tiny localized cortical sub-

arachnoid hemorrhage situated far from the Circle

of Willis, which is usually easy to distinguish from

aneurysmal subarachnoid hemorrhage. Besides

RCVS, small convexity bleeding can occur in amy-

loid angiopathy.

A retrospective study suggested that RCVS

appears to be a common cause of convexity sub-

arachnoid hemorrhage in patients aged 60 years or

younger, whereas amyloid angiopathy is frequent in

those older than 60 years.
(33)

In spite of possible serious complications, the

rate of permanent neurological disability is low.
(14)

Most patients do well and recover completely with-

out neurological sequelae, especially in the sponta-

neous cases.
(13,14,24)

 Migraine history, post-partum

status and cannabis use have been observed to be

more related with stroke and poor outcome.
(13,23)

Recurrence of the syndrome is possible. The rate is

unknown but is probably low.
(3)

There is no established therapy in RCVS. Good

outcomes have been reported with symptomatic

treatment, the discontinuation of any possibly re-

lated substances or triggers, and rest for a few

days to a few weeks according to the severity

of the headaches.
(7,34)

 Benzodiazepine to relieve

anxiety, which is common and could be an aggra-

vating factor, is recommended in some institutions.
(3)

In most cases, headaches and angiographic abnor-

malities resolve within days or weeks. Because of

the similarities with post subarachnoid hemorrhage-

related vasospasm, calcium channel blockers are

widely used in the treatment of RCVS. Nimodipine

has been shown to terminate the headache within

48 hours in 63-84% of patients
(3,5,9,14,35,36)

, in spite of

no outcome benefit over symptomatic alone in a

large case series report.
(6)
 Short-term high dose glu-

cocorticoids had been recommended because

of radiological similarities with vasculitic disorders

and experimental evidence that glucocorticoids re-

duce vasoconstriction.
(18,37)

 However, they have re-

cently been shown to be an independent predictor

of poor outcome and should be avoided.
(6,14)

 The

use of intravenous magnesium sulfate in patients

with post-partum RCVS also has been reported to

produce good results.
(24)

Conclusions

RCVS is still under-recognized. The primary

diagnostic dilemma is distinguishing RCVS from

primary CNS arteritis and RCVS should be included

in the differential diagnosis as a possible cause of

tiny cortical subarachnoid hemorrhage. Complete

resolution of vasoconstriction of cerebral arteries in

3 months without evidence of inflammatory/infec-

tion etiology should suggest the diagnosis.
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Case Report

Kartagenerûs Syndrome: A Case Report in the Samutsakhon

Hospital

Abstract

Kartagenerûs syndrome is an autosomal recessive disorder.
1
 It is characterized by the triad of situs

inversus,  bronchiectasis  and sinusitis.  Basic problem is defective movement of the cilia.
3
 Recognition in

this condition keeps prevention for unnecessary investigation.  We have presented a case of ç Kartagenerûs

syndromeé in the Samutsakhon hospital.
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Introduction

Kartagenerûs syndrome is a rare autosomal

recessive disorder syndrome with an estimated in-

cidence about 1: 20,000- 30,000.
2
  Male and female

are effected equally.
6,11

Manes Kartagener, a pulmonologist in Zurich

, described an unsual triad of  situs inversus, bron-

chiectasis and sinusitis in four patients  and  be-

came known as Kartagenerûs syndrome in 1933.
8

Actually, it was firstly described in literature by Sievert

in 1904 who reported the case of a 21-years-old

man in whom the three elements of syndrome were

presented.
6
 Our case was diagnosed as Kartagenerûs

syndrome.

Case report

History

A 29 -years-old female presented with dysp-

nea for 3 hours.   She asked for emergency medical

service for taking her from home to the Samutsakorn

hospital. Her past medical history showed that

she was used to be treated as pulmonary TB from

another hospital since many years.

The vital sign; T 36.5

C, PR 140/ min, RR 40 /

min, BP 109/44 mmHg. The physical examination

revealed crepitation and rhonchi at both lungs. The

other physical examinations are within normal limit.

The CBC; Hemoglobin 9.7 g/ dl (anisocytosis

1+ and ovalocyte 1 +), WBC 15,800 cell / uL (neu-

Figure 1. The chest radiography revealed alveolar infiltration at RUL (arrow).

Bilateral bronchiectasis and dextro-cardia were seen.
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trophil 89.3%, lymphocyte 7.9%, monocyte 2.1%)

and platelet count 753,000 cell/ uL. His laboratory

investigation including kidney and liver function test

were within normal limited.

She performed the radiography of the chest.

The chest study revealed alveolar infiltration at RUL

with diffuse bronchiectasis at both lungs. Right side

of the cardiac apex is noted.

Then she performed the computed tomo-

graphy of the chest.  The computed tomographic

findings revealed right position of the cardiac apex /

the anatomic left atrium / left ventricle, the right-

sided of the aortic knob including descending aorta,

the right upper quadrant position of the stomach /

spleen, the left upper quadrant position of the liver /

gallbladder, left -sided trilobed lung and right-sided

bilobed lung which were mirror-image to situs solitus

representing situs inversus totalis.

There were multi-focal alveolar infiltrations with

nodules at the apico-posterior segment of RUL, the

superior segment / the anterior basal segment /

lateral basal segment of RLL with some tree-in bud

appearance; representing multi-focal pneumonia.

There were cystic bronchiectasis with partial atelecta-

sis at LUL and the medial basal segment of LLL.

Additional radiography of the para-nasal

sinuses was also performed. The study revealed

opacification of the right maxillary sinus and muco-

periosteal thickening of the left maxillary sinus

representing sinusitis.

Thus, Kartagenerûs syndrome was diagnosed

clinically. She was admitted ad treated with intrave-

nous antibiotics and bronchodilators. The majority

of symptoms improved and was discharged with

oral antibiotics.

Figure 2. CT of the chest (coronal view), there were left position of the liver and right position

of the spleen / stomach.   Dextrocardia was noted.
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Figure 4. CT of the chest (axial view and lung window) There were cystic bronchiectasis at LUL.

Figure 3. CT of the chest (axial view), there were alveolar infiltration at posterior segment of RUL and

the superior segment of RLL. Right side aortic arch and descending aorta were noted.
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Discussion

Kartagenerûs syndrome is recognized as the

clinical variant of the primary ciliary dyskinesia  (PCD)

5  and occurs about 50 % of PCD. The primary

ciliary dyskinesia is autosomal recessive disorder

characterized by inefficient or absent mucociliary

clearance.
5

The pathology is based on the ultra structural

defects of the cilia. 5 Cilia can be structurally di-

vided into subcomponents that include a basal body,

transitional zone, axoneme , ciliary membrane and

ciliary tip.
10
 Cilia can either as motile  (in air ways,

brain, fallopian tube, sperm, embryonic node) or non-

motile (in kidney tubule, bile duct, pancreatic duct,

eye, ear, bone cartilage and fibroblast).
10
 Normally

in most motile cilia, the core or axoneme of the cilia

consists of a 9+2 microtubule structure with a ring

of nine microtubules doublets surrounding a central

pair of single microtubule. The nine microtubule

doublets are studded with dynein arms that contain

adenosine triphosphatase and act as molecular

motor to effect the sliding of the peripheral micro-

tubule pairs relative to one another.
2,5
 The 9+0 axo-

nemes that are found  in most of non-motile cilia

lack the two central microtubules and lack of dynein

arms.
10

Most of the disease results from mutations

indentified to date involve two genes such as genes

encoding for the dynein axonal intermediate chain

1 (DNAI1) and the dynein axonemal heavy chain 5

(DNAH 5).
5
  Since dynein is one of key intracellular

molecular motors, the absence of dynein arms is

responsible for the impaired molitity of the cilia and

sperm.
7

The clinical features depend on the involved

systems. In the upper respiratory tract, rhino-sinusi-

tis and otitis media are cardinal features of disease

and responsible for much of the morbidity asso-

ciated with PCD in early childhood.  Nasal conges-

tion and rhinorhea are very common.
5
 In the lower

respiratory tract, most patients report a chronic and

productive cough as a prominent symptom because

cough compensates for lack of effective muco-

ciliary clearance and impaired muco-ciliary clearance

Figure 5. The paranasal sinuses study were  opacification of the right maxillary sinus and mucoperi-

osteal thickening of the left maxillary sinus.
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lead to recurrent episode of pneumonia or bronchi-

tis.
5
 Bronchiectasis does not present at birth but

may develop early sometimes as early as in child-

hood.
2
 Bronchiectasis is an acquired condition.

Involved bronchi are dilated , inflamed and easily

collapsible resulting in airflow obstruction and im-

paired clearance of secretion.  Insufficient clearance

of secretion causes colonization and infection with

pathogen organisms contributing to common puru-

lent expectoration in patients with bronchiectasis

resulting in further bronchial injury and viscous cycle

of bronchial damange, bronchial dilatation, impaired

clearance of secretions, recurrent infection and more

bronchial damage.
6
 The most common respiratory

pathogens are Haeophillus influenza, Streptococcus

pneumonia.
4

Laterality defects, cilia on the embryonic node

play critical role in left- right patterning during early

development.
5
 Situs inversus totallis, heterotaxy with

or without congenital cardiovascular abnormality are

observed. In other organ, such as in the genito-

urinary tract, male fertility is common and reflects

defects in sperm tail axonems. In the central ner-

vous systems, hypothetically due to impaired CSF

flow secondary to dysfunction motile cilia that line

the ventricular ependymal cells may be linked with

hydrocephalus. In the eye, some may develop with

retinitis pigmentosa.
5

Diagnosis of Kartagenerûs syndrome is usually

achieved by clinical features and radiological

images.
6
 Other investigations are also helpful such

as quantitative decreased in number of dynein arm

and subjective abnormality in other ciliary compents

on electrom microscopy.
9

Treatment is aimed to relieved symptoms and

prevents complications.  Early recognition of the dis-

ease and prompt antibiotic treatment are the key to

minimize the irreversible lung damage. Physiotherapy

with postural drainage and cessation of smoking

are also important.
4
 Coughing should not be sup-

pressed since it acts as a substitute for mucociliary

clearance.
4
 Prophylactic measures such as appro-

priate immunization particular influenza vaccines and

pneumococcal vaccine are mainstay.
6

The prognosis is generally considered favor-

able and life expectancy is usually normal.
6,8
 There

will have progressively greater impact in health in

the second half of life producing significant morbi-

dity and restriction of life style. But there is a clini-

cal case demonstrated a non-progressive course of

the bronchiectasis indicates that is a complex inter-

relationship between genetic variation and an ap-

propriate non-specific treatment.
8
 Early diagnosis

and hence earlier treatment may improve symp-

toms and the impact of the condition.
7

Conclusion

Kartagenerûs syndrome is the clinical variant

of the primary ciliary dyskinesia  (PCD) and con-

sists of situs inversus , bronchiectsis and sinusitis.

Basic pathology is defect of the cilia causing impair

mucociliary clearance. Prognosis is good. Early re-

cognition in this disease can improve symptoms

and may prevent progressive course.
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